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PREFACE
It is a great honor and pleasure for us to write a message for the "INTERNATIONAL CONFERENCES ON
ADVANCES IN MECHANICAL AND CIVIL ENGINEERING 2021 (IC-AMCE -2021)" scheduled during
Feb.25-26, 2022. This International Conference aims to provide international forum and a vibrant platform
for academicians, researchers and industry practitioners from Mechanical and allied Engineering to share
their original research work, practical challenges, recent innovations, trends and to explore methods of
application of research to the technological development leading to human welfare. The conference
program includes Design, Manufacturing, and Thermal Engineering. Our conference sessions are designed
to help & solve existing challenges, accelerate career, and get practical insights on Innovations. The papers
contained in this volume are of Keynote speakers and authors of selected contributed power point
presentations. Who were given the opportunity to submit a manuscript for publication. These manuscripts
were reviewed by the conference editors and members of the Editorial Committee. Only those papers
judged suitable for publication following the authors consideration of reviewer suggestions appear in this
volume. The IC-AMCE 2021 acknowledges and appreciates the contribution of the editors and the
reviewers. They have made a significant contribution to improving the quality of this publication. I am sure,
these contributions will enrich our knowledge and motivate many of us to take up these challenging
application areas and contribute effectively for the Sustainable Global Development. TCET has successfully
held parallel four International events IC-ICN-2022, IC-HSTE 2022, IC-CCDS 2022 and IC AMCE 2022.
MULTICON- W 2015, 16, 17, 18, 19, 20 and 21 in association with international journals of repute and
multinationals in the Mechanical Engineering industry with an objective to reach new horizons. We feel
that the present endeavor could not have been possible without the moral support, strong belief and time
to time motivation from management of Thakur Educational Group. We are grateful to all the participants
at the meeting and for their contributions. We thank to all the members of the organizing and editorial
committee for supporting the event and extending their cooperation to make it a grand successful event.
My apologies to our readers and contributors for that and request them to kindly send / e-mail their
criticism and suggestions, which will be vital for the improvement.

Convener (IC-AMCE 2022)
Dr. Seema Jagtap
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Abstract— The construction industry is the huge consumer of

production of fly ash is about 165 million tons, but about
30 percent of the total is being utilized, which is very low.
Due to its ultra-fineness, aluminous contribution and other
properties like reduction in environmental pollution, it is
important to increase the utilization of fly ash in
construction. Similarly, around 22 million tons of blast
furnace slag and 10 million tons of steel slag is produced
in India annually. Concrete is the most favorable,
preferred and the largest building material used by the
construction industry. Concrete is made up of aggregates
(fine and coarse), cement, and water. Each one of these
ingredient of concrete has adverse environmental impact
and gives rise to different reliability issues. At present, the
concrete construction practice is not reliable because, not
only it consumes huge amount of stones, sand, and
drinking water, but also around 1000 million tons of
cement in a year, which intern is not an environment
friendly material. During the production of cement, huge
amount of energy is needed and about 9% of CO₂ is
released to atmosphere. Many by-products and solid
wastes can be used in concrete mixes as replacement of
aggregates or cement, according to their physical and
chemical properties, if properly treated. The steel slag,
having desirable qualities can be used as fine or coarse
aggregates in concrete construction. When two mineral
admixtures are used together, better results can be
achieved. With the growth in population, construction of
residential as well as public buildings is also increasing.
The iron and steel making industries are producing huge
amounts of slag as by-product. As a useful recycled
material, steel slag is mainly used in fields of civil
engineering, for example, in roadbed material, and
concrete aggregate. Their recycling ratio is around 96%,
which consequently makes an important contribution to
the creation of a recycling-oriented society. Thus, the
evolution of new application technologies has become an
urgent matter.

natural deposit which led to exhaustion of good quality sand
(Fine Aggregates). This situation guides us to explore substitute
materials. Steel slag a waste industrial by-product is one such
material recognized for usage as substitution of natural sand.
Steel slag is generated locally in huge amount which causes
many environmental worries including natural exhaustion
when disposed. To overcome this problem, slag is the sound
choice in favor of environment being used as fine aggregate in
construction sector. This study includes the resolution of
different properties of locally found steel slag. The usage of
steel slag in the concrete element by substituting it partially
with fine aggregates (sand). The use of steel slag in concrete
considerably increases the strength of concrete.
This study presents an assessment of the physical and
mechanical properties and characteristics of steel slag
aggregate concrete in comparison with the typical cement
concrete. Hardened concrete contains more than 70%
aggregate due to the huge demand in building construction and
the rise in the quantity of disposed waste material, dealers and
researchers are pouring the use of substitute materials which
could conserve natural resources and prevent the environment.
In this study, steel slag is used as a fine aggregate replacement
in typical cement concrete mixes. Steel slag, mainly consists of
calcium carbonate is produced as a by-product during the
oxidation process in steel industry. Steel slag is selected because
of its characteristics, which are mostly alike to natural
aggregates and the fact is that, it is easily available as a byproduct in the steel industry. Consequently, utilization of steel
slag will prevent natural aggregates and help in making
environment clean. Moreover, researches have shown that slag
aggregate has more abrasion resistance
and impact
value than natural aggregate.
Keywords ― Steel slag, Cement, Natural aggregates, Concrete
strength, Mechanical properties, Environment friendly.

I. INTRODUCTION
Global warming and environmental demolition have
become the major problem in recent times. Discharge of
host of greenhouse gases from industries and there adverse
effect on environment has changed the thinking of people
from the mass-production, mass-consumption, mass waste
society of the past to a zero-emission society, by using
industrial wastes and conserving the natural resources.
Protecting the exhaustion of natural resources and
improving the usage of waste industrial materials has
become a challenge to the researchers and engineers. Many
studies have been conducted regarding to the protection of
natural resources, reduction of environmental pollution
and contribution towards economy of the country by using
waste material. The two major by-products of steel
industry are steel slag and fly ash. In India, the annual

Steel slag
Steel slag is a solid waste material which is obtained by
the interaction of external impurities and flux during the
making and refining processes of steel. Steel slag is
obtained in the industries in the following ways:
1.
2.
3.
1

In Basic Oxygen Furnace (BOF) during the
process of converting iron into steel.
In Electric Arc Furnace by the melting of scrap
into steel.
Ladle slag, which is obtained during refining
process.

The Fig 1 shows that how these different types of steel
slag are obtained in the manufacturing processes of iron
and steel.

Magnesium
MgO
5-15
5-15
oxide
Titanium
TiO₂
0.3-1.5
dioxide
Sulphur
S
0.04-0.12
0.06-0.2
Phosphorus
P
0.1-1.5
0.01-0.25
Table1. Chemical composition of BOF and EAF slag
Physical Properties
Steel slag coarse aggregates are fairly circular, angular,
cubical pieces having flat or elongated shapes. The below
Table.2.gives the approximate values of different physical
properties of fine aggregates.
Table.2. Physical properties of Steel slag aggregates.
Property
Specific gravity
Dry unit weight
Water absorption

Fig.1. Flow chart of iron and steel making
Chemical Composition
Basic oxygen furnace and Electric Arc furnace slags are
formed during the basic Steel making processes in the steel
industries. The Ladle slag is obtained during refining
process, in which different alloys are added to the ladle
furnace to produce different grades of steel. The below
Table gives the chemical composition of both BOF and
EAF
Name of
chemical

symbol

Basic
oxygen
furnace
7-19
1-7
10-32
2-8

II. PROBLEM STATEMENT AND OBJECTIVES OF
THE STUDY
Aggregates are the most important constituents of
concrete. They gave body to the concrete, minimize
shrinkage and also affect the economy. Since concrete is
composed of around 70%-75% aggregates, the various
properties and characteristics of concrete considerably
depends on them. In India, we use natural sand as fine
aggregates in concrete manufacturing. But as per the
reports, the availability of natural sand is getting depleted
and also its cost is increasing day by day. So, there is a
need for conserving the natural resources and environment
and for proper utilization of energy. We have to find
alternative materials to reduce the usage of

Electric
arc
furnace
8-20
2-10
12-30
3-8

Silica
SiO₂
Alumina
Al₂O₃
Ferric oxide
FeO
Manganese
MnO
oxide
Calcium
CaO
32-55
36-60
oxide
natural resources. This paper explores the use of steel slag
(SS) as a partial replacement of fine aggregates (sand) in
concrete. Steel slag is a waste industrial by-product which
is obtained during steel making processes in steel
industries. By partially replacing natural aggregates by
steel slag, exhaustion of natural aggregates can be reduced
to some extent and also environment can be prevented.

III. PROPOSED METHODOLOGY
In this study, we will design M25 & M30 mix proportion
concrete cubes, beams and cylinders as per the Indian
Standard (IS) guidelines. Ordinary Portland Cement (OPC)
of grade 43 will be used. Fine aggregates passing through
4.75 mm IS sieve and retained on 600 micron IS sieve are
used and partially replaced by Steel Slag as 10%, 20%,
30% and 40%. The coarse aggregates of size 16mm are
selected which are retained on 10 mm IS-sieve.

Objectives of the study









Approximate value
2.6-3
1500-1900(kg/m3)
0-3(%)

To find out a suitable and effective / alternative
material for partial replacement of fine
aggregates.
To find out possible utilization of waste materials
in construction industry that in turn considerably
minimize the usage of natural fine aggregates and
ultimately reduce cost of construction.
To explore possibilities of improving mechanical
properties of concrete using steel slag instead of
fine aggregates partially or fully.
To evaluate the effect of using steel slag in
concrete.
To reduce environmental pollution by utilizing
the industrial waste in construction processes.

Materials:
A. Cement: As per IS-8112, Ordinary Portland
Cement of grade 43 will be used. The OPC of
grade 43 should have the following properties:
 Setting time: Initial setting time should be 30
minutes and Final setting time should be 600
minutes or 10 hours.
 Soundness: As per Le chatelier method,
soundness should not be more than 10mm.
 Fineness: As per Blaines Apparatus, it should not
be less than 225 Sq m/Kg.
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B.

C.

D.

E.

Compressive strength: After 3, 10, and 28 days, it
should not be less than 27, 37 and 43 MPa
respectively.
Fine Aggregate: Natural river sand which is
locally available will be used as fine aggregates.
Natural sand passing through 4.75 mm IS-sieve
and retained on the 600 micron IS-sieve with the
specific gravity of 2.7 will be used.
Coarse Aggregate: Aggregates which gets
retained on 4.75mm IS-sieve are considered as
Coarse aggregate. Coarse aggregates of 16mm
size will be used with fineness modulus between
4-7 and a specific gravity of 2.8.
Steel Slag: In this study, the steel slag collection
was done from All Abrasives Industries, Thakur
village Kandivali East Mumbai.
Water: As per the IS: 456-2000 guidelines clean
and potable water will be used in all experiments
of the study.

B. Compaction factor: According to IS: 1199 – 1959, to
find out the workability of fresh concrete, compaction
factor test is conducted in the laboratory with the help
of compaction test apparatus. This test is known for its
accuracy. Concrete mixes of grades M25 and M30
will be prepared for the test with 0%, 10%, 20%, 30%
and 40% replacement of fine aggregates by steel slag.

IV. EXPERIMENTAL STUDY
A. Slump cone test: Slump cone test will be conducted to
study the workability of fresh concrete. M25 and M30
grade of concrete will be prepared for 0%, 10%, 20%,
30% and 40% replacement of fine aggregates by steel
slag.

Procedure:
Place the concrete in the upper hopper of the
apparatus and level it with the top of the hopper.
2. Open the trapdoor at the bottom of the upper hopper
as shown in the figure below so that concrete fall
into the lower hopper.
3. Open the trapdoor of the lower hopper so the
concrete fall into the cylinder below.
4. Struck off the excess concrete and level it with the
top of the cylinder and also clean the cylinder from
outside.
5. Weigh the cylinder filled with concrete to the
nearest 10g. This weight is known as the weight of
partially compacted concrete and is denoted by W1.
6. Empty the cylinder and refill it with the same
concrete in layers of approximately 5cm deep and
each layer is tempered to achieve full compaction.
7. Weigh the cylinder after leveling the surface. This
weight is known as the weight of fully compacted
concrete and is denoted by W2.
8. Find out the weight of empty cylinder and denote it
by W.
9. Then the compaction factor value is obtained by
using the below formula
1.

Fig.2.Slump cone
Procedure:
A metal mould of conical frustum shaped known as a
Slump cone or Abrams cone will be used to carry out
this test. The mould is open at both of its ends and has
attached handles. The mould typically has an internal
diameter of 10cm at the top and of 20cm at the bottom
with a height of 30.5cm. The mould is placed on a
hard non-absorbent surface. The mould will be filled
with concrete in three layers and each layer is
tempered 25 times with a 60cm long tempering rod of
diameter 1.6cm. At the end of third layer, the concrete
is struck off leveled with the top of the mould. After
that, the mould is carefully lifted vertically upwards
and the concrete then subsides (slumps). The slump of
the concrete is measured by measuring the vertical
distance from the top of the slumped concrete to the
level of the top of the mould.

Compaction Factor Value = (W1-W)/ (W2-W)
10. The compaction factor value ranges from 0.7 to
0.95 for normal concrete.
C.
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Compressive strength test: To find out the
compressive
strength,
concrete
cubes
(150mm*150mm*150mm) of grades M25 & M30 will
be casted for 0%, 10%, 20%, 30%, and 40%
replacement of fine aggregates by steel slag.

Procedure:
1. Firstly, clean the moulds and apply oil inside
the mould to prevent adhesion of concrete.
2. Prepare the concrete mix and fill it in the
moulds in layers approximately 5cm thick.
3. Compact each layer with the help of a
tempering rod (16mm diameter and 600mm
long) by giving not less than 35 strokes per
layer.
4. With help of trowel, level and smoothen the
top surface.
5. The cubes are removed from the moulds after
24 hours of casting and then placed in a
curing tank for curing purpose.
6. The temperature of water in a curing tank
should be 27±2°C.
7. These concrete specimens will be tested after
7 days curing and 28 days curing by
compression testing machine.
8. The load should be applied gradually at the
rate of 140kg/cm2/minute till the cube fails.
9. Load applied divided by the area of the
specimen gives the compressive strength of
concrete.

4.

5.

6.
7.

8.

9.
10.

11.
12.
13.
14.

15.

After compacting the top layer, level the surface of
concrete with the top of the mould and smoothen the
surface with the help of a trowel.
The cylindrical specimens are removed from the
moulds after 24 hours of casting and then placed in a
curing tank for curing purpose.
The temperature of water in a curing tank should be
27±2°C.
The specimens will be tested after 7 days and 28
days of curing with the help of a Compression testing
machine.
After curing, the surface of the specimen is wiped
out and with the help of a marker diametrical lines
will be drawn on both ends to verify that the
specimens are on the same axial place.
Take the dimensions of the specimen.
A plywood strip is kept on the lower plate of CTM
and place the specimen in a way that the lines
marked on the ends of the specimen are vertical and
centered over the bottom plate.
Keep the other plywood strip above the specimen
and bring down the upper plate to touch the strip.
Apply the load gradually without shock at a rate of
approximately 14-15 kg/cm2/minute.
Note down the breaking load.
The split tensile strength of concrete is calculated by
using the formula
Split Tensile Strength = 2P/ πdl
Where, P = Applied load, d is the diameter of
the specimen and l is the length/height of the
specimen.
As per IS 456-2000, the tensile strength of concrete
can be calculated by the characteristic compressive
strength of the concrete as

Split Tensile Strength of Concrete = 0.7(fck)
Fig.5.CTM

Where, fck is the characteristic compressive strength of
concrete in MPa.

Calculations:
Size of cube = 150mm*150mm*150mm
Area of specimen = 22500mm2
Load applied = …………………….
Compressive strength = (Load applied in N / Area of
specimen in mm2).
D. Split tensile strength test:
Concrete cylinders (150mm diameter and 300mm
height) of grades M25 & M30 will be casted for 0%,
10%, 20%, 30%, and 40% replacement of steel slag.
Procedure:
1. Clean the mould properly and apply oil inside the
mould to prevent adhesion of concrete.
2. Place the concrete in the mould in layers
approximately 5cm thick.
3. Compact each layer with the help of a tempering rod
by giving not less than 35 strokes per layer.

Fig.6. Split tensile strength test
E. Flexural strength test: Flexural strength of concrete is
an indirect measure of tensile strength of concrete and
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is also known as Modulus of rupture. Concrete
specimens (beams of size 400mm*100mm*100mm)
of grades M25 and M30 will be casted for 0%, 10%,
20%, 30% and 40% replacement of fine aggregates by
steel slag.
Procedure:
1. Clean the mould properly and apply oil inside
the mould to prevent adhesion of concrete.
2. Place the concrete in the mould in layers
approximately 5cm thick.
3. Compact each layer with the help of a
tempering rod by giving not less than 35
strokes per layer.
4. After compacting the top layer, level the
surface of concrete with the top of the mould
and smoothen the surface with the help of a
trowel.
5. The specimens are removed from the moulds
after 24 hours of casting and then placed in a
curing tank for curing purpose.
6. The temperature of water in a curing tank
should be 27±2°C.
7. The specimens will be tested after 28 days of
curing with the help of a Compression testing
machine.
8. After curing, the surface of the specimen is
wiped out and with the help of a marker
reference lines will be drawn at 5cm from the
edges of the specimen on either side to indicate
the position of the roller supports.
9. The specimens are supported on rollers of the
testing machine.
10. After placing the specimens, load is gradually
applied through two symmetrical rollers on the
axis of the specimen (beam).
11. Finally, the load at which the specimen fails is
noted.
12. The flexural strength or Modulus of Rupture is
calculated as
fb = Pl/bd2 (when a > 13.3 cm)
fb = 3Pa/bd2 (when a < 13.3 cm)
Where,
a = distance between the nearest support and
the line of fracture (cm).
P = Maximum load taken by the specimen
(Kg)
b = width of specimen (cm)
l = supported length (cm)
d = depth at failure point (cm)
13. As per IS 456-2000, the tensile strength of
concrete can be calculated by the characteristic
compressive strength of the concrete as

Fig.7. Flexural strength of concrete
V. EXPECTED OUTCOMES
Steel slag is having almost similar properties as natural
aggregate does. So we can expect that the steel slag
concrete will have all the characteristic properties of
normal concrete.









The concrete should be workable. It should have
the compaction factor value 0.75-0.95.
After 7 days of curing, the minimum
compressive strength for M25 and M30 grades
of concrete should be 17 N/mm2 and 20 N/mm2
respectively.
After 28 days of curing, the minimum
compressive strength for M25 and M30 grades
of concrete should be 25 N/mm2 and 30 N/mm2
respectively
As we know that the concrete is weak in tension.
So with the replacement of fine aggregates by
steel slag, the tensile strength of concrete can be
increased to some extent.
Also steel slag is having cementitious properties,
the bond between the ingredients of concrete
will get enhanced.
VI. CONCLUSION

Aggregates are the most important constituents of
concrete. They gave body to the concrete, minimize
shrinkage and also affect the economy. Since concrete is
composed of around 70%-75% aggregates, the various
properties and characteristics of concrete considerably
depends on them. Steel slag is a solid waste material which
is obtained by the interaction of external impurities and
flux during the making and refining processes of steel. In
this study, steel slag is used as a fine aggregate
replacement in typical cement concrete mixes. Steel slag is
selected because of its characteristics, which are similar to
natural aggregates and the fact is that, it is easily available
as a by-product in the steel industry. Consequently,
utilization of steel slag will prevent natural aggregates and
help in making environment clean. Moreover, after the
experimental work is completed and the specimens are
tested, we can conclude its applications and further use.

Flexural Strength of Concrete = 0.7√fck
Where, fck is the characteristic compressive strength of
concrete in MPa.
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An experiment was conducted regarding environmental
benefits of PCPs, in terms of storm water runoff reduction,
underground water quality improvement, heat-island effect
mitigation, traffic noise reduction, and skid resistance
improvement. The hydraulic performance of PCPs is
determined by its mix design, pavement design, construction
practice, and service environment. In general, it is difficult to
simultaneously optimize the mechanical and durability
properties and infiltration performance of PCPs. New
technologies need to be developed to help improve the
durability of PCPs without significantly increasing its
maintenance requirements or sacrificing its infiltration
properties. [1]

I. INTRODUCTION
No fine concrete is the special type of high porosity
concrete which is used for flatwork applications which
allows water from precipitation and other sources to pass
through, reducing the runoff from a site and recharging
ground water levels. The use of previous concrete may
recharge ground water, reduce storm water runoff, and
prevent glare and skidding during rainy season by allowing
water to infiltrate freely through its pores. In addition,
pervious concrete can be produced at low cost, thus it can be
considered among the most attractive sustainable urban
drainage systems. So, main aim of this research is to use
supplementary cementations materials to develop a high
strength no fine concrete with less cost.

Natural pozzolana is used as a supplementary
cementitious material to partially replace of Portland cement
in concrete. This research work is made previous concrete on
10%, 20% by weight replacement of cement with and
without pozzolana. Mix design is based on the no slump
method from the American Concrete Institute’s Committee
211.3R-02. This concrete is tested for its properties, such as
density, void content, water permeability and the
compressive strength with various ages. According to the
results, pozzolana replacement of cement increased as the
compressive strength and permeability and durability of
pervious concrete decreased. [8]

II. LITERATURE REVIEW
Pervious concrete is a type of lightweight concrete that is
porous, obtained by detaching sand from the normal concrete
mix. Furthermore, it really is known as no-fine concrete. The
advantages of this type of concrete are lower density, less
cost due to lower cement content and no use of fine
aggregates, relatively low drying shrinkage, lower thermal
conductivity, no capillary movement of water and better
insulating characteristics than conventional concrete because
of the presence of large voids. [7]

Experimented was conducted to find the influence of
incorporating two different types of recycled aggregates
from construction and demolition waste, brick ceramic
aggregate
and crushed concrete aggregate, on the
performance of pervious concrete under compression and
flexural strength. At the end of 28 days the compression
strength with recycled aggregates was 5.79 Mpa which is in
the allowed range of ACI. [2]

The usage of supplementary cementitious materials,
(SCM), such as Silica fume, Fly ash, Metakaolin, Hypo
sludge, Rice husk ash etc. in concrete was experimented and
concluded that it can be a new innovative usage in making of
concrete.[6]
Civilization is the part of human life, and technology which
is advancing rapidly from centuries. Many efforts are made
so far in developing of new construction materials. In the
construction industry, concrete technology is plays a vital
role. The increasing amount of waste is a concerning reality
that has across the sustainability issues of the environment.
They used industrial waste as a substitute of cement to make
porous concrete. [5]

The compressive strength and the infiltration rate of
concrete in which the fine aggregate was removed from 0 to
100% were found out. They concluded that almost 50%
compressive strength decreased by reduction of 100% sand
from the design mix. On the other side, infiltration rate for
28 days shows direct relation above 40% reduction of sand
and highest 273% of infiltration rate by reducing 100% sand
from the design mix. The 90% reduction of sand from
concrete give considerable compressive strength of 2150 psi
and infiltration rate of 165.79 inch/hour, which can be
recommended for pavements of parking and walking area.[7]

A test of compressive strength of porous concrete with
different w/c ratio was done. At the end of 28 days after
testing he concluded that the compressive strength at w/c
ratio 0.53 was greater than that of 0.56 and 0.6. [3]

NDT tests were done to increase the effectiveness of the
quality assurance of pervious pavements. Predictive models
for hydraulic conductivity and compressive strength of
pervious specimens were derived using only UPV combined
with total void ratio. The results confirm that UPV offers a
technique for rapid assessment of in-place properties of
pervious concrete, either to supplement or replace core
testing in some cases. Combined use of UPV and void ratio
was found to outperform the models based on a single test
result. Based on the obtained results, statistical models were
put forward for predictions of pervious concrete’s hydraulic

An experiment was carried out on the applications of
pervious concrete and also develop a strong and durable
Pervious
cement
concrete
mix
using
additive
polycarboxylate as addition.[4]
Polypropylene monofilament and fibrillated fibers as raw
materials in varying percentage was used and carried out an
experiment to determine mechanical properties of porous
concrete reinforced with the fibers. The results showed that
as the percentage of fibers increases the compressive
strength is increased. [9]
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conductivity and compressive strength.[10]

number has been developed. [18]

The study was conducted to analyse the
hydrological and structural properties of pervious concrete
which is reinforced with glass fibre in various ratios (O.5%,
1%, 1.5% by weight of cement). Compressive strength and
flexural strength obtained is compared with the normal
pervious concrete. [11]

III. METHODOLOGY
To add glass fibre in 1% of cements so as to check in
change of the compressive strength of no fine concrete and
also to replace 20% of cement by metakaolin. Coarse
aggregates to be used should not be bigger than 10mm IS
sieve. To check the compressive strength and permeability of
no fine concrete containing glass fibre and metakaolin and
compare it to normal no fine concrete. Compressive strength
determined by compression test through compressive testing
machine.

The compressive strength of porous concrete is relatively
low because of its porosity but at the same time we increase
water absorption quality. Due to low strength it cannot be
used as a road pavement. The pervious concrete can only be
applied to footpaths, parking and where low strength is
required. [19]

Compression strength= P/A

Experiment carried out in which cubes of pervious concrete
with mix proportion varying from 1:5 to 1:6 with size of
gravel such as 10mm were casted and their compressive
strength and permeability were checked at the end of 28
days. [12]

Where, P = maximum load (in kN) applied to the
specimen,
A = cross-sectional area of the cube on which load is
applied.
In general compressive strength is dependent on size of
coarse aggregate, void ratio, bond between mortar and coarse
aggregate. In 7 days cubes of permeable concrete gain 30%
of its strength, in 21 days of permeable concrete gain 70% of
its strength, and for 28 days it gains 95% strength.

The paper evaluates the factors affecting the strength and
hydraulic parameters of pervious concrete, presents results of
long-term infiltration monitoring and cleaning operations.
The specific objectives of the study were to determine
compressive strength of pervious concrete cube after 28 days
curing; determine the infiltration ratio of pervious concrete
slab. [16]
Pervious Concrete Pavement various mix proportions
were prepared by replacing cement with silica fume (6% by
the weight of cement), by adding super plasticizers (0.13% &
0.25%) and varying size of aggregates. The water-cement
ratio was kept constant 0.34. Different properties of pervious
concrete e.g. workability, compressive strength, split tensile
strength, flexural strength test at 7, 28 & 56 days and bond
strength tests at 28 & 56 days were studied
experimentally.[17]
In this research study done the (OPC) cement has been
replaced by Rice Husk Ash accordingly in the range of 10%
and 20% by weight of cement for 0.30, 0.35, and 0.40
water/cement ratio. The compressive strength test and
flexural strength test was carried out for 7, 14 and 28 days.
So the aim of the investigation is to study the behavior of
pervious concrete while replacing the RHA with different
proportions in concrete. [13]

Figure 1 Testing of cube for compressive strength
Permeability test was carried out with reference of the
test procedure given in ASTM C1701. Permeability test was
used for finding the water passing ability of pervious
concrete panel which was casted and placed in field. The test
consists of four main components: Installing the infiltration
ring, prewetting the concrete, testing the concrete and
calculating the results. For permeability rate test of pervious
concrete panel of 300mm x 300mm x 120mm were casted.
The ring is then placed on the cleaned surface and secured in
place with plumber’s putty. Then water is poured onto the
surface and measuring the time for the free water to disperse.
With the help of measured volume of water, time required
for draining out all the water and cross sectional area of cube
Permeability rate of Pervious Concrete is found out.
Equation for permeability test is here
P = KM/D2*T
Where,
P= permeability
M = water mass
D = ring diameter
T = time
K = constant

An Experiment was carried out in which Pervious
concrete has little or no fine aggregate and has just enough
cementitious paste to coat the coarse aggregate particles
while preserving the interconnectivity of the voids. Pervious
concrete is traditionally used in parking areas, areas with
light traffic, pedestrian walkways, and greenhouses and
contributes to sustainable construction. [15]
The study was carried out to look into the impact of size
of aggregate (20mm and 10mm), w/c ratio (0.32 & 0.28),
super plasticizers (auramix 400 & conplast sp 430) and
different percentage of fibre (i.e 1% & 2%) on the
behavior of pervious concrete and were described the
resemblance with 4 criteria: Compressive strength, split
Tensile strength, flexural strength, and permeability test.
[14]
In concrete fine aggregate was replaced with coarse
aggregate in the range of 50 - 100 % by weight. Various
mechanical properties of the mixes were evaluated.
Coefficient of permeability was determined by using
falling head permeability method. The relationship
between the strength, abrasion resistance, permeability
and total void present in aggregate based on angularity
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Figure 2 . Testing of cube for permeability
Mix Design: Pervious concrete uses the same material as
a conventional concrete, except that there is usually no or
little fine aggregate. The size of the coarse aggregate used to
keep fairly uniform in size to minimize surface roughness
and for a better aesthetic. Water to cement ratio is kept 0.35.
Generally, A/C ratios are 1:4 by mass. These A/C ratios lead
to aggregate contents of between about 1300 kg/m3 to 1800
kg/m3. Higher A/C ratios (greater than 4.5:1) have been
used in laboratory studies, but significant reductions in
strength result. However, mix design implemented based on
literature study and trial mixes is given in Table. 1.
Table 1. Mix Proportions
Sample

A

B

C

Size of C.A. mm

10

10

10

Cement kg/m3

438

350

438

1946

1946

C.A. kg/m3

1946

Metakaolin kg/m3

-

88

Glass Fibre kg/m3

-

-

A

7.41

12.9

A

7.35

13.1

A

7.5

13.1
5

B

11.5

20.2
3

B

11.2

20.5

B

11.8

20.4
5

C

6.8

12.8
5

C

7.1

12.
8

C

7.25

12.6
5

7

28

DAYS

DA
YS

AVERAGE
COMPRESS
IVE
STRENGTH
MPA (7
DAYS)

11.5

20.23

7.05

12.7

4.38

Figure 3.Graph showing compressive strength of 7 &
28 days cured samples

The cube samples are removed after a 7-day & 28-day
curing time and surface dried at room temperature without
direct sunlight. The numbers for compressive strength are all
averages. There are three different samples. The results of
the tests are listed below.

COMPRESSI
VE
STRENGTH
MPA

13.05

Table 2.Compressive strength for 7 & 28 days

SAMPLE

PERMEABILITY
(LIT/MIN/M2)

A

445

B

443

C

440

IV. RESULTS AND CONCLUSION

SAM
PLE

7.42

AVERA
GE
COMPR
ESSIVE
STREN
GTH
MPA
(28
DAYS)

Table 3 Permeability of various pervious concrete
The following are the conclusions made by this study.
According to the Experimental results, it has been
observed that compressive strength of no fine concrete with
meta-kaolin is greater than the normal no fine concrete.
However, no fine concrete with glass fibre doesn't show any
increase in compressive strength.
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is already 17.5% of the world's population and continues
to grow at 1.4% per year. At the same time India has seen
a gradual shift of police from urbanization to cities in
successive five-year programs, as large-scale industries
and trade are given increased momentum compared to
agriculture and agro-based industries. These factors have
resulted in a growing trend of rural migration to cities in
the nation. The development of democratic thought over
the years has made the issue of the right to housing for
the poor a priority. This idea has seen the Indian
government take steps to look after the poor and reduce
their standard of living through various programs.
II.LITERATURE SURVEY

I.INTRODUCTION
Slums are often a densely populated urban area that
includes most of the adjoining houses, depleted in a state
of dilapidated or incomplete infrastructure, inhabited by
very poor people. Although slums, especially in the
United States, tend to be in cities, in some lands they may
be in cities where housing standards are low and living
conditions are poor. Although slums vary in size and in
some respects, most do not have reliable sanitation
services, clean water supply, reliable electricity, law, and
other basic services. Informal settlements vary from slum
to professionally which, due to poor construction and / or
lack of basic renovation, have deteriorated. India's socioeconomic situation puts you in a strategic position in the
postwar world. After independence, India saw
unprecedented growth, obscured by population
explosions that suppressed all the country's resources and
crippled all efforts taken by the next government to
alleviate its diseases. The burden of democracy rests on
the nation through the political turmoil and unstable
governments that rewrite national policies every five
years with different views and opinions. Conflict
management of the country becomes even more difficult
due to economic policies and the effect of new industrial
growth in the short term. All that leads to the symbolic
Indian elephant. With national GDP growing at a rate of
8% over the past 4 years, the elephant seems to be
moving inexorably fast which is making the world slower
and more alert (Meredith, 2007). The population of India
11

The purpose of this paper is to examine the relationship
between urban populations and the increase in slums in
Maharashtra. The growing rate of urbanization and
affordable housing has resulted in slum dwellers. in
2011
The total number of Maharashtra informal settlements
increased from 11.2 million in 2001 to 11.8 million in
2011. The total number of slum dwellers was reported
to be 23.32% of the total urban population in the
province in 2011. These revisions have shown that
slums are a mixed problem, and many factors
contribute to their occurrence. Social factors such as
urbanization, urban malpractice and policies that fail to
address the needs of slum dwellers, as well as various
factors in the selection of settlements, have led to the
current slum environment. Given the wide range of
opportunities for the collection of information related to
informal settlements, both in terms of quality and value,
it is important that such approaches take into account
both the social structure and general structure of
informal settlements, so that informal settlements can
be analyzed and evaluated. This should include
information related to social, physical and economic
factors, which further promote the growth and
sustainability of informal settlements.
Members of the slums are voting to reward the builder for
relocating them to a “SRA-controlled” high-rise

apartment building that is nearly half of its current
location.
Includes temporary compensation for approximately 3
70% of the vote is required.
Slum dwellers cannot sell or rent their properties for at
least 10 years. 70 million residents are added each year to
a city worldwide or equivalent to creating 7 new major
cities from scratch. In 2030-2040 estimates suggest that
there will be two million people living in slums.
Slum policies may be a force to be reckoned with as
residents may be unable to meet additional financial
obligations and may be forced to sell / rent and return to
the slums.
The movement of residential areas to informed residential
areas, other than forcibly evicted cases is often prohibited
due to incomplete residential system.
Recent reports, 55% of the population lives in slums while
occupying 16% of the city's land, clear evidence of
overcrowding.
Research was conducted on older immigrants and
inconsistent accommodation and high cost of living were
identified as the main reasons for leaving. This paper has
proven how to analyze the movement of slums and dumps
can be used as indicators of slum building methods in a
particular city. Low-income communities are struggling to
find affordable urban housing. Millions flock to cities to
take advantage of economic opp resulting in urban sprawl.
In order to develop affordable and sustainable housing,
housing programs must be socially acceptable,
economically viable, environmentally friendly and
technologically feasible.
Sustainable communities are defined as ‘‘Places where
people want to live and work, now and in the future ’’.
This paper examines the problems of affordability and
low-income housing based on the experience of slum
renovation initiatives initiated by government and NGOs
or development partners.

years at the time of construction
Each family receives a 269-square-foot apartment No
authority may authorize resettlement, at least
The purpose of this paper is to identify and analyze the
factors that are beneficial in selecting a slum renovation
site in Maharashtra.
It is necessary today to move on to "Green India Clean
India". It is very important to reduce poverty to make
India clean. It breeds slums.
The current paper aims to analyze certain aspects of the
population of slums in India, their socio-economic impacts
and similar social policy responses.
By identifying and analyzing features select the most
profitable and possible site for all public and private
sectors to develop slums.
Poverty leads to the growth of informal settlements with
unsanitary conditions, random horizontal growth, quality
of life, low market level in the surrounding area, etc.
The study concluded that, identifying and analyzing areas
for local selection in order to make appropriate
adjustments to the authorities and private contractors.
Application:
1.1. Application:

Improvement of physical infrastructure
(water, sanitation, waste management, energy, etc.)
Development of social infrastructure (educational, health
and recreation facilities) Improvement of income, quality
of life and housing. Physical Infrastructure Social
Infrastructure Change in income / livelihood Changes in
living standards and living conditions
1.2. Analysis of idea:

.
The Alliance has been actively involved in the
development of these programs since its inception. Their
12

knowledge of many institutions explained and
contributed to the transformation of the future of the
systems to a great extent. Today they are busy in 70 cities
across the country. As mentioned earlier, one of the
major problems in implementing Slum Rehabilitation
Programs is to meet the needs of slum dwellers. A nonprofit foreign company, such as SPARC has played a key
role in doing this over the past two decades.

III.RESEARCH GAPS
We have read many technical papers, there are still
research gaps due to the lack of resources at the moment
and the inability to test and meet with experienced SRA
boys. And we are very focused on what new policies we
can think of for this program.
The most important thing we should focus on is visiting
places, talking to SRA officials. We are unable to
conduct research in informal settlements due to the
epidemic. We lack the field service experience.

The Alliance also takes projects for itself, developing
projects at its own expense. It has addressed a large
number of slum dwellers being evicted due to
infrastructure projects. Since the 1980s, one of its major
sources of funding has been the Community Led
Infrastructure Financing Facility (CLIFF).

IV.PROBLEM DEFINITION
The vision of the slums is very clear. The size of the
slums is considered to be deteriorating in densely
populated urban areas and containing deteriorating
housing, often overcrowded, poverty, social ills and
other forms of physical and social deprivation. In
addition to the above, the development of slums, the
capacity for slum construction, are all similar to
industrialization and urban growth. Its existence is not
the reason for the cities, rather, through its particular
function, slum communities are a hidden blessing to the
elite and other structures of the city, as they provide a
variety of services and play a major role in survival. of
the rich. There are various signs of slums such as
inadequate housing, basic services, overcrowding,
unsanitary environment etc., but a society that continues
to have a way of life. In addition it is a sub-program on
a major urban system characterized by attributes

The Mumbai Urban Transport Project (MUTP) has
appointed the Alliance as the main coordinator of its
rehabilitation project, which involves transporting
16,000 families living near the railway line.
Impressed by its success with MUTP projects, the
Mumbai Urban Infrastructure Project (MUIP) also
designated the Alliance as a key center for the
redevelopment of 9,000 buildings on the roads
developed by MUIP in the 2000s (SPARC, 2013).
MUTP
Project: Slum Redevelopment along
railway lines (http://www.sparcindia.org)

V.PROPOSED METHODOLOGY
The Chief Executive Officer of the Slum Rehabilitation
Tribunal will consider objections and proposals, if any,
received during the said period in relation to the said
interim plan and after similar consideration, and after
making any changes that appear appropriate or
necessary, in the end. publish the said program, with the
approval of the National Government. Information from
the general public, inviting objections and suggestions,
which provide a period of not less than 30 days, for
submission of objections and suggestions, if any,
regarding the said program. Provision of accreditation
for Floor Space Index approval and transfer of
development rights; if available, to be obtained from the
developer
development of slum rehabilitation area under the slum
rehabilitation program.R restrictions on the relocation of
residential properties.Only residential properties
allocated to people under the Slum Rehabilitation
Scheme may not be transferred in the form of a sale,
gift, exchange, lease or otherwise. a period of the first
ten years from the date of allocation of accommodation.
After the expiry of the said ten-year term, allocated,
with the approval of the Slum Rehabilitation Forum, we
may transfer the property in accordance with the
prescribed procedure. Before any site is declared a
13

cheap location, the Board of Directors will be satisfied
with its location.
resources, and ensure the number of people who may be
deprived of housing in the area, and thereafter, take
possible measures either through the planning of its
planned schemes or by acquiring affordable housing
prior to relocation that will from time to time be
necessary as demolition of buildings in the area. As
soon as the Executive Council has declared any slum
area to be approved, we will issue an authorization order
in respect of that area, issue a demolition order for each
building listed there, and require that the building vacate
within that period not specified in 1 [design order], and
they will submit 1 [clearance order] to the Manager for
confirmation. The administrator may confirm 1
[cancellation order] completely or subject to such
variance as it appears necessary; or refuse 1 [clearance
order]. As soon as the authorization order is confirmed
the Regulator will publish the notice in the prescribed
manner; meaning that 1 [cancellation order] has been
verified and means the place where the copy of the
order 1 [cancellation request] is verified and the map in
question can be viewed at all reasonable hours. Subject
to the provisions of the last clause, 1 [demoction order]
will take effect at the end of six weeks from the date the
verification confirmation 1 [clearance order] is
published in accordance with the provisions. of this Act.

V. CONCLUSION
Access to public infrastructure and rising costs due to
the changing health of slum dwellers can be compelling
to return to their original state and condition.This too
one of the reasons as it may be that slum dwellers are
selling or renting theirplaces of residence. Therefore, it
is important to unite the community infrastructure
services and accessibility. Planning
of slum rehabilitation / development programs to avoid
such practices for slum dwellers to return to their homes
initial status and implementation of SRA success
.Letting is also one of the most important aspects of a
shack
Regeneration program.It was recognized that if the
shack rehabilitation center has been relocated an area
14

where job and transport opportunitiesfacilities are low
and slum dwellers dissatisfied. If the collapse of such
pits is avoided in the plans of in some cities, slum
rehabilitation/ redevelopment will do
improve accommodation and take them
how to improve.
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in terms of its
planning and construction technologies due to the rise in
demand of aesthetics and uniqueness in the ever-developing
world. This development has also given rise to the planning of
irregular buildings to achieve the desired aesthetics and
functions in the structure. With such developments, these
buildings due to their irregularities are becoming more prone
to earthquakes and hence it has become essential to consider
earthquake loads while designing these buildings. Therefore,
in the course of this study, we shall be analysing the seismic
response of such vertically irregular buildings using response
spectrum analysis on Etabs softtware. The results obtained
from different models with different forms of vertical
irregularities will be compared on the basis of seismic
parameters such as base shear, storey drift, displacement, etc.
After obtaining the results, a comparison will be made to
draw out a meaningful conclusion with respect to the effective
height and use of vertically irregular buildings in various
earthquake zones.
Abstract: Structures nowadays are advancing

KEYWORDS: Irregular building, Seismic force, Response
spectrum analysis, Base shear, Storey drift, Displacement,
Earthquake zone.

I. INTRODUCTION
In today’s times, most of the structures are delineated by
irregularities in both plan and vertical configurations.
Thus to analyse or design such irregular structures an
extra level of attention and effort is required. The
repercussions of failure in such buildings would be
greater than those with regular ones. Hence, irregular
structures require detailed structural analysis to succeed
in an acceptable behaviour throughout a devastating
earthquake. There might be cases where shape of the plot
for the construction of a structure may not be a
regular one, may also have topographical variations
because of which the structure might be influenced due to
the configuration of the plot. Hence, it will be interesting
to study the stability of buildings with different geometry
or shape and their behaviour against seismic and other
forces. In present study we will analyse such vertically
irregular regular plan buildings using response spectrum
analysis on Etabs software.
frames possess very low shear force compared to setback
irregular frames.
Oman Sayyed, et.al. (2017) carried out the seismic
performance & behaviour of 8 models of G+10 regular
and vertical with soft irregular building is analysed by
Response spectrum analysis method with the help of
Etabs 2015software.By the different seismic response to
compare the regular and irregular building.
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II. LITERATURE REVIEW
The present work is aimed at comparative study
on analysis of vertically irregular buildings. A
literature review is carried out on various studies of
such types of vertically irregular buildings. A
review of the work is presented in the following
paragraphs.
Girish Deshmukh & Shaikh Abdul Aijaj Abdul
Rahman (2013) The seismic analysis performed
on G+10 vertical irregular building of two frame
with similar dimension but having the stiffness
irregular in 2nd frame. The dynamic analysis is
analysed by Etabs software as per IS: 18931-2002.
The dynamic responseresult to compare the both
frame. The frame-1 (vertically irregular) develops
least storey drifts while the building with stiffness
irregularity on vertically irregular building (frame2) shows maximum storey drift on the respective
storey levels. The building was modeled as a
simplified lump mass model having stiffness
irregularity at fourth floor. The response parameters
like storey drift, storey deflection and storey shear
of the building were evaluated. The results show
that, stiffness irregularity causes instability in the
building and attracts huge storey shear.
Bansal and Gagandeep (2014) carried out response
spectrum analysis (RSA) and time history analysis
(THA) of vertically irregular RC building frames.
They considered mass, stiffness and vertical
geometric irregularity. They found that mass irregular
building experience larger base shear than similar
regular building. The stiffness irregular building
experienced lesser base shear and has larger inter
storey drifts.
Mahesh and Rao (2014) studied the behavior of
regular and irregular G+11 residential building
under seismic motion. They considered different
seismic zones and three different types of soils
namely hard, medium and soft. The analysis was
done by two softwares ETABSand STAAD PRO.
Rana and Raheem (2015) studied the performance
of vertical geometric irregular RC frame structures
under seismic motion. A comparative study
between oneregular frame & four irregular building
frames were carried out. Various seismic responses
like shear force, bending moment, storey drift,
storey displacement etc.were obtained. It was
concluded that regular building

The storey displacement and storey drift in case of stiffness
irregular buildings is more than that of the regular building.
The result remarks the conclusion that, a building structure
with stiffness and setback irregularity provides instability
during seismic loading. To control the instability, a
proportionate amount of stiffness is beneficial in RC
building.
Shaikh Abdul Aijaj Abdul Rahman & Ansari
Ubaidurrahman Salik (2018) The seismic response of
G+10 storey of two frames having the same dimension
with mass and the vertical irregular building has been
analyzed by linear static and dynamic method with the
help of Etabs software as per IS:1893-2002. The dynamic
response of the structure frame-1 (vertically irregular)
develops least storey drifts while the building with mass
irregularity on vertically irregular building (frame-2)
shows maximum storey drifts on the respective storey
levels. Hence, this is the most vulnerable to damages.

buildings = 90.5m & 120.5m.
7. Bay spacing in X direction = 4m. 8. Bay spacing in
Y direction = 4m. 9. Plan Area = 1280 sq.m. 10. Size of
beams = 300*450 mm.
11. Size of columns = 400*800 mm. 12. Grade of
concrete = M40. 12. Grade of steel = Fe500 mm. 13.
Typeof support – fixed. Seismic Zone: I, II, III.
V. MODELS
Models are considered for 30 and 40 storeys in
seismic zones III, IV and V as per IS-1893 2016.

III. METHODOLOGY
The study to be conducted for this project will mostly be
done using ETABS software. Modelling the building in
the software and carrying out subsequent analysis for
obtaining results will be done. A detailed step by step
procedure of the methodology is as follows. 1. In present
research we have used different models of vertically
irregular multi-storied buildings. 2. Model the structures
in ETABS. 3. Seismic analysis will be done as per IS
1893-2016. 4. Running the models in ETABS. 5.
Obtaining seismic parameters like base shear, storey drift
and displacement. 6. Comparing results of these
parameters. 7. Conclusion
IV. STRUCTURAL MODELLING
In this study, structure will be modeled for the following
cases
1. 40 storeyed building with geometric irregularity at
10th & 30th storey on different sides.
2. 40 storeyed building with geometric irregularity at
10th & 30th storey on same sides.
3. 40 storeyed building with geometric irregularity on
ALL sides at 10th, 20th & 30th storey.
4. 30 storeyed building with geometric irregularity at 10th,
12th, 14th, 16th, 18th, 20th, 22nd, 24th & 26th storey on 3
sides. 5. 30 storeyed building with geometric irregularity
at 10th storey.
All the above cases will also be modelled for seismic
zone
Ⅲ, Ⅳ & Ⅴ as specified in IS: 1893 2016

VGI-1
VGI-3

VGI-2
VGI-4

VGI-5

VI.
DISCUSSION AND RESULTS
Same plan for all five
models

V.PRELIMINARY DATA
Following are the data assumed for carrying out this
study.
1. Length in X direction = 40m. 2. Length in Y direction
= 32m. 3. Typical storey height = 3m. 4. Ground storey
height = 3.5m. 5. No of stories: 30 and 40. 6. Height of

Plan
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Elevation

3D

3D

Result VG-1

Result VG-2
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Elevation
Elevation
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Result VG-3
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The structural behaviour of multi-storey frames with
single and combinations of irregularities is studied. The
results indicate that irregularity considerably affects the
structural response. In all the cases analysed, change in
response is observed for frames having single or multiple
irregularities with respect to the regular configuration.
The present study indicates that the presence of
irregularities does not always amplify the response.
Certain combinations of irregularities bring down the
structural response. All the single irregularity cases
analysed have shown an increase in response when
compared to the regular configuration under seismic
loads. Among these cases, the configurations with vertical
geometric irregularity have given maximum response.
The combination of stiffness and vertical geometric
irregularities has shown maximum displacement response
whereas the combination of re-entrant corner and vertical
geometric irregularities has shown less displacement
response. The Torsion and Base shear values of the
building decreases with increase in height of the
structure. Greater the height of the structure (building),
higher will be the Storey Displacement. It has been
concluded that the Storey Overturning moment decreases
with increase in the storey height. The Drift values
increases along with the storey height to some extent and
then decreases.

Elevations

In the modern world, where people are not ready to
compromise with their needs, incorporation of
combinations of irregularity in structures is inevitable.
As the structural response depends on the type, location
and degree of irregularity, these factors need to be taken
care while designing any structure. This would help in
incorporating irregularities in structures without
compromising their performance.
VII.
CONCLUSION
1. The first four cases chosen for the study was modelled
and consequently response spectrum analysis was
performed using ETABS.
2. Results were obtained for all the cases for seismic zone
III, IV and V as per IS 1893:2016.
3. The results obtained show increase in base shear value
as height of building decreases, however base shear values
decrease considerably from seismic zone V to III.
4. Displacement values increases with the increase in
building height as well as variation in seismic zones.
5. Displacement values decrease considerably from seismic
zone V to III.
6. Storey drift does not vary a lot with decrease in building
height, but shows huge decrease with variation in seismic
zones.
7. In case of stiffness irregular buildings, the overturning
moment and storey shear force in case of irregular
buildings are slightly greater than that in regular building.
A moderate increase in the slope of the shear force curve
has been observed at the irregular storeys.
8. In case of stiffness irregular buildings, a sudden
decrease in stiffness of the building has been observed at
the irregular storeys. The results of setback irregular
buildings show that, as the amount of setback increases the
stiffness of the building decreases.

3D

Result VGI-5
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9. The analysis shows that the vertical irregularities widely
affect the performance of a RC building under seismic
loading.

10. As far as possible these irregularities must be avoided,
but if it has to be introduced they must be properly
designed.
[9] Mohammed Rizwan Sultan and D. Gouse Peera “Dynamic
Analysis Of Multi-Storey Building For Different Shapes”
International Journal of Innovative Research in Advanced
Engineering (IJIRAE), Issue 8, Vol. 2, Aug-2015,
ISSN:2349- 2163.

VII. FUTURE SCOPE







The topic chosen for research has many more
fields to explore and can yield useful results. As
we are well aware of the increasing population
and due to urbanisation there is decrease in area
of development land. This sometimes more often
than not these days give little option but to plan
an irregular building. Hence intensive research
in this topic can be very helpful. Some avenues
that can be considered for further research are
listed below.
Studies can be done for irregular plan
with vertical irregularity as well.
Design of actual buildings of such
irregularitycan yield meaningful results.
Analysis can be carried out for such
buildings with a lateral support system or
combinations.
Research can be carried out for construction
of such buildings on sloping land in hilly
terrains.
Analysis can be done for buildings with other
irregularities such as diaphragm discontinuity
or combination of irregularities.

[10]
[11]

[12]

[13]

[14]

[15]
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ABSTRACT: The present work is aimed at strengthening of RC
member with steel bars, strips and CFRP materials.
Deterioration in concrete structures is a major challenge faced
by the infrastructure and bridge industries worldwide. Lack of
durability of Reinforced concrete structure has thus not only
massive economic implication to a nation’s well- being, but it is
also one of the greatest threats to sustainable growth of concrete
and construction industries. The aim of the project is to
investigate the behaviour of RC Member externally/internally
bonded with CFRP sheets. This will help enable designers to
accurately design impact resistant structure using FRP as
strengthening method.
KEYWORDS: column, CFRP materials, Abaqus, stresses,
displacement, structural analysis.

I. INTRODUCTION
The structure once constructed does not remain as it is
forever and it has to bear certain different load and their
combination during its life span. These load results
decrease in deficiency and hence strength of structure. Due
to which structure get deteriorated such as cracks and bends
appear in the structural member. Whenever a structure is
affected by all such loadings, we are left with two options
i.e. either repair or reconstruction. But among this
reconstruction proves to be very costly and that may be
double to that of initial cost of construction.
As structure build in past are not constructed as per our
new codes of design which make them structurally unsafe
and replacement require huge amount and time. So, at last
we are left with Repairing or Retrofitting methods which is
economical to us. But maintenance, rehabilitation and up
gradation of structure is also a challenging task. For
rehabilitation purpose fibre reinforced polymer (FRP)
have proved to be an efficient material. It can be used for
providing strength to new as well as existing structures.
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Engineering and Technology, Navi
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B. V. Manjari & S. Vignesh (2020) studied enhancing the
structural performance of column using GFRP rebar and
hybrid fiber. In this study an experimental study on
columns with hybrid fibre and GFRP rebars was performed.
Their performance was evaluated by comparison with a
conventional steel reinforced column. Six hybrid columns
with fibre and GFRP rebar and three conventional concrete
steel reinforcement columns were casted and tested under
different eccentric (0,0) (0,25) (0,50) loadings. The fibres
used were steel and glass fibres which improves the
concrete strength property. Tests were done to check the
load carrying capacity of columns for both axial and
eccentric loads, deflection, and buckling nature of column.
The GFRP rebars were able to withstand the peak
concentric and eccentric loads without crushing and local
buckling. Also, after load removal, deflected GFRP
column regained its original position and crack width also
reduced. In steel reinforced column, steel rebar was yielded
column and after load removal, no deflection regain and
crack width reduction were found. The performance of
HYFC rebar was 18% greater while considering to that of
conventional concrete column.
C. Raghavendra Reddy et al. (2016) investigate the
strengthening of RC beam both internally and externally
by using GFRP and GFRP Wraps. The main aim of this
study is to investigate the beam internal strength GFRP
and external strength GFRP wraps. After investigation it
found that the beam strength is increased for the increasing
the GFRP percentage and using GFRP wraps to increasing
the beam flexural strength and load carryingcapacity Ben
Abey Alex & Sneha M Varghese (2018) studied
experimental study on strengthening of RC slab using
GFRP sheets. The purpose of this project is to study the
effect of GFRP sheets with various arrangements as
strengthening technique for reinforced concrete slabs.
Experimental study on strengthening of RC slab with
Glass FRP were conducted and the results obtained are,
load carrying capacity and overall performance of slab
with GFRP laminate was significantly higher than the nonstrengthened slab & the strength performance of
Reinforced concrete slab strengthened using GFRP by
Strip arrangement was higher than other specimens.

II.LITERATURE REVIEW
The present work is aimed at strengthening of RC
member using steel rods, strips and CFRP material. A
literature review is carried out on various studies of FRP
materials in columns, beams and slabs. A review of the
work is presented in the following paragraphs.
Megha Puri (2019) carried out strengthening of the
existing beam using FRP Sheets. The experimental study
is done on the behavior of reinforced concrete beams
strengthened by CFRP sheets. Five reinforced concrete
beams having same reinforcement detailing were casted
and tested. From the test we found that ultimate load
carrying capacity of all strengthen beams were enhanced
as compared to control beams.

Ankit Raj Sinha et al. (2020) reviewed feasibility and
utilization of GFRP in Concrete structure. In the study, a
review was conducted to discuss aspects of the GFRP bars
in RC members. After studying it found that the ultimate
load of the steel reinforced beam is 29% higher than the
GFRP reinforced beam & the ultimate deflection of the
GFRP beam is greater than that of the steel reinforced
beam.
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II. METHODOLOGY
In this study, strengthening of RC member using steel rods,
strips and CFRP materials in ABAQUS software is to be
done. The result of this analysis will include load carrying
capacity, ultimate load, equivalent stress, bearing strength
etc and the meaningful conclusion will be given.
1.
2.

3.

4.

Fig 2. Design of column using RC concrete, steel and
CFRP material

In present research we are going to use column
and beam for analysis in software
Modelling of column and beam will be done in
ABAQUS software, simultaneously running the
model and analysis will be done
Obtaining different structural parameter i.e., load
carrying capacity, ultimate load, equivalent
stresses, bearing strength.
Observation of results and conclusion.
III. STRUCTURAL MODELLING

In this study strengthening of RC member using steel rods,
strips & CFRP materials is done by using ABAQUS. The
result will include all structural parameters and then will
compare with normal column. Software used is ABAQUS.

Fig1. Design of column using RC concrete and steel
Reinforcement
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Fig3. Design of beam using RC concrete, steel and
loadsand supports

V. RESULTS

Fig 4. Design of beam using RC concrete, steel and CFRP
material
Fig 5. Normal stress on beam
IV. PRELIMINARY DATA
Following are some preliminary data assumed or defined
for the work.
Circular Column
Size :300mm Dia
Concrete Property:
Assumed,
Concrete -Class B50
Properties:
Young modulus- 5100MPa
Poisson Ratio – 0.19
Steel Property
Young modulus – 210GPa
Poisson Ratio - 0.3
Mesh – 25mm
CFRP Property
8 layers of CFRP sheets are used
Size: 150mm
Thickness- 1.46cm

Fig 6. Normal stres Fig 7. stress on
COLUMN
s on CFRP

Data for beam
Size: 150x200mm
Concrete and steel property same as above
CFRP sheets are wrapped internally
Eight layers of CFRP sheets are used
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Experimental setup (beam)
In this Experiment two beam were casted i.e., one beam
with RC steel bar and another beam with RC steel bar
wrapped by FRP. Mix design as per IS code 10262-2019
and IS code 456-2000. Portland pozzolana cement used for
concrete mix. Initial setting time of cement was 55 minutes
with specific gravity of 2.91. M-sand passing through
4.75mm sieve was used as fine aggregate. The maximum
size of aggregate was 20mm. potable water free from
suspended particle and chemical substance are used.

Fig 8. stress on CFRP

VI.

EXPERIMENTAL STUDIES

VII.
Sr.
No.

EXPERIMENTAL RESULTS

Type of beam

Max load
(kN)

Ultimate stress
(N/mm²)

1

RC beam with
steel bar

33.17

13.268

2

RC beam with
steel bar wrapped
with FRP

35.83

14.332

Experimental setup (column)
Sr

A total of two column were prepared and wrapped with
CFRP sheets of thickness 0.35mm. In which one is normal
column and rest is wrapped with CFRP sheets. The column
was tested under axial compression. In this we studied the
combined effect of internal steel ties and external CFRP
band ties. Mix design as per IS code 10262-2019 and IS
code 456-2000.
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1

CC

420

3.01

530

4.26

2

FWC

880

6.09

1030

12.88

1.
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results

.

designati

(kN

(N/mm²)

(ABAQUS

on

)

3.
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1

CC

530

3.07

2
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C

1030

4.16

5.

3.1
7
4.1
8

6.

Various studies can be carried on use of different
type of FRP i.e. CFRP, GFRP, AFRP
The study can be carried for use of FRP wrapping
to steel in new construction of building
Retrofitting of RC building using FRP
Retrofitting of RC column using band type sheets
FRP
The study can be carried out for use of different
layers of FRP in RC member
Retrofitting of RC slab using FRP strips

IX. CONCLUSION
Sr
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Ma
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N
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of

x

e

beam

loa
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d
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1
7

16.5
8
5
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5

7.76
9
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16.5
8
5

6.63
5

6.67
6
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Induced (N/mm
²)
stress
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ical

results

results

(Analys

Based on the analytical results of RC member,
following conclusion are made
1. The ultimate load carrying capacity of the beam
reinforced with steel bars wrapped using FRP was
found to be more than the beam reinforced with
steel bars without FRP wrapping.
2. The deformation of the beam reinforced with steel
bars wrapped using FRP was found to be slightly
lesser than the beam reinforced with steel bars
without FRP wrapping as per the analysis made in
ABAQUS 17.
3. The strengthening of beams using carbon fibre
sheets is found to be more effective in improving
the flexural strength and ultimate load capacity of
beams.
4. The bonding between the FRP sheet and the
concrete is intact up to the failure of the column
which clearly indicates the composite action due
to FRP sheets.
5. Wrapping of reinforced concrete column with
CFRP leads to improvement in yield load, yield
deflection, ultimate load, stresses, displacement,
ultimate deflection and energy ductility values
6. In general, CFRP wrapping is an ideal material for
improving the performance of reinforced concrete
RC member.

is
)

1

RC
beam
with
steel
bar

2

RC
beam
with
steel
bar
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below
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Abstract: Nowadays, the modern urban infrastructure demands
uniqueness, which is often leading to irregular buildings.
These irregular buildings are more often prone to earthquakes
therefore it is very essential to consider earthquake loads while
designing these buildings. Hence, in this study we will be
analysing the seismic response of such irregular plan buildings
using response spectrum analysis on Etabs softtware. The
results obtained from different models will be compared on the
basis of seismic parameters such as base shear, storey drift,
displacement, etc. After comparing these results, a meaningful
conclusion will be made on the effective height and use of
irregular plan buildings in various earthquake zones.
Keywords: Irregular building, Seismic force, Response
spectrum analysis, Base shear, Storey drift, Displacement,
Earthquake zone.

I. INTRODUCTION
In the modern era, most of the structures are delineated by
irregularities in both plan and vertical configurations.
Moreover, to analyse or design such irregular structures
high level of effort is needed. In other words, damages or
loss in those structures with irregular options are over
those with regular one. Thus, irregular structures would
like careful structural analysis to succeed in an acceptable
behaviour throughout a devastating earthquake. In most of
the situations the shape of the plot for the construction of a
structure may not be a regular one. Thus, the shape of the
structure may be influenced by the plot configurations.
Hence, it will be interesting to study the stability of
buildings with different geometry or shape and their
behaviour against seismic and other forces. In present
study we will analyse such irregular plan buildings using
response spectrum analysis on Etabs software.
II. LITERATURE REVIEW
The present work is aimed at comparative study on
analysis of irregular plan buildings. A literature review is
carried out on various studies of such types of irregular
plan buildings. A review of the work is presented in the
following paragraphs.
Priyanka S V (2019) carried out seismic analysis of plan
regular and irregular buildings of G+14 storey of 7 bays x
9 bays. The building was analyzed considering earthquake
zone Ⅳ and medium soil using equivalent static analysis
and response spectrum analysis. The parameters
considered for comparison were storey drift, storey
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displacement and base shear. The conclusions drawn
were that, storey drift and storey displacement were
maximum for irregular plan building while base shear
was maximum for regular plan building. In regular
building the reduction in storey displacement and
storey drift was due to the infill action because of
lateral stiffness of frame. Plan irregularity increases
both storey displacement and storey drift while plan
regularity increases base shear.
Imranullah Khan & S. S. Sanyasi Rao (2017)
performed seismic analysis of irregular L-Shape
buildings in various zones. A 10 storied L-Shaped
building is modeled in ETABS and response spectrum
analysis is done for different zones. After comparing
results from static and dynamic analysis, storey drift
response along the height of the building shows that,
the middle stories are more effected than the lower
and upper stories. Displacements gradually increases
from ground storey to top storey. In y- direction the
comparison of displacement in various zones is
59.18%, 9.656% and 49.78%. in x-direction the
comparison of displacement in different zones is
59.79%,50.32%
and
50.21%.
the
analysis
demonstrates that plan irregularity has a significant
effect on seismic response of the building.
Gaurav Kumar et al. (2018) analyzed the behavior of
different irregular plan buildings during seismic
excitation. Most common shape of buildings such as
square shape, L- Shape, C-Shape and T-Shape which
conform as per clause
7.1 of IS Code 1893:2002 (part 1), are modelled using
ETABS software. Comparison of seismic performance
of different models was done after using linear time
historey method considering parameters such as storey
drift, storey displacement and torsion (ratio of
maximum storey drift to average storey drift). The
building plans, which have eccentricity between
center of mass and center of rigidity are subjected to
more severe damages in comparison to buildings
having zero eccentricity. Buildings having zero
eccentricity perform well during earthquake.
Md Shehzad Choudhary et al. (2018) presented a
paper addressing the difference between a building
without diaphragm discontinuity and a building with
diaphragm discontinuity. Regular 15 and 20 storied
RC buildings with shear wall were modelled with and
without diaphragm discontinuity on ETABS (2013).
After analysis it was observed that, for 15 and 20
storied

buildings, when there is an increase in percentage area
of slab openings it is found that there is a decrease in
storey displacement, storey drift, storey shear and
modal period in both x and y directions. The study
shows that variation in slab thickness reduces the
performance of the building during earthquake. It was
also found that, slab openings in a building having
shear wall gives better performance during
earthquakes.
Figure 1. C-Shape Plan

III. METHODOLOGY
The study to be conducted for this project will mostly be
done using ETABS software. Modelling the building in
the software and carrying out subsequent analysis for
obtaining results will be done. A detailed step by step
procedure of the methodology is as follows. 1. In present
research we have used different models of irregular plan
multi-storied buildings. 2. Model the structures in
ETABS.
3. Seismic analysis will be done as per IS 1893-2016. 4.
Running the models in ETABS. 5. Obtaining seismic
parameters like base shear, storey drift and displacement.
6. Comparing results of these parameters. 7. Conclusion

Figure 2. L-Shape Plan
IV. STRUCTURAL MODELLING
In this study a comparative analysis of irregular plan
buildings of C, L, I and T shape is done. Different height
of buildings, that is G+10, G+20 and G+30 storeys is
calso considered. Modeling and analysis is done to obtain
seismic parameters such as base shear, storey drift and
displacement. Modelling and analysis of these building
structures is done using Etabs software. The study has
been carried out for different zones as specified in IS
1893-2016.
V.PRELIMINARY DATA
Following are the data assumed for carrying out this study.
1. Shapes: C, L, I and T. 2. Length in X direction = 20m.
3. Length in Y direction = 20m. 4. Typical storey height =
3m.
5. Ground storey height = 3.5m. 6. No of stories: 20, 30
and
40. 7. Height of buildings = 30.5m, 60.5m and 90.5m. 8.
Bay spacing in X direction = 4m. 9. Bay spacing in Y
direction = 4m.

Figure 3. T-Shape Plan

Ⅵ.
MODELS
C, L, T and I shape models are considered for 20, 30 and
40 storeys in seismic zones Ⅲ, Ⅳ and Ⅴ as per IS-1893
2016.

4. I-Shape Plan
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Figure 7. 3D View of T-Shap
Figure 5. 3D View of C-Shape

Figure 6. 3D View of L-Shape

Figure 8. 3D View of I-Shape
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6.

VII. RESULTS AND DISCUSSIONS
1. After comparing it was observed that base shear values
of C-Shape buildings were highest for all heights and
seismic zones, however those of L-Shape and T-Shape
were almost similar to the former, but I-Shape was
observed to be considerably lesser than all the others.
2. When considering same shape, base shear results show
very little change with change in height, but huge increase
is observed as we move from seismic zone Ⅲ to Ⅴ.
3. Maximum displacement was compared for both X and
Y directions and comparisons show that I-Shape buildings
show least displacement in both directions. C-shape
buildings have high displacement values but are within
permissible limits.
4. L-Shape buildings even exceed permissible limits in
zone Ⅴ for 30 and 40 storey buildings. T-Shape buildings
also show high displacement values, exceeding
permissible limit for 40 storey building in zone Ⅳ as well
as 30 and 40 storey buildings in zone Ⅴ.
5. Displacement increases steadily with increase in
building height but even faster as seismic load increases
due to change in seismic zone.
6. Maximum storey drift values remain within permissible
limits for buildings of all shapes. But I-Shape buildings
show very small storey drift values as compared to others,
followed by T-Shape and C-Shape, where L-Shape gives
highest storey drift.
7. Storey drift values show small increase with increase in
height, but considerable increase is observed with the
increase in seismic zone.
VIII. CONCLUSION
Conclusions made below are based on extensive analysis
and comparison of results of said models on the basis of
seismic parameters, namely base shear, displacement and
storey drift.
1.

2.

3.

4.

5.

Irregular plan buildings show more susceptibility
to failure than regular ones in case of
earthquakes. However, studying more about their
behavior to seismic forces can reduce the chances
of failure.
After analysis and comparison, it was observed
that I-Shape buildings show best results when
under lateral loading, particularly seismic loads.
They perform very well in all the seismic zones
for storey height atleast upto 40 storeys, as they
show least results for displacement and storey
drift in both directions.
On the other hand, T-Shape buildings are most
susceptible to failure due to earthqukes, they even
exceed permissible limits for displacement in
zone Ⅴ for 30 and 40 storey buildings and hence
should not be considered in that seismic zone
without additional lateral supporting systems
such as shear wall, bracing, belt truss, etc for
story height above 20 storeys.
C-Shape buildings perform moderately in all
seismic zones upto height of atleast 40 storeys
and can be considered if planning requires that
particular shape only.

7.

8.
9.

T-Shape buildings show susceptibility to
failure due to exceeding permissible limits in
Y-direction particularly for seismic zone Ⅳ
and Ⅴ for 30 storeys and above, hence should
be constructed in support with a lateral
supporting system.
Having analysed and compared all the shapes
and models of different heights in varying
seismic zones, the results indicate I-Shape
model to be a highly effective irregular plan
which can be used for construction in high
rise buildings atleast upto 40 storeys even in
high seismic zones without lateral support
system.
However, designing such buildings may
show some variation in results when actual
complex plans of such shapes are considered.
Therefore, it is highly advisable to design
high rise buildings of irregular plan in higher
seismic zones in combination of atleast one
lateral support system like shear wall,
bracings, belt truss, etc. to avoid risk of
failure.
IX. FUTURE SCOPE

The topic chosen for research has many more fields
to explore and can yield useful results. As we are well
aware of the increasing population and due to
urbanisation there is decrease in area of development
land. This sometimes more often than not these days
give little option but to plan an irregular plan building.
Hence intensive research in this topic can be very
helpful. Some avenues that can be considered for
further research are listed below.
● Studies can be done for irregular plan with
vertical irregularity as well.
● Design of actual buildings of such
irregularity can yield meaningful results.
● Analysis can be carried out for such
buildings with a lateral support system or
combinations.
● Research can be carried out for construction
of such buildings on sloping land in hilly
terrains.
● Analysis can be done for buildings with
other irregularities such as diaphragm
discontinuity
or
combination
of
irregularities.
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Abstract: Numerous attempts on research and development for
anti seismic structures or the structures that can withstand
seismic hazards and lend some ground resistance in
earthquakes haven’t yielded any satisfactory conclusions.
Even though after decades of study and implementation of
advanced designing, execution and maintenance tactics in
high rise structures, many construction aspects have found a
new ways to deal with structural hazards, yet the concerns of
seismic hazards are relatively found unanswered. These
seismic hazards are prime matter of concern in Earthquake
prone zones or the seismic zones worldwide.Over the period of
time the research on structural dynamics, study and analysis of
the same are carried on using series of earthquake movements
by means of varying the earthquake or the seismic intensity.
Studies shows those analyses were being performed on a fixed
based structures, whereas here it could also be performed on
isolated structures with nonaligned isolator elements. As per
the analyses with effect of isolated structures, it was
discovered that the isolators minimize the lateral load imposed
on the structure and in accordance to that it also tend to
reduce the size of the building components.
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tests. An earthquake's point of initial rupture is called its
focus or hypocenter. The epicentre is the point at ground
level directly above the hypocenter. Earthquakes are
usually caused when rock underground suddenly breaks
along a fault. This sudden release of energy causes the
seismic waves that make the ground shake. When two
blocks of rock or two plates are rubbing against each
other, they stick a little. They don't just slide smoothly;
the rocks catch on each other. The rocks are still pushing
against each other, but not moving. After awhile, the
rocks break because of all the pressure that's built up.
When the rocks break, the earthquake occurs.
During the earthquake and afterward, the plates or blocks
of rock start moving, and they continue to move until they
get stuck again.
II. LITERATURE REVIEW
The present work is aimed at designing suitable base
isolation systems for 5, 15 and 30 story building using
SAP 2000. Various studies have been carried out till date
for base isolation but none of them compared static,
response spectrum and time history analysis for 5, 15 &
30 story using SAP 2000 software.

Base isolation has turned out to be a trending design over past
few years; here we take a detailed glance at the designing,
working, testing as well as the suitability of base isolation
design as per Indian Standard using SAP 2000 will be done.
The study would also comprise use of designing software’s for
the analysis taking a building structure as a model in
consideration for case study and later concluding the subject
post results. The probable merits of base isolation over the
conventional approach of dynamic analysis will be discussed..
Keywords: Base Isolation, SAP 2000, Structural Dynamics,
Frequency distribution, non aligned isolator

I.INTRODUCTION
An earthquake (also known as a quake, tremor or
temblor) is the shaking of the surface of the Earth,
resulting from the sudden release of energy in the Earth's
lithosphere that creates seismic waves. Earthquakes can
range in size from those that are so weak that they
cannot be felt to those violent enough to toss people
around and destroy whole cities.At the Earth's surface,
earthquakes manifest themselves by shaking and
sometimes displacement of the ground. When the
epicenter of a large earthquake is located offshore, the
seabed may be displaced sufficiently to cause a tsunami.
Earthquakes can also trigger landslides, and occasionally
volcanic activity. Earthquakes are caused mostly by
rupture of geological faults, but also by other events
such as volcanic activity, landslides, mine blasts, and
nuclear

Baruwala et al. (2018), study the seismic response of
4 x 4 with 5m bay width in both x and direction from 4
to 30 storey RC Building providing EL CENTRO
earthquake data for time history analysis in ETABS.
Models are prepared with cross bracing, LRB base
isolation and fluid viscous damper. Data for damper is
taken for Taylor Device Inc. having damping coefficient:
770 kN-s/m, velocity exponent: 0.3, bracings are made
with different ISMB sections at each exterior corner bay
of RC building. Analysis results show maximum time
period for 30 story buildings is 6.181sec, 5.250sec, and
3.776sec in building with LRB, with FVD, with bracing
respectively. Similarly, maximum story displacement is
63.2mm, 46.4mm, 30mm respectively.
They concluded the result from analysis as maximum
time period with base isolation in 4 story building are
83.47% & 71.34% than with bracing & with FVD
respectively. Similarly, the minimum time period with
base isolation in 30 storey building is 38.90% & 15.06%
than with bracing & with FVD respectively. 30 storey
building with bracing shows 52.53% lesser displacement
than LRB and 35.24% than FVD. LRB shows maximum
drift and bracing shows minimum drift in low rise
building while in high rise (more than 14 storey)
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building FVD shows maximum and bracing shows

minimum drift.
Polat (2017), study the seismic behavior and soil
interaction of 3 storeys 21.60 x 14.35m floor plan with
3m storey height frame shear wall concrete building by
changing the beam, column and slab sizes. The analysis
was done by equivalent static and time history analysis
method according to the 1999 Marmara earthquake
recorded at Duzce meteorology stationdata. The results
concluded that base isolation is made on the time history
analysis method. Natural period increases by 8 to 16
times more in a base isolation system than fixed-base
buildings. Bending capacity in all columns and shear
wall is inadequate. Base isolation system is the
alternative solution to construct more secure structures
in settlement density regions.
Pathan (2017), study the control of seismic force on
193.6 m2, 13 storey C type building for the seismic
parameters; storey stiffness, storey displacement, base
shear, time period providing dampers and shear wall
according to IS 1893:2002. After analysis, they
concluded that displacement and storey drift decreases
but base shear & stiffness is increased by the use of
friction dampers.
Anwar et al. (2016), study the soil structure
interaction of base-isolated system for seismic
performance of structures resting on different types of
soli (limestone, stiff clay, and loose sand) on 18 & 14
storey both symmetric and asymmetric plan RC building.
Nonlinear analysis of 6 models with a fixed base, 6
models considered of soil-structure interaction and 6
models are with base isolation system for comparing the
seismic parameters: base shear, storey displacement, and
torsion in SAP2000. They find the resulting structure
resting on medium and soft soil is more significant than
on hard soil. Base isolation system is best suited for hard
soil. Also, base shear, storey displacement, and torsion
are reduced. The base isolated structure with soilstructure interaction reduces torsion by 81% on
limestone, 76% on stiff clay, and 75% on loose sand.

1.

A theoretical RCC model of a five story,
fifteen story & thirty story building was
calibrated for stiffness to obtain the natural
period of oscillation of 1 second using ritz
analysis.

2.

A model of a five story, fifteen and thirty story
RCC frame was made using the structural
analysis software SAP2000.

3.

Modal analysis of the building was performed
and the actual fundamental period of the
structure was compared to the period of 1
second, for which the building was designed.
The strong-motion records from earthquakes
were found out.

4.

Base isolation parameters will be chosen and
the bearings will be designed. " Same response
spectrum and time-history analyses were
performed but on an isolated building.

5.

Based on the results feasibility of base isolation
system will be discussed both from structural
and economic point of view

IV STRUCTURAL MODELLING
In this study, structure will be model for the following
cases:

1.

The primary lateral resisting system for all the
building consists of a moment resisting frame
is designed.

2.

Columns and beams were modeled as frame
elements while the floor slabs were modeled
as thin shell elements.
The columns of the structure were assumed
to be moment connected at the base.
Therefore, a fixed joint restraint was
assigned at the nodes corresponding to the
base connections of the structure.
In order to ensure that, in the model, the
beams do not act as composite members with
the floor slab i.e. the floor slab does not act
in compression as a top flange of the beams,
area stiffness properties of the shell elements
were modified.
Each floor needs to be assigned a separate
diaphragm constraint, otherwise the relative
motion of the nodes between stories will be
inhibited and the whole building will behave
as a rigid body.
The mass and gravity loads from the framing
however were included in the analytical
model. Each member was assigned gravity
loads. The gravity loads consisted of the selfweight of the member and any supported
dead load that corresponded to the weight of
the structure distributed to that member

3.

Thriveni et al. (2016), study the comparative seismic
behavior of 64.7m X 17.12m irregular G+7 storey with
3m storey height and 1.5m bottom height. The analysis

4.

was done by equivalent static and response spectrum
analysis method in ETABS according to IS 1893:2002
for seismic zone II and IV. The result shows that model
with base isolator has higher displacement and storey
drift than fixed base and shear wall model but the shear
wall has maximum base shear & stiffness than fixed
base and base isolator respectively. The time period is
increased by 31% in base isolator than the fixed base.

5.

6.

III.METHODOLOGY
In this study, 5, 15 & 30 story buildings will be designed
using SAP. Static, Response Spectrum and Time History
analysis will be done on base fixed and base isolated
building an the conclusion will be comparison on their
analytical results
.
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7.

3.

To accurately simulate the dynamic behavior,
the Mass Source for the model was defined to
be taken from Element and Additional
Masses and Load
I.

4.

PRELIMINARY DATA

Following are the data assumed for carrying out this studyA. For Five Story Building1. Type of Building- 5 Storey RCC building
2. Floor Height- 4 m uniform, 3 X bays and 2 Y
bays @ 5 m
3. Concrete Framea. Beam- 300 mm x 500 mm
b. Columns- 500 mm x 500 mm
4. Concrete Slaba. Floor Slab Thickness- 250 mm

Concrete Frameb. Beam- 530 mm x 580 mm
c. Columns- 750 mm x 750 mm
Concrete Slab-Floor Slab Thickness.

B. For Fifteen Story Building1. Type of Building- 15 Storey RCC building
2. Floor Height- 4 m uniform, 7 X bays and 9 Y bays @ 5
m
3. Concrete Framea. Beam- 530 mm x 580 mm
b. Columns- 750 mm x 750 mm
4. Concrete Slaba. Floor Slab Thickness-

For Fifteen Story BuildingType of Building- 15 Storey RCC building C. For Thirty

Story Building1. Type of Building- 30 Storey RCC building
2. Floor Height- 4 m uniform, 10 X bays and 15 Y bays @
5m
3. Concrete Framea. Beam- 530 mm x 580 mm
b. Columns- Floor 1-10- 800 mm x 800 mm, Floor 11-20650mm x 650 mm,
Floor 21-30- 470 mm x 470 mm
4. Concrete Slab1. a. Floor Slab Thickness- 250 mm
2. Floor Height- 4 m uniform, 7 X bays and 9
Y bays @ 5 m
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C. For Thirty Story Building1. Type of Building- 30 Storey RCC building
2. Floor Height- 4 m uniform, 10 X bays and 15 Y bays @
5m
3. Concrete Framea. Beam- 530 mm x 580 mm
Figure 3 Thirty Story 3D Model Using
C. For Thirty Story Building1. Type of Building- 30 Storey RCC building

b. Columns- Floor 1-10- 800 mm x 800 mm, Floor 11-20650mm x 650 mm,
Floor 21-30- 470 mm x 470 mm
4. Concrete Slaba. Floor Slab Thickness- 250
Seismic Analysis was carried out on 5, 15 & 30 storey
building using different analysis using SAP 2000 on fixed
base building model. Three different analysis were used
such as static analysis, response spectrum analysis and
time history analysis. Modal results for have shown that
the time period has been reduced and deflection is
observed. Deflections have been observed in the building
when exposed to seismic loads. To reduce the effect we
need to design Lead rubber based isolation system for
base isolation in all the three buildings

5.

REFERENCES

1.

2.

3.
4.

Al-Hussaini, T.M., Zayas, V.A., Constantinou, M.C.,
"Seismic Upgrade of Multi-Story Buildings Using
the Friction Pendulum Isolation System," Proc., Tall
Buildings in Developing Countries, International
Conference on Tall Buildings, Dhaka, Bangladesh,
June, 1993.
C. Chia-Ming and B. F. Spencer, Jr., "An
Experimental Study of Active Base Isolation Control
for Seismic Protection," in Sensors and Smart
Structures Technologies for Civil, Mechanical, and
Aerospace Systems 2010, 8-11 March 2010, USA,
2010, p. 76473V (12 pp.).
Base Isolation: Linear Theory and Design; James M.
Kelly, M.EERIFirst Published May 1, 1990
Base-Isolation
Design
Practice
In
Japan:
Introduction To The Post-Kobe Approach By Peng
Pan, Dan Zamfirescu, Masayoshi Nakashima,
NariakiNakayasu And Hisatoshi Kashiwa; Journal of
Earthquake EngineeringVol. 09, No. 01, pp. 147-171
(2005)

35

Sliding mode control of buildings with base‐
isolation hybrid protective system by Bin Zhao Xilin
Lu MinzheWu Zhanxin Mei, 2000.
6. Chopra, A.R., “Dynamics of structures,” Prentice-Hall,
New Jersy, USA, 2001.
7. C.-M. Chang and B. F. Spencer, "Active base isolation
of buildings subjected to seismic excitations,"
Earthquake Engineering and Structural Dynamics, vol.
39, pp. 1493-1512, 2010.
8. C.-M. Chang and B. F. Spencer Jr, "An experimental
study of active base isolation control for seismic
protection," in Sensors and Smart Structures
Technologies for Civil, Mechanical, and Aerospace
Systems 2010, March 8, 2010 - March 11, 2010, San
Diego, CA, United states, 2010, pp. The Society of
Photo-Optical Instrumentation Engineers (SPIE);
American Society of Mechanical Engineers; KAIST
9. Aseismic base isolation: review and bibliography,
James M Kelly, Soil Dynamics and Earthquake
Engineering; Volume 5, Issue 4, October 1986, Pages
202-216
10. Application of base isolation concept to soft first story
buildings ;Author links open overlay panel; Y.L.Mo;
Y.F.Chang; Computers & Structures; Volume 55, Issue
5, 3 June 1995, Pages 8

Static Structural Analysis and Bridge Modeling
Using ANSYS
Gayatri Belsare
P.G. Student,
Department of Civil Engineering
M.G.M’S College of
Engineering & Technology

Trupti Narkhede
Assistant Professor
MGM’S College of
Engineering & Technology

Abstract: Static structural analysis calculates the effect
of steady (or static) loading conditions on a structure,
while ignoring inertia and damping effects, such as those
caused by time varying loads. Since structures are
constantly subjected to varying loads, the possibility of
earthquakes, high winds, water currents and other
loadings, they must be designed with massive strength and
load carrying capacity. Ideal purpose of analysis is to
obtain an accurate measure of expected structural
response for a given earthquake. In this paper, a 20m
pedestrian bridge is analyzed by using ANSYS for static
analysis, thermal analysis and frequency distribution for
different widths of the bridge. The final result and
conclusion will be based on behavior of bridge to the
loads and different cross sections acting with a static
nature and comparative parameters like stress,
displacement, strain etc.

II.
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LITERATURE REVIEW

The present work is aimed at static structural analysis
and bridge modelling using ANSYS. Various studies
have been carried out till date for cable stayed and
suspension bridge but none of them compared static
and thermal analysis for pedestrian bridge.
T.Subramani et al (2014) Analyzed this paper
demonstrates how sophisticated computational
techniques can help to understand better the behavior
of cable-stayed bridges and what kind of tools are
available for bridge engineers to handle even the most
extreme situations. Since one of the key elements in
the success of this structural system lies in its
construction method, the main focus of this paper is
on the simulation of the free-cantilever construction
process and the determination of cable forces during
the phases of the erection in order to achieve the
desired shape and internal force distribution in the
final state of the structure. The paper, using
ANSYS/Civil/FEM, a software package developed
for advanced civil engineering analyses, presents
different numerical techniques (based on both linear
and non-linear analysis) to determine the final state of
the bridge and the backward process analysis to
conduct a step-by step analysis of the construction.

Keywords: Pedestrian Bridge, Static structural analysis,
Thermal analysis, Frequency distribution, ANSYS,
Stresses, Displacement.

I. INTRODUCTION
Structural analysis is a science that ensures that the
structures are safe and fulfil the functions for which
they were built. Structural analysis comprises the set
of mechanics theories that obey physical law required
to study and predict behavior of structures. Bridges
are usually constructed with substantial safety
margins and compensation for surplus loading
conditions. For enhanced viability and sustainability
over several hundred years, the design needs to be
robust and analyzed from every aspect of physics.
For ordinary structures static analysis is sufficient,
but for important structures dynamic analysis should
be carried out. The ease and fineness in designing of
bridge structure by generating 3D model and testing
it in a model based environment for physical
conditions, empower structural engineers withquick
And accurate decisions. Designing of such large
structures
involves 3D model generation and
analysis using software simulation for conceptual
design and design development. Any structure is
analyzed with static method or dynamic method.
Selection of an appropriate analysis method depends
on a number of factors.

P.J Salunke

Muhammad Habib et al (2017) Studied the dynamic
behavior of a cable stayed bridge. The response of the
cable stayed bridge is examined by carrying out nonlinear static and dynamic (earthquake) analyses.
Modes and the natural frequency of the bridge is
studied by Modal analysis based on the Block
Lanczos method. ANSYS is used to simulate the 3D
model based on the Finite Element Method (FEM)
.Cables are modeled by single element approach
instead of multiple elements to reduce the data usage
and computational time.
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findings of most suitable case depending on their
analytical results.

Mahendra Tirpathi et al (2018) Studied the primary
objective of this investigation was to develop a
convenient and reliable analysis methodology,
specifically; a procedure for developing finite
element bridge models that can accurately predict the
static and dynamic response of bridges. Much of the
previous research concerned with evaluating the
dynamic response of bridges required the
development of individual finite element models. In
these studies, the commands and procedures used to
define these models were remarkably similar, even
for different bridges. Thus, this paper focused on
developing an interactive framework, consisting of a
software package using ANSYS 14.0 that would
permit bridge engineers to easily Model Bridge.

1. In present research we have used different factors
for the analysis like static analysis, thermal analysis,
frequency distribution etc.
2. Model the structure in ANSYS 21.0
3. Static analysis is done as per IRC-24-2001
4. Running the model in ANSYS 21.0 for static
criteria.
5. Obtaining
parameters
like
stress,
strain,
displacement, frequency, thermal analysis etc.
6. Observation and comparison of result.
7. Conclusion

Rajesh Chaturvedi et al (2019) Studied for longer
span, cable stayed bridges are the first choice and to
study its behavior under static and vehicle loading is
important. Therefore, it becomes essential that the
modelling of cable stayed bridge is more realistic and
the analysis results are more satisfactory.

IV.
STRUCTURAL MODELLING
In this study, structure will be model for the following
cases:
1. 20 m pedestrian bridge with connecting rods.
2. Analysis and conclusion of same structure by using
static analysis with different widths for stresses.

Kishan Gautam et al (2020) Studied that for the
analyses of skew bridges by the finite element
method using eight nodded isoperimetric brick
element (serendipity), shell elements and some
different elements are also attempted, and has seen
that brick elements give better results for shear.
ANSYS software (version 7) has been used for the
finite element analysis. The modeling which is done
is applicable for any skew angle and aspect ratio of
slab bridges. In this analysis, different types of I.R.C.
loadings (Class AA Tracked and Class A) have been
built in the modeling and also variable live load
positions have been considered, to obtain maximum
stresses development on the slab. The parametric

3. Analysis and conclusion of same structure by using
static analysis with different widths for
displacements.
4. Analysis and conclusion of same structure by using
thermal analysis with different widths for
displacements.
5. Analysis and conclusion of same structure by using
thermal analysis with different widths for stresses.
6. Analysis and conclusion of same structure by using
frequency distribution.
7. Analysis and conclusion by taking various loads on
structure.

study and detailed analysis has given a useful
understanding for analysis of skew bridges.

III.

8. Analysis and conclusion by taking various cross
sections on Pedestrian Bridge.
V.
PRILEMINARY DATA
Following are the data assumed for carrying out this
study-

METHODOLOGY

In this study, a static structural analysis is done for
bridge of 20 m span, for different loads and sections.
The result of this analysis will include stress, strain,
frequencies and displacement; the conclusion will be

1. Length of bridge=20m.
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2. Height of bridge= 5m.
A) SKETCH OF DESIGN PROBLEM

[10]

1. Distance between bridge beams=4m.
Channel[C] section 160x80x8
2. I section [I1] 160x80x8
3. Rectangle Tube 1 100x8
4. Width=4m.
5. Thickness of slab=20mm
6. Cross sections used:
VI.
CONCLUSION
As by reviewing literature it can conclude that
different analysis and modellings have been
done for Cable stayed and suspension bridges as
used for various purposes because it is having
long span lengths. The common practice until
recently was to use simple 2D-models for static
bridge design calculations. The 3D-model
should catch the complex relation between the
transfer of longitudinal and transversal load
effects. Using pedestrian bridge with different
loadings and cross sections is analyzed for the
static and thermal criteria.
The potential of combining finite element (FE)
analysis with on-site measurement through finite
element model updating is indisputable. Linear
and non-linear finite element method models
were developed for a reinforced concrete bridge
that had been strengthened with fibre reinforced
polymer composites
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Abstract: Construction is a most important part of every
II. METHODOLOGY
developing country. Seismic forces are one of the major
natural forces causing huge damage to lives and economy.
The aspect ratio of a geometric shape is the ratio of its Research papers on response of buildings (regular or
sizes in different dimensions. For example, the aspect ratio of a irregular configuration) under seismic loading, Importance of
rectangle is the ratio of its longer side to its shorter side – the Indian seismic design codes and their introduction in brief.
ratio of width to height, when the rectangle is oriented as a Discussion about Building configuration. Literature based on
"landscape”. The aspect ratio of a building is one of the behavior of structure under Seismic condition. In present
most important determinants of energy efficiency. It defines the
research we have used different model of Multi-Storeyed
building surface area by which heat is transferred between the
interior and exterior environment. The present study Building frames considering different geometrical plan
emphasizes on comparative analysis and design of multi storey configurations based on different aspect ratios under
building under earthquake with considerations of aspect ratio, earthquake forces.
by using IS-456, IS-1893, IS-875. To analyze the building for 2. Model the structure in E-TABS 3.Seismic analysis is done
different vertical aspect ratios by using IS 1893 and IS 875 as per IS1893-2016. 4. Running the model in ECode. To define the most efficient Vertical Aspect ratio for
different story height which can provide seismic force by TABS. 5. Obtaining seismic parameters like model time
observing the comparative studies for various soil conditions. period, base shear, lateral drift and displacement. 5.
The behavior of each model with respect to others is checked Observation and comparison of result. 6. Conclusion
for Base Shear (VB), Time Period, Story Drift and Story
Displacement (δ) at each and every storey are carried out for
III. STRUCTURAL MODELLING
seismic forces.To study the effect of shape and size of the
In
this
study,
structure
will be model for the following cases:
building in plan on the behavior of the structure for various
1.
18,
29
and
38
storeyed
building 2. To analyze the building
soil conditions for different storeyheight.

for different vertical aspect ratios by using IS 1893 and IS 875
Code. 3. To define the most efficient Vertical Aspect ratio
for different story height which can provide seismic force by
observing the comparative studies for various soil conditions
3. The behavior of each model with respect to others is
checked for Base Shear (VB), Time Period, Story Drift and
Story Displacement (δ) at each and every storey are carried
out for seismic forces. 4. To studythe effect of shape and size
of the building in plan on the behavior of the structure for
various soil conditions for different storey height.

Keywords: RCC Building, IS-1893, E-tab software Base Shear,
Lateral storey drift, Displacement, Model timeperiod.

I. INTRODUCTION
The responsibilities of structural engineer today have a to
understand both of the static and dynamic loading and the
structures that should be resist them. The convolution of
modern structures will required a enormous knowledge of
creativity from the structure engineer in order to ensure that
the structure should withstand the loads.An aspect ratio
describes the relationship of an object's width to its
height. It is commonly used in computing to describe the
proportions of a rectangular. The aspect ratio of a
geometric shape is the ratio of its sizes in different
dimensions. The length divided by width of a building is
termed as its Aspect Ratio and the ratio of height to least
lateral dimension of a building is termed as its
Slenderness Ratio. As building storey increase
proportionally the base moment and base shear is goes
increase. More slenderness buildings are higher
vulnerable than any other buildings when it affect by any
seismic forces. Since base moment increases the axial
forces in building components so it has become very
important parameter to check whether the building is
slender or not. Whether the building is slender or not the
most important thing is buildings or any other structures
should be construct earthquake resistive and stiff against
seismic force. The symmetry and regularity are usually
recommended for a sound design of earthquake resistant
structure.

IV. PRELIMINARY DATA
Following are the data assumed for carrying out this study,
1. Length in X direction=17.15m. 2. Length in Y direction=
30.36m. 3. Typical storey height=3m. 4. Ground storey
height=3.5m. 5. No. of storey =14, 40. 5. Code- IS 1893 and
IS 875.
Earthquake parameters considered:1. Zone: III, IV & V
2. Soil type : Medium soil
3. Importance factor : 1.5
4. Frame typeSR
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The basic parameters considered for the Analysis and
design:1. Slab depth: 120 mm thick : Assumed
2. Live load in floor area : 2 kN/sq m : As per IS
875 Part 2 (1987)
3. Live load in Balcony area:2 kN/sq m : As per IS
875 Part 2 (1987)
4. Live load in passage area : 2 kN/sq m : As per IS
875 Part 2 (1987)
5. Live load in urinals : 2 kN/sq m : As per IS 875
Part 2 (1987)
6. Floor finish load : 1.5 kN/ sq m : As per IS 875
Part 1 (1987)

Ca
se
Mo
de
1
2
3
4
5
6

Codes used for analysis of the structure:G+14 (Low rise)
G+24 (Mid rise)
ZoneIII
2.375
2.18
2.169
0.799
0.751
0.745
1.
2.
3.
4.
5.

ZoneV
2.375
2.18
2.169
0.799
0.751
0.745

ZoneIII
3.208
2.868
2.753
1.02
0.946
0.919

ZoneV
3.208
2.868
2.753
1.02
0.946
0.919

G+40 (High rise)
ZoneIII
9.3
8.245
7.744
2.953
2.695
2.628

ZoneV
9.3
8.245
7.744
2.953
2.695
2.628

3D Generated Model G+40
V. RESULS AND DISCUSSION

Results & Discussions
A] Model time periods
Table 01 Model time periods Details

R.C.C. design: IS 456: 2000
Earthquake design: IS1893: 2016
Code for Dead load: IS875: Part 1-1987
Code for Live load: IS875: Part 2-1987
Code for wind : IS875: part 3-2015

G+14 (Low rise)

G+24 (Mid rise)

ZoneIII

ZoneV

ZoneIII

ZoneV

846.57

1904.7
9

726.30

1634.1
8

2453.11

E
y

823.83

1853.6
2

706.79

1590.2
7

2387.21

D
x

816.14

816.14
5

540.85

540.85
4

1515.68

D
y

767.08

767.08
2

477.24

477.24
5

1370.77

E
x

G+40(High
rise)
ZoneZo
III
neV
551
9.
52
537
1.
23
151
5.
68
137
0.
77

Model Time Period for
G+14

4
2
0
3D Generated Model G+14
Fig 01 Model time periods Details for G+14
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Zone-III
Zone-V

Base shear for G+14

4000
2000

0
Ex Dx

Displacement for G+40

1

ZoneIII
ZoneV

0

ZoneV

DL Ex Dx

Fig 02 Model time periods Details for G+40 storey

5

0.5

ZoneIII

Fig 06 Displacement Details for G+ 40 storey

Model Time Period for
G+40
Displacement for
G+14

Zone-III
Zone-

0

1

IV
0

Zone-V

DL Ex
Dx

ZoneIII
Zone-V

C] Drift Details
Table 04 - Drift Details in X and Y Direction for Seismic
Condition-

Driftt for

Fig 03 Base shear Details for G+ 14

G+40

B] Base shears Details:
Table 02 – Base Shear Details for Static Condition in X
and Y Direction

0.0
2
0.0
1

Base shear for
G+40

10000
500
0
0 Ex

0

ZoneIII
Zone-V
D

Fig 04 Base shear Details for G+ 40 storey

x
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DL Ex
Dx

ZoneIII
ZoneV

Comparative Study on Various Horizontal Aspect Ratios
on Seismic Performance of Regular Shape G+10 Storey

1. Time period As the height of the building is

RCC Building” Journal of Earthquake Science and Soil
Dynamic
Engineering
Volume

[10]

increasing from G+14 to G+40 the time period are
increasing respectively. And in case of zone changing [11]
from III to V the time period valuesare not changing as
shown in the table.
[12]
2. Base shear
The base shear values are higher in G+40 storey
building due to its mass , as the base shear is depends [13]
on mass and stiffness of the building there for base
shear in high rise building is more .also the base
shear values are increasing as we increase the zone [14]
from III to V.

3. Displacement
The Displacement values are higher as 0.341 m in
G+40 storey building for Dynamic load case and
similary increasing the displacement for highrise
building ascompared with low and mid rise as shown
intable.

4. Drift is more in case of low rise building when
compared with other buildings .also thedrift values are
not much changing while thezones are changing from
III to V.
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water. Cyanobacteria can be found in almost every
terrestrial and aquatic habitat—oceans, fresh water,
damp soil, temporarily moistened rocks in deserts, bare
rock and soil, and even Antarctic rocks.[2] But this
kind of environment cannot be found in the active life
right now, innumerable industries and high-rise
buildings are often created and have become a very
common and it's not possible to stop this rapid growth.

Abstract:
Breathing concrete is basically the idea of production
of such building materials which can release oxygen
frequently. Cement releases carbon dioxide when
calcium carbonate is thermally decomposed, but by
some friendly biological methods we can compel
cement to release oxygen as well. This research paper
will let you explore through some biological concepts
and mixing of proper cement proportions to create
"breathing concrete" and will shed some light on why
and how we can make this idea more common in our
lives.
Keywords:
Photosynthesis, pervious

Fig 1: Blue Green Algae, Cyanobacteria [3]
I. INTRODUCTION
As our generation is evolving from more of a green
environment to industrial age, most of the metropolitan
cities and towns in India are getting polluted. It's not
just because of the toxic gases such as CO2 released by
the industries but also due to the cutting down of major
oxygen producing resource which are trees. Also, a
study suggests that Oxygen levels are decreasing
globally due to fossil-fuel burning. Even though the
changes are too small to have an impact on human
health, but are of interest to the study of climate change
and carbon dioxide.

We, the youth of today's generation can always find an
alternative to such problems. We know that the major
component in construction today is concrete, it is
extensively used in the making of building bridges,
roads, pavements and possibly everything. Making
such a concrete mix which can release oxygen by
adding some friendly biological organisms which can
release oxygen can result in the creation of
BREATHING CONCRETE. Using Cyanobacteria, we
can possibly produce at least some amount of oxygen
in the near future.

Now talking about oxygen, there are many types of
bacteria that
produce oxygen when suitable
environment and nutrients are provided to them. Some
of them are Methylomirabilis oxyfera, they produce
oxygen by fixing CH4(Methane) and NO2(Nitrogen
oxide).[1] And talking about Cyanobacteria it is
believed that cyanobacteria, also called the blue a
green alga, were among the earliest organisms on the
planet which excreted oxygen as a waste which is very
important for us, and our survival. They produce
oxygen during photosynthesis as they fix CO2
dissolved in the

II. LITERATURE SURVEY
After water, concrete is the most widely used
substance on the planet. But its benefits mask
enormous dangers to the planet, to human health. The
industry alone is worth over $37 billion and about 10
billion tons of concrete are produced every year.
Cement and concrete for roads, bridges, skyscrapers
etc. generate 6% of the world's annual emissions of
CO2.[4] If the cement industry were a country, it
would be the third largest carbon dioxide emitter in the
world with up to 2.8bn tonnes. Instead, its chief quality
is to harden and then degrade, extremely slowly.
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Despite of all these advantages of concrete we cannot
tend to ignore it as it is after all the basic construction
material. So there is an urgent need to develop an
efficient and eco-friendly concrete which can sustain
economically longer without any pollution [6]

However, cyanobacteria need humid conditions to
survive which is something that is not possible in more
arid regions of the world.[14]

Adding organisms like Cyanobacteria under right
conditions can absorb CO2 to help them grow and
calcium carbonate which is the main ingredient in
limestone and cement

As cyanobacteria needs humid conditions to
survive,[15] we can use different types of cement in
which we can make them survive, Topmix permeable
concrete, termed pervious concrete, is a great solution
to it. It allows water to permeate through its
microstructure to regenerate groundwater and prevent
surface water runoff typically associated with hard
surfaces. Especially in urban environments.[16]

2. Water absorbing concrete:

CaO + H2O --> Ca (OH)2
Ca (OH)2 + CO2 --> CaCO3 + H2O
1.Why we chose Cyanobacteria:
a.
b.
c.
d.
e.
f.

It is the only prokaryote which can produce oxygen
Performs photosynthesis similar to plants
Can reproduce and heal cracks in concrete [8]
Reduce the environmental impact of the construction
industry [9]
Can suck up dangerous toxics from the air [10]
Can survive in extreme conditions
Has a lifespan of 3.5 billion years

Fig 3: Permeable Pavements [18]
2.1. Why Topmix permeable concrete?

1.1. Cyanobacteria’s process of healing: To build the
living concrete, the researchers first tried putting
cyanobacteria in a mixture of warm water, sand and
nutrients. The microbes eagerly absorbed light and
began producing calcium carbonate, gradually
cementing the sand particles together. But the process
was slow. For making process faster they added
Gelatin in the solution. When they poured the mixture
into molds and cooled it in a refrigerator, the gelatin
formed its bonds. The gelatin provided more structure,
and worked with the bacteria to help the living
concrete grow stronger and faster.[11]

a.
b.
c.

It is porous, permeable [19]
Can absorb 4 liters of water per minute [20]
Not as much expensive
But due to high porosity of permeable concrete, the
strength is usually affected and thus Pervious concrete
is traditionally used in parking areas, areas with light
traffic, residential streets, pedestrian walkways, and
greenhouses. It is an important application for
sustainable construction and is one of many low
impact development techniques used by builders to
protect water quality.[21]

Additionally, such bricks would remove carbon
dioxide from the air, not pump it back out, the
researchers said.
The researchers also said that if one of the brick is cut
in half, it is capable of growing into a new brick.
According to the calculations roughly 9-14 per cent of
the bacterial colonies in their materials were still alive
after 30 days, and three different generations in brick
form.[12]

III. RESEARCH GAPS
After referring through many technical papers, there
are still research gaps existing due to lack of resources
in this period and not experimenting. Also, not many
ideas are already developed on this topic.
The main methodology which we have to focus more
is the design mix for the concrete which we will be
creating and infusing the desired bacteria and
providing it nutrition. Also, if we speak about
Cyanobacteria, there are many types of it, some of
these species are even harmful when in clusters are
brought together.
IV. PROBLEM DEFINITION
The main objectives of our project are to provide a
green and sustainable environment, making the
environment pollution free and maintaining the

Fig 2: Cyanobacteria growing and mineralizing in sand
hydrogel framework [13]
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bacterial concrete possessed 28% more strength than
the normal mortar blocks. [26] Thus we feel that this
any of the two methodologies mentioned above can
be helpful in our experiments.

ecofriendly nature. Bacterial concrete can be made for
oxygen production and reduction of toxic gases from the
environment. Also, by using waste materials, fly ash etc.
which isn’t much expensive can be used for an eco-friendly
environment. Using a suitable mix design and providing
strength to the bacterial concrete by giving the required
nutrients is the only motive.

The graphs mentioned here can help us in figuring out
the compressive and the tensile strength of the concrete
after the addition of bacteria.
VI.
FIG
4:
COMPRESSIVE
STRENGTH
OF
CONVENTIONAL AND BACTERIAL CONCRETE (N/MM2)

V. PROPOSED METHODOLOGY
A survey was first conducted by our team members in
which around 85 people participated. The main motive of
the survey was to find out how aware people are of the
conditions right now and important they feel is bringing
green technologies for sustainable development and
bringing green construction materials in use.
In our first question we had given a description about how
the manufacturing of cement involves production of harmful
gases such as CO2 and are a threat to our environment, and
what were their thoughts about switching to green
technology or green construction techniques. In the second
question we had given a description about ground water
depletion. The ground water used in India is 1 year is
around 190 km3 and graphs show that India uses the most
groundwater.[22] Thus this could just be disastrous if all the
groundwater just gets depleted. One of the major issues of
water depletion is also building of concrete roads and
foundations of structures. [23] The water doesn’t percolate
through concrete roads and thus we asked people their
thoughts on this. For both the cases maximum of the people
think positively and that something related to this must
change.
Thus, we thought of mixing both the ideas i.e. using
Cyanobacteria in pervious concrete as Cyanobacteria helps
in production of oxygen and reduces harmful gases and
pervious concrete can help in percolating water in the soil
which would keep the groundwater level intact. Now there
are two methods which can be used create bacterial
concrete.
1. Healing concrete method: In this the Cyanobacteria was
added in the mixture of water, sand and mortar with some
nutrients.[24]
Dr. Will Srubar, a structural engineer at University of
Colorado had invented a type of concrete which could heal
its own cracks with the help of infusing bacteria in it. Warm
water, sand and some other nutrients were added to give rise
to this. Production of calcium carbonate was done by the
microbes who absorbed light, which gradually cemented the
sand particles together. But as this process was slow, Dr
Srubar used a food ingredient gelatin, which when added in
cooled water made special bonds between its molecules.
Also, as the gelatin and the temperature were gentle on
bacteria it was used. Also, it strengthened their matrix.
2. Biological treatment was done on the concrete by
applying cells on the concrete surface in the right
environmental conditions. [25]
A proper environment for bacterial cells has been provided
and thus cells are being applied on the concrete. Using such
type of concrete has brought great advantages as it increases
strength and durability.
Also, it has proved by El˙zbietaStanaszek-Tomal that

VII. CC: CONVENTIONAL CONCRETE, B1: ADDITION OF
10ML OF BACTERIAL CULTURE, B2: ADDITION OF 20ML
OF BACTERIAL CULTURE [27]
VIII.
FIG-5: SPLIT-TENSILE STRENGTH OF
CONVENTIONAL AND BACTERIAL CONCRETE (N/MM2)

IX. CC: CONVENTIONAL CONCRETE, B1: ADDITION
10ML OF BACTERIAL CULTURE, B2: ADDITION
20ML OF BACTERIAL CULTURE [28]

OF
OF

Also, we are trying to keep the research as simple as
possible. We made a flowchart for summarising all
the above methodologies and procedures for a better
and easy representation.
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split-tensile strength using bacillus sphaericus, January 2015
[28] Dhanaraj Suji, Elayarajah Balasubramanian, Bacterial concrete:
Development of concrete to increase the compressive and split-tensile
strength using bacillus sphaericus, January 2015

X. CONCLUSION
Thus, we can conclude this case study by stating ample
advantages of cyanobacteria, and why it can be introduced
in the field of civil engineering for construction purposes.
As cyanobacteria sucks up toxic gases from the air and can
also dwell and reproduce in humid conditions it becomes
the most favorable biological matter which can be used for
this study. Also, the porous concrete, which is permeable
concrete allows water to seep below creating a shelter for
the cyanobacteria to perform its task of oxygen production.
With proper humidity and sunlight, cyanobacteria, with the
help of photosynthesis can release a good amount of oxygen
in the environment which is indeed a necessity nowadays
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Abstract—In today’s world, the problems related to plastics
are increasing and is a concern for every living species, so there is
a need to find a solution for this problem. Hence, working on this
issue, the main aim of this study is to tackle the plastic waste
generated in abundance throughout the world. To gain success
in this, a systematic method is used which makes use of plastic
extrude for reutilizing waste plastic into suitable and strong
construction materials.

the plastic waste .In this project, we will be using plastic
waste in different ratios with fine and coarse aggregate the
overall cost of construction, this is one of the best ways to
avoid the accumulation of plastic waste which is an non
degradable pollutant. The degradation of plastic is a very
long process, it may take thousands of years.

Keywords—plastic, aggregate, cement, LDPE, paver block,
bricks, etc

On the basis of physical properties, plastic can be classified
as thermoplastic and thermosetting material which shares
80% and 20% respectively in total plastic waste generation.
Polyethylene Terephthalate (PETE or PET),High-Density
Polyethylene (HDPE),Polyvinyl Chloride(PVC), Low
density
polyvinyl
chloride,
(LDPE)Polypropylene
(PP),Polystyrene or Styrofoam (PS) are some examples of
thermoplastic which can be recycled and which are used for
making construction material. We will use plastic from
various sources like industries, food wrappers & containers,
plastic Bags, straws, etc. The materials that can be made by
plastic are bricks, pavement blocks, pipes, cables, coverings,
panels, films, sheets, roads, etc. The main focus of the
project will be to make pavement blocks and further bricks
to be used in construction. To make a product from waste or
recycled plastic we need to melt it at a high temperature.
Therefore the basic method used for melting plastic is
pyrolysis. But this method is complex as well as expensive.
Therefore, the process/machine we will be using in our
project will be plastic shredder. Plastic shredders help
recover waste during different industrial processes like
moulding, trimming and casting. Shredded waste is easier to
handle or re-use. Shredding is also an efficient waste
disposal method, and this greatly reduces the cost of
recycling for several industries. Plastic shredder:A plastic
shredder is a machine used to cut plastic into smaller pieces
for granulation. Unlike plastic granulators, shredders are
designed specifically for larger plastic waste, like car
bumpers, pipes, drums, and other items too big for
granulators. The materials like fine aggregate, coarse
aggregate will be added to it in a right proportion and mixed
properly. After the casting of paver blocks they will be
placed so that they get dry. Then blocks will be then
transferred for the testing and can be used further. 4 The
paving blocks made from the recycled plastic waste should
be used in nontraffic areas such as walkways, footpaths,
pedestrian plazas, landscapes, monument premises and in

III. METHODOLOGY

I. INTRODUCTION
Plastic is considered as non- renewable resource because
it is non-biodegradable. It takes 1000 years for
decomposition. Nearly 56 lakh tonnes of plastic waste is
produced in India per year. Plastic waste needs proper end
of life management. Plastic is an innovative material for
using it in construction purposes. Plastic application is
related with their special properties, low density, easy
processing, good mechanical properties, good chemical
resistance, excellent thermal and electrical insulating
properties and low cost. Investment in recycling
technologies, technical expertise, educational avenues on
advantage of plastic pavers over other concrete paving
blocks in use, purchasing of extruders or recycled plant
startup costs and many more. The management of solid
waste continues to be a major 2 challenge, particularly in the
urban agglomeration in low and middle-income countries.
One type of solid waste that is of national and global
concern is plastic wastes.
II. OBJECTIVES
Plastic is a non- biodegradable material. The quantity of
plastic waste in municipal solid waste is expanding rapidly
day by day. Plastic is made from hydrocarbons found in
different sources like oil, coal and some other minerals. At
the time of need, plastic is found to be very useful but after
its use, it is simply thrown away, creating all kinds of
hazards. Hence, these waste plastics are to be effectively
utilised in making paver blocks. low density polyethylene
are clean added with the sand and aggregate at various
percentages to obtain high strength bricks that possess
thermal and sound insulation properties to handle pollution
and to reduce years. Hence, the project is helpful in reducing
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90%
1m^3 → 2500kg
1mm^3 → 8.4375 kg Material
Batch
Cement
1.069

waterlogged areas due to their low water absorption
property and relatively low compressive strengths.
Recycling plastic is helping to save energy and landfill
space, recycled plastics are used in new building and
construction applications everyday. This process involves
the conversion and recovery of the energy value in the waste
material.

20mm

0

10mm

Gr
ad
e

M1
5

M3
0

Cement Fly ash
(kg)
(kg)

Sand Aggrega Plastic
(kg)
te (kg) (kg)

Water
(L)

4.27

C. Sand

2.374 kg

Water

0.5L to 0.6 L

Plastic

0.474 kg

For 1mm^3
1.069

1.7

0

0.6

2.374

4.164

4.27

4.59

0.474

0.0223

10%

i.e 0.003375 m^3

(Part 2)

0.6

Weight

Grade

Load

Strength

4.16

M 30

982

932/22.5 22.5mm^3

1.134

Area

= 41.42
3.43

M 15

358

385/22.5 22.5mm^3
=15.91

M4
0

4.5

0.39

1.171

2.34

0.19

2.3

Table no 01:Mix Design
The above table shows the proportion in which the materials
are used. Here, we can increase or decrease the amount of
plastic. But if we increase the amount the strength can get
reduced and we use perfect proportion of plastic the strength
can be maintained or can get increased.

Grade

Weight

Load

Strength
N/mm2

M15

3.43 kg

358kN

15.91

28d
ays
cur
ing
%stren
gth
106%

M30

4.16kg

932kN

41.42

138%

M40

3.53 kg

1066kN

47.37

118%

3.53

M 40

1066

47.37

22.5mm^3

3.40

M 40

1007

44.75

22.5mm^3

28 Days Curing
M 30 → Strength/Grade=41.42/30=1.380=138%M 15 →
15.91/15=1.06=106%
M 40 → 47.37/40=1.18=118%M 40
→ 44.75/40=1.11=111%
Diagram:

Table No 02: Compression Test
Calculation Example:(Part 1)
For M 15:
1:2:4 → 4.7481 kg
Cement Coarse Sand & 10mm Plastic
1.069
2.374 4.27
0.474

Diagram 1
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Diagram 5
Conclusion:
[1]. By recycling and repurposing the plastic waste,
companies can also reduce their carbon footprint and save
the environment.

Diagram 2

[2]. Use of innovative technology not only strengthens
the construction but also increases its life.
[3]. Plastic recycled material would be a boon to the
world especially for India’s hot and extremely humid
climate.
[4]. The durable and eco-friendly construction material
will relive the earth from all types of plastic waste.

Diagram3

Diagram 6
In the above graph we can see that the strength of the
block is increasing as we are adding the right amount of
plastic with other aggregates.

Diagram 4
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Contaminated Water:-Due to the increase in fresh water
supply in industry, agriculture, etc. The people do not get
fresh water, after the use of fresh water by industry they treat
the water and let the water flow to river, but as per the
treated water is not 100%safe they lead some chemical,
biological materials in the water. This lead to the water
pollution which been used by the people leaving near the
seashore or village near the river. This lead too many
diseases such as jaundice, diarrhoea, etc.

Abstract— Water is a precious commodity so finding ways to
re-use waste water is important for sustainability. Among the
varied existing sorts of waste water management, recycling of
domestic waste water is simpler and may be implemented in every
household. The potential of grey water reuse is numerous and
beginning early formulate its environmental concerns, will help
in ameliorating what could otherwise are the health implications
of uncontrolled handling of it. It’s the special advantage
of permitting interested user to line up gardens where vegetation
is grown. When this thrives the income generation is
enhanced and therefore the well-being of individual is enhanced.
Appropriately treated grey water also can be re used indoors for
bathroom flushing and garments washing, both of which are
significant consumers of water

As per the survey over "485000" people have been infected
by this water per year, in this children people 5 years is being
more infected.
Demand in Water Supply: -As per study over many countries
are facing the problem in entire world but mainly developing
countries like India, Bangladesh, Kenya, etc. are facing more
problem in treating fresh water and supplying fresh water.
"As per survey increase in fresh water over entire world is
Increasing 1% per year, as this goes on many countries will
face water crisis till year 2025”. More over 18% of fresh
water is been used to wash clothes, dishes and for flush
purposes which is approximately 140 million tons of water is
wasted per year.

Keywords— Grey Water, Grey water Reuse, filtration

I.

INTRODUCTION

Grey water is defined as all sources of domestic
wastewater excluding toilet wastewater [1]. The systems
used to treat domestic grey water in order to be suitable
for reuse are called grey water treatment systems [2]. In
many developing countries, many people are lacking
access to water and sanitation services which is the main
cause of disease in these countries [2]. The grey water if
properly managed, has a great potential as an alternative
source for many purposes such as irrigation, toilet
flushing and many more [1].

III.

To minimize this problem, we have grey water solution
which takes waste water from kitchens, basins, bathrooms,
laundry. And we use this water for toilet flushes as well as
for irrigation, gardening purposes by treating them well and
refreshing that water to almost 80 to 85% pure.

There is not much awareness for treatment of grey water
on household level because of the lack of knowledge and
experience in that field, especially in developing
countries. Scientific knowledge is sparse regarding
greywater characteristics and adequate greywater
treatment systems allowing a proper and safe disposal or
reuse of greywater. [1]

We have design a process where it will recycle the waste
water which been coming from kitchen, basin sink,
bathroom
A] Primary treatment process
1-Screening.

In this paper we will be designing a grey water filtration
system which will be low cost and effective.
II.

PROPOSED METHODOLOGY

B] Secondary treatment process
1- Sequential Batch Reactor Process
And Storage
In this process, we have used a pipe at the outlet of kitchen,
basins, laundry, bathrooms where least amount of chemical
or dirt is being present and has merged with a common pipe
which is carried out in the waste water treatment process.
We have placed a filter at the start of the inlet of water plant
where the rice grains/big size material is being trapped so
that it is been easy to treat water further. Then we have been
used the method screening where the water is stored in
septic tank and mix well so that the water is been moved to

PROBLEM DEFINITON

Water Scarcity: - As the UN World Water Development
Report which been circulated in year 2019. They have
mentioned that around 4 billon people will face the problem
of water scarcity. Mostly in developing countries like India
which has almost 2.4% of World's land and having almost
4% of fresh water for the 15% of World's population, Water
scarcity is been the most important issue of developing
countries where more than million people are infected
because of not getting fresh water per year.
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second chamber and the remaining material is being trapped
in the tank. The screen needs frequent maintenance to
ensure that grey water is not reduced significantly. Filtration
is insufficient to scale back organic contamination to stop
biological regrowth in distribution system. Therefore,
removal of biodegradable material requires biological
treatment. This is achieved by Sequencing Batch Reactor
(SBR). The term SBR originally was introduced by R.L.
Irvine at the Purdue Industrial Waste Conference in 1971 to
explain a selected sort of activated sludge periodic
Process designed to treat wastewater generated during
manufacture of specialty carbohydrate polymers. That
system was characterized by continuous repetition of
periods called FILL, REACT, SETTLE, DRAW and IDLE,
each period being defined consistent with its position and
performance within the cycle. [5]

before it is implemented. After a few trials of tests in this
project, a relationship between BOD5 and COD has been
established. COD: BOD is a ratio of 2.5. The Sequencing
Batch Reactor (SBR) is one of the options for reducing
BOD in greywater. An SBR experiment was set up to
investigate the treatment of greywater BOD reduction
obtained removal efficiency. [5]
Irrigating with treated grey water can help to sustain urban
environments and their green infrastructure by separating
grey water before it combines with sewage and laundry
effluents. An analytical approach to grey water quality and
reuse leads to the determination of water reuse and irrigation
potential, feasibility, and water stewardship. Various studies
show that lightly loaded grey waters can probably be used to
water certain types of green infrastructure with confidence.
This is a significant potential means of sustaining vegetation
during times of water scarcity or drought. Affordably priced
system configurations for higher volume discharges. [6]
The findings of this study suggest that common household
chemicals (bleach) can be used effectively for membrane
cleaning, facilitating the maintenance of decentralized
systems, though these findings have yet to be tested in longterm trials. Term examinations membrane fouling is heavily
influenced by calcium and organic matter. Fouling increases
linearly with the concentration of organic matter despite the
presence of a minor. The amount of calcium increases
fouling significantly, and fouling may be completely
eliminated. Calcium concentrations greater than 3 mm
reduced. A thicker cake layer results from an increase in
particulate matter concentration. However, the hydraulic
resistance of such cake layers is determined by the presence
of other greywater constituents such as calcium and
dissolved organic. [7]
The filtration process uses a combination of zeolite,
activated carbon and activated sand, which reduces the
pollutant content of grey water. The filter capacity of the
A C filter is 0.174 m / h or 1.5 l / h. 0.058 m / h or 1.5 l / 3
h, the filtration rate is still below the design criteria of the Fast-Sand-Filter. By physically observing the turbidity, the
colors and smells of Filters A and D give the best results,
Filters B and E give poor results with visible but odorless
opacities. The C and E filters produce the worst results with
visible blackish colors. The performance of local media
mixes provides high presentation efficiency at and reduces
gray water contamination. The lowest decreasing display
range of is at a 53 % increase in BOD filter F, and is the
greatest reduction in impurities in filter D, with a detergent
reduction display of 100%. The results of investigation
show the decrease in the contamination level of three
parameters, i.e. TSS, pH and detergent, according to the
Quality Standard of Government Decree No. 82 of 2001 on
Water Quality Management and Control of Water
Pollution. BOD and COD did not meet these criteria. There
is no significant decrease in BOD and COD parameters,
there has to be a solution. A ventilation unit can be added
during the filtration process in future research. The design
criteria of the should relate to the particle size of the gray
water pollutant and the design criteria of the filtering. [9]

Fig.1: Flow of process
IV.

LITERATURE SURVEY

The performance of the SBR was first assessed by
measuring COD, TSS, TP, TN, and Ammonia compounds in
the effluent. When the reactor was run at 1.2 d HRT, the
SBR system effectively removed nutrients and promoted
organic matter biodegradation in wet market grey water (8h
cycle time). The nitrification rate increased, while the SBR
reactor removed more than 90% of the COD. The pH should
be kept between 7.0 and 7.5. Keep the nitrifiers from being
inhibited. The total phosphorus removal achieved was not
greater than 80%. [4]
Greywater reuse helps to conserve and optimize the use of
water resources. However, greywater treatment and reuse
are to be assessed in term of technical feasibility, public
health, social acceptability and sustainability (Al-Jayyousi,
2003). Greywater quality varies greatly, and appropriate
technology must be evaluated to meet the needs of the user
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The paper gives the information of the country Malaysia
about reusing of the grey water. As most of the Malaysians
do not know the term grey water and it is not being practice
as the government is inexperienced. Though Malaysia has
the average rainfall of 3,000mm per year but there will be
water crisis in the future as stated by author. In village/rural
area there is a special gallon or drum type instrument used
as a secondary water source in the rainfall days to water the
plants which saves the fresh water more in rainy days as
compared to summer days. The author explains about
comparison of Malaysia and other countries in water
management where the price of fresh and clean water is
much lower than the countries like Hong Kong, Dubai,
Singapore etc. at a water tariff rate of 0.0947 USD/ meter
cube. The author explains that environmental and health
problems and also explains the human health and
environmental health of plants, soils, groundwater and water
bodies. Through this the author has given suggestion for
grey water reuse application.
1. the only septic tank is not enough for grade separation 2
or 3 septic tanks it’s suggested to be added to ease the
process of decomposition and separation.
2. Sand filtration must change to a more advanced filtration
because the sand filtration is not sufficient to filter the
contamination such as oil, chemical and biological
constituent. [8]
V.

The number of residences was compared to the US
Census Bureau data from 2000. The average number of
persons per household was calculated based on these
findings.
Consumptive use is defined for the purpose of this
analysis as the amount of water that leaves the urban
water system through any number of immeasurable
means
VI. . CONCLUSION
Reusing the greywater by installing a greywater recycling
system is discussed. As there is increase in demand of
water in many parts of world and water supply we get is
decreasing day by day so in order to come over it we can't
rely on rain water harvesting only, we need conventional
water treatment techniques like desalination and
greywater reuse. Since the majority of greywater
produced from a household or offices can be recycled up
to 70%. Eventually it will decrease in rate of demand of
water and it will create a huge positive impact on the
surroundings [l]. It can be concluded that using greywater
can reduce the usage of fresh water and also it is one of
the cost-effective way to reuse water.
VII.
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Note that the equation is centered using a center tab stop.
Be sure that the symbols in your equation eeefore or
immediately following the equation. Use “(1)”, not “Eq. (1)”
or “equation (1)”, except at the beginning of a sentence:
“Equation (1) is . . .”

"Water Status in Baghdad," 2012.

https://greywateraction.org/greywater-reuse/
https://en.m.wikipedia.org/wiki/Waterissuesinde
velopingcountries

Some Common Mistakes
 The word “data” is plural, not singular.

https://www.un.org/waterforlifedecade/scarcity.
shtml

 The subscript for the permeability of vacuum 0, and
other common scientific constants, is zero with
subscript formatting, not a lowercase letter “o”.

https://www.un.org/waterforlifedecade/scarcity.
shtml

 In American English, commas, semicolons, periods,
question and exclamation marks are located within
quotation marks only when a complete thought or
name is cited, such as a title or full quotation. When
quotation marks are used, instead of a bold or italic
typeface, to highlight a word or phrase, punctuation
should appear outside of the quotation marks. A
parenthetical phrase or statement at the end of a
sentence is punctuated outside of the closing
parenthesis (like this). (A parenthetical sentence is
punctuated within the parentheses.)
reader. As an example, write the quantity
“Magnetization”, or “Magnetization, M”, not just “M”. If
including units in the label, present them within parentheses.
Do not label axes only with units. In the example, write
“Magnetization (A/m)” or “Magnetization {A[m(1)]}”, not



54

High-strength wastewater treatment using
Upflow Anaerobic Sludge Blanket and Wastewater
Stabilization Pond
Mr. Harshdev Jhirimiria
Department of Civil
Thakur college of engineering and
technology
Mumbai, India
harsh.dev1611@gmail.com
Ms. Meghana Behra
Department of Civil
Thakur college of engineering
And technology
Mumbai, India
meghanabehra22@gmail.co
m

Ms. Mamta R Rai
Department of Civil
Thakur college of engineering and
technology
Mumbai, India
mamtarai223@gmail.com
Mr. Mitesh Choudhary
Department of Civil
Thakur college of engineering
and technology
Mumbai, India
miteshchoudhary1397@gmail.com

Abstract— Appropriate treatment technologies are a prerequisite
for sound management of natural water resources against
pollution in developing countries. High strength wastewater has
been attributed to severe problems. Among the existing
technologies available, Upflow anaerobic sludge blanket is found
to be economically viable for India when considering all factor,
including operation and maintenance cost and treatment
efficiency. However, this technology suffers setbacks in meeting
the effluent guidelines prescribed by the government of India.
Post treatment is supplemental to this process to meet the effluent
standards in terms of removal of organic matter, suspended
solids, pathogens and nutrients. Hence, this paper is the response
to achieve high strength waste water the desired standards by a
combination of Upflow anaerobic sludge blanket and wastewater
stabilization pond. It is in response to environmental design
challenges raised by ongoing waste water events which are a
major problem in many countries.

Figure 01. Estimated proportion of household waste
water safely treated (2020)

Keywords— WW: Waste Waster, UASB: Up-Flow Anaerobic
Sludge Blanket, WSP: Water Stabilization Pond, BOD:
Biochemical Oxygen Demand, COD: Chemical Oxygen Demand,
OD; Oxygen demand, PPM: Parts per million, MLD: Million
Liters per Day, TSS: Total Suspended Solid

I.

A.

INTRODUCTION

In developing countries where access to safe drinking
water is not guaranteed for a majority of the population, it is
of great importance to maintain the quality of surface water
sources. Many countries are facing scarcity or shortage of
water. Many of the water systems that keep ecosystems
thriving and feed a growing human population have become
stressed. Rivers, lakes and aquifers are drying up or
becoming too polluted to use. Agriculture consumes more
water than any other source and wastes much of it through
inefficiencies. At the current consumption rate, this situation
will only get worse. By 2025, two-thirds of the world’s
population may face water shortages. And ecosystems
around the world will suffer even more. Therefore, to
benefit both people and nature, this paper will establish an
international standard for treating high strength waste water
using UASB & WSP.
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BRIEF DESCRIPTION
Treatment methods are required for effective
management of natural water resources in developing
nations to avoid contamination. Severe difficulties have
been linked to high-strength wastewater. Since we are
unable to reuse, high-strength wastewater creates a
vulnerable situation of water contamination and
shortage. As a result, treating it properly and quickly
becomes one of our top priorities. When all criteria are
considered, including operating and maintenance costs as
well as treatment efficiency, UASB is shown to be the most
economically viable technology for this treatment. However,
this technique faces challenges in satisfying the effluent
criteria. This procedure is supplemented by post-treatment to
fulfill effluent criteria in terms of organic matter, suspended
particles, and pathogen elimination. The goal of this paper is
to build an Up- flow Anaerobic Sludge Blanket (UASB) +
Waste Stabilization Plant (WSP) to treat high-strength
wastewater.
a) Sewage
It is waste water and excrement conveyed in sewers.
There are two type of sewage i) Black water or waste
water from toilet ii) Gray water.

b) Waste water
Wastewater and sewage are regulary used
interchangeably however there is the difference
between both. Sewage is considered as subset of
wastewater. Most commonly used range is 100300mg/l. BOD5 and 100-350mg/l. ( NSF stands No
40). FOG typical are identified as 50-150 mg/l with
150mg/l is identified as strong.
c) High strength wastewater
High strength wastewater is an establishment home
or business having BOD >300mg/l or
TSS>300mg/l. any of the researchers chose to
define high strength wastewaters as “greater than
residential strength”.
II.

Figure 02: Operational Pattern of UASB Reactor

PROPOSED METHOLOGY

in sludge bed, then continue to move upwards and the rest
substrates act with the biomass again in the sludge blanket
which has a less concentration of biomass compared with
the sludge bed below.
The volume of sludge blanket must be sufficient to conduct
the further treatment to wastewater by-passed from the
lower layer of sludge bed by channeling. At the same time,
it will help to ensure a stable effluent quality.
A 3 phases (Gas-Liquid-Solid or GLS) separator located
above the sludge blanket to separate the solid particles from
the mixture (gas, liquid, and solid) after treatment and hence
allowing liquid and gas to leave the UASB reactor

A) OVERVIEW
As we all know, all of the UASB and WSP plants that are
there are placed independently, and WSP requires the
assistance of an aerobic and anaerobic reactor to provide
superior results. So, we are now proposing the methodology
of constructing UASB and WSP as a single unit, so that the
sewage water that is being treated is first treated in the
UASB plant, which has an efficiency of 60-70 percent in
cleaning the water, and then that treated water enters the
WSP setup for further treatment, which has an efficiency of
around 40 percent, allowing for a greater quantity of water
to be treated with a much higher efficiency at the same
treatment plant.
B) UPFLOW ANAEROBIC SLUDGE BLANKET
(UASB) REACTOR
UASB was developed in 1970s by Prof. Gatze Lettinga,
The Netherland. It is suitable for High strength wastewater
still use for domestic sewage in warm climate. It is different
from other anaerobic Reactor Existence of granula sludge
(resistance to toxicshocks with 1] High methanogenic
activity (0.5-2 COD/VSS day 2] High mechanical strength
and good setting properties (30-80 m/hr). It has internal
three phase GSL Separator system.
 Concept and design of uasb
The waste water from various sources is first going to enter
the UASB. UASB reactor is based on the so-called threephase separator, which enables the reactor to separate gas,
water and sludge mixtures under high turbulence conditions.
This allows for compact, cheaper designs. The reactor has
multiple gas hoods for the separation of biogas. As a
result the extremely large gas/water interfaces greatly
reduce turbulence, making relatively high loading rates
of 10 – 15 kg/m3.d possible. Separation in the UASB
reactor requires only 1.0 meter of height, which prevents
flotation effects and, consequently, floating layers.
Generally, during the treatment of UASB reactor, the
substrate passes through an expanded sludge bed which
containing a high concentration of biomass first. After
that, the remaining part of substrate passes through a
less dense biomass which named the sludge
blanket. The influent is pumped to the UASB reactor
from bottom of it by Peristaltic pump. The influent move
upwards and get contact with the biomass.

Figure 03: C/s of UASB Reactor
After treated wastewater will be collected by the effluent
collection system via number of launders distributed over entire
area discharging, to main launder provided at periphery of the
reactor. And the bio-gasesgenerated will be collected as the
valuable fuel or for deposal.The average full-scale design
loading of the UASB of 682 full-scale plants surveyed was 10
kg COD/m3.d.
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The stabilization pond systems constitute the simplest form
of wastewater treatment. There are several variants of the
stabilization pond systems, with different levels of
operational simplicity and land requirements. The following
pond systems,whose main objective is the removal of all
impurities.
 Facultative ponds
Facultative pond are a type of waste stabilization pond used
for
biological
treatment
of
industrial
and
domestic wastewater. Sewage or organic waste from food or
fiber processing may be catabolized in a system of
constructed ponds where adequate space is available to
provide an average waste retention time exceeding a month.
A series of ponds prevents mixing of untreated waste with
treated wastewater and allows better control of waste
residence time for uniform treatment efficiency.

Figure 04: Parts Of UASB
 UASB Reactor Height and Area
To reduce the plan area and to reduce the cost of land, GLS
separator and influent distribution arrangement etc. the
reactor should be as high as possible. And the height of
the sludge bed should be sufficient to minimize the
channeling and to make sure the liquid up flow velocity
within the maximum permissible limits (1.2 – 1.5 m/h).
Therefore, the height of the sludge bed should be at least
about 1.5 to 2.5 meters and hence the height of the reactor
should be restricted to 4 meters to provide convenient
accommodation for sludge bed, sludge blanket and 3 phases
separator. As the standard mentioned, the maximum height
of the reactor is around 8 meters but the applicable height in
common usage is between 4.5 and 6 meters. In addition,
the sludge bed occupies 30 to 60% of the total reactor
volume, 20 to 30% of the total volume is provided
for sludge blanket and GLS separator occupies remaining 15
to 30% of the total volume.
C) WASTEWATER STABILIZATION POND
It is a shallow manmade basin they can be round square or
rectangular. There are two type of WSP i) Facultative Pond
ii) maturation pond.

Figure 06: Facultative ponds
 Design considerations
Inert solids in wastewater will accumulate on the bottom of
the lagoon and gradually reduce depth until there is
inadequate room for the facultative zone. Lagoon depths
between 2 and 5 feet (60 to 150 cm) are preferred for
effective treatment. Parallel facultative lagoons with
common polishing ponds allow wastewater treatment to
continue while one lagoon is out of service for sludge
removal.[1] Precipitation falling on the surface of the lagoons
and polishing ponds will increase the volume of wastewater
requiring disposal. Conversely, the volume of wastewater
may be reduced by evaporation from the water surface in
arid climates.Wastewater nutrients may cause continuing
growth of algae in the polishing ponds after the original
wastes have been catabolized. Algae may cause measurable
contribution to biochemical oxygen demand (BOD)
and total suspended solids (TSS) concentrations where
discharge regulations include limitations on those
concentrations.[2] The TSS contribution of algae tends to
peak in the summer months, but the long-term BOD of
decomposing algae may not be evident within the typical 5day test.[3] United States Environmental
Protection
Agency regulations describe facultative lagoons as

Figure 05: Wastewater Stabilization pond
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providing "treatment equivalent to secondary treatment"
when 65 percent of influent BOD and TSS are removed and
effluent BOD and TSS concentrations do not exceed a 7-day
average of 65 mg/L and a 30-day average of 45 mg/L.
Individual States may establish alternative effluent
limitations.[4]
 Maturation pond
Some additional removal of organic matter and other
pollutants may be achieved in maturation ponds. These
ponds are only included in the treatment line when high
efficiencies of pathogen removal are required, either for
discharge of the treated effluent in surface water bodies, or
for use for irrigation or aquaculture. They are usually used
after facultative ponds, but may also follow other treatment
processes, such as upflow anaerobic sludge blanket (UASB)
reactors.[8] They could also be placed after an activated
sludge process.

Combining UASB and WSP. UASB is very efficient,
its volume is small, but it typically requires posttreatment so it is combined with WSP. As long as
operation of UASB is running smoothly, it is not
particularly skill demanding for the operators, but
during start-up and in case of operational problems a
certain level of process knowledge isindispensable.
Waste stabilization ponds (WSP) are cheap, efficient in
BOD removal – in particular if constructed in series -,
simple to operate, do not require electrical energy, are
most efficient in removing pathogens, but they require
plenty of land.

Figure 08: Top view of UASB+WSP

Figure 07: Maturation pond
Maturation ponds must be shallow (around 1.0 m depth or
less) with a great surface area so that more oxygen can
dissolve into the water giving the bacteria enough oxygen to
properly function.[7] Shallow ponds benefit from high
photosynthetic activity arising from the penetration of solar
radiation. The pH values are high because of intense
photosynthesis, and ultraviolet radiation penetration takes
place in the upper layers. Both of these factors promote the
removal of pathogenic bacteria and viruses. Given the high
surface area of the maturation ponds, protozoan cysts and
helminth eggs are also removed, with sedimentation as the
main mechanism.[6][5] Sludge accumulation is very low in
maturation ponds. Very high pathogen removal efficiencies
may be achieved, depending on several factors:
temperature, hydraulic retention time (the amount of time
the liquid remains in the system - from entrance to exit), the
number of ponds in the series, the presence of baffles and
the depth of ponds.[8] Maturation ponds may be used in
combination with a rainwater reservoir to form an ecological,
self-purifying irrigation reservoir.[9][10].
D)

Figure 09: C/s of UASB+WSP
Total annual cost Fig.10 gives an overview of the total
annual cost consisting of capital and O&M costs. The O&M
cost is categorized as covering power, manpower, repair,
and chemicals. The costs are separately summarized at
treatment volumes of 0–5000, 6000–25,000, 26,000–50,000,
and 51,000–100,000 m3 /d. The numbers of STPs evaluated
are indicated at the top of the bar in the figure. Likewise, the
parenthesized value indicates the standard deviation in total
annual cost excluding the cost of land. A land price of 2
US$/m2 (in rural areas) and an annual interest rate of 5%
were assumed for calculation purposes. Based on these
assumptions, the total annual cost was estimated at 6.16–
9.67 US$/m3 /d for the UASB system, and 2.26–9.90

COMBINATION OF UASB + WSP
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US$/m3 /d for the WSP system. The figure also shows that
the main component of total annual cost for UASB is capital
cost, accounting for 46% to 57%. Conversely, for WSP, the
cost of manpower is the major component, accounting for
up to 43% for a treatment volume of 0–5000 m3 /d.
However, for a treatment volume of 6000–50,000 m3 /d, the
capital cost becomes the main component, accounting for
34% to 38% of the total annual cost. The price of land in
towns surrounding Delhi could be about 20–40 US$/m2 . In
that case, the cost of land increases 10–20 times that shown
in the figure. Thus, it is clearly evident that the price of land
has more impact on WSP than on UASB.
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Fig 10: Graphically presentation of cost of
UASB +WSP
Since 1994, India’s GDP has registered a 4.4–8.5% annual
increase. Moreover, the GDP is projected to increase by 7–
8% annually over the next 10 years (Japan India Business
Club, 2005). The price of land has also been rising every
year. Consequently, securing land in advance is a key factor
in reducing the total annual cost.
Some outcome from combination of UASB+WSP are given
below in the table which are clear to understand the
parameters and results.
Some outcome from combination of UASB+WSP are given
below in the Table 1. which are clear to understand the
parameters and results.
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Table no 1: Theoretical Outcome of UASB+WSP
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III.

CONCLUSION

WSP's conventional approach will undoubtedly compete
with UASB methods in the future. The more plants there
are, the more cost-effective it is to integrate various
technologies. This research shows that following treatment,
there was complete know-how and knowledge transfer in
the design and implementation of UASB+ WSP
ingeniously throughout time. These plants have delivered
good results. If appropriate measures relating to process
operations are performed, UASB + WSP efficiency can be
improved even further. More severe biological quality
(including nitrogen) criteria cannot be satisfied by current
plants, necessitating the addition of new plants. It
necessitates a thorough examination of the post-treatment
options.In combination of UASB+WSP, treatment
solutions like as disinfection, artificial wetlands, lagoons,
attached growth aerobic systems, and so on may be
investigated for feasibility and applicability.
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Classical Plate Theory makes assumptions similar to
Euler-Bernoulli's beam theory. Assumptions of this theory
are as follows:

Abstract— Plates are two-dimensional planar structures having
a thickness much lower as compared to their planar dimensions.
Static analysis of such thin plate structures having small
deflection values in comparison to their thickness is generally
done using Kirchhoff Plate Theory, also known as Classical
Plate Theory. Kirchhoff Plate Theory for deflection surface
analysis of thin plates usually boils down to a fourth-order
partial differential equation. A solution to this differential
equation was first proposed by Navier for a simply supported thin
rectangular plate in the form of a double Fourier series. This
paper focuses on understanding how varying the aspect ratio of
the plate would affect the deflection magnitude and also
developing a polynomial model to predict the maximum
deflection value in a simply supported thin rectangular plate
when loaded uniformly throughout the entire surface area of the
plate. The paper also aims at finding locations of maximum
deflection points in a thin rectangular plate when loaded with a
uniformly varying load throughout the plate surface area for
different aspect ratios of the plate. To achieve the above
objectives, the regression technique is used. Statistical metrics
like R-squared error, Root Mean Square Error (RMSE), and
Mean Absolute Percentage Error (MAPE), along with graph
plots, are used to check accuracy.
Keywords— Kirchhoff Plate Theory, Least Square Method,
Regression Analysis, Navier’s double Fourier series



The plate's thickness should be small in
comparison to its lateral dimensions.



The plate's deflection should be small in
comparison to its thickness.



In comparison to unity, the slopes of the deflected
middle plane are small. As a result, the square
terms can be ignored.



The plate is deformed in such a way that the
straight lines that were originally parallel to the
middle surface stay parallel to the middle surface
after deformation.



Normal and shear stresses outside of the plane are
insignificant in comparison to the plate’s plane
stress. As a result, it can be overlooked.

Experimentally, it has been observed that Kirchhoff’s
assumption is valid for thin plates of homogeneous and
isotropic materials. Kirchhoff's Plate Bending Theory aids
in the development of a fourth-order partial differential
equation relating deflection w(x,y) to loading Pz(x,y) and
plate bending or flexural rigidity "D" as follows:

I.
INTRODUCTION
Plates can be considered as an infinite gridwork of
networks of beams or cables, depending upon the structure’s
flexural rigidity. To resist transverse loads, plates create
shear forces, bending, and twisting moments. Plates are often
used to carry loads in both directions because they are flat
structures. Because isotropic plates have a high degree of
twisting rigidity, they are much stiffer than beams of
comparable span and thickness. Plates are thus cost-effective
structures with high load-carrying capacity. Plates develop
shear forces, bending and twisting moments to resist
transverse loads imposed on them. Because the plates are flat
structures, they generally carry loads in both directions.
Since twisting rigidity in isotropic plates is quite significant,
a plate is considerably stiffer than a beam of comparable
span and thickness. Thus, plates are economical structures
with large load-carrying capacities.

∂4 w(x,y)
∂x4

+

Where, D =

∂4 w(x,y)
∂x2 ∂y2

+

∂4 w(x,y)
∂y4

=

Pz (x,y)
D

…… (1)

𝐸𝑡 3
12(1−𝜗2 )

E = Modulus of Elasticity of the plate material
t = thickness of the plate
𝜗= Poisson’s ratio of the plate material
Here, w (x, y) denotes the deflection of the plate in the zdirection. The plate is positioned in such a way that its long
dimensions are along the x-y plane and its thickness along
the z-direction. Pz(x, y) is the loading condition defined
perpendicular to the x-y plane and parallel to the z-axis. The
solution to the above equation was first proposed by Navier
in the year 1820. He published a paper in the French
Academy of Sciences on the solution of bending analysis of
simply supported rectangular plates.

The thickness of a plate is more relevant than the other
two dimensions when the bending analysis is performed. A
plate is classed as thin if its thickness is less than onetwentieth of its shortest lateral dimension. Thin plates with
deflections of less than 20% of their thickness are known as
thin plates with small displacement. The most widely used
theory, known as Kirchhoff's Plate Theory or Classical Plate
Theory, is used to analyse the bending of such thin plates
with small displacement.

Assume a rectangular plate is simply supported on all
four sides. The dimensions of the plate are a and b along the
x-axis and y-axis, respectively. The plate is subjected to a
lateral load of p (x,y). The origin is considered to be at the
upper left corner of the plate, as shown in Fig.1 below.
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p(x,y) = Po (x/a)

O(0,0)

On substituting in equation (5) we get:

lx = a

x
Pmn =

π2 mn
For a more elaborate understanding of the equations (1)–
(6) and the loading conditions mentioned above, [1], [2]can
be referred. Although various other techniques have been
developed over time like Levy’s method, Ritz Energy
method, and Galerkin method, which can take care of
different boundary conditions as well, the use of Navier’s
solution technique is still dominant for simply supported
plates due to its ease of understanding in comparison to other
methods. Navier’s method is a slowly converging series.
This flaw paves the way for the use of alternative techniques,
using which the slow process of iterating through Navier’s
double trigonometric series can be minimised.

ly = b

y

In this paper, the focus is given on using the regression
analysis technique. Regression analysis helps in establishing
a mathematical relationship between one or more
independent parameters, also known as the input parameters,
and a dependent parameter, which is also called the output
parameter. The regression model developed is used to predict
the desired output parameter value by substituting the input
parameter values in the model. The actual relationship
between these parameters may be linear or non-linear. Using
the regression analysis method, a polynomial equation is
established between these parameters. Regression analysis is
generally done using the least square method. This method is
based on the basic principle of minimising the square of the
difference between the actual and predicted values of the
output parameter. We must have data available to develop a
regression model between the independent and dependent
parameters. The developed model is checked for accuracy
with the help of available data by using it to predict the
dependent quantity by substituting the independent quantity
in the developed model. The predicted and actual values are
compared using various statistical metrics.

Figure
1: Simply supported slab
Fig. 1.Simply supported slab
According to Navier equation for w(x,y) and p(x,y) can
be written as follows:
nπy
mπx
∞
∑∞
w(x,y)
=
m=1 ∑n=1 Wmn sin a sin b
……….(2)
nπy
mπx
∞
p(x,y) = ∑∞
m=1 ∑n=1 Pmn sin a sin b ………..(3)
Wmn and Pmn are coefficients to be determined in the
above equations. On substituting equations (2) and (3) in
equation (1) we get:
1

Wmn = π4D

Pmn
m 2
[( )
a

………..………………..(4)

2
n 2
b

+( ) ]

The coefficient Pmn is determined as follows:
Pmn =

4
ab

a

b

∫0 ∫0 p(x,y) sin

mπx
a

sin

mπy
b

dx dy …..(5)

To check the accuracy of the developed model, we use
parameters like R-squared (R2) error, adjusted R2, Root
Mean Square Error (RMSE), Mean Square Error (MSE), and
Mean Absolute Percentage Error (MAPE). R2 error is a
statistical measure that tells us about the goodness of fit of
the model. It enables us to comprehend how much variation
in the dependent variable can be accurately predicted by the
independent variable(s) using the regression model. The
value of the R2 error is always between 0 and 1. The value of
the R2 error greater than 0.9 is considered very good, and
between 0.8 and 0.9 is said to be good. A value ranging
between 0.6 and 0.8 is satisfactory, and anything below 0.5 is
considered poor. Adjusted R2 helps in finding independent
variables that do not contribute to finding the output
dependent variable. It penalises the R2 score if any
independent parameter does not contribute to finding the
output variable. Root Mean Square Error (RMSE) is a
measure of the standard deviation of residual error values. It
is the square root of the Mean Square Error (MSE) value. An
MSE is simply the mean value of the sum of the squares of
the difference between actual and predicted values. The
lower the value of MSE, the better the accuracy of the model.
A zero value of MSE implies a perfect relationship exists
between the desired quantities. A value of MAPE below 5%
indicates an excellent model, while a value between 5% and

Thus from equations (2), (4), and (5) w(x,y) expression
can be written as follows:
1

∞
w(x,y)= π4 D ∑∞
𝑚=1 ∑𝑛=1

Pmn
m 2
[( )
a

+

2
n 2
( ) ]
b

sin mπx
sin mπy
..(6)
a
b

When a load of intensity Po is acting over entire surface
of the plate area, then:
p(x,y) = Po
On substituting in equation (5) we get:
16 Po

; m,n = 1,3,5,……
π2 mn
When a sinusoidal load is acting over the entire surface
of the plate area, then:
Pmn =

-8 𝑃𝑜 cos(mπ)

πx

πy

p(x,y) = Po sin a sin b
On substituting in equation (5) we get:
Pmn = Po; m,n =1
When a uniformly varying load of maximum intensity Po
(at x=a) is acting over the plate surface area, then:
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results were then compared with the Navier’s solution
technique for a simply supported thin plate. It was observed
that the maximum deflection obtained from the current
method and finite element analysis was in good agreement
with Navier’s solution technique. The deviation between the
deflection value obtained from the current study and
Navier’s solution technique was very small.

10% is considered good enough for prediction. If the MAPE
value is between 10%-25%, then the model might give
satisfactory performance. However, a value above 25%
implies that the model needs reconsideration. The formulas
for the various statistical metrics mentioned above are given
as follows:
SSR
SSM
SSR = Sum of squared error of regression line
R2 = 1 −

= ∑ni=1(yacti - ypredi )

In [5], various numerical methods like the synthetic
division method, Horner’s method, the modified NewtonRaphson method, the Chebyshev method, and the BirgeVieta method to find the roots of the polynomial equation
have been elaborated. Two different polynomial equations
of order 3 were chosen to be solved with the proposed
methods. It was observed that synthetic division with the
Chebyshev method converged quickly to give the
approximate roots of the polynomial equation as compared
to other methods.

2

SSM = Sum of squared error of mean line
= ∑ni=1 (yacti - ̅̅̅̅̅
yact)

2

yact = actual value
ypred = predicted value

In [6], regression analysis was used to establish a
relationship between various soil properties in Calabar
South to find a solution to foundation design problems in
the area. Multi-Linear Regression Analysis was done to
formulate a model that established a relationship between
CBR (California Bearing Ratio) and other soil parameters
like OMC (Optimum Moisture Content), MDD (Maximum
Dry Density), LL (Liquid Limit), PL (Plastic Limit), CS
(Coarse Sand), FS (Fine Sand), and MS (Medium Sand). It
was found that the model-based predictions were in good
agreement with experimental values. It was also found that
increasing the number of variables caused an increase in the
R2 value.

̅̅̅̅̅̅
𝑦𝑎𝑐𝑡 = mean of all actual values
n = total number of data points
Adjusted R2 = 1 −

(1-R2 )(n-1)
n-p-1

p = total number of independent variables
2

1

MSE = ∑ni=1 (yacti - ypredi )
n

RMSE = √MSE
MAPE =

1
n

∑ni=1 |

yacti - ypredi
yacti

In [7], a free vibration analysis of a thin rectangular plate
to calculate the fundamental natural frequency of the plate
when under vibration was done. The plate is clamped on all
four sides. In order to obtain the desired frequency, the
Taylor-McLaurin’s shape function for thin rectangular
plates clamped on all four edges was used. The shape
function was used in combination with Galerkin’s method.
A non-dimensional frequency parameter value was obtained
for different aspect ratio values. The obtained value was
compared with values derived from previous studies. The
values were found to be close and within an acceptable
range of difference as per statistical metrics.

|

II.
LITERATURE REVIEW
In [3], the deep collocation method is used for
deflection surface analysis of thin plates like simply
supported square plates subjected to sinusoidal loading,
square plates with clamped boundary conditions subjected
to uniform loading, circular plates with clamped boundary
conditions subjected to uniform loading, and square plates
with simply supported boundary conditions resting on
Winkler foundation. In all of the above plates, they have
used randomly generated points in the range of about 1000
on each plate as input. Different combinations of neural
network architecture are made with 1 to 4 hidden layers
containing neurons in the range of 20 to 60 in each layer.
General observation suggests that with a greater number of
hidden layers and neurons, the accuracy of prediction is in
good agreement with the analytical solutions. However, one
hidden layer with 20 neurons is also sufficient in some
cases. It is a mesh-free method that helps to eliminate
continuity problems in mesh-based methods.

In [8], a multiple linear regression analysis technique
was used to estimate the market value of the football players
playing in the forward position. Football players from the
leagues of Europe were examined for this study. The
performances of the football players playing in the season
between 2017 and 2018 were gauged. Data for independent
parameters like age, height, nationality, number of matches
played, league of the player, club of the player, and many
more were collected. The model was measured for its
accuracy using statistical metrics like R-squared, adjusted
R-squared, and MAPE. The model was not built
successfully as multicollinearity could not be eliminated
completely. Although the model that was built was not
accurate enough to predict the market value, some
interesting conclusions were drawn from the collected data.
In the study, it was also claimed that with more data
collection, there was a possibility to improve the model
further.

In [4], the Ritz variational approach method was used to
construct a deflection function for a simply supported thin
rectangular plate. The deflection function was formulated in
such a way that it satisfies the boundary conditions. The
main function was also adjusted with a modification factor
to increase the accuracy of the curve fitting. Even finite
element analysis was performed on a square steel plate in
order to calculate its maximum deflection value. The above
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III.
A.

OBJECTIVES AND METHODOLOGY

Objectives
 To find the aspect ratio that gives the maximum
deflection value.


To formulate a regression model in order to
estimate the maximum deflection value for any
given aspect ratio of a simply supported thin
rectangular plate loaded uniformly throughout
its surface area.



To find locations of maximum deflection points
in a thin, simply supported rectangular plate of
various aspect ratios when subjected to
uniformly varying load across the surface. Also,
a regression model will be fitted to the above
data.
Fig. 2. Degree 6 curve

B. Methodology
Python programming will be used to produce graphs,
obtain required numeric values for deflections, statistical
metric values, and regression analysis. Numpy, SciPy,
Sklearn, Matplotlib, and Math libraries will be used to
achieve the desired results.
A thin concrete rectangular slab of M25 grade, having a
Poisson’s ratio of 0.3, subjected to a uniform or varying load
intensity and which is simply supported on all four sides, will
be considered as the basis for the required calculations. Other
parameters like the aspect ratio (r=lx/ly), the area of the
plate, loading intensity, and the thickness of the plate will be
chosen as per convenience.
IV.

RESULTS AND CONCLUSION

A.

Results

1)

To find maximum deflection aspect ratio

Consider a plate of area 4 m2, thickness 100 mm, loaded
uniformly with an intensity of 100 kN/m2 with varying
aspect ratios ranging from 0.25 to 4. A graph of maximum
deflection values occurring at the mid-points of the slabs is
plotted with respect to their corresponding aspect ratio
value. Then a curve is fitted to the plot in order to obtain a
polynomial expression. Deflection is taken as a dependent
parameter and the aspect ratio as an independent parameter.

Fig. 3. Degree 7 curve

TABLE 1. Statistical metric values
Degree 6

Degree 7

Degree 8

R-squared

0.9977

0.9992

0.9998

RMSE

0.0301

0.0173

0.0069

MAPE

0.0231

0.0139

0.0058

Thus, from table 1, it can be seen that the statistical
metric values are very close to each other. Hence, in order to
decide the degree of best fit curve, we will use graph plots.
The following figures show the graphical representation
of the various degrees of curves shown in table 1.

Fig. 4. Degree 8 curve
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Thus, from the above figures ( Fig. 2 to 4), we can
choose the degree 8 curve as the best fit curve for our
model. The equation for the degree 8 curve is as follows:
f (r) = 0.02064 r8 – 0.3762 r7 + 2.861 r6 – 11.7 r5
+ 27.44 r4 – 35.79 r3 + 21.48 r2 - 1.517 r – 0.05157
Finding the roots of the above equation we get following
values:
r = 3.93884972+0.j, 3.37811908+0.42962344j,
3.37811908-0.42962344j,2.10381477+0.82907792j,
2.10381477-0.82907792j, 1.00978994+0.j,
0.03895495+0.j, 0+0.j
Thus, it can be seen that real values of aspect ratio (r) are
3.94, 0.039, 1, and 0. The values of 0 and 0.0394 can be
ignored.
Fig. 5. Degree 3 curve

f (3.94) = 0.4787; f (1) = 2.372
Value 3.94 indicates minima and value 1 indicates
maxima. Thus, when the aspect ratio is 1, maximum
deflection occurs.
Also, it should be noted that:
f (r) ~ f (1/r); 0.25 ≤ r ≤ 4
Hence, it can also be concluded that for a particular
value of aspect ratio (r), the deflection values obtained are
equivalent to the deflection values obtained from the aspect
ratio value of 1/r, as it only indicates a change in orientation
of the plate along the co-ordinate axes. Hence, for further
objectives, calculations will be limited to only aspect ratio
values up to 1.
2) Regression model for calculation of maximum
deflection values
Let us consider a plate of an area of 16 m2, a thickness of
150 mm, loaded uniformly with an intensity of 50 kN/m2.
The aspect ratio is varied from 1/16 to 1. A graph of
maximum deflection values occurring at the mid-points of
the slabs divided by the maximum deflection value at aspect
ratio value 1 is plotted with respect to their corresponding
aspect ratio value. Then a curve is fitted to the plot in order
to obtain a polynomial expression. The deflection ratio is
taken as a dependent parameter and the aspect ratio as an
independent parameter.

Fig. 6. Degree 4 Curve

TABLE 2. Statistical metric values
Degree 3

Degree 4

Degree 5

R-squared

0.9988

0.9999

0.9999

RMSE

0.0663

0.0081

0.0073

MAPE

0.0938

0.0175

0.0134

Thus, from table 2, it can be seen that the statistical
metric values are very close to each other. Hence, in order to
decide the degree of best fit curve, we will use graph
plots.The following figures show the graphical
representation of the various degrees of curves shown in
table 2.

Fig. 7. Degree 5 Curve

Thus, from the above figures ( Fig. 5 to 7), we can
choose the degree 4 curve as the best fit curve for our
model. The equation for the degree 4 curve is as follows:
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f (r) = 3.125 r 4 – 8.761 r3 + 7.252 r2 – 0.6466 r

Thus, from table 3, it can be seen that the factor value is
constant up to the first four significant digits after decimal,
irrespective of the number of iterations. Hence, considering
the factor value as 1.5828, equation (8) can be improvised as
follows:

+0.03198 …………………………………....(7)
From the above fourth order polynomial equation, the
maximum deflection value for any given aspect ratio could
be found, provided the maximum deflection value for
similar conditions at an aspect ratio value of 1 is known to
us.

w (1) = 1.5828 * (1/π4 D) * (Po/4) * (area)2
= 0.0040623 * Po * (area)2 / D ………………(10)

Let us understand the above statement with an example.
Consider a plate of an area of 3m x 4m, loaded uniformly
with 50 kN/m2, and a thickness of 150 mm. In order to
calculate the maximum deflection value of this plate, we
must first calculate the maximum deflection of a square
plate of area 12 m2, thickness 150 mm, and loaded with 50
kN/m2. As per the formula given in [1], the deflection for a
square plate can be calculated as follows:
w (1) = 0.00416
……………………(8)

*

Po

(area)2

*

/

Calculating the maximum deflection value for 3m x 4m
plate considered before from equations (7), (9), and (10), we
get 2.898 mm. On comparison with the value obtained from
Navier’s method, the percentage error value we get is about
0.104%.
3)
load

For varying values of aspect ratio from 0.25 to 1,
maximum x and y co-ordinates relative to the length of the
plate in x and y directions are calculated, respectively, when
a plate of thickness of 15 mm is subjected to a uniformly
varying load of the form Po (x/a), wherein intensity Po = 50
kN/m2 with sides lx = r x ly and ly = 4. Navier’s solution
technique is used to obtain deflection values. For calculating
the deflection at a point, the first ten values of m and n are
considered. The overall plate was meshed to 700 x 700
nodal points, and then the maximum point was evaluated
computationally. The following table 4 shows the values of
relative coordinates along with their particular aspect ratio
(r) value.

D

= 3.230 mm
w
(r)
=
f
(r)
…………………………………...(9)

*

w

Location of maximum deflection points for varying

(1)

Thus, from equations (7), (8), and (9) we get:
w (3/4) = f (3/4) * 3.230
= 0.919 * 3.230
= 2.968 mm
The maximum deflection for the above plate calculated
by Navier’s method for up to the first five values of m and n
is 2.895 mm. The above values are in good agreement with
a percentage error of about 2.52%.

Table 4. Relative co-ordinates

The above accuracy can be improvised further. From
observation, it was noted that maximum deflection values
for a square plate loaded uniformly and for a square plate
loaded with sinusoidal loading of the same maximum
intensity, the ratio of maximum load values remains
constant. Consider a plate of an area of 4m x 4m, loaded
sinusoidally with 50 kN/m2, and a thickness of 150 mm. For
the given problem considered above, the maximum value as
per equation (6) can be calculated as follows:

r=lx/ly

x/lx

y/ly

1.00

0.55

0.45

0.85

0.5422

0.4377

0.80

0.5393

0.4334

0.75

0.536

0.426

0.65

0.5321

0.4105

0.50

0.527

0.374

0.35

0.5236

0.3161

0.30

0.5236

0.3161

0.25

0.522

0.264

w = (1/π4 D) * (Po/4) * (area)2
It was found that a third-degree curve fitted best for the
relative x and y coordinates with the aspect ratio. The R2
value was greater than 99%, and the RMSE and MAPE
values were approximately zero. The polynomial equations
obtained by curve fitting the data in table 4 are as follows:

= 3.543 mm
The maximum deflection value calculated by Navier’s
method up to the first ten values of m and n for the same
plate when loaded uniformly is 5.608 mm. Thus, the ratio of
5.608/3.543 is 1.5828. It can be checked that for any other
case of square plate, the same factor appears. The factor,
however, changes by a small value for different iteration
values of m and n as shown in the table below:

f (x) = -0.01108 x3 + 0.05686 x2 - 0.01959 x + 0.524
..(11)
f (y) = 0.2933 y3 - 0.8955 y2 + 0.9825 y + 0.06968 ...(12)
Let us consider a random test case value of aspect ratio
that is not present in table 4. For an aspect ratio value of 0.6,
the relative x and y coordinate values calculated from
equations (11) and (12) are 0.530 and 0.4 respectively.
These values coincide exactly with the computational
values.

TABLE 3. Factor value for different iterations
Iterations (m x n)
5x5
6x6
7x7
8x8
9x9
10 x 10

Factor value
1.5828853
1.5828218
1.5828491
1.5828357
1.5828429
1.5828387

Equations (11) and (12) give positions of relative x and y
coordinates, respectively, with an input value of aspect ratio.
Graphs for the equations (11) and (12) are shown in the
figures below (Fig. 8 and 9).
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deflection value points in the case of uniformly varying load
can also be evaluated, and hence the required parameters of
interest, such as deflection and moments, which may be
maximum at similar points, can be evaluated as well.
It should also be noted that while performing calculations
to achieve the required objectives, the thickness of the plate
might not be as per the required assumption of a thin plate at
certain stages. The main aim of this study was to capture the
mathematical aspect with accuracy, hence the above
condition was ignored.
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B. CONCLUSION
It can be concluded that a square plate can sustain more
deflection as compared to any other aspect ratio plate,
provided all other conditions are the same. Hence, an aspect
ratio value of one can be considered the best choice for plate
design. Considering the aspect ratio value on a scale of 0 to
1, we can see that the lower the aspect ratio, the lesser the
deflection value. Hence, while designing a plate, if possible,
the aspect ratio value chosen should be closer to one, if not
exactly one. Also, values of moments and shear forces at the
point of maxima can be evaluated for a uniformly loaded,
simply supported plate by following a similar procedure to
that used to obtain the maximum deflection value. Maximum
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Abstract – In Today’s time, Pollution and other related
environment degrading facets are increasing, we are
facing an increasing need for understanding the
importance of Environmental sustainability, and the
employment of Green Techniques in the construction
industry is garnering more and more attention
throughout the world. Basically, the term “Green
Building” refers to a structure designed and operated
in such a way that it has minimal effect on the
environment, as it operates on resources that save
energy. The design of Green Buildings therefore
should begin with the accommodation of eco-friendly
materials. In This Paper, We firstly try to emphasize
the need for green buildings in today’s world and
secondly, introduce the idea of using Bio-Concrete,
also called “Self-Healing Concrete” as a construction
material instead of standard concrete. The concept of
Bio-Concrete and its awareness is at its earliest stages,
especially in India. We intend to showcase how
Bio-Concrete can be used as a material in Green
Building for the purpose of increasing the compressive
strength, durability, and therefore the lifespan of the
structure. We wish to look at the workings of the
“Self-Healing Concrete” and perform a comparative
study based on the data available on it, to identify the
positive effects of using Bio-Concrete as a material in
green buildings over standard concrete.
Keywords— Environmental sustainability,
Building, Bio-Concrete, comparative study.
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are to adopt practices that focus on minimizing the use of
resources, reducing harmful effects on the ecology and
creating a healthier environment for people. The concept
of sustainable development and green building is
relatively new; indeed, over the past two decades it has
become one the most researched topics in the field of
property development and building design and
construction, generally. Green Buildings are generally
expected to exhibit a high level of environmental and
economic outcomes such as: Occupant's Health and
Productivity, Energy efficiency and Conservation,
Efficiency in improving Environmental Quality and so on.
Looking into some statistics provided by experts,
conventional buildings are responsible for a massive
amount of harmful emissions, accounting for 30% of
greenhouse gasses, due to their operation, and an
additional 18% induced indirectly by material exploitation
and transportation[1&2], From the environmental impact
perspective, the building sector has a significant effect on
the entire environment [3].Thereby , it’s a clear
understanding that selecting environmentally preferable
building products is an excellent method to boost a
buildings environmental performance and sustainability.
In this Paper we are trying to achieve an understanding of
the same by introducing Bio- Concrete as a construction
Material. A Green Building made with standard concrete
against a green Building made with Bio-Concrete induces
many structural differences resulting in different
outcomes. Standard concrete is one of the most widely
used construction materials and has the tendency of
forming cracks. It is not directly possible to inhibit crack
formation, there are techniques that can be used to heal
the cracks effectively. One such technique is the use of
Bio-Concrete. In simplest form, Bio-Concrete is a
material designed to repair itself, under the influence of a
bacteria, on its own whenever there is a crack formation
and it does not require any human intervention during the

Green

I. INTRODUCTION
Green Buildings are buildings that work on different
elements that are natural. The essential requirements here
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process. It was developed by Dutch researcher and
micro-biologist Hendrik Jonkers. The Bio-Concrete
functions in such a way that an independent self-healing
mechanism is introduced which forms calcium carbonate
crystals that will start filling up all the pores and cracks in
the concrete. Research and various experiments suggest
that the Bacteria are selected as per their survival in the
alkaline environment. There are various types of bacteria
used for the process.There are different conditions of
growth for different bacteria. Most microorganisms die in
an environment with a PH. value of 10 or more. It is
found that strains of bacteria Genus Bacillus have been
succeeding in an alkaline environment. [4]. Various
strains of Bacillus include Bacillus pasteurii, Bacillus
sphaericus, Bacillus subtilis Bacillus cohnii, Bacillus
pseudofirmus, etc.

Convention
al
Material

Green
Material

1
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paneled
Plain
Glass

Insulated
Glass

2

Lightning
Fixtures

Tube
Lights
and CFLs

Low Watt
LED Tube
Light and
Bulbs

3

Plumbing
Fixtures

Convention
al
Fixtures

Green
Fixtures

Vitrified
and
Glazed
Tiles &
China
Mosaic

PVC,
Flooring
Glazed
Tiles
and China
Mosaic

5

Doors

Pinewood

Engineerin
g
Wood

The Concept of Green Buildings And Bio-Concrete are
not more than two decades old and still gaining traction in
today’s time. The Former has had a good share of research
behind it but the same cannot be said about the latter.
Most people (especially in India) may not be aware of the
concept of Bio-Concrete. We intend to identify some
research done in the respective areas and combine all the
elements for the reader to have a better understanding of
our core idea.
1. From a study conducted by Usman Aminu Umar, M.F,
Khamidi and Hassan Tukur named Sustainable Building
Material for Green Building Construction, conservation
and refurbishment, it is evident that the applications of a
sustainable building material not just minimizes
transportation costs and carbon emissions and in most
cases material costs, but also offer skill development
opportunities. [6]
2. From a Review Paper by Mr Apoorva V. Kotkar, Prof.
Hemant Salunkhe, it is found that people in countries like
India tend to be a little ignorant towards Green Buildings
and a lack of education can be observed. A Solution to
that, they mentioned, was spreading awareness through
government initiatives. Also, Training the occupants of
the building to use the building resources in a better way
will affect the performance they get out of it.[7]
3. A paper about the Green Building Movement in India
written by Dibas Manna and Sulgano
Banerjee, it is found that the mentality of “planting back
as many trees as cut due to the construction of a property”
is the only mentality that saves our country’s alarming
environmental state. They mentioned that saving in
operation costs for Green Buildings can be realized
through high efficiency illumination and insulation
systems, through a suitable material. They included
research that stated that 30% of greenhouse gasses are
emitted due to construction and an additional 18%
induced directly due to materials. [8]
4. From a Paper titled "Green Building Development for
Sustainable environment with special reference to India "
written by Syed Maqbool Geelani, Syed Hanifa Geelani,
S J A Bhat, Shamsul Haq, it is found that various agendas
need to be taken towards Green Buildings. They gave a
table showing the estimated cost of Green Architecture in
India and it was seen that the cost of Green Architecture is
showing a decreasing trend as more green projects come

The concept of sustainability has become a necessity in
the construction industry due to the effect that
conventional building construction has an environment
and economy. According to a study conducted [5],
Traditional buildings consume or are responsible for: 45%
of the world’s total energy use; 50% of all materials and
resources; 35% of the world’s CO2 emission; 80% of
potable water use. The employment of Green techniques
along with using Bio-Concrete as a material instead of
traditional concrete not only adds all the natural benefits
of Green buildings but also gives the building structure
more durability, strength and also reduces other
operational
costs thereafter proving to be more economical than a
conventional structure. The Table below shows an
example of how products in a conventional building can
be switched to Green Products to save more energy: [14]
Item

Flooring

III. LITERATURE SURVEY

II. PROBLEM DEFINITION

SR No.

4
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up with the payback time reducing too. They also
mentioned that we need to infuse more of traditional
architecture which was energy saving in its own unique
way.[9]
5. A Review Paper on Self-Healing Concrete by
Salmabanu Luhar and Suthar Gourav mentioned research
that showed an increase in compressive strength by
30.76% in 3 days and 46.15% in 7 days was observed.
The development of Calcium carbonate crystals decreased
the water permeability by decreasing the size of the cracks
from 0.5mm to 0.35mm.[10]
6. From another Review Paper on Bacterial Concrete by
Abhishek
Pandit,
Sahila
Shaikh,
Pranjali
Mangalwedhekar, Sakshi Jagtap and Swapnil Gorade, it is
found that there is an increase in strength by 15% in 7
days and 18-20% in 28 days approximately. It was also
seen that Bacterial Concrete prepared with admixtures
like silica fume, fly ash, and natural or artificial fibers
also gives additional strength and durability.[11]
7. A study on Bio-Concrete by Ishraq Mohammed Ali
Khattab , Hazhar Shekha , Mohammed Abukar Abdi
showed a complete analysis of the Bio-Concrete
mechanism. It showed that the two most used methods to
incorporate bacterial agents into concrete, Direct into
concrete and Encapsulation. The paper showed a
summary of Bacterial Samples, Capsule Substance and
also its Self-Healing properties. They showed the essence
of Natural,Chemical and Biological methods of design of
Bio-Concrete.[12]

IV. RESULTS AND CONCLUSION
Our Idea of using Bio-Concrete as a material in Green
Building is a very new idea hence the need to dissect the
topic into two parts, One being, to understand the
importance of Green Building with its functionality and
the benefits it has to offer and Two, understand what
Bio-Concrete is and what is the basic phenomenon of
occurrence of the Self-Healing factor in Bio-Concrete. We
have referenced various research into both the respective
topics and tried to find a way to blend the two concepts
for the reader to understand it in an easy way. Our Study
is just a medium for the reader to think about the idea of
Sustainability of environment through Green Architecture
and an introduction to the concept of Bio-Concrete and
thus, using it as a material for construction projects. On
our journey, we found that there is not much research that
has gone into Bio-Concrete (especially in India), yet the
concept is fairly popular in the construction industry. It’s
safe to say that most normal masses may have no idea
what Bio-Concrete is, thus our project is just a spark that
would induce curiosity in the minds of the reader.
Although Green Buildings and Bio-Concrete have made
considerable strides in recent years, they have not
received the traction they deserve, given their many
benefits.
V. FUTURE SCOPE

8. A research article into bacterial concrete showed the
difference in results between the Compressive Strength
and Flexural Strength of Bacterial Concrete and Standard
Concrete using a table, which is mentioned below: [13]
SL
NO.

DAYS

NORMAL
CONCRETE
(N/mm2)

BACTERIAL
CONCRETE
(N/mm2)

1

7

20.85

-

2

28

30.00

27.1038

As the world keeps evolving, we see that climate and its
change and sustainability have been trending topics of
discussion with some even calling it controversial.
Narrowing it down to the construction Industry , it is
important that we give the idea of sustainable construction
more thought and with the evolving technology , find
ways to improve the quality of construction so that it does
not have any negative effects on the environment. Green
Buildings not only provide a chance to a healthy
environment but also a chance to a healthy life as an
individual since the two are directly related. We think the
constantly emerging topic of Self-Healing Concrete will
attract more eyes in the future once more research follows
and people start realizing the benefits that it brings to the
table. Sustainable buildings will be a staple for a healthier
life may be 5-10 years from now. Until then, we can just
wait to see what more research finds about these ideas and
what the future holds.

Fig 1: Compressive Strength test results of Bacterial
Concrete for 7 days and 28 days.
SL
NO.

DAY
S

NORMAL
CONCRETE
(N/mm2)

BACTERIAL
CONCRETE
(N/mm2)

1

7

3.9

4.6

2

28

7.05

7.8
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The objective of a green structure configuration is to
diminish the interest on non-inexhaustible assets to least
prerequisite and expand the use productivity of these assets,
when being used, and to execute the 3R hypothesis of reuse,
reusing, and utilization of sustainable assets.

Abstract - Green building technology is one of the
most renowned topics all over the world which has been
brought forward to reduce a significant impact of the
construction industry on the environment, society and
economy. The globe is in a fast need of feasible and
brilliant improvement as this issue of contamination and
an Earth-wide temperature boost is quickly expanding
everywhere. An uncommon climatic change likewise has
been seen and being capable all over the world because
of expansion in the GreenHouse Gases . In the created
nations like the United States. Be that as it may, in the
creating nations like India, Srilanka, Pakistan, and so
forth, they are way off the mark to accomplishing a
manageable
turn
of
events
furthermore
eco-accommodating developments. As there is an
absence of mindfulness among individuals regarding
this, it's a worldwide issue in these emerging nations.

Of course, it isn't required that all green structures are and
will be something very similar. Various nations and locales
have alternate necessities and attributes, for example,
unmistakable climatic circumstances, exceptional societies
and customs, various structure types and ages, or
wide-running natural, financial and social needs - all of this
state of above makes for various green structures in various
nations .
II.

With the developing mindfulness of green structures,
the green structure development is very much ready to
arrive at more prominent statues. The execution of green
structure ideas is a colossal leap in the green structure;
impressions offer many difficulties and simultaneously
present enormous open doors.

Keywords - GREEN BUILDING, GREEN BUILDING
MATERIALS

I.

LITERATURE SURVEY

INTRODUCTION

Green structure, likewise called maintainable structure
or green development, is the idea of making constructions
and cycles that are earth asset productive and better
ecological change all through a development stage from
sitting to plan, development, activity, support, redesign and
deconstruction.

Executing economical advances requires tremendous
measure of introductory speculation which thus prompts
higher evaluating from purchasers. In any case, there will be
an expense decrease gradually because of the utilization of
powerful and productive green advancements when we are
at the development stage.

Its fundamental objectives are to safeguard assets like
unrefined substances, energy and water, protection against a
dangerous atmospheric deviation lessening the waste and
different contaminations, and broadening the entire
life-cycle execution of a structure.

The development of green structures and their
maintainability inclines toward the decision of the structure
materials. The selection of assets that are rapidly
inexhaustible in nature will help in lessening the degree of
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contamination on the planet that could be generally harmful
in long haul as well as eases back the consumption of
non-sustainable assets.

opportunities to explore a new way for constructing a
building where man can live in harmony with nature. Even
till date there is a huge research gap between today's
technology and living in harmony with nature in the green
building concept.

Utilizing the materials that are accessible close to the
site of development is a significantly more prudent,
naturally sound and energy proficient method for
diminishing contamination.

The below picture shows how readily available and
abundant in the world hey is just like this there are many
different types of material readily and in abundance
available in nature which can be used to make building.

In the image underneath we are showing various sorts of
blocks utilized , blend steel , glass etc utilized in making a
regular structure. Only so to for comprehension and
correlation between green structure material and regular
structure material.

IV.

PROBLEM DEFINITION

What is meant by green structure, it's a structure in
which its plan, development or activity decreases unsafe
consequences for climate , and can achieve a positive effect
all around the globe, on our environment and regular
habitat. Green structures assist us with protecting valuable
regular assets and work on our personal satisfaction by
utilizing ECO-accommodating materials in making a
structure.

III.

The clarification that we need green construction is an
aftereffect of green design that decreases water wastage, yet
moreover screens our typical resources by reusing, reducing
and reusing it also safeguards our biodiversity and works on
our air and water quality. Green construction moreover
reduced our carbon impression by conveying less wastage
and decreasing how much destructive gasses are conveyed
up high. Thus, the effect on our natural change is diminished
by a ton, and an unprecedented obligation to save our
present situation is made.

RESEARCH GAP

The development business is one of the principle
supporters of environmental change with its high energy
impression. Be that as it may, the capability of this industry
in diminishing ozone harming substances at least expense to
get adequate return offers is likewise exceptionally high and
feasible for organizers and naturalists. What's more, they in
all actuality do offer a considerable amount of benefits to
clients like property appreciation, decrease in power and
water utilization, decrease in squander age, utilization of
green and less energy-serious materials in development and
protection of plant life.
Though there are environmental and economic
advantages reaped by the green buildings, the changes have
been difficult due to many factors and obstructions faced in
doing so . Green building also has many research
opportunities in materials, energy, environment, quality of
living, sustainability ect. It also has a huge scope of
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wide scope of assortment it can propose in its items like
plasterboard and tiles. These items likewise offer better
acoustics for a definitive solace for the buyers. It is likewise
less expensive and a lot more secure for the climate to
utilize gypsum than some other regular structural material
utilized today.

To diminish working energy use, makers use nuances that
lessen air spillage through the construction envelope. They
moreover demonstrate predominant execution windows and
extra insurance in dividers, rooftops, and floors. Another
method, standoffish daylight based construction plan
Building materials typically saw as 'green' join wood ,
rapidly unlimited plant materials like bamboo and straw
reused current product, for instance, coal consuming things,
foundry sand, and annihilation garbage being developed.

In the picture below we are showing different types of
stone used in building material, different types of wood and
bamboo, different types of tiling used and vinyl ect.

Lessening water use and protecting water quality are the
significant protests in pragmatic development. One of the
basic issues of water use is that in different districts, the
referencing rate from the enabling spring appears at the
genuine spot. To expand the degree of acceptability,
working environments should develop their reliance on
water that is aggregated, produced,used, refined, and reused
on that very site.
Here we use Eco-Friendly development material which
doesn't hurt the climate, whether or not in its creation, use or
clearing and can without an entirely amazing stretch be
reused. Some are like bamboo , reused iron , plug, straw
gatherings , hampcrete , ashcrete , ferrock which don't hurt
the climate and are really open on the planet.

VI. FLOW CHART
Also we are trying to keep the research as simple as
possible, which is why we have made a flow chart.

This is a piece of the proposed approach where we can
improve or execute various necessities or methods in green
development.

In the below picture we are showing different types of
flooring material which is eco- friendly

Example of Eco - Friendly material
For example, gypsum, which is used to make gypsum
wallboards and ceiling boards, generally known as drywalls,
are mainly used to enhance the interiors of both residential
and commercial structures. The material's several
advantages are it's fire-resistant, cost-effectiveness and can
be employed in many different kinds of shapes to make it
optimum for utilization. In addition, gypsum materials are
lightweight, which make it easier for utilization, handling
and installation. These can be removed and installed easily
and can be cut into the desired shapes and sizes, making it a
versatile product for use.
Everything said and done, gypsum is otherwise called
perhaps the most maintainable choices with property like
least water utilization (offering close to 100% saving of
water), lesser completion time, meaning it invests in some
opportunity to be dried and be prepared for use. The item is
made of reused materials and adds to a large number of
affirmed green structure associations like LEED, IGBC and
GRIHA rating focuses.
Gypsum material likewise permits developers and
planners to satisfy green structure focus by their
accessibility, which lessens transportation, fabrication and
this item can likewise be reused, as a result of its low carbon
impression and high accessibility. With gypsum items, we
can likewise be taking care of clients' solace through the
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VIII. CONCLUSION
In the possible destiny of the improvement
business, green design will transform into its truly
friendly thought, to stand apart from people to buy, for
the friendliness among man and nature. Green
construction is one more compositional thought, as well
as the new development
orientation of the current improvement industry. It
will be the ever-evolving advancement thought of the
improvement industry in various years to come. Green
design thought in the advancement business has an
enormous significance on how we make a construction
and besides the way that we live in the world, can
restrict the abuse of resources, further foster resource
use, yet furthermore can diminish human activities on
the destruction of nature. Can assist us with living one
with nature.

VII. FUTURE SCOPE OF GREEN BUILDING
This concept is going to be a revolutionary idea in the
construction industry and one which will need to be adopted
all over the world very soon because only by adopting this
idea will we be able to preserve our nature in the coming
future. There is a huge scope of this in the future as it has
been mentioned in the paper that there is a huge research
gap in the domain of construction industry. Not only that but
this is also a relatively new idea so of course there will be
big opportunities related to this field in the future.
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sensors that measure moisture at root zone and optimizes

Abstract – India is a country with Agriculture as the
major profession. More than half the population of
India (72%approx) is engaged in primary activities like
agriculture. Due to the population growth, the demand
for food and water is Tremendously increasing. Thus, in
the agriculture sector, the main challenge faced by the
farmer is the optimization of water. There is a need to
set up a system that keeps track of the utilization of
water in the field. The only advocacy solution is
improvement in irrigation techniques. The smart
irrigation system using soil moisture sensors is an idea
proposed by us to reduce the excessive use of water and
provide proper yielding to the crops we are using the "
Extra sunshine hour” module so that the practitioner
can attain the desired quality of yield irrespective of any
climatic condition.

use of water.
The soil moisture-based irrigation control uses Tensiometric
and Volumetric techniques, which are relatively simple but
these quantities are related through a soil water
characteristic curve that is specific to a soil type. To enhance
landscape health, we used the extra sunshine method. The
"Extra sunshine Hour" module uses a certain hue of light for
the nourishment of crops as per the practitioner's necessity.
This Extra Sunshine Hour " module helps to achieve the
desired quality of yield. We have used two different
spectrums of light i.e. Red and blue which is the crucial
spectrum used by the plants for photosynthesis to transform
water, sunlight, and carbon dioxide into oxygen, and simple
sugars that the crop uses as fuel. An automatic plant
watering system or we can say it is a smart irrigation
system. We are using an Arduino microcontroller to control
and sense things in the projects such as sense or measure the
moisture in the soil. We are using a soil moisture sensor.

KEYWORDS – Soil moisture sensor, extra sunshine
hours, desire yielding, grow lights.
I. INTRODUCTION
As we know the greatest problems faced by the world is
water shortage and agriculture being a demanding
occupation consumes plenty of water. In the traditional
irrigation method, the requirements of water for crops is not
monitored by the farmer. Even when the soil contains
enough moisture, water is still provided/supplied. This water
is not absorbed by the plants and thus it is wasted.
Therefore, we have developed a smart irrigation system to
effectively control water system components through a
completely mechanized framework that Enhances landscape
health as well as gives quick results using soil moisture

II. LITERATURE SURVEY
A lot of work has been done and is currently going on.
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A low-cost smart irrigation system is proposed by,
[1] Anushree G, Badagowni Swapna, Juturu
Maneesha, Badagowni Swapna whose objective was
An automation system which conducts pre-processing
and feature extraction techniques on the image has
been developed to detect casualties in the agricultural
fields which makes it easy to detect flames and save
the yield by using wireless sensors and cameras.
Which not only provides comfort but also reduced
energy and time wastage. Basically, In the proposed
model ARDUINO UNO can be used instead of
raspberry pi. It’s very easy to interface analog sensors,
motors and other electronic components with Arduino,
with just a few lines of code. On the other hand the
proposed model is not affordable by poor farmers or
farmers residing in remote areas where they are not
able to access electricity. So the model should be
prepared in such a way that poor farmers can also use
it and the can gain the power supply through solar
means.

purchase it.
[5] The objective of Agricultural Sprinkler for Irrigation
System which was proposed by the authors Nirali Hemant
Patel, Chintan Rajnikant Prajapati was to identify the
groundwater critical zones, study the fluctuation of
groundwater level and analyses the trend of
Ground water
level. But during the supply of
water in the field if there is a leakage in the hose then
there can be a case of water logging in the field. So for
sustainable supply an alternative durable discharge line
should be applied. By observing the following papers our
main motive was to increase yield, sustainability and
availability for the people involved in the agricultural
sector. By focusing on the following motives, we have
adopted the method of implementation of soil moisture
sensors in the agricultural field in an effective manner.
III. RESEARCH GAPS
From the survey, we can see how the water percentage is

[2] Automation in Agriculture using AGROBOT done
by the authors Sindhu B R, Asha K, Raghu C, Chethan
Shindhe R, Sahana P. Their proposed model was Use
of “AGROBOTS” in agricultural field for various
purposes activities such as ploughing, sowing seeds,
spreading water to plants, cultivating crops, spraying
medicine on plants, and cutting off plants. But in a
case if the AGROBOT stops due to some obstacle and
if water starts sprinkling automatically then there can
be an issue of excess watering in the field. We
criticized that the AGROBOTS used in agricultural
fields should be designed in such a way that they can
withstand the climatic and physical (wear and tear)
conditions and supply absolute amount of water in the
field.

reducing year by year from 1960 to the present. If the rate
remains it leads to a water shortage. So there is an
emergency to conserve water. The reason behind this
shortage of water is using a traditional system of irrigation
During the traditional system requirement of water to plants
is not monitored properly.

[3] A Review on Solar Photovoltaic Powered Water
Pumping System for off-Grid Rural Areas for Domestic
use and Irrigation Purpose which was done by the authors
Yigrem Solomon, P. N Rao, Tigist Tadesse focused on the
Utilization of solar photovoltaic powered (PV) as a power
source in water pumping system to provide water for
domestic use and irrigation purpose. In this one can use
many alternative viable sources such as dye-sensitized
solar cells, organic photovoltaics, perovskite solar cells,
quantum dot PV, wind energy, tidal energy, etc. instead of
photovoltaic cells. The proposed model uses photovoltaic
cells which in turn is not more effective in the areas with
excessive rainfall or rainy areas so alternative sources will
be required for the energy generation.

Also, the recently known methods like Drip irrigation,
Sprinkler irrigation, Center pivot cannot withstand the
adequacy of efficient water conservation.
Surface and groundwater supplies are being increasingly
polluted by agricultural, domestic/urban, and industrial use.
Groundwater containing naturally occurring ions like
arsenic and iron is increasingly being used, causing
drinking water supplies and agriculture problems. This
excess amount of water is not absorbed by the plants and is
wasted thus. To monitor the water requirement of the
plants a system is needed. Implementing smart irrigation
helps to decrease the loss of water caused by using the
traditional system.

[4] Smart cultivation which was proposed by Amisha
Ishwarbhai Antiya, Komal Sattaiah Annaldas, Dimple
Raghuveer Swami, Ms. Nitika Rai. They focused on
designing a system to incorporate precision agriculture as
well as automation of certain farm processes using wireless
sensor networks and IoT technology. In this case study
most of the parameters and precautions are mentioned. The
following model cannot be implemented by poor farmers
and on larger areas due to the cost efficiency so it should
be made available in such a manner that poor farmers can

IV. PROBLEM DEFINITION
Until quite recently, India enjoyed abundant water
resources. But population growth and overexploitation
have led to a situation where the water demand is
exceeding the supply. During manual irrigation, the water

77

necessity of plants/crops is not monitored. Even when the
soil is moist sufficient, water is still provided. This water is
not absorbed by the plant and thus is lost. Hence, a system
to monitor the plant's water requirements is needed.

3) The system is used for sensing, monitoring, controlling
and for communication purposes.
4) Depending upon the sensor output, the processor will
take the necessary action.

V. PROPOSED METHODOLOGY
Our proposed methodology is that we are going to prepare a
smart irrigation system Arduino based soil moisture sensor.

EXTRA SUNSHINE HOUR: -

The following components are to be purchased by the
Wholesalers: Arduino uno (with USB), four relay boards,
soil sensor (probe), jumper wires (m/f) and jumper wires
(f/f).

⮚

By observing the current need in the agricultural sector for
vegetating the desired yield we have developed a
component named " Extra Sunshine Hour ".

After buying all the required components we are going to
connect the system in a manner which is shown in the
circuit diagram below. We are going to perform a test in
which we will create a miniature model of the agricultural
field. There will be division of the field into two parts. On
both sides agricultural crops are to be grown, on one side
we will apply the traditional method to water the crops and
on the other side we will use our proposed model soil
moisture sensor which is to be connected to a motor which
will in turn supply water in the field through valves.
Readings of the discharge for both methods are to be taken
and analyzed for a given period of time. According to our
proposed analysis the one half of the model where soil
moisture sensor is used for irrigation has up to 65% of
increase in efficiency which in turn increases the yield and
it reduces the volume of water required for irrigation up to a
greater extent. While the other half which is to be irrigated
using the traditional method (pumping system, rain, canals)
has less efficiency with respect to the irrigated area using
soil moisture sensors.

The "Extra sunshine Hour" module uses a certain hue of
light for the nourishment of crops as per the
practitioner's necessity. This Extra Sunshine Hour "
module helps to achieve the desired quality of yield.

⮚

We have used two different spectrums of light i.e., Red
and blue which is the crucial spectrum used by the
plants for photosynthesis to transform water, sunlight,
and carbon dioxide into oxygen, and simple sugars that
the crop uses as fuel.

We can control these lights with the help of an application
that operates the Arduino.
The following are the components used:
1)
2)
3)
4)
5)

Arduino UNO
4 channel relays
Bluetooth module HC-05/06
Jumper Wires
Grow lights

The working of our proposed smart irrigation model:
The field study generally includes the process of
implementation of our model into the agriculture field.
Which will work in the following ways.
1) Our system which is generally dealing with soil
moisture & temperature sensors will provide certain
data.
2) On analyzing that our system used to turn the values
ON or OFF automatically as per the water requirement
of plants.

A Basic Representation of the Extra Sunshine Hour

Module.
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What are the key features of the Extra Sunshine Hour
module?
1)
2)
3)
4)

Obtaining Desired Yields.
Easy monitoring.
Flexibility in control.
Off-season nourishment to crops.
VI. OBJECTIVES OF STUDY

1. The main objective of our proposed model is to optimize
the usage of Water by reducing
wastage and reducing the human intervention for farmers.
2. Soil moisture sensors measure soil moisture at the root
zone and regulate the existing
conventional instigation timer, resulting in considerable
water savings when installed and used on property.
3. The main aim of the "Extra Sunshine Hour " module is to
enrich plant growth ensuring the desired yield in any
climatic condition.
VII. CONCLUSION
Our smart irrigation system is feasible and cost effective for
optimizing resources of water in agriculture production.
1) It can help improve the irrigation system in places with
water scarcity
2) Hence this results in good production and great saving
of time and money
3) Our system is linked to an extra sunshine hour module
which will increase yield and crop growth.
4) This technology makes working more comfortable and
automation makes this level up.
With the help of the" Extra sunshine hour” module the
practitioner can attain the desired quality of yield
irrespective
of
any
climatic
condition.
One can control the lights through an application anywhere
at any time which in turn reduces human intervention in the
field.
REFERENCES
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https://lordsavitar51.wixsite.com/smartirrigation
[2] OUR VIDEO:
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which ultimately has an adverse effect on the overall
project. With the advent of computers and electronics in
construction, although there is tremendous technological
advancement in various aspects of construction, such
innovations are not being practically adopted in most
aspects of the project. This can be attributed to reluctance of
the contractors to change, each construction project being
unique, as well lack of trained manpower to facilitate such
techniques to be implemented holistically. This stunts the
growth of the construction industry. Therefore, construction
becomes a difficult job and often overshoots the time and
budget earmarked for its completion. This leads to a
compounding problem of claims, disputes, mistrust between
various parties and reduced profit sharing or even losses by
some parties to construction.

Abstract – Construction industry is one of the most crucial
industries for any nation w.r.t its economic growth and
development. This industry is complex and hence is susceptible
to disputes, delays and cost overruns. As a thumb rule, in
developing countries, it is estimated that construction materials
alone account for more than 60 percent of the total expenditure
of a project. Therefore, effective and efficient material
management is paramount for successful completion of a
construction project within the estimated budget and time.
This paper mainly compares various available techniques of
material/inventory management such as ABC analysis,
Economic Ordering Quantity (EOQ), Material Requirements
Planning (MRP), Just-In-Time (JIT) Concept etc. and their
feasibility in the construction industry. Even after having a
number of methods and techniques developed for
material/inventory management which are efficiently applied
to other types of industries, it is observed that most of these
techniques seem to have limitations in the construction
industry due to its complex and highly uncertain nature. The
methods can be applied to the construction industry to some
extent but straightforward and complete application is not
feasible, i.e., impractical and perhaps impossible. This can be
owed to the fact that each construction project is unique and
construction processes are often demand driven. Work
stoppages and sometimes crippled schedules due to
overlapping of activities is a common phenomenon observed in
construction. Therefore, a need is felt that a reliable method,
flexible enough to take into account the changing inventory
requirement pattern be devised, so that material wastage is
avoided, as well as associated understocking and overstocking
costs are eliminated.

Each construction project has a number of activities and
sub-activities involved. And each activity and sub-activity
has a number of materials associated with it. Construction
materials constitute a major chunk of the cost (to the tune of
around 60%) in most construction projects. Therefore, to
reduce construction costs, effective and efficient materials
management is most crucial. The principal aim of materials
management is to ensure that materials are available in time
at their point of use when needed, thus leading to timely
completion of the work. As a result, organizations need to
understand the ill-effects of improper materials management
techniques and how they would stretch project costs and
timelines. Effectively implemented material management
plans can ensure timely flow of materials to the job-site
when desired, thereby facilitating efficiency, enhanced work
face planning, increased labour productivity, better
schedules and lower project costs.

Keywords – inventory; material management; ABC; EOQ;
MRP; JIT; flexibility; software.

I.

INTRODUCTION

Material management is an essential feature paramount
towards maximizing productivity in infrastructure projects.
Monitoring and controlling the materials procurement and
its usage for each and every activity and keeping a track of
the inventory without implementing a proper system is quite
tedious. Thus, number of systems are developed and being
used in contemporary projects, but still a lot of scope is
there to improve the efficiency of those systems

Construction industry is one of the most crucial
industries for any nation and is the second largest industry
in India after agriculture. It is a sector which contributes
maximum Gross Domestic Product (GDP) to any nation and
hence plays a vital role in its economic growth. The extent
of infrastructure growth in a country significantly depends
on how pronounced its construction activities are, since it
provides significant employment to large masses. In
addition, it is a high-risk industry which constitutes a wide
variety of activities involving schedules, designs, plans,
constructions, modifications, maintenance and repairs,
demolition of buildings, civil engineering works, electrical
and mechanical engineering works and other similar works.

II.

REVIEW OF LITERATURE

Bell and Stukhart (1987) compared two projects with
respect to their costs, characteristics and perks of
well-planned and executed material management systems.
The research was carried out in two phases. The key
findings were that project planning, support from top
management and communication are the prime reasons for
successful material management. Further, if a robust

Construction industry is susceptible to cost exceeding,
delays and disputes due to its complex nature. Failure to
adhere to timely implementation of various building and
infrastructure project stages leads to cost and time overrun,
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material management system preferably in digital form is
present, it would lead to much more savings as compared to
conservatively accepted traditional methods. Other
substantial benefits in their order of significance comprised
decline in bulk materials surplus, decrease in management
manpower, improvements in procurement, savings in cash
flow and reduction in warehouse space requirement.
Eventually the anticipated profits will definitely be more
than the system costs even under the most conservative
assumptions.

related to material management, which often cause chaos on
construction sites. 40% loss in daily productivity due to
material management deficiencies was observed due to
various reasons. Research needs to be encouraged to
investigate different materials that can be directly
transported to site without having the need to store in
godowns, which will reduce the requirement of storage
space on site considerably. Alternatively, studies on high
level of coordination, improved visualization, FIFO, LIFO,
JIT etc. shall be studied and applied to construction projects

Kini (1999) observed how material management is done
in a typical Engineering Procurement and Construction
(EPC) project. EPC projects are divided into phases such as
planning, design, procurement, subcontractor control,
construction, and closeout. The project manager must
oversee the various phases of the project to ensure that the
materials management is carried out effectively among the
teams. Thus, subcontracting some part of the work and/or
procuring materials through a robust competitive tendering
process will eventually lead to risk sharing and best price in
the market for the desired quality. Thus, once a list of
vendors are finalized for different materials, the schedule of
activities must be updated with the most precise material
requirement data to meet the exact construction needs, so
that loss of revenue due to understocking and blocking of
inventory due to overstocking are avoided

Segerstedt et al., (2010) through this paper throws light
to a distinct problem regarding the management of its
supply chains in the construction industry. The main focus
was to deliberate the resemblances and variances that they
have with the traditional manufacturing industry and its
supply chains. In the manufacturing industry, the customer
can place an order for a product through specifications in
various degrees such as: i. engineer to order, ii. modify to
order, iii. configure to order, iv. select a variant. On the other
hand, the construction subcontracts most of the work and
carries out only a small part of the project with the help of
its own resources. This is mainly done for risk mitigation
and dispersion for the sake of compensating for an unstable
market.
Singh (2011) remarked that one of the most important
elements for the growth and competitiveness of businesses
is Supply Chain Management. Due to inefficient planning,
improper directions and lack of resources, medium and
small industries in most of the developing countries face
problems in coordinating their supply chains. Thus a
framework for improvement of coordination through
formulation of an index for coordination in the supply chain
was developed. It was observed that the commitment of the
top management is an essential driving force in enhancing
the coordination among various factors.

Vrijhoef and Koskela (2000) investigated the status of
construction supply chain management. They compared
previous case studies and found out how futile attempts
were made to improve the construction supply chains, which
were neither economically nor functionally viable. They
observed how the “construction factory” is a typical
build-to-order supply chain which is set up around a single
product, whereas in manufacturing industries, various
products are distributed to the customers after being
produced in the factory, leading to better and
quality-controlled product delivery. Thus, whenever projects
of a particular kind are carried out, the procedures can be
alike in construction too, which will enhance the production
rate. Thus, the wastages seen in the construction supply
chains are immense even when the situations are normal,
which cannot be detected early due to inappropriate and
obsolete control of the construction supply chains. Thus, if
properly applied, efficient Supply Chain Management
promises to give practical solutions to all the obstacles in
construction and helps in the overall growth and
development in construction.

Patel and Vyas (2011) studied the lack of proper material
management techniques on construction sites in
Ahmedabad. Material management of three eminent
developers were examined. It was deduced that control of
wastage of building materials was of utmost importance for
which benchmarking is necessary. Proper coordination
between the site and the organization is very crucial and
hence they suggested that a centralized material
management team must be formed, which should be
responsible and accountable. Once an efficient Management
Information System (MIS) is set up, adequate control,
tracking and monitoring of the system will be possible
which will merge all the features of material management. It
was seen that the efficiency increases by about 35% when
enterprises employ proper materials management systems.

Thomas et al., (2005) argued on the lack of fundamental
principles for the management of construction sites. There is
enough awareness when it comes to consequences of
unproductive decision-making and about the things that go
wrong and the risks associated with it. But controlling the
time overruns and cost overruns becomes very tedious as
there isn’t sufficient knowledge or published data when it
comes to this topic. As a result, site material management
practices are most affected. Lean construction is often
resorted to as it promises to deliver optimum management
of material. Although most of these principles are difficult
to carry out at the site level as they are unclear and laborious
to decipher. However, the efficiency and labour productivity
is hampered if there is any interference to the normal flow
of material and this is the only aspect which is clear. Studies
on about 125 construction projects revealed problems

Shin et al., (2011) investigated the ability of a seamless
integrated information management framework to provide
logistics information to stakeholders of the project for the
ease of their decision making. It was revealed in the pilot
test of the developed structure that time efficiency can be
enhanced by over 32% as compared to the traditional supply
chain management. Radio-frequency identification (RFID)
based construction supply chain management environments
can prove to be a boon to construction logistic management.
Intelligent equipment incorporating RFID technology can be
implemented to accumulate and communicate data in the
supply chain, leading to seamless material flow.
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Caldas et al., (2014) identified materials management
strategies that represent contemporary and futuristic trends
in the capital projects sector. Surveys, interviews and case
studies were executed in about 54 organizations revealed
that the contractors have much lesser developed processes
and procedures than owner organizations. A massive impact
is seen on material management due to advancement in
technology and fully automated systems are used to
generate materials requirements. 3D modeling is used to
directly calculate quantities and this material requirement
data is further shared with the teams handling procurement.
Assessment of innovative and efficient materials
management methods, as well as emerging factors and
challenges for the sector, was documented. In the initial
stages of planning of the project, the role of materials
management is very critical, where real-time coordination,
monitoring and digital modifications is paramount. In the
initial phases of Material Requirement Planning (MRP) and
project procurement plan development, documented quality
processes and performance continue to be a major
component of systematic material management of
contemporary construction entities

management techniques. This system can either be a
website, a computer application or a smartphone
application. Stoppage of work and crippled schedules are
the main issues in the construction works. Hence the
material management methodology needs to be flexible
enough as activities can be delayed or started ahead of time
depending on the conditions of the site. Due to this, the
system should not be completely automated and the main
control should be given to the site manager and the
procurement team. Material Requirements Planning should
be carried out in the beginning so that the quantities of
required material at various phases of the project are
estimated. Also, it is important to maintain the record of the
inventory and the stock on a daily basis. The material stock
should be updated as per the consumption and activities
performed on site. The interface should have a list of all
activities of the project. Similarly, the user should be able to
split activities as per site conditions. It can be done by
integrating the interface with other project management
software such as Microsoft Projects, Primavera etc. for
better management of materials to some extent. Economic
Ordering Quantity and ABC Analysis should be
incorporated so that the manager is able to easily understand
the requirement of materials according to upcoming
activities.

Sarovar et al., (2018) discussed the pros and cons of
various material management methods used on construction
sites, as well as how they influence the project's economy. It
was observed that only major construction businesses in
India utilize standard protocols and software for material
management, therefore least issues are encountered by them.
Small and medium enterprises, on the other hand, fall
behind in material management due to a lack of use of
modern software or a lack of understanding of material
management techniques. Furthermore, they seldom have a
material management department. Much research still needs
to be done in the sector, as results reveal that even after
using material management techniques, softwares, etc. many
problems in material management are still faced by big
construction players. Lack of material management
ultimately results in wastage of materials, decrease in labor
productivity, delay in work and project cost overruns.
III.

INFERENCES OF LITERATURE REVIEW

Construction projects are subjected to various constraints
like the project complexity, resource scarcity and duration
uncertainty. CPM and PERT are has-been methods and are
not justifiable and effective as they are dependent on
assumptions. This method could eliminate the overestimated
project durations and give faster and efficient methods of
construction. With RERA (Real Estate Regulation and
Development) act, 2016 it becomes important for the builder
to complete the project in the stipulated time to avoid being
penalized.
IV.

Logic should be developed for linking Economic
Ordering Quantity, Stock Quantity and Required Quantity
so that the exact quantity of material can be ordered at the
required time without increasing material carrying costs or
ordering costs. Cost per unit of materials can be added into
the system so that the user can directly get the total cost
amount for ordering the required material at that particular
stage so that the funds can be mobilized for the same. List of
suppliers can be maintained into the system itself so that the
contact is readily available to the user for placing the order.
Notification systems can be integrated into the framework
that notifies the user at regular/critical intervals regarding
the stocks and requirements. The interface can be updated as
per regular advancements in technology and management
techniques.

METHODOLOGY OF PROPOSED WORK

Considering the nature of the construction industry,
especially for small and medium companies which are not
as familiar with the material management techniques, it is
very important to start employing certain techniques in
order to efficiently complete projects within the specified
time and budget. Based on the inference of literature review,
a computer system/tool can be developed for construction
inventory management by combining various material
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[9]

V.

EXPECTED RESULTS/OUTCOMES

Based on the above methodology, the developed
software/interface when used will help in the material
management efficiently since it will be flexible enough so as
to give better control of material to the site manager or
material management team. Further, it will help in tracking
the material flow on site and improve record keeping. Thus,
the hassle associated with physical documentation of
materials will be eliminated. The data can be retrieved
through running digital queries as and when required.

[10]

[11]

[12]
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Abstract- The Objective Of This Paper Is To Study
And Observe The Healing Effect Of Bitumen Mastic
And Porous Bituminous Concrete Caused By
Induction Heating. As Per Research It Was Found
That A Broken Mastic Bind Of Bitumen Concrete
Could Be Healed Many Times By Simply Inducing
Them With Heat. Also It Has Been Observed That
The Bituminous Concrete Recovers More And Faster
When Heat Is Induced To It. Based On These
Findings, We Intend To Test The Self Healing Rate Of
Bitumen Mastic And Bitumen Concrete, Which Can
Also Be Increased By Adding Steel Fiber In It To
Reduce Aging. Adding Steel Fiber In The Bitumen
Concrete Will Make It Electrically Conductive Which
Will Result In Making The Pavement Suitable For
Inducing Heattoobserve The Healing Effect. The
Mechanical Properties Of The Pavement Will Also Be
Tested. Strength Of The Bituminous Concrete Will Get
Increased With The Help Of Steel Fiber And It Will
Also Resist Raveling And Fatigueness. Based On All
These Findings, The Future Application Of
Bituminous Concrete Pavement With Steel Fiber
Appears To Be Promising.

environmentally
friendly
tool
for
stormwater
management. It removes contaminants as storm water
passes through the porous bitumen. However, there are
several disadvantages of this material in roads i.e.
Ravelling and loss of aggregate due to development of
micro cracks in binder. The service life is less compared
to that of dense graded bituminous concrete which will
result in increased maintenance. But to overcome these
disadvantages we will be using steel fiber which will
strengthen the concrete and work as binder and when
heated it will again heal which results in increased
durability and cost cutting in terms of maintenance which
will be highly beneficial for the government as well as
common people since chances of accidents will be less
because roads will be clear and has low noise than regular
roads. Bituminous concrete can restore its stiffness and
strength when subjected to rest periods. In this test , the
healing potential of bituminous concrete pavement will be
examined at high temperatures (As per experiment by Dr.
Erik Schlangen the best healing temperature for this type
of pavement is 850C) to restore its mechanical properties.
Initially the technology of induction was used in the
Netherlands to prevent the raveling of bituminous
concrete pavement with the help of alternating magnetic
field application. Using this type of method has
advantages over other methods because with this
technique we can induce desired heat at the desired depth
and due to the additives it will not cause the mix or the
surface to overheat.

Keyword – porous bitumen concrete, induction heating,
healing, steel fiber.
1.INTRODUCTION
There are many crises related to roads where water
clogging and potholes are two major problems. These
problems can be dealt by using Porous bituminous
concrete using additional steel fibers to make roads.
Porous bitumen was first used in the Netherlands in 1972.
Porous bitumen has a minimum air voids content of about
20%. The first advantage of porous bituminous concrete
is to reduce noise pollution in 2-3db when compared with
regular roads. Porous asphalt has an open- graded surface
over an underlying recharge bed. This results in an
advantage for drainage of water. The water drains through
the porous asphalt and into the stone bed, then, slowly,
infiltrates into the soil. Porous bituminous concrete is an

2. RESEARCH GAPS
In Indian literature open Graded mixes are available and
the air void ranges from 14-23%. Open Graded mixes are
precious in nature and lead to premature failure. If we go
for porous bituminous mixes the same problem will occur
but the addition of Steel wool may solve the problems
associated with conventional open Graded concrete
mixes.
3. PROBLEM DEFINITION
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When the road made by porous bituminous concrete is in
use there is a chance of coarse aggregates getting free
from binder . This problem is caused due to aging of
binder and it is known as raveling. But we can effectively
deal with this problem by adding steel fibers in the porous
bituminous concrete which will strengthen the binder and
help the pavement to heal when induced with heat.
4. PROPOSED METHODOLOGY
In this research , porous bitumen concrete specimens have
been used. The basic approach will be to use porous
bitumen concrete consisting of damaging samples, and
then, heat them via induction energy. This cycle can be
repeated several times. Healing is the difference between
the mechanical resistance before and after heating.
Strength recovery, stiffness, recovery and fatigue life
extension were used to quantify the healing rate of porous
bitumen concrete. Design of Porous concrete mixes as per
Indian and some other standards. Design of Porous
concrete with steel wool as per Indian and some other
standards . Development of Heat induction mechanism.
The development of an induction machine which will be
used to heat the road will be necessary to heal the road to
increase its durability. Evaluation of healed mixes as per
the standard practices.
Figure in the side shows the healing of the bituminous
concrete:4.1 MATERIALS AND EXPERIMENT
Raw materials :- It is an integral part for preparing the
concrete mix , and the performance of the concrete mix
will depend on the properties of raw material that we use.
Coarse aggregates , bitumen concrete , water and steel
fiber as an additive will be used for the tests.
The main component of the porous bituminous concrete
mix will be its coarse aggregates , therefore it is necessary
to use aggregates of good quality and also that it is dry ,
angular and close to the cube in shape. As per research ,
we can use a porous bitumen mixture of PA 0/16 with
5.2% bitumen. Steel fiber of type 00 can be used as an
additive in the mixture. Steel fiber with density of 7.6
g/cm3, a length and diameter of 9.5 mm and 8.87 – 12.7
μm can be used. And then the specimen will be studied
under various tests. As a lubricant we will use water, it
plays a role in promoting the formation of porous
bituminous concrete . Ordinary tap water can be used for
preparing the specimens .

5.1. Four point bending fatigue test
Before starting the healing test, the fatigue resistance of
the beams will be studied first in a four point bending
fatigue test according to European Norm EN 12697- 24.
The purpose of these tests is to obtain the fatigue life of
the beams under different stain levels so that the damage
content in the subsequent healing test can be calculated.
The test will be done at 20 C with a frequency of 8 Hz.
The initial flexural stiffness will be calculated from the
measured force and displacement after the hundredth
cycle (n = 100) according to the following equations:

5. TESTING THE PRODUCT
In this research, the basic approach to heal porous
bitumen concrete beams consisted of damaging the
samples in fatigue, then heating them via induction
energy,and finally testing them again under fatigue to see
if the fatigue damage was healed. The fatigue life
extension ratio of fatigue damaged beams after induction
heating was used to quantify the healing rate of porous
asphalt concrete. The stiffness recovery after damaging
and heating was also used as an indication for healing
efficiency.

where e is the maximum micro-strain applied on the
beam, d is the peak deflection at the center of the beam, h
is the average beam length (mm), GO is the outer gauge
length, GI is the inner gauge length, r is the maximum
tensile stress (k Pa), P is the peak force (kN), W is the
average beam width (mm), and S is the flexural stiffness
of the beam (M Pa). The fatigue test continued until the
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flexural stiffness dropped to half its initial value. After
testing the fatigue life of the beams at 6 micro-strain
levels (150– 200–250–300–350–400 lm/m) of sinusoidal
loading, the fatigue line of the beam will be determined
according to the following equation:

induction heating machine and then rest it for 18 h, and
finally damage the beam again with fatigue loading. The
second time fatigue life can be seen as a healing
indication caused by resting and induction heating. The
healing index fatigue life extension ratio can be defined as
the extra fatigue life (Df) after damage divided by its
original fatigue life (f). This relative healing indication
eliminates the influence of the absolute fatigue life on the
healing rate. Second, to qualify the effect of temperature
on the healing rate and to determine the optimal heating
temperature, the extra fatigue life of the damaged beams
with different heating and resting temperatures were
investigated. For that, the beams were damaged with a
constant fatigue loading stain amplitude of 300
micro-strain (8 Hz). Then, the beams were induction
heated to three different temperatures 70 C, 85 C, 100 C
respectively and rested at 20 C for 18 h, or directly rested
at 20 C or 5 C for 18 h. Finally the fatigue lives of beams
will be measured again with the same stain amplitude.
Third, the relationship between the damage extent and the
healing rate will be studied to get an idea of the optimal
time to start induction heating. The beams were loaded
50,000, 60,000, 70,000 cycles or loaded until failure,
respectively, with 300 micro-strain at a frequency of 8 Hz.
The damage extent can be described as the loading cycles
divided by the original fatigue life (95,700 determined
from the fatigue line of this mixture). So 50,000, 60,000,
70,000 cycles’ loading corresponds to a damage extent of
so and so extent respectively. Then the damaged beams
will be heated to 85 C and rested for 18 h.
Finally, the fatigue lives of healed beams will be
measured with the same strain amplitude of 300
micro-strain.
5.4. Multiple times induction heating test
The possibility of multiple times induction heating will be
examined to show that induction heating could be
repeated when cracks return after healing. A strain
amplitude of 300 micro-strain, at a frequency of 8 Hz,
will be applied on the porous asphalt concrete beam for
50,000 cycles. Then, the sample was induction heated to
85 C and rested for 18 h for the first time. After that,
another 50,000 cycles fatigue loading was applied on the
beams, followed by the second time heating and resting
process. The damaging, heating/resting and re-damaging
process was repeated four times. Finally, the fatigue life
of the beam was measured.
5.5. Flexural stiffness recovery measurement
The flexural stiffness recovery of a damaged beam will be
measured in this research to characterize how the healing
recovery developed with the resting time and to compare
the differences between natural healing and induction
healing. Firstly, the flexural stiffness of the porous asphalt
concrete beam was measured in four point bending
stiffness test with a strain amplitude of 50 micro-strain at
20 C. Secondly, 70,000 cycles fatigue loading of 300
micro-strain was applied to the beam at 20 C with a
frequency of 8 Hz to damage the beam. Then, the flexural
stiffness recovery of the beam with resting time was
monitored in a four point bending stiffness test. When the
stiffness stopped recovering, the beam will be heated to
85 C with induction heating and was rested for 3 h at 20 C
for the temperature

where Nf is the number of loading cycles to fatigue, e is
the micro-strain amplitude used in fatigue testing, a and b
are fatigue constants. The initial strain corresponding with
a fatigue life of 106 cycles e6 was determined according
to the fatigue line and the fatigue resistance of this porous
asphalt concrete will be evaluated and compared with the
references.
Fig. Below shows the setup of four point bending test

5.2. Induction heating tests
The objective of the induction heating test is to measure
the heating speed of the beams. Given the induction
heating speed, the heating time needed to get a certain
temperature can be calculated in the subsequent healing
experiments. The induction heating experiments will be
performed by using an induction heating system with a
capacity of 50 kW and at a frequency of 70 kHz. The coil
of the induction heating machine had a size of 150 mm
500 mm. The distance between the coil of the induction
heating machine and the top surface of the sample was
varied from 30 mm to 20 mm and 10 mm to study its
effect on the heating speed of the sample. The beams will
be heated for 3 min and the temperature changes of the
beams were measured with a 320x240 pixels, full color
infrared camera. To get a better understanding of the
induction heating system, induction heating image of a
porous asphalt concrete beam. As the main goal of this
induction healing approach is to prevent surface damage
ravelling, the surface temperature of the pavement after
heating is most important. So, these experiments focus on
the temperature increase speed at the surface of the beams
during heating.
5.3. Fatigue life extension test
First, to compare natural healing and induction healing
and to analyze the influence of strain amplitude on the
healing rate, the fatigue life extension of the beams
caused by natural rest periods and induction heating will
be studied under four different strain amplitudes
(200–250–300–400 micro-strain), at a frequency of 8 Hz.
The test procedure consisted in damaging the beam in
four-point bending fatigue test until its flexural stiffness
was reduced to 50% of the initial value, then rest the
beam for 18 h directly or heat the beam to 70 C with the
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to cool down. Finally, the stiffness of the healed beam
will be measured.

As per previous research, the strength recovery of porous
bituminous concrete was successfully used to characterize
its self-healing effect. It was found that a completely
fractured bitumen beam which was used in an experiment
containing steel fiber type 000 can be healed many times
due to induction heating. During the induction heating ,
cracks in bituminous beam
disappeared because of the flow of bitumen. In addition ,
the stiffness recovery and fatigue life extension were used
to quantify the healing rate of porous bituminous
concrete. It has been observed that adding steel fibers to
the concrete had better healing effects than usual samples.
Heating should not be too early or too late .It it is too
early, porous bitumen concrete can heal the damage. But ,
if porous bitumen concrete is heated too late, the healing
efficiency will be poor, because structural damage such as
permanent deformation or broken stones will have
happened, which is beyond the healing capacity of the
porous bituminous concrete.

6. EXPECTED OUTPUT
A new opportunity will be introduced in INDIA. To make
use of this material in highways , colonies etc , including
the places of high rainfall. The use of this road will
cut-off heavy maintenance charges and since its
eco-friendly it will benefit the environment as well. The
material used in this road falls under green material. To
decrease road accidents by providing smooth roads and
clean roads since liquid and small particles will pass
through it. To make this road work exactly as pervious
concrete road while increasing its strength so it can be
used at the place of heavy traffic too.
7. LITERATURE SURVEY
Bazin and Saunier (1967) found that asphalt concrete
beams, tested until failure under uniaxial tensile loads
could recover 90% of their original resistance when they
were let to rest under pressure at a temperature of 25 C.
Phillips (1998) proposed a three-step diffusion model to
explain the healing of bitumen:
(1) closing of cracks due to wetting
(2) closing of cracks due to consolidating stresses and
bitumen flow, and
(3) the complete recovery of mechanical properties due to
diffusion of asphaltene structures.
Castro (2006) explained the healing of asphalt mixes
during rest periods by the sol–gel theory.
García et al (2009) suggest that addition of steel fibers
(steel wool) to porous asphalt concrete can be a better
solution. When small cracks occur in the material, the
temperature can be increased by induction heating via an
external source to make the bitumen soft enough to start
the self-healing process.
Liu et. al. (2010) proved that asphalt mastic and porous
asphalt concrete containing steel wool can be heated
quickly with induction heating. Little and Bhasin .
demonstrate that the fatigue life
an asphalt mixture can be extended when rest periods are
introduced in the normally continuous loading test.
Williams et al. used surface wave measurement to assess
the stiffness of a pavement before, immediately after, and
24 h after loading passes. The stiffness recovered
completely after 24 h of rest (8) . It was also reported by
many researchers that cracks observed in winter
disappeared in summer. As a consequence, healing plays
an important role in the shift factor required to translate
the laboratory fatigue life to the in situ fatigue life (9 ).
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Abstract- Recently, soil reinforcement is gaining
importance in many different civil projects. Roads in
India have mostly problems like the formation of
potholes, ruts, cracks and localized depression and
settlement, especially during the rainy season. These
are mainly due to the insufficient bearing capacity of
the subgrade in water saturated conditions. Subgrade
soil and its properties are very important in the design
of road pavement structure.As its main function is to
provide support from bottom so it should have high
load carrying capacity. Sub grade soil can be improved
by installing geogrid. Geogrid increases frictional
interaction between soil and reinforcement. It also
increases the load bearing capacity of soil. Therefore
the performance of a subgrade material in a pavement
system is better with the inclusion of a geogrid. This
paper presents the effects of plasticity index and also
reinforcing of soft clay on CBR values. Three samples
of clay with different plasticity index (PI) are tested
with and without reinforcement. Then geogrid are
placed at a certain depth and the effects of
reinforcement and PI on CBR values are calculated in
both soaked and unsoaked conditions. Result indicates
that as PI increases the CBR value decreases and
reinforcing clay with geogrid will increase the CBR
value.

that can support a high amount of loading without
excessive deformation is considered good. Reinforcement
of marginal or substandard soils becomes necessary in
engineering applications when the Available strength falls
short of requirement and yet the soils must be used . Due
to rapid growth in traffic, the existing roads have become
structurally
inadequate.
Traditional design and
construction practices do not fulfill construction standards.
To overcome these constraints, researchers are forced to
seek alternative designs using substandard materials and
innovative design practices.
Geosynthetics products have helped designers and
contractors to solve several types of Engineering
problems. Concrete or asphalt pavement cannot be
constructed on weak soil, because in this case the
pavement will be easily cracked. As sub grade Soil
function is to transfer applied loads from pavement to the
layer beneath, it should have a sufficient load carrying
capacity Geosynthetics, as applied to flexible pavement
systems, have been widely used in recent years. One way
to improve soil properties for pavement construction is to
reinforce the material with geosynthetics. One such
material has
gained increasing acceptance in soil
reinforcement geogrids. A geogrid is a geosynthetic
material consisting of connected parallel sets of tensile
ribs with apertures of sufficient size to allow
strike-through of surrounding soil, stone, or other
geotechnical materials exiting commercial geogrid
products include extruded geogrids, woven geogrids,
welded geogrids, and geogrid. Composites. Extruded
geogrids have shown good performance when compared
to other types for pavement reinforcement applications.
The presence of high friction not only prevents the sliding
between soil and geogrid element, but also helps the
process of transferring stress from soil into the
reinforcement element. Lack of integrity of geogrid in
different levels causes some types of interlocking with soil
particles. In addition, it's the little stiffness of geogrids that
makes it possible to refer to the increase in strength

Key Points :- Plasticity index,
reinforcement, geogrid, soft clay

CBR

value,

1. INTRODUCTION
As of late, Subgrade strength becomes important
where the local soil available is weak to support the traffic
loads. The sub grade must be able to support loads.
Transmitted from the pavement structure. This load
bearing capacity is often affected by degree of
compaction, moisture content, and soil type. A sub grade
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properties of soil to tensile strain created in geogrids. As it
is known, in road construction, one of the most significant
parameters for designing road subgrades is CBR value. In
some projects, because of soft clay soils, CBR value is
low, thus different methods such as reinforcing with
geogrids are used to improve soil behavioral
Characteristics . The purpose of soft clay CBR values.
Using reinforcements in sub grades can increase safety
coefficient of embankment stability and also decrease
displacements. Furthermore, if the weak sub grades
stabilized or reinforced, the crust thickness required will
be less, which results in less repairs and overall economy.
Use of geosynthetic on road especially on expansive soil
subgrade found to be one of feasible and economic
solutions.

compared to unsoaked condition.in the soaked condition,
the sample with 2 layers geogrids show higher CBR ratio
in comparison with Geogrid at one layer.
IV.
Madhu Sudan Negi and S. K. Singh
(2020)Investigated CBR tests were conducted for
Geo-textile used in seven different samples at different
heights from top in two types of soil. Sandy and clay
under soaked and
V.
unsoaked condition from test two layers of
woven Geo-textile placed at height of 1-1/6 and H/2 from
top gives maximum bearing capacity ratio for both
soil.From results it is found that CBR value increases
upto 40% .
VI.
soil
Similarly_CBR_valuei_increases (upto
120%)for soil 2.
V.
Unnam
Rajesh,
SatishSajja
et
al.
(2014)Investigated two types of soil and Geogrid are
tested with and without Geogrid Under Soaked and
unsoaked condition. Tests are conducted on soil in the lab
and field and CBRvalues are determined. It is observed
that performance is increased from 1-2.5 and1.90 for soil
1 and 1 to 2.62 and 2.42 respectively. For soil 2 with
Geogrid 1 and Geogrid 2 respectively. "The CBR
(soaked) of Sl increased by 2.5, 1.90 times and S2
increasedby2.62 ,2.42 times respectively. Using Geogrids
SGI and SG2."

2. OBJECTIVES
●
To attain the desired strength of subgrade soil
and to study the change in properties of subgrade soil
reinforcement with geogrid.
●
To determine the position and requirements of
geogrid as per sub-grade soil condition (PI).
●
To increase frictional interaction between the
two layers (subgrade and subbase) as well as to improve
the load carrying capacity.
.
3.

VI.
Mr. Endaryanta and Dian Eksana Wibowo
(2017)Investigated on plastic(PET) waste used in two
ways l)cuts IXI cm. 2)1x0.5 cm on two different soils
from Kasongan and wates.Thewg of plastic mixed are
2%,3%.
VII.
towards soil weight. From the test it is found that
(qu) increases when plastic content is 3% & decreases by
(0-2%) in Kasongan clay.(qu) increases if the plastic
mixture is large cuts & decreases in small cuts in wet clay.
internal friction increases at 3% of plastic content for both
Kasongan and watesclay.The cohesion adhesion will
Increase then decrease. Highest adhesion occurs when
plastic contents are 1-2% in Kasongan clay, similarly
cohesion adhesion will increase in plastic Waste cuts in
small (0.5-lcm) for wet clay .
VII.
S. Muthu Lakshmi, S. Gayathri (2018)It has been
conducted to improve the strength of soil by reinforcing
VIII.
the soil by means of non-woven randomly
distributed polypropylene fibers (PF) and by using
geosynthetics such as Geotextiles, Geonets and Geogrids.
PF was added to soil in percentages of 0.5%, 1.0% and
1.5% to determine the optimum percentage of PF at which
maximum strength of soil was observed in Unconfined
Compression (UCC) test and soaked California Bearing
Ratio (CBR) test. The tests such as specific gravity test,
wet sieve analysis, liquid limit test and plastic limit test to
determine the index properties of the soil. OMC and
MDD obtained from SPCT and the results of UCC
strength test and soaked CBR test conducted on
unreinforced soil and reinforced soil. The soil reinforced
with geosynthetics showed improved soaked CBR
strength of about 1.36 times to 1.72 times the soaked CBR
value of CS.It was also observed that as the depth of
placement of geosynthetics is increased from D/4 to 3D/4

LITERATURE SURVEY

I.
Charles A. Adams, Yaw AdubofourTuffour et
al.(2016) Investigated the interaction between the
plasticity index (PI) and gradation properties of lateritic
gravel within a soil-geogrid reinforced composite
structure for a pavement. Two-layer geogrid
reinforcement only marginally improved strength over
single layer reinforcement placed close to mid-depth of
the compacted sample.
II.
G. Janakiraman, P. Paramaguru et al. (2019)
Describes the reinforcement in sub grade by introducing
Geogrids.CBR tests were approved by insertion of the
Geogrids at varying depths and in solitary layers under
unsoaked conditions. After it shows that the strength of
soil is significantly increased by introducing Geogrids
III.
reinforcement in the soil.lt is established that
Geogrids placed at 3/5 the distance "from the base,
showed better CBR value than 2/5 and 4/5 (position)
distances from the base. "
III.
S.
A.
Naeini1,R.
Ziaie_Moayed
(2009)Investigated three samples of soil with various PI
of 10,16,23 is obtained by addition of different percent of
bentonite (10-20%)To original clay soil. One and two
layers of
IV.
Geogrids were used for the test. Samples were
tested with and without geogrid (land 2 layer)at certain
depth in soaked and unsoaked conditions. Placing two
layers of Geogrid in soaked condition is more effective
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from top of soil, soaked CBR value of soil was also found
to increase.3D/4 the depth from top of the soil can be
considered to be the optimum depth of placement of
geotextiles, geonets and geogrids. Soil reinforced with
geotextiles showed maximum strength gain in UCC test
and soaked CBR test compared to soil reinforced with
geogrids and geonete.

5.
●
●
●

4.

RESEARCH GAP

1. Usually single layers of geogrid are used for
reinforcement of subgrade soil.
2. So, we are using geogrid (Tri-axial) in multilayer at
subgrade soil reinforcement.
3. We are using Dolomite powder to create different PI
conditions of soil to be treated with geogrid.

We will be using the Dolomite powder to create
different PI of soil samples.
Inclusion of single and double layer geogrid in
different PI at certain depth, it would improve the
load bearing capacity of soil.
As we are using tri-axial geogrid which is better than
other kinds of geogrids such as bi-axial/uniaxial,
when its comes to enhancing the bearing system.

6.
●
●

Problem Definition
Concrete or asphalt pavement cannot be constructed on
weak soil, because in this case the pavement will be easily
cracked. As sub grade soil function is to transfer applied
loads from pavement to the layer beneath, it should have a
sufficient load carrying capacity. One of the main reasons
for failure in subgrade is Inadequate
stability. The resistance to deformation under stress is
known as stability. The inadequate stability of the
subgrade is developed due to the inherent weakness of the
soil itself or excessive moisture or improper compaction.

PROPOSED METHODOLOGY

EXPECTED OUTPUT

Now we are at the stage of testing, so we are using
one and two layered geogrid at different PI (plasticity
index) of subgrade soil to improve CBR value.
As number of geogrids increases similarly CBR value
of soil increases in unsoaked conditions
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appliances. Also India ranks 12th in mishandling 0.85
million tons of plastic waste per year. As per the report of
Ministry of Housing & Urban Affairs, Government of India
published in March 2019, only 60% of the plastic produced
is recycled; balance quantum of plastic is left unattended in
environment causing land, air and water pollution. Even
70% of Plastics packaging products are converted into
plastic waste in a short span. As per CPCB report 2018-19
puts the total annual plastic waste generation in India at a
humungous 9.4 million metric tons per year[3][4]. In
developing countries like India, substantial quantity of
E-waste is produced every year. This huge amount of waste
creates substantial volume of problems with reverence to
handling and storage, which are significant, both from the
financial as well as ecological conservation point of view.
Nations were forced to search for more suitable ways to
recycle these waste materials. Since a long time, researchers
have been investigating[5][6][7]. This study aims
to
provide a suitable utilization of E-waste and plastic waste in
bitumen pavement.

Abstract—This research makes an attempt to design and
study E waste as a fine aggregate replacement (5% to 20%)
and plastic waste as a binder replacement (2% to 10%)
effectively in construction of flexible pavement. Physical
properties of aggregate, bitumen, cement, E waste and plastic
waste were carried out along with mechanical properties of
mix such as Marshall Stability and Cantabro abrasion loss test.
The cost analysis is carried out as per the schedule of rates,
Govt of India to determine the cost construction of flexible
pavement along with integration of E waste and plastic waste.
Incorporation of 15% E waste and 8% Plastic waste in the
bituminous mix performed well compared to other dosage. The
8-10% of cost will be saved from the recycled mix in
comparison with virgin mix. Also it was observed that 114 days
taken for time scheduling activity for one kilometer road
construction.

Keywords— Electronics waste, Plastic waste,
Marshall Stability, Cantabro abrasion loss, Cost analysis
Introduction

Due to rapid urbanization, almost 20% increase in
heavy trucks in the total volume of the traffic in the India.
In India ninety percent of highways are flexible pavements
so there is demand of d stronger and sustainable
pavements. Flexible pavements have been constructed in
order to their performance against traffic wheel loads, skid
resistance, good riding quality with serviceability. Also
bituminous pavements have faced major problems like
rutting and cracking due to overloading [2]. The issues
with flexible pavement can overcome by rigid pavements
but construction cost is high and time taken for
construction also more compared to flexible pavement.
Therefore to overcome these distresses there is a need to
evolve a certain new technology which takes into account
new methods to surmount the above disadvantages.

Literature review
Plastic waste and E-waste are common problem now a
days. Due to Urbanization and industrialization, production
of plastic waste and E-waste is growing rapidly. The
maximum utilization of plastic waste and E-waste can be
used in road construction. In flexible pavement part bitumen
is replaced with plastic and aggregates with E-waste and also
helps to increase the stability, durability, and strength of
pavement.
Tapase .et al.(2014) investigated the influence of part
replacement of filler and binder by E-waste and plastic waste
in bituminous mixtures respectively. The Marshall properties
are compared with conventional mix like stability, flow, air
voids, voids in mineral aggregates (VMA) and bulk density.

As per Central Pollution Control Board (CPCB) report
published on 18thDecember, 2020 shows India produced
about 708,445 tons of e-waste in 2017-18 and 2018-19 are
771,215 tons and 1,014,961 tons respectively. 21 types of
electrical and electronic equipment’s are listed in the
E-Waste Management Rules, 2016[1]. These includes
discarded computer monitors, mobile phones, chargers,
motherboards, headphones, television sets, among other

Shrikant et al. (2020) investigated study on accumulation
of treated 5% plastic waste by weight of bitumen which
helps in significantly improvement in Marshall Properties
durability and fatigue of
bituminous mix with marginal
savings in bitumen.
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Sandip et al. (2016) carried an investigation on high
density and low density polyethylene, polypropylene, and
rubber tire ash are modified with conventional bitumen and
studied its properties. Addition by 1% of mixed plastic in
bitumen grade 60/70 by weight provides the growth in the
resistant characteristics, viscous and elastic recovery
properties with good compatibility and cohesiveness.

comparing it with conventional Bituminous Mix.
d) Waste plastic partial replacement in bitumen will be
carried out at 2%, 4%, 6%, 8% and 10% and
e-waste partial replacement is carried out at 5%,
10%, 15% and 20% of aggregate.
e) To calculate the total construction cost of
conventional pavement and modified pavement
with part replacement of waste plastic and e-waste.
f) To study the time scheduling of road construction
activity.

Zhao et al. (2009) investigated different polymers like
styrene butadiene styrene and rubber, and complex
polymers. Polymer-modified asphalt binders and mixes
characteristics varies with the polymer type and dosage,
asphalt source, type of aggregate and mix. The 5% dosage
polymer enhanced the dynamic stability of mix and rut
resistance.

Laboratory Investigations
The materials used for the present investigations contains
aggregates, bitumen, cement, E-waste and Plastic waste.

Needhidasan et al. (2019) studied to define E-waste
plastic can be used an alternative to virgin aggregates and
bitumen in a bituminous concrete mix. In this study review
work focuses on replacement of bitumen by E-waste plastics
as a powder.

I.

Coarse aggregate, fine aggregate and filler are
bought from quarry near Mumbai. Table 1 shows the
aggregate physical properties as per standard
specifications for Bituminous Concrete mix (MoRTH
-2013).

Yaning Qiao et al.
(2019) carried approach to
incorporate the effects of materials inconsistency into
bituminous pavement LCCA and to develop the
supplementary life cycle costs incurred due to road user
cost. It was found that 64% of agency costs (net present
value) to repair only has to be invested for each kilometre
for a 40-year design life.

Table 1: Aggregate physical properties
Results Specification
Properties
Aggregate Impact Value
18.31
<24
(%)
Los Angeles
20.34
<30
Abrasion (%)
Flakiness and Elongation
25.16
<30
(%)
Aggregate specific gravity
NA
Coarse aggregates
2.66
Fine aggregates
2.63

Gaikwad et al. (2019) studied regarding the total cost
involved in the road pavements containing initial
construction cost, operational and maintenance cost. To
decrease the life cycle cost of road pavements it is essential
to deal with the initial cost and essential to study defensive
maintenance of pavements. The proper application of
preventive maintenance methods for road pavements can
help to encompass the life of a pavement structure in a
cost-effective manner.

II.

The research objectives for execution of thesis are as
follows:

2.
3.

Part 5
Part 1
Part 3

BITUMEN

Table 2: Bitumen physical properties
Tests
Result
Code IS 73: 2013
Penetration @ 25°C(mm) 58
45 min.
Ductility (cm)
100+
40 min.
Specific Gravity
0.99
0.97-1.02
Ring and Ball Test (˚C)
50.75
47 min.

Calculate the Optimum partial replacement of
e-waste with aggregates and waste plastic with
bitumen and identifying the combined effect in
flexible pavement.
To study the cost analysis for conventional
pavement and modified pavement with partial
replacement of waste plastic and E-waste.
To study road construction activity by gnatt chart.

Viscosity, cSt

368

350 min.

III. CEMENT
In the investigation Ultra-tech 53 grade cement was
used. Cement properties are
identified in Table
3[9].

Methodology
The scope of the work carried out under this
dissertation will be in the line with objective, which will
include the following:
a)

Code IS:
2386-1963
Part 4

In this study conventional bitumen is used as binder
such as Viscosity Grade (VG)-30 and properties are
given in Table 2[10].

Objective

1.

AGGREGATE

Table 3: Cement properties
Properties

To research the effective utilization of E-waste and
plastic waste in flexible pavement.

Fineness, m2 /kg
Specific Gravity
Std.
Consistency,%
Initial setting
time(hrs)
Final setting

b) To use waste material without sacrificing durability
with minimum cost in bituminous pavement
construction.
c) To determine optimum percentage of waste plastic
and E-waste (by weight of bitumen and aggregates)
for bituminous road by Marshall method and
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260
3.13
31

Specifications as
per
IS 12269(1987)
225 minimum
---

82

30 minimum

472

600maximum

Results

Preparation of bituminous mix specimens

time(hrs)

Required binder content is determined by the method
of Marshal Mix design as per ASTM-D6927-06[14].
The purpose of the Marshall Method mix design is to
investigate adequate content of bitumen. Numbers of
trials are predetermined. In Table 6 shows Marshall
Properties of conventional bituminous concrete mix.

IV. E WASTE
The E-waste such as key board electronic waste is
composed and separated. Confirmed that risky metals
like lead or lithium are removed. The process of
E-waste is crushed to 10 mm size and then used in the
mixes. The properties evaluated for of E- waste are
given in Table 4.

Table 6: Marshall Properties of bituminous concrete mix
Properties

Table4: E waste physical properties
Results
Specification
BC
(%)

Density,
g/cc

4.5

V PLASTIC WASTE
Plastics are categorized according to chemical
sources. Normally it is divided into six plastics general
groups such as Cellulose, Synthetic Resin, Protein,
Natural Resins, Elastomers and Fibers. Only plastic
conforming to low density polyethylene, high density
polyethylene and polyurethane used in road
construction as per the researchers. In this study 3 mm
shredded polyethylene plastic waste is used from KK
Plastic Industry PVT. Ltd., Bengaluru. Table 5 gives the
properties of Polyethylene.

Specific
Gravity

2.68

IS: 2386-1963(PART
3)

Properties

Melting point

110-140°C

Specific gravity

0.9 – 1.0

Density

0.9 – 1.0
g/cm3
< 0.1%

Volatile matter (wt)
Water absorption (wt)
Melt flow index

VFB
,%

Stability,
Kg

Flow,
mm

15.5

66.4

1079

2.2

5

2.370

4.5

16.0

71.8

1160

2.7

5.5

2.377

3.8

16.5

76.7

1253

3.4

6

2.381

2.5

16.3

84.7

1015

3.9

6.5

2.382

1.8

16.8

89.3

911

4.6

DETERMINATION OF OPTIMAL BITUMEN CONTENT (OBC)
Based on the results, graphs were plotted for Bitumen
content vs Density, Vv, VMA, VFB, Stability and Flow
value. Bitumen content which satisfies all the criteria of
Bituminous Concrete mix which ranges from 4.75% to
5.3%. According to Asphalt Institution, it is recommended
to choose the bitumen content for 4% air voids. For 4%
bitumen content, air voids is 5.3%. Hence OBC is 5.3% and
samples were casted and examined. The tabulation of test
results for OBC is given in Table 7. The mix satisfies the
requirements as per MoRT&H 5th revision specification
2013[13].
A) Incorporation of E waste in aggregate gradation
Table 8 illustrates the weight of the aggregate per 1200gm
considered for BC mixes with varying percentages of E
waste as replacement to virgin aggregates. The BC mixes
contain 97% (by weight per 1200gm) aggregates and 3.0%
(by weight per 1200gm) cement content. The 97% (by
weight per 1200gm) aggregates considered is illustrated in
below tables under columns (A), (B) (C) (D) and (E).

Table 5: Properties of Polyethylene
Physical description

VMA
,%

2.362

Vv
,
%
5.2

< 0.05%
6g/10 min (2.16 kg at 190°C)

Adopted Gradation for Bituminous Concrete Mix
The aggregate gradation for bituminous concrete
mix was selected from MoRTH specifications
Bituminous Concrete mix Grade-I. Fig 1 shows adopted
midpoint gradation curve.

Table 7: BC mix satisfies the requirements as per MoRTH 5th revision
2013 specification.
Sl. Tests
Results
Requirements as per
No.
MoRTH 5th revision
(Table 500-10,11&12)
1.
2.
3.
4.
5.
6.

Fig 1: Adopted midpoint gradation curve

7.
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Marshall Stability @
60°C (kg)
Flow value (mm)
Binder Content by
weight of total mix (%)
Density (g/cc)
Percent Air voids (Vv)
Percent Voids in Mineral
aggregate (VMA)
Percent voids filled with

1186

Min 900

2.9
5.3

2.0-4.0
Min. 4.5

2.376
4.1
16.3

Not Specified
3.0-5.0
Min. 12

74.7

65-75

Bitumen (VFB)

Fig 2: Marshall Stability values with incorporation of E waste in
aggregate
Table 8: E waste replacement gradation for BC mixes
(A)
0% E-waste
replacement,
gm

(B
5% Ereplace
gm

Sieve
Size,
mm

Gradation
percentage
passing

26.5

100

0

0

0

Percentage
retained

19

89.5

10.5

129

12

13.2

69

20.5

249

24

9.5

62

7

87

87

4.75

45

17

207

20

2.36

36

9

111

105.5

1.18

27

9

111

105.5

0.6

21

6

75

71.3+

0.3

15

6

75

71.3+

0.15

10.5

4.5

57

54.2+

0.075

5

5.5

69

65.5+

Cement

2-3

2.5

30

30

Figure 3: Marshall Stability values with incorporation of
Plastic waste in aggregates
Table 10: Strength and durability results for Optimum dosage
Sl. No.
1
2

Percentage dosage
(E waste: Plastic
waste)
0
15:8

Stability, kg
1186
1288

Abrasion loss test,%
18.5
16.4

B) Incorporation of plastic waste bitumen
E)Cost anlysis

Table 9 illustrates the weight of the bitumen per
1200gm i.e., 62.4 gms considered for Bituminous Concrete
mixes with varying percentages of Plastic waste as
replacement to virgin bitumen[11][12].

In the present study E waste and Plastic waste at varying
replacement percentages of 15% and 8% respectively was
incorporated with virgin material. The cost analysis is
carried out as per the schedule of rates, Govt. of India to
determine the cost of construction of Bituminous Concrete
layer for the 1km (Single Lane) ie., 175 cubic meter. The
estimation of the BC layer has been calculated and analysis
has been done in terms of savings when the E waste and
Plastic waste.. The percentage of cost savings realized
from the recycled mix in comparison with virgin mix is
found to be 8-10% in the total construction cost.

Table 9: Plastic waste replacement in bitumen for BC mixes
Plastic
waste ,%
Plastic

0
0

Bitumen 62.4

2

4

1.2
61.2

2.5
59.9

6

8

10

3.7
58.7

5.0
57.4

6.2
56.2

C) Analysis of Marshall Stability
The obtained optimum binder content (5.2%) used
for the preparation of samples. Figure 2 and 3 shows the
Marshall Stability values with incorporation of E waste
in aggregate and Marshall Stability values with
incorporation of Plastic waste in binder[8].

F) Life cycle cost analysis
For long term sustainability of pavement life cycle cost
analysis is very important to know. For the economic
evaluation of projects, many economic guidelines are
available. As per IRC SP30-2019 highway economic
analysis has been carried out in this study. Table 11 and 12
shows the results.

D) Performance of bituminous concrete mix
The Marshal Stability and Abrasion loss test was
carried out on mixes incorporating E waste and Plastic
waste at varying replacement percentages of 15% and
8% respectively. Table 10 shows the strength and
durability test results for optimum dosage of waste
materials in mix.

Table 11: LCCA for Bituminous surface layer (130mm) for one
kilometer
Life Cycle Cost Analysis
Construction cost (Rs)
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14,58,600

Maintenance cost (Rs)

3,50,000

Road user cost (Rs)

37,68,133

Total cost (Rs)

55,76,733

●
Table 12: LCCA for replacement of virgin materials by E-waste and
Plastic waste
Life Cycle Cost Analysis
Construction cost (10% reduction) (Rs)

●

13,12,740

Maintenance cost (8% reduction) (Rs)

3,22,000

Road user cost (Rs)

37,68,133

Total cost (Rs)

54,02,873

●

modified bituminous concrete mixes.
The percentage of cost savings realized from the
recycled mix in comparison with virgin mix is found
to be 8-10% in the total construction cost.
Life cycle cost analysis were carried for conventional
and modified bituminous concrete mixes were 55,
76,733 rs and 54, 02,873 rs respectively.
The time schedule activity was carried for one
kilometer of road construction, from the results it was
observed that activity would take 122 days for
completion of the project.

● This investigational is cost-effective and it condenses

G) Time Scheduling of Road Construction activity

the use of bitumen and aggregates.

In this study for 1km road construction time scheduling
activity is carried out. Time schedule activity for 1 km road
construction is shown below in the Fig 4.
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Fig 4: Gnatt Chart for 1 km road construction

CONCLUSIONS
This paper presents a comprehensive study conducted
to evaluate the characteristics of conventional and modified
(E waste: Plastic waste) bituminous concrete mixes .The
conclusions are summarized here.
● The optimum dosage of E waste and plastic waste
were 15% and 8% respectively.
● The Marshall Stability and abrasion loss test values
were obtained 1288kg and 16.4% respectively for the
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Abstract— In today‘s world efficient transport systems
have a major role to play. The development of a
country can be measured by the length of roads it has.
The rapid growth in urban population and number of
vehicles restricts the maneuverability on roads across
the world. GIS applications have yielded excellent
results in road traffic management not only in India
but also throughout the world. Keeping in mind, this
work addresses to providing solution to the traffic
problem at Teen Hath Naka, a busy traffic intersection
in the city of Thane, Maharashtra.Gram ++ - A GIS
software developed by IIT Bombay, Mumbai has been
used for graphical representation of the spatial and
non-spatial data. The traffic data was collected
through the local RTO office as well as manually
carrying out traffic surveys. Gram ++ has facilitated
the integration of this traffic data with the graphical
replica of the intersection. The graphical model thus
developed can depict the traffic data, scenario and
solution to the same in a single framework. Continual
modifications can be made by the traffic authority to
this interface to make it more real time.

DR .RAJENDRA MAGAR
(CIVIL DEPARTMENT)
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Management of this data to come up with feasible traffic
solutions is a difficult task as monitoring information
cannot be shared and utilized effectively. GIS is an
effective tool to store and retrieve data. GIS provides us
the freedom of compiling data in various forms and
getting a comprehensive output in the form we want. GIS
empowers the decision making ability of its users. Traffic
congestion management, which is otherwise a complex
criterion, can be analyzed and provided with efficient
solutions through GIS.

II. STATEMENT OF THE PROBLEM
Thane is a city located on the Central railway‘s suburban
train system located in the North West of Mumbai. The
city, known for its lakes, has become a major residential
hub in the last two decades due to its proximity to all
major areas in Mumbai Metropolitan region (MMR).As
per 2011 census, the population of the city is
approximately 32 lakhs. Inefficient public
The transport system has always been a major problem in
Thane making traffic conditions in the city worse. Not
more than 250 public transport buses serve this city with
such a huge population. This itself explains that the
number of auto rickshaws, private buses, 2 wheelers and
cars has increased enormously. Traffic congestion is a
day-to-day experience for the residents of Thane while
traveling regularly from home to work/college and back.
Construction of flyovers, construction of Metro, increased
number and frequency of buses are some of the major
reforms happening in the transport sector of Thane city.
However, the growth in the population of Thane and
suburbs is enormous This piece of work is an attempt to
provide a solution to the traffic congestion at Teen hath
Naka, one of the busiest intersection of Thane city
Insights on how problems of traffic congestion in
major cities throughout the world could be solved through
the literature review. Use of Gram ++ software to prepare
the traffic model for Thane city with emphasis on Teen
hath naka in the GIS environment would be the ultimate
product of this work. Aim To devise a Traffic
Management plan for Thane city using GIS Mapping with
emphasis on traffic reduction at Teen Hath-Naka.

Keywords— Gram++, Geographic Information System,
Traffic Congestion, Traffic Volume, . Urbanization

I. INTRODUCTION
It is aptly said that the progress of a country can be
measured by the length of roads it has and further it is
applicable to a city as well. Every city has its own
topography and pattern of development. India is a country
where the speed of urbanization is enormous. There are
very few examples of planned urban development in
India. Most of the old cities are increasing in size like an
octopus by encompassing the adjoining villages in its
limits. Properly planned roads and equally efficient traffic
management has become the need of the hour in most of
the Indian cities. Every city has its own traffic
management system devised either in a planned manner
or at times in a haphazard manner.. As the size of city
increases
horizontally as well as vertically, enormous amounts of
traffic as well as data related to it is generated.
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Objectives

III. METHODOLOGY

To collect the available maps (hard & soft form) of Thane
city from the relevant authority (TMC, MMRDA). To
digitize and create a replica in GIS
Environment. To identify the various points of Origin and
Destination (O & D) of traffic.

The steps involved in the process were as follows:
Map Scanning: Scanning of a physical map was done
which was initially imported in raster data form which
further it was converted into vector data form.
Geo Referencing and geometric rectification:
Geo-referencing means defining the object existence in
physical space. That is, establishing its location in terms
of map projections or coordinate system Digitizing: It is
the process of encoding the geographic features in digital
form as x,y co- ordinates. It is carried out to create spatial
data from existing hard copy maps and
documents.
Creation of databases: This involves creating databases in
Gram++ and adding various attributes to the digitized
image of the map of the city. Drawing of existing Desire
lines: It indicates construction of lines with some
weightage to indicate the number of vehicles flowing in a
particular direction. Thicker the line, the more the number
of users of that route. Identification of new desire lines
:On the basis of the data collected and forecasts created
from the same for the next 30 years, identifying new
desire lines which may come up due to change in the land
use or introduction of some new transport facility.
Developing solutions to tackle the problem:
Identifying solutions for the problem by making use of
techniques learnt through literature review as well as by
seeking guidance from the field & academic experts.
Finally, checking the feasibility of the solutions devised

IV. CASE STUDY: REPLICA AND DATABASE
CREATION
The software used is GRAM++ (Geo Referenced Area
Management), developed by CSRE, IIT MUMBAI.MSAccess 2003 is used for handling databases. Use of GIS in
traffic management can be helpful in deciding between
alternatives and makes it possible to have a foolproof
database of elements which do not change with time and
to monitor those which change with time. One will then
have to update the database at a regular predefined
interval to monitor the completion of the project. This
updating is done by the project managers/site engineers
after he receives word from the site about the progress of
various activities involved in the project. This application
would automatically update the attributes of the various
components. With the help of this application, in a single
click, one can get all the relevant information related to
the traffic improvement scheme at a particular junction.
The work carried

Fig 1: Flowchart showing steps involved in the
methodology adopted
To study existing desire lines. To identify & plan new
ones to reduce traffic congestion. To suggest & check the
feasibility of measures to improve road traffic conditions
at teen hath naka ,thane.
Scope of the proposed work Development of a GIS Model
for providing solution to road traffic issues in Thane city
with special emphasis on teen hath naka .The model
prepared can further be applied to various other busy
intersections.
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Fig 2 : Original CAD file titled ̳final design planon sept
12.dwg converted to scan.bmp

Fig 5: Digitized form of vector file in Map
edit module in Gram++
Database creation is then started to attach non-spatial data
to the image as shown in fig 6 below. Apart from it, if any
additional

Initially, the CAD file of the work is procured (final
design plan on sept 12.dwg) and scanned and saved as a
bitmap image. (scan.bmp) as shown in Fig 2 above . With
the help of Google earth, the point marks are fixed, coordinates for

Fig 6: Creation of database to attach non- Spatial data
Fig 3 : Fixing of point marks on the scanned drawing
out is explained in steps below.
The bitmap (.bmp) file is then converted to a vector (.vec)
file in the Input-Output module of Gram ++ as shown in
Fig 4 below. The entire map is then digitized and layers as
per the requirement are formed in Map-Edit module of

V. RESULTS AND DISCUSSIONS
Once the entire process as explained in the case study
above is over, queries are run to get the desired
information out of the database. The procedure, examples
and utility of A sample query is mentioned below: • Open
Gram++.Select the Vector Analysis module and open the
.vce format file.(teen hath naka.vec) • Activate the layer
for which database was
created. (Bridges,Express_Way,Main_ Road, Subway,
Green_ Area, Teen_ Hath_ Naka Boundary .etc.)
• Go to ―Tools menu in the top toolbar and select
―Query‖ for the selected layer. A menu pops up
containing three options. Select ―Simple query‖ option
and then click OK. Select (double click) a field for which
the query is to be run.
• The selected field will be shown in the ―Enter
Condition/Query‖ window for eg. say (percentage
completion) Enter the desired operators (<,>,<=,>=.=).
Then double click on the ―Field Values‖ to select a value.
This value will also be shown in the ―Enter
Condition/Query‖ window. Click Ok. • The results of the
query will be highlighted on the layer for which the query
is run. A sample query run along with the result displayed
is shown below for clear understanding. image, graphs or
videos are to be added to the layer wise digitized image, it

Fig 4: Conversion of bitmap file into vector file in
Input-output module of Gram ++
On the bitmap image as shown in Fig 3 below the same
are known and accordingly are marked.Gram ++ (teen
hath naka.vec) as shown in Fig 5 below. Once the map is
digitized in point, segment and polygon layers, they need
to be cleaned to remove off discrepancy if an
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can be done using child map feature as shown in figure 7
below.

traffic congestion in the city on a GIS user interface.
Similarly, the extent of work completed at a particular
spot of a road section or bridge can be known and updated
at any point of time. This can help the various
stakeholders of the project to visualize the project status
without physically visiting the site. Features like child
maps can provide depictive information on the actual
view of the locations in the form of pictures and even
videos. Efficient and timely decisions can help in
arresting time and cost overrun.
VII. ACKNOWLEDGEMENT
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Fig 7 : Linking of child map
Query: Show points with PCU<1000
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VI . CONCLUSION
Quick and efficient urban infrastructure is an essential
requirement of the urban world. However; the pace of
upgradation and growth in requirements for the same do
not match many times. Proper planning and timely
execution of the infrastructure projects can help bridge
this gap This piece of work has explored Gram++ (An
effective GIS tool) as an user friendly tool for planners,
executors as well as monitors to make intelligent
decisions; check the feasibility of different alternatives
available and select one out of it which is most optimal. A
query run for locations with less than or more than a
particular value of PCU can help to know the spots of
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Abstract - The objective of the study is to investigate
the potential of using Porous Concrete Paving Blocks
(PCPB) as a part of paving surface. Laboratory tests were
conducted to compare and examine the effect of particle
sizes of coarse aggregate. Two coarse aggregate sizes were
selected; passing 8 mm retains 4.75 mm and passing 10
mm retains 8 mm. The fine aggregate was eliminated
from mixes. The water to cement ratio is 0.35.
Compressive strength tests were performed to evaluate
the properties of PCPB. As in conventional concrete, the
previous concrete samples were mixed using a mechanical
mixer. The constituent weights were prepared and
batched. The mechanical mixer was initially buttered
with a sample batch to avoid loss of material. Thereafter,
the mixer was stopped and cleaned to remove excess
water and material. The coarse aggregates and half the
measured water were then added to the mixer. After
which sand and cement materials were slowly added into
the rotating drum mixer. The remaining half of the water
was then added, while mixing continued for three minutes
from start time. The mixer was stopped for three minutes,
and finally ran for an additional two minutes. Previous
concrete Blocks of 150 X 150 X 150 mm were prepared.
Study and tests give a proper idea about the appropriate
mix which provides the maximum compressive strength.
Keywords – Porous concrete, Use of pavement blocks,
Manufacturing process, Compressive strength comparison.
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I. INTRODUCTION
The growth and development of cities have had an
adverse effect on the quantity of surface water. During
rainfall, impervious areas such as roadways, driveways and
rooftops cause an adverse impact on natural percolation,
raising maximum runoff rates and intensifying the effects of
flooding. The solution to these problems is by applying a
porous surface for pavement. It has the potential to reduce the
quantity of water runoff. Porous surface has numerous
structural and economic advantages compared to traditional
asphalt and concrete pavement. It allows water to soak
through and infiltrate and creates a drier surface during storm
events, making this surface safer for road users.
A. Necessity of permeable pavement
1) Effective surface Runoff Management: Permeable
paving surface allows water to percolate through itself. They
are effective in managing runoff from paved surfaces, thus
providing local flood control.
2) Control over Pollutants: Permeable paving surfaces
keep the pollutants in place in the soil or other material
underlying the roadway and allow water seepage to
groundwater recharge while preventing the stream erosion
problems.
3) Groundwater Recharge: Permeable pavement
contributes a lot into ground water recharge.
4)Reduction in Cost: It reduces the need for traditional
stormwater infrastructure, which may reduce the overall.
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B. Objectives of study
1) study the concept of water permeable pavement
blocks.
2) Manufacture the water permeable pavement block.
3) Compare different size coarse aggregate PCPB.
4) Compare compressive strengths of PCPB to each
other.

Water

Table 1 : Materials use to manufacturing of permeable
concrete block of 1 m3

II. METHODOLOGY
A. General
In order to produce a good PCPB, some important
factors need to be considered such as aggregate size,
water-cement (w/c) ratio, void content, and no fines.
Aggregates. At least three quarters of the volume of concrete
is occupied by aggregates since it is the major component in
concrete. Thus, the strength and durability of the concrete
may depend on the properties of aggregate. The use of
open-graded aggregate and no fine aggregates can achieve a
continuous void network inside the block . The void content
of porous pavement typically ranges between 15% and 25%,
Other than that, PCPB mixtures with a high w/c ratio (0.4
above) and mixture with a w/c ratio under 0.32 were not
recommended for surfaces intended to support wheeled
traffic. This is because too much water will cause the paste to
drain down, while too little water can hinder strength
development and lead to premature surface traveling. Thus,
the mixed with a w/c ratio of 0.38 or less are recommended
to be used to make porous pavement.
B. Procedure
As in conventional concrete, the previous concrete
samples were mixed using a mechanical mixer. The
constituent weights were prepared and batched. The
mechanical mixer was initially buttered with a sample batch
to avoid loss of material. Thereafter, the mixer was stopped
and cleaned to remove excess water and material. The coarse
aggregates and half the measured water were then added to
the mixer. After which sand and cement materials were
slowly added into the rotating drum mixer. The remaining
half of the water was then added, while mixing continued for
three minutes from start time. The mixer was stopped for
three minutes, and finally ran for an additional two minutes.
previous concrete samples of 150 X 150 X 150 mm were
prepared. Two coarse aggregate sizes were selected, passing
8 mm retains 4.75 mm and passing 10 mm retains 8 mm and
passing 10 mm retains 8 mm and four blocks are made.
C. Material
Cement

450.00kg

Coarse aggregate

1262.59kg

239.20 litres

Material

Specific gravity

Cement

3.0

Coarse aggregate

2.76

Water

1.0
Table 2 : Specific gravity of materials

Ingredients

Percent composition

CaO

70

SiO2

17.8

Al2O3

3.9

Fe2O3

3.2

MgO

1.5

SO3

1.6

Table 3 : The chemical composition of OPC is in the standard
range
D. Ready Mix Design
Mix grade: M35
Type of cement: OPC 43 grade
Aggregate Size: 4.75mm to 10mm
Exposure condition: Sevier (IS456 2000 Table-3)
Minimum cement content: 250kg/ m3 (IS456 2000
Table-5)
Maximum aggregate size: 10mm
Maximum cement content: 450kg / m3
Specific gravity of cement: 3
Specific gravity of coarse aggregate: 2.76
Specific gravity of fly-ash: 3
Water Cement Ratio:
From IS456 2000 Table-5 adopted water cement ratio is
0.35
W/C = 0.35
cement coarse aggregate ratio: (C:CA) = (1:2.8)
From water cement and cement coarse aggregate ratio
we calculated mass of materials required as following:
For coarse aggregate passing through 8mm retain on
4.75mm:
Mass of coarse aggregate = 4.6 kg
Mass of cement = 1.643 kg
Mass of water = 0.575 Lit.
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For coarse aggregate passing through 10mm retain on
8mm:
Mass of coarse aggregate = 4.7 kg
Mass of cement = 1.678 kg
Mass of water = 0.587 Lit.
III. RESULT AND DISCUSSION
A. General
A cube was casted, and tests were conducted. Following
observations and results are obtained. The data indicated
compressive strength of PCPB increased higher from 7 days
to 28 days, as the PCPB matured. However, the result
displayed a systematic reduction in compressive strength at 7
days and 28 days with the increase of CA size. The reason for
the strength reduction could be attributed to the increasing
number of voids inside the blocks.
B. Observations
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C. Results
Following graphical representation is showing deference
in compressive strength of pavement block made using
coarse aggregate of size
1) passing through 8mm sieve retain on 4.75mm sieve:
2) passing through 10mm sieve retain on 8mm sieve:
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India is a developing country and is growing day by day.
The growth of a nation depends heavily on its
infrastructures and construction industry. As known, the
construction industry is in a very poor condition in India and
are facing a lot of budget and time management issues.

Abstract: The Indian construction industry is expanding
rapidly and with this growth, the two major hurdles
faced by any construction project which drastically
affect its performance are cost and time over-run. To
tackle the factors affecting cost and time overrun, this
study solely concentrates on understanding the effects of
factors affecting the construction industry and measures
to minimizing time and cost over-run without
compromising the quality of the project. Therefore, a
fuzzy logic method is envisaged to be applied for a small
data set from the construction industry. Fuzzy logic is a
multi-valued algorithm which has a truth value
anywhere between 0 and 1 both inclusive. Unlike
Boolean logic, fuzzy logic helps to better understand the
magnitude of a component that is affecting the project
which helps them take corrective measures and
precaution to be taken even before the project goes
haywire. The fuzzy logic algorithm imitates human-like
thinking and is much more reliable than boolean logic
algorithms. In this work, fuzzy logic has been used to
segregate the factors that are most responsible for time
and cost over-run from all the other factors. Hence, a
comparative study has been carried out in which the
major factors are taken into consideration and
preventive measures are taken accordingly. It was found
that one of the projects didn’t go as planned, and the
project in which preventive measures were taken did not
go over budget and was completed within the planned
duration. The findings from this study clearly indicate
that the probability of a project to go over budget and
get delayed can be minimized significantly using a fuzzy
logic approach and hence serve as a key indicator to
improve the construction industry in India.

There are 3 factors on which a project is judged i.e. Cost,
Time and Quality. But today the highlight of the paper will
be about time and cost since these are the two factors our
construction industry is falling short of. Time and cost are
pretty much interdependent and affect each other
significantly as they are directly proportional to each other.
The cost of a project increases monetarily as well as
in-monetarily in various ways if there is a huge delay. This
delay and cost inflation is borne by the contractor in most of
the cases. To avoid such problems, clients are hiring Project
Management Consultants (PMC) but even after hiring PMC
a huge delay can be seen in a project due to various
unavoidable reasons which are not predicted during the
pre-planning stage of a project. It is very important to
plan for a project before its execution to save hassle, delay
and cost
overrun for everyone including the client, architect,
project management consultant and the contractor.
The major reasons will be highlighted for delay and cost
overrun of a construction project with the help of Literature
papers. After identifying the factors affecting cost and time
of construction of a project, post identification the
precautions that can be taken pre-hand so as to eliminate all
the problems related to delay and cost overrun will be
figured out.

Keywords: Fuzzy logic, cost overrun and time overrun,
prediction, preventive methods.

I.

In this Research, after collecting, analyzing and using
actual real-time data of ongoing and completed projects, a
method called Fuzzy logic is to be applied to interpret the
chances of a construction project to go over budget or face
delay in the planning stage.

INTRODUCTION
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three indices i.e; Frequency, Severity, and Importance
accordingly. After this study, the authors were able to
determine the top 10 reasons or time overrun for the survey
they conducted and classified them into groips. Each of
these groups had several causes that were responsible for the
time overruns. Which were collected from interviews and
questionnaires were later processed as per the above
mentioned indices.

II. PROBLEM STATEMENT
Problem statement is to be identified as to predict cost and
time overrun using fusing fuzzy logic
Considering the mentioned uses, the problems faced by civil
industry are:
● Cost overruns
● Time overruns
● Conflicts leading to arbitrations.
● Costing time and money to all stakeholders.
III.

Senouciet al (2016) investigated many constructions to find
out the causes of time and cost overruns. They reviewed
several international and regional papers to better
understand the causes of delays and cost overruns. The
authors collected data of 122 construction projects of public
road, buildings, and drainage and sewage projects. They
used ANOVA for data analysis and inferences. They used a
regression model to establish a relation between the cost of
the project or the contract value and cost overruns to predict
the chances or probability of a project to go over budget.
The authors had put a significant amount of effort into
collecting data of time and cost overrun to conclude that the
results they obtained through their analysis. Also using the
regression model the author came to a conclusion that cost
overrun increased with increase in contract value for
building projects and decreased for drainage and sewage
projects with increase in contract value.

MOTIVATION OF RESEARCH

Huge delays are witnessed on construction projects in India
and it affects all in some or the other way. For example: In a
residential project, the contractor has to bear the cost of the
delay in terms of penalty and cost of running the project of
the delayed period. Then the Client or the builder has to
suffer due to delay since they promised the clients to deliver
the flats on a particular day or period. And then the
customers/end users buying the flats from the builder is also
affected since they have it planned as to when to move to
the new flat and plan things accordingly also it is them
whose money is tied up to the builder and don't receive any
interest on the deposited money to the builder for buying a
flat. To overcome all these issues, it is very important to
predict the probability of a project to go over time and go
over budget. This motivation to find a solution for a
problem that is faced by almost all the projects going on in
India is what drives the purpose of this paper.
IV.

Çekmis (2016), in his study states using Fuzzy logic will
enable designers to come up with a solution for layout
planning along with their reasoning and decision-making
patterns. In conclusion, the author states that a fuzzy site
planning model is not just an analysis tool for assessment of
existing site layouts. The next step towards building a model
would be defining the components as elements such as
houses, cars, bus stops, parks and other services. Designer
could choose from several factors from the density level of
the settlement till ground water level content or the soil type
of the plot while searching for the optimum result. The
model could be run for simple as well as complex systems.
Some simple factors were also taken into consideration such
as parking lots, commuter connectivity, gardens, parks or
even orientation of a building. More complex systems
consisted of dense population settlement with various
problems related to it.

LITERATURE REVIEW

Hamzah et al (2011) defines delays as time overruns which
simply means extension of time from the originally planned
duration to complete a project. Some delays are unavoidable
and add up to the cost of the project by a significant amount.
Delay is a condition or a situation where the actual time
does not go as per the planned duration and exceeds the time
frame. The authors bifurcate the delay in two types i.e.;
Excusable and Non-excusable delays.
Doloi et al (2012) conducted a survey using questionnaires
and interviews. They formed a set of attributes of factors
impacting delay specifically made as per the conditions of
projects in India. These questionnaires were then filled by
various project participants. The authors’ research revealed
that the most critical factors for delay in construction
projects is lack of commitment and site management. The
major cause for it is the financial problems that are faced by
the contractors.

Niazi and Painting (2017) states that the cost overrun of a
construction project is an alarming concern for the
contractor as well as the client. The author used Relative
Importance Index to rank the factors that cause the project
to go over budget. After collecting data, the author
segregated the demographics of respondents in 5 different
parameters. They are: (1) Type of organisation (2)
Respondent’s position (3) Type of project (4) Size of project
(5) Work experience. After reviewing and analysis he came
to a conclusion that the major causes of cost overrun are
corruption in management, delay in progress payments by
clients, financial problems faced by contractors, delay in
running bills by clients, security and variation in scope by
clients during the construction phase.

Marzouk and El-Rasas (2014) studies that most of the
ongoing construction projects are facing delays. These
delays are caused due to various factors in the project life
cycle and were causing disputes and arbitration between the
contractor and the client. The author created a list of causes
of delays retrieved from literature, took feedback for
construction experts via interviews and prepared and
circulated questionnaires to owners, consultants and
contractors. He then calculated their responses based on

Allali et al (2018), develops a method in which
post-earthquake assessment can be done using fuzzy logic.
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He derives a global building damage level in which he gives
damage level to a building with D1(no damage) being the
least damage in magnitude, D2(slight damage),
D3(moderate
damage),
D4(Severe
damage)
and
D5(collapse) being the most damage in magnitude. . To
validate and train the procedure a database of 27000 entries
were used. Damage assessment is a very critical
post-earthquake period and therefore the damage data must
be collected immediately post-earthquake. Using Fuzzy
logic, the predictions that were made matched 90% with the
theoretical based evaluations in the investigated buildings.
Therefore, in conclusion, the author shows that using Fuzzy
logic post-earthquake assessment is possible along with
saving time and reducing error at the same time.

overrun and its effects on the construction industry. Also, to
find out an appropriate method to predict events such as
delays and cost overrun.
Data collection: Following data will be collected from
ongoing and completed projects: (a)Planned schedule of
work (b)Actual Completion schedule/duration (c)Planned
Budget of the project (d)Actual Cost of Completion of
project (e) Factors that affected delay (f)Factors that
affected Cost overrun
Data Analysis: The collected data shall be analyzed
using fuzzy logic and the factors that are significantly
affecting the duration and the budget of the project shall be
determined and accordingly solutions shall be procured and
acted upon the project before it goes haywire.
Fuzzy logic is a Multi-valued algorithm whose
truth value may not only be 0 and 1 but can also be anything
between 0 and 1. Unlike Boolean logic where the truth value
can only be 0 and 1, Fuzzy Logic helps us to quantify
variables as its truth value can be anything between 0 and 1
and hence it can help us understand the magnitude of a
variable in terms of partial truth value.

Khodeir and Ghandour (2019) stated that the actual cost
of Construction differs from that of estimated cost. These
cost differences occur due to various reasons and some of
them are poor site management, funding issues, variation in
scope, inflation etc. Using Value Management in Residential
projects following potentials were identified as follows:
• Cost could be reduced without affecting or compromising
the quality or the value.
• The client naturally gained more value in terms of
monetary and nonmonetary benefits.
• Since quality was not compromised, a quality product was
delivered.
• Team work was established successfully throughout the
project.
In conclusion, the authors stated that it was very evident that
an improvement occurs in value when Value Management
Methodology is effectively applied. Their study also showed
that the alternatives that were proposed through value
management’s research saved 15% to 40% of the total
project cost as cost saving from specific items.
V.
●
●
●
●
●

For example, in the construction industry there are
several factors that affect the cost and time of the project.
Now, if considering these factors using Boolean logic the
system Will be stuck in a loop and given out caught that the
project is either delayed/overbudget or is in-time/in-budget
considering the factor is affecting the project or not. To
understand the magnitude of the delay or over budget, fuzzy
logic is to be used so as to predict the magnitude of the
Factor affecting the project and hence by how much is the
project going to get delayed or going to go over budget. If
the factor is during excavation, an unexpected entity is
found, according to Boolean logic the system will give an
output that the project is going to get delayed or over budget
because an unexpected entity was found and needs to be
removed which will take time and money. Using fuzzy
logic, it can determine the size of the unexpected entity and
give it a value between 0 and 1 which will help us determine
by how much is the project going to get delayed and by how
much is the project going to go over budget. If boulder size
<5 Cubic meters, then cost of project increase by 5%+
additional 5 days.If boulder size >5 and <10 Cubic meters,
then cost of project increase by 10%+ additional 10 days. If
boulder size >10 Cubic meters, then cost of the project
increases by 15%+ additional 15 days.

INFERENCES

Most common reasons for delay generally are
improper planning and inconsistent funding
Cost overrun and time overrun are greater issues in
developing countries than that of developed
countries
Fuzzy logic is far superior than that of Boolean
logic to quantify parameters
Fuzzy logic helps understand the magnitude of a
parameter
Fuzzy logic can be widely used in construction
industry to better understand and manage future
projects
VI.

VII.

DATA COLLECTION

After visiting several construction sites in Mumbai,
India and interviewing the project managers and other
participants of the visited sites, data was collected and a list
of factors that were affecting their project in terms of
Duration of the project as well as the budget of the project
was prepared. The data was classified in 5 different
categories based on what is the base cause of the delay or
cost overrun. i.e; contractor, client, consultants, materials or
external. The following inferences were made using the
collected data: (1) Data collected was analyzed with fuzzy
logic based on frequency and severity (2) Each cause was
ranked between 0 and 1 to quantify the magnitude of the
cause (3) Most of the cause were same between different
projects that were analyzed (4) Major causes of delay and

Method and Methodology

a) Research Method:
After an extensive review of the literature papers, it
was very evident that there are several factors for delay and
cost overrun and to predict the probability of a project to go
over budget or face delay a method called Fuzzy logic will
be used.
b) Research Methodology:
Literature review: Set of literature papers will be
reviewed to get an idea of the problems i.e. cost and time
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cost over-run were improper funding, improper planning and
scheduling, slow decision making and procurement of
licenses, permits and documentation from the authorities.
VIII.
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Abstract: Critical chain project management is an
advanced method of planning a project and also
managing it efficiently by giving utmost importance to
the resources required to execute a task. The hurdles
that are faced in the traditional Critical path method
(CPM) are bad multitasking, student’s syndrome, cost
time overruns and overestimation of task durations.
CPM & PERT are methods and are not justifiable and
effective as they are based on assumptions. CCPM works
on the principle of Theory of constraints (TOC) which
states that a system’s efficiency can only be improved if
the constraining resources perform effectively. CCPM
prioritizes project completion dates over milestones.
Buffers are incorporated to cater to the uncertainty
during the course of the project. Project buffers are
incorporated at the termination of the critical chain, and
feeding buffers are used for non critical activities which
prevent it from being critical. Projects can be easily
monitored with the help of fever charts, which is a graph
plotted between % completion of the entire critical chain
and % consumption of the total project buffer. With
RERA (Real Estate Regulation & Development) act
2016, it has become utmost important for the builders to
complete projects in stipulated time to avoid being
penalized. A comparative study between CPM & CCPM
depicts 10% to 50% faster completion, thereby being
more cost efficient. Manpower requirement reduced by
10%.
Keywords: Critical Chain Project Management, Theory of
constraints, Critical Path Method, Buffer, Fever Chart.
I.

faster completion from the traditional methods and thereby
cost efficient. CCPM does not emphasize on the completion
dates of milestones but on the project completion date
(Izmailov et al. 2016). CCPM is just not for managing the
projects but and efficient method for scheduling (Taher and
Korany, 2016). The duration of the activity is reduced by
adding all the safety time and adding them at the end of the
feeding and critical chains. The saved buffers protect the
events from delay and also increase the probability of
completion of activity before time or at least on the planned
date (Korany et al. 2016). It does not matter how long an
activity takes for completion, the entire project should be
completed according to schedule. (Izmailovet al .2016).

Figure 1.1: Basic Model of CPM and CCPM (Source:
www.caravelgroup.com.au)

b) Planning
Buffers are incorporated to cater to the uncertainty during
the course of the entire project, Project buffers are added to
the end of the critical chain and before the completion of the
project, feeding buffers are used for non-critical activities
which prevents it from being critical and lastly resource
buffers do not contribute to the schedule duration but it is
inserted for the preparedness of the resource for the next
activity (Korany, 2016). The twelve buffer sizing methods
are Goldratt (50% rule), Newbold (RSEM), Leach two
combined methods (SSQ and BIAS with SSQ), Ashtiani
(modified RSEM), Min (Min’s fuzzy approach), Tukel two
adaptive procedures (APD and APRT), Shou low, medium
and high safety (Risk Class Assessment method), Taher and
El Korany (Blue Method) (Korany et al. 2016).Resources
are allocated to every activity and levelled according to the

INTRODUCTION

I.
Overview of Critical Chain project Management
a) Description
Critical chain project management is an advanced method of
planning a project and also managing it efficiently by giving
utmost importance to the resources required to execute a
task. The father of this concept was Eliyahu M.Goldratt. It
differs in the main methodology from traditional critical
path method (CPM) and PERT algorithms. The concept of
CCPM is based on the Theory of Constraints (TOC).
Application of CCPM in the projects gives us 10% to 50%
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aggressive durations and the longest path obtained after this
is the critical chain (Araszkiewicz, 2017).

II.

The problems faced while implementing the traditional
method of CPM and PERT are as follows:
1. Bad Multitasking.
2. Student’s Syndrome.
3. Parkinson’s Law.
4. Lack of Prioritization.
5. Cost and Time Overruns.
6. Overestimation of task durations.
7. Assumption of unlimited resources
Due to the problems stated above that is faced while
planning and execution of the project there is a need to
implement advanced method like the CCPM for scheduling
and monitoring the progress of residential structures
preventing time and cost over runs.

Figure 1.2: CCPM Project Network (Source:
www.blog.ganttpro.com)

c)

PROBLEM STATEMENT

Execution

III.

CCPM works on the principle of Theory of constraints
(TOC) which states that a system’s efficiency can only be
improved if the constraining resources perform effectively.
(Steyn, 2000). The main aim of CCPM is to avoid bad
multitasking; this is achieved by alerting the resources at the
start (Petroutsatou, 2019).

MOTIVATION OF RESEARCH

Construction projects are subjected various constraints like
the project complexity, resource scarcity and duration
uncertainty. CPM and PERT are has-been methods and are
not justifiable and effective as they are dependent on
assumptions. This method could eliminate the overestimated
project durations and give faster and efficient methods of
construction. With RERA (Real Estate Regulation and
Development) act, 2016 it becomes important for the builder
to complete the project in the stipulated time to avoid being
penalized.

d) Monitoring
The project can be monitored with the help of fever charts,
which is a graph plotted between % completion of the entire
critical chain and % consumption of the total project buffer.
The project goes into the red zone if the project buffer is
consumed more than desired. (Chances of delay is high) and
necessary mitigation measures needs to be adopted. If the
buffer consumption and completion of critical chain are
equal then the buffer is in the yellow stage. If the buffer
consumption is low then the buffer is in the green stage
which means the project will be completed ahead of
schedule (Izmailov et al. 2016).

IV.

LITERATURE REVIEW

Kleopatra Petroutsatou (2019) said that the delay in the
initial stages of the project ultimately delays the entire
project which can be compensated by accurate resource
leveling in the commencement of the project. The various
software available for Critical Chain project scheduling are
as follows:
1. Allex Drive-2013
2. Aurora-CCPM-2011
3. CCPM+-2011
4. Concerto-2011
5. Lynx Scheduler-2011
6. Pro Chain Project Scheduling-1998
These applications will work alongside the MS Project.
CCPM uses Sum of Squares method for buffer calculation.
The duration of activities are reduced by adding resources
from non-critical activities to critical activities. CCPM
method has not been put into practice for cost and time
saving.
Ali Alasbool & Suliman (2018) stated that the project
buffer is added in the critical chain considering safety
margins whereas the feeding buffers prevent the non-critical
activities to become critical during the execution of the
project. The resource buffers are put in to avoid the scarcity
of resources. The four models described are 50% rule,
Root-square method/ Sum of squares method, Density
Procedure&Tightness of the resource.

Figure 1.3: Fever Chart (Source: www.donlowe.org)

Sarkar et al. (2018) articulated that the mean value
obtained from the PERT method is less than the actual
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project mean value. Buffer calculation is done by
Uncertainty aware method (UAM). Multimode based
method (MBM) is used for leveling of all resources.
Bottleneck is a constraint which is incapable to for a task.
Based on experience values of various uncertainties were
given. There was reduction in manpower required by
10.53%. There was reduction in requirement of equipment
of 29.41%.

Prajapati et al. (2017) differentiated CPM and CCPM as
follows:
Table 1: Comparison between CPM and CCPM

Subject
Design is
based on
Time required
for scheduling
Probability of
project
completion
Location of
safety times
Schedule type

Varghese and Farzana (2018) noted that increasing
competitive business; tighter time constraints are the major
reasons to implement a better scheduling method.. The
critical chain in the entire network should be identified and
exploited such as rearranging of tasks to reduce the project
duration.
Prajapati et al. (2018) gave the steps to prepare a critical
chain and they are Site selection, Material estimation,
Equipment planning, Labor requirements, Estimating
durations, Resource allocation and leveling. A case study on
a G+9 structure was undertaken where the labor
productivity charts for few activities were shown. Work
Breakdown Structure was created based on the activities.
CCPM scheduling was carried out using LYNX scheduler.
For buffer estimation 50% rule was incorporated.

Linking of
activities
Multitasking is
Feasibility for
multi project
management
Cost of
training and
software
Tracking
project
progress

Gandhi and Pitroda (2018) suggested that in CPM
estimates are based on guesswork wherein resource
constraints are not considered. Project managers avoid using
CCPM because reduced activity duration increases the risk.
The two action levels regarding the buffer is no action level
(everything is going as planned) and the implement the plan
(Buffer consumption increases). Fever charts need to be
plotted where a graph is plotted between %feeding path
complete vs. buffer consumption. CCPM definitely
completes the project faster but involves significant
investment in terms of training of employees and framework
investment costs. Resource based scheduling (CCPM) is
better than task-based scheduling (CPM). Various reasons
for delays in projects are Excessive activity duration
estimates, merging of activity paths, Multitasking & no
measures for early competition of activities.

1.
2.
3.
4.
5.

CPM
Task

CCPM
Resources

Less but
inaccurate
Schedules 95%
probability task
durations
Within the task
durations
Scheduled dates
for starting

More but accurate

Could change
during
rescheduling
Promoted
Not feasible

Schedules 50%
probability task
durations
At the end called as
buffers
Next activity starts
as predecessors are
completed
Shown at once for
the entire project
and does not change
Demoted by setting
priorities
Feasible and
effective

Low

High

Not shown
effectively

Shown effectively

Advantages of CCPM are as follows:
Faster completion.
Elimination of multitasking.
Flexible than CPM.
Human behavior considered during scheduling for
better project environment.
Simpler method of tracking (Fever Chart).

Tracking through fever chart is done where a graph is
plotted between, % of duration vs. % of buffer consumed.
Bhan and Waghmare (2017) researched that with RERA
being implemented it is important to complete construction
projects in stipulated time to avoid being penalized. CCPM
will be helpful in single and multi-project environment. It
can also be used in projects with great complexity and
high-risk factors. TOC is based on the philosophy of finding
the constraint and exploiting it which is possible through
buffer management. The various types of buffers are:
1. Project Buffer: It incorporated at the termination of the
critical chain to prevent time over run of a project. It is
consumed when the activities in the network are taking
longer than the estimated duration. If the entire project
buffer is consumed delay is bound to happen.
2. Feeding Buffer: This buffer is added before the
penultimate activity on the non-critical path joins the
critical chain in the project network. If the non-critical
activities are delayed this buffer can be consumed and
the activities on the critical chain are not hampered.

Krystyna Araszkiewicz (2017) identifies the physical (of
the critical chain) as well as procedural constraints
(behavioral nature of employees). According to the beta
distribution curve time required to complete an activity is
50% shorter than the time required with a probability of
90%. The five categories of constraints while applying TOC
are:
1. Economic: Occurs at conceptualization and planning of
the project.
2. Legal: Occurs at conceptualization and planning of the
project.
3. Environmental: Occurs at conceptualization and
planning of the project.
4. Technical: Occurs during the execution & operation
stage.
5. Social: Occurs during the operation stage.
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3.

Resource Buffer: It is inserted for the preparedness of
the resources to do a particular activity.

Kanan and Chitra (2016) obtained the reasons for the
reducing popularity of the traditional CPM method and they
are as follows:
1. Student Syndrome: Starting an activity at the last
possible time before its deadline. It eliminates potential
safety margins and increases chances of delay.
2. Murphy’s Law: Unavoidable situations cannot be
avoided, no matter the preparedness for the same.
3. Parkinson’s Law: The time required to complete a
particular activity will increase to accommodate the
schedule of the activity. Excess time will be wasted for
undesired perfection.
4. Multitasking affects the overall efficiency of the
system.
5. Aim of project competition is unclear and additional
safety times are added to individual tasks.
6. CPM is focused on task and resource dependencies and
not on the critical path analysis.
7. Critical paths may change along the course of the
project.
8. Higher chances of non-critical paths becoming critical
which may lead to more than one critical path.

A case study was presented using the 50% rule for a G+2
residential structure.
Izmailov et al. (2016) listed the common problems faced on
site and they are:
1. Projects usually take longer than their planned duration.
2. There are cost and time over runs.
3. Payments to contractors not done on time.
4. Alterations and amendments during the course of the
project.
5. Unavailability of resources.
6. Continuous change of priorities.
The activity durations assigned and the time required for
execution is nearly equal but with many uncertainties.
Repetitive activities might take varying durations due to
various circumstances. Simultaneous working on various
jobs leads to bad multitasking. Workers on site will choose
the easiest job available if options are available which might
lead to a new critical path. CPM is very optimistic but not
practical.

The steps followed for CCPM scheduling are as
follows:
1. Aggressive 50% durations calculated for each activity.
2. Resource allocation and leveling.
3. Relationship assigned based on task dependencies and
availability of resources.
4. Longest path in the network is the critical chain.
5. Buffers are inserted in the network.
6. Buffer monitoring and management.

Taher and Korany (2016) cited a sentence from Goldratt’s
book ‘The Goal’ that states “Critical Chain is the sequence
of independent events that prevents the project from
completing in a shorter interval”. Repetitive activities often
lead to imbalanced production rates and might lead to
obstruction in work. Construction activities are linear and
repetitive, hence scheduled by ‘Line of Balance’,
‘Time-location matrix model’, ‘Time Space scheduling’ &
‘Flow line’. Cost of the incorporated buffers is low as
compared to the cost incurred by the project if it is delayed.
The project will be a success only if at least 50% of the
activities complete on time according to the schedule given
by CCPM. In CCPM rescheduling is not permitted hence is
criticized by project managers. Distribution of buffers along
the network will indicate the project is close to the plan.
CCPM is demoted due to its new ideology, lack of
experience and convincing the management. The CCPM
durations are aggressive but quite achievable.

To calculate buffers, we need the original durations,
aggressive durations and standard deviations. Cut and paste
method suggested by Goldratt is easy to calculate but has
many uncertainties. Activities with longer durations will
produce large buffers. Buffer sizing by Root square method
give unrealistic data for lengthy chains. Interdependence of
tasks is directly proportional to delays in the project. Root
Square method gives least project duration but does not
consider uncertainty.
Korany et al. (2016) expressed that to prevent delay; in
CPM everything must happen as planned at the planning
stage. A new method was suggested that is the risk class
assessment method by relative dispersion. Relative
dispersion measures the uncertainty of an activity and is
obtained by dividing the activity’s standard deviation and
average duration estimate. Buffer is obtained by multiplying
the buffer size of its corresponding risk class with the
average estimated duration of each activity. Six different
methods were compared and BLUE method was concluded
to be the best one.

Izmailov et al. (2016) said that in the critical chain project
management (CCPM) the completion date is prioritized over
individual schedule of the activities. This method does not
follow a rigid task sequence or a rigid plan. There is faster
transition between the two activities. Resource limitation is
the major reason for delay in projects. Critical Path Method
(CPM) has excess time reserves associated with every task
which can be curtailed practically with CCPM. CCPM
mainly focuses on allotting the resources according to early
start and efficient switching between tasks. Project
managers tend to carry out the activity in the planned
duration borders. CCPM takes activity estimates with 50%
risk coverage which is called as aggressive estimate. It
works on the principle that 50% of the activities will be
completed before the duration according to critical chain
scheduling whereas the remaining 50% after that. The entire
project resources are segregated as critical task resources &
non critical task resources.

Ma et al. (2014) discussed in brief the challenges faced
while implementing CCPM and also a new empirical
formula for determination of buffer. The new method is
called as Uncertainty aware method. Resource levelling in
this method is done by Multimode based method (MBM).
CCPM focuses on multiple resources with limited
quantities. An empirical formula was created with
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uncertainty, complex nature of an activity, the allowance of
that activity, resource tightness, risk preference, buffer
sizing considering the uncertainties.

because they will be pressurized to complete the activity in
the reduced stipulated time.
Graham Rand (2000) described the reasons for delay as the
unpreparedness of the next activity because it is unclear
when the activity at hand will terminate. Activities
completed before time are not reported to prevent the
expectation for early competition in future. PERT has a very
basic method to deal with all the uncertainties which is not
the case with Theory of Constraints. Emphasis of employees
should be on finishing the activities on time rather on
reducing the duration of activities. Sequential activities must
be promoted rather than parallel activities to prevent bad
multitasking.

Pai and Giridharan (2013) mentioned that the Mudra
power plant was constructed using CCPM and it is an Ultra
Mega Power Plant. Consuming time and resources on
improving the non-constraint activity will not provide
significant benefits but efficiently identifying and solving
the constraint will. The various steps to be followed for a
better performance are:
1. To know the constraint/problem.
2. To work on the constraint.
3. Prioritizing the constraining activities.
4. Elevating the constraint at hand.
5. Repeating the same procedure till optimum efficiency is
obtained.
ShuXiangyuan (2012) suggested a new method known as
Risk Agent method. Uncertainty factors that affect the
projects durations are:
1.
2.
3.
4.

Human Factor: Labor productivity, manpower, etc.
Material Factor: Quality and Quantity of materials.
Technical Factor: Construction technology, Process
innovation etc.
Social Environment: Political, economic and legal.

V.

INFERENCES

i.

CCPM is a deterministic model.

ii.

CCPM is based on Theory of Constraints (TOC).

iii.

CCPM methodology is widely used for Infrastructure
projects.

iv.

The most effective buffer calculation method is the
Root Square Estimation Method.

v.

LYNX Scheduler is modern software for scheduling
using CCPM methodology.

Theoretically CCPM is advantageous than CPM as it gives
10% to 50% faster completion & required manpower is 10%
less.

K (Risk agent) lies between 0 and 1. 0 denotes low risk and
chances of and activity to complete on time is high. 1 risk
agent denotes very high risk and chances of delay is high.
Buffer is calculated by creating an algorithm.
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Abstract : Setback structures are highly vulnerable
during earthquakes due to its vertical geometrical and
mass irregularity, but the vulnerability becomes
higher if the structures also have stiff irregularity in
elevation.Soft first storey is a typical feature in the
modern multi-storey constructions in urban India.
Though multi storeyed buildings with soft storey floors
are inherently vulnerable to failure due to
earthquakes, their construction is still rampant in
developing nations like India. .Further, a study is
performed on a building with open ground storey and
vertical Setback to highlight the importance of their
presence in the seismic analysis using the ETABS
program . With the availability of fast computers and
also Software usage in civil engineering has greatly
reduced the complexities of different aspects in the
analysis and design of projects. In this paper ,seismic
analysis of RCC buildings with vertical irregular
Configuration at various floor levels has been studied.
For any meaningful research, there is ample scope to
work on various Combinations for critical analytical
conditions. Storey drift was seen to increase at levels
where soft storey height provision was made and
inferred that Storey drift increased at those levels. For
Plan shape in model, C,T and H shaped configurations
were considered and C,T and H shaped plan
configurations was found be effective respectively .For
better Structural Performance combinations of Shear
wall and Plan shape is the most effective solution to
counter Base shear increase that occurs due to Vertical
Setback and soft storey.

engineering experts. The availability of fast computer
systems and software usage in civil engineering has
greatly reduced the complexities of different aspects in
the design and detailed analysis of projects. The present
work has been made to study the seismic behavior of soft
storey building with different arrangements in soft storey
building when subjected to static and dynamic Seismic
loading.

II. LITERATURE REVIEW
A Literature review has been carried out on various
studies of buildings with Soft Storey and seismic design
parameters. A review of the work is presented below.
Subodh. S. Patil et al. (2017) have studied the torsion
effect at the Reentrant Column in L and T shaped
Building plans. Torsion is noted in asymmetrical
buildings when the distance between storey’s center of
rigidity and storey’s center of mass is greater than 20% of
the width of the structure in either major plan dimension.
In torsion irregularity, inertia force found to act through
the center of mass while the resistive force acts through
the center of rigidity Torsion effects seen due to distance
between mass center and rigidity center more than
20%.Models with L shape and T shape 20 ,22,and 24
storied analyzed for seismic parameters. Shear wall
provision and diagonal reinforcement are suggested to
reduce Torsion effects along with Architectural relief. It is
concluded that increase in height of L-shape building
directly increases relative displacement & stress at
re-entrant corners.
Firoja Alam & Shree Prakash (2017) have studied the
effect of Setback Structures on the Fundamental Period of
RC Buildings. Coupled shear walls are studied to study
the comparative merit or demerit of framed structures
with shear wall structures. Analysis has been carried out
on sample model structures with ETABS software. It has
been ensured to consider sample models that represent the
current practices in structural design to include different
structural configurations.It is found that asymmetric
Building caused Force flow interruptions and stress
concentrations creating torsion that leads to increase in
lateral deflection causing failure. Setback buildings are

Keywords : Response Spectrum Method, Soft storey,
Torsion, Lateral storey drift, Shear wall, Setback, Base
Shear, Reentrant Corner.
I. INTRODUCTION
Soft storey building is considered as an important aspect
in the development of multistoried buildings in India.
Functional and Social requirements for providing parking
space at ground level and for commercial spaces open
stories at various levels of structure far outweigh the
caution and safety warning against such buildings from
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increasingly encountered in urban construction .This is
aimed to improve the performance of such structures.
Performance of empirical equations is a matter of concern
in this study. Degree of conservative time period in
setback buildings is not proportionate to regular buildings.
The critical parameters that determine the fundamental
time period of such buildings are plan dimension, member
sizes and structural configuration.
Ambreshwar et al. (2018) have carried out a study of
shear walls in different locations in a Multi-storeyed
structure.
Shear walls are useful to resist lateral load systems mainly
due to its shape, stiffness and strength. Shear walls are an
important factor in Tall Multi-storeyed Buildings. Optimal
location is found in the core of the building to stiffen the
system. Base shear is found to be more with shear walls
than bare frame Structures. It is concluded that RC shear
walls provide large strength and stiffness to buildings in
the direction of their orientation, which significantly
reduces lateral sway of the building and thereby reduces
damage to structure and its contents. It is noted that the
properties of seismic shear walls dominate the response of
the buildings, thus the seismic response of the shear walls
has been evaluated in this study . Author has carried out
Three-dimensional space frame analysis for five different
building configurations resting on flat ground under the
action of seismic load and found that the optimum
location of shear wall is found in the corners of the
building.
S. A. Powale, N. J. Pathak (2019) carried out
comparative analysis of L and S shaped 33 storeyed
Buildings for
Torsional Analysis. The destruction caused by
earthquakes to such structures gave rise to a thought of
designing such a structure that would safely withstand and
resist earthquakes which can occur throughout the
structure‘s designed lifespan.It highlights the fact that
present codes cope with twisting by limiting the scheme
of structures with uneven outlines and likewise by
introducing an unintentional eccentricity that need to be
taken into account in the design.It aims to find whether S
shaped plan resists torsion due to earthquake effectively
than L shaped plan.It is found that Joint Displacements of
S shaped building are less as compared to L shaped
building. It concluded that the Δmax/Δmin ratio for S
shaped building in both direction is less than 1.5 and
hence the building is not torsionally
irregular. Hence, S shaped plan building resists
torsional/twisting effects better than L shaped plan
building during the earthquake.

1. In present research we have used the Ten model of
Multi-Storeyed Building having irregular plan, soft storey
with and without vertical setback .
2. Model the structure in ETABS
3. Seismic analysis is done as per IS1893-2016.
4. Running the model in E-TABS.
5.Obtaining seismic parameters like base shear, lateral
drift and displacement.
6. Observation and comparison of results.
7. Conclusion
IV. STRUCTURAL MODELING
Modeling of frame structureModeling of structure is done in standard software ETAB
which is based on finite element methods. The space
frame of a multi-storey building is prepared considering a
special moment resisting frame. Column bases are
assigned as fixed support, column and beam are modeled
as line element, slab and shear wall are area sections but
are assigned as membrane.
1. G+25 storey building having a Column and Beam
Framing System has been modeled .
2. G+25 storeyed building having a Column ,Shear wall
and Beam Framing System has been modeled .
3. G+25 storeyed building having a C shaped Plan with
Column ,Shear wall and Beam Framing System has been
modeled .
4. G+25 storeyed building having a T shaped Plan with
Column ,Shear wall and Beam Framing System has been
modeled.
5. G+25 storeyed building having an H shaped Plan with
Column ,Shear wall and Beam Framing System has been
modeled .
V. PRELIMINARY DATA
Following are the data assumed for carrying out this
study, Five Models with 25 Storey.. Floor Height: 3.0 m
and Ground Floor Height: 5 m Concrete Grade:
M45.Seismic Zone: IV as per IS 1893:2016(Part1)
Response Reduction Factor: 4 Importance Factor: 1.2
VI. MODELS

III. METHODOLOGY
In this study, a comparative seismic analysis is done for
multi-storeyed building configuration of 20 storeys
models
with vertical setbacks and irregular plans. The analytical
results will include base shear, lateral drift and
displacement
and finalize the structural system depending on their
inferred Conclusions.
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investigation has been made to study the seismic behavior
of such a building and develop guidelines to minimize
risk in such a building. It can be concluded that analysis
of multi-storeyed buildings has given an understanding of
seismic behavior which will be helpful to further research
work.
Following conclusions are made from the study and
results studied for all Models.
1. Structures having Soft storey and Setback must be
provided with Shear walls at available locations to reduce
Base Shear by a considerable amount as observed from
the results in Model with no Vertical Irregularity.
2. Provision of Shear walls at effective Locations can help
increase Building stiffness and reduce Base Shear for a
Structure. Shear wall Placement is important in irregular
Plan Configuration.
3. Comparing the results of C, T and H shaped
configuration, Plan Layout in H shape is most effective to
have resistance against Lateral forces with more Base
shear with similar Floor levels.
4. It can be inferred that Base Shear Reduction is
significantly affected by Storey level at which soft storey
height and Vertical Setback are assigned to a Structure.
Base Shear increases by 10% to 25% for such cases
depending on storey levels.
5. Finally, for better Structural Performance, combinations
of Shear wall and Plan shape is the most effective solution
to counter Base shear increase that occurs due to Building
Configurations of Vertical Setback and soft storey.
IX. FUTURE SCOPE
VII. RESULTS AND DISCUSSION

For any meaningful research, there is innumerable scope
to work on various Combinations for new analytical
conditions. The Research area has innumerable options to
look into various avenues that can still be studied in
detail. Floor Loads can be varied for further working on
Layouts. Seismic Zone conditions can be considered for
further research. Long shear walls with openings can be
considered for study. Soft story levels and Setback levels
at different stories can be further studied. Different Soil
conditions can be analyzed for further study. Multi storey
Building with additional storey can be studied. Various
Load combinations can be studied.

Following observations were made after the analysis of
the models and results obtained thereafter.It was inferred
that Vertical setback, Plan Shape and soft storey have
considerable effect on Seismic performance of the
structure. It was observed that stiffness of the building is
affected by the storey level at which vertical setback and
Soft storey is assigned along the height of Building. Base
shear reduction upto 35% is achieved by provision of
Shear walls compared to Columns in a Plan Layout. It
was observed that for increase in Floor heights, Location
of Soft storey and Setback causes G+15 Building to have
10 to 25 % higher base shear than G+25 building which
means higher stiffness for less Floors. For Plan shapes in
the model, C,T and H shapes were considered and C,T
and H shaped plans were found to be effective
respectively.
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I.

INTRODUCTION

Property prices in urban centers in India have
skyrocketed over the past few decades. Newer and newer
cities now becoming hubs of economic growth, the urban
population is increasing alarmingly. It is estimated that
around 3.7 lakh crore of housing inventory is unsold in the
top 7 cities of India [1] (as of July 2021). World bank has
reported that 35.2% of urban Indian population lives in
slums as of 2018. These are concerning facts, which
indicate that the problem lies with houses not being
available at affordable prices in cities, where land cost is the
primary driving force in total project cost. Thus effective
space utilization in cities coupled with an efficient
micro-activity scheduling mechanism shall be put into place
to ensure reasonable cheap housing inventory supply, to
create a win-win situation for both - the developer as well
as the home-owner.

Building Information Modelling(BIM) and Geographical
Information System(GIS) are two robust tools, that offer the
promise to streamline construction projects, by providing
multiple virtual dimension simulation platforms to not only
model the current building and geographical contexts, but
also for-see the future inclusions. This research encompasses
comprehensive application of GIS in scientific management
of affordable housing construction sites and providing
necessary quantification through BIM in planning, efficient
scheduling of construction activities and maximizing space
using efficient management practices, thereby effectively
reducing life-cycle costs.

GIS tools can be efficiently applied to locate potential
sites for affordable housing based on price of land,
topography, land use, water availability, and proximity to
other development features [2]. GIS can be applied to
generate Digital Elevation Models (DEMs) for
distinguishing several terrain characteristics, such as flat,
gently sloping and sloping, to assist in identification of
suitable vacant land where it would be cheaper to develop
affordable houses [3]. GIS can be employed for valuation
modeling by including the impact of the available viewing
area around a property and other parameters like market and
transportation availability, proximity to city centers,
hospitals, educational and commercial hubs. Thus, GIS can
be very handy in predicting property prices and hence
investment decisions in construction projects can be taken
[4]. The potential of GIS for preparation of land use/land
cover maps obtained through interpretation of Remote
Sensing Satellites can serve as a base to understanding the
patterns and possible changes in trends over time, thus
enabling future planning, management, and development of
any area [5]. The cost and time incurred during site
selection of any project can be reduced using Remote
Sensing and GIS and hence the efficiency in planning can
be improved [6]

The cost of any project can be controlled during its
conceptual and planning stage, and any change in scope of
work later envisaged leads to uncontrolled projects. This
problem can be readily addressed by BIM, where data can
be integrated, accessed, modified and shared by all
concerned parties along with efficient project tracking,
monitoring and many other benefits throughout its life cycle.
Due to lack of coordination and synchronization, urban
planners and contractors work piecemeal and invest a lot of
their resources in individually developing common utilities,
which otherwise would be efficiently taken together along
with other projects in the vicinity. Thus, employing GIS for
creating, storing, manipulating and analyzing data for a
group of local projects, where their spatial and non-spatial
requirements can be synchronously serviced, will avoid
duplication saving considerable resources for all parties
involved.
Mass construction projects are often characterized by
available space not efficiently utilized and micro-level
activity schedules not effectively contemplated, due to the
tremendous amount of work involved. Integrating BIM and
GIS has tremendous potential in improving project
information management by providing a transparent
platform for efficient spatio-temporal planning and working
drawing management, thus minimizing wastes and
enhancing productivity as shown in the case study.

Inflated soft project costs (overhead, administration, and
services) can be considerably reduced if BIM is utilized
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throughout the project life cycle. BIM has several benefits
as it provides more information earlier in the design
process, enhancing transparency and collaboration between
stakeholders, is interoperable and capable of predicting life
cycle costs [7][8]. BIM is capable of modeling exact
building requirements, and it assists the design evaluation
process standardization, increases evaluation criteria scope,
facilitates the requirements’ availability to designers,
maintains and controls the evolving information, its
visualization and organization. However, the need to
purchase BIM tools and training the professionals can offset
small scale projects [9].

Demarcate projects site and its infrastructure in open source
GIS to digitally model the entire geographical extent of the
township
Converting the AutoCADD drawings and project timelines
into 4-D BIM model to individual design the building
components and then linking it with the geographical QGIS
model.
Developing
a
framework
which
helps
government/developers and/or contractors in effectively and
efficiently planning optimized low-income housing
schemes.

GIS is essential in spatial analysis during the feasibility
study and conceptual stage of a project. It plays a vital role
during the operations and maintenance stage of a project for
managing various assets and facilities. On the other hand,
BIM provides a robust platform for efficient collaboration
among architectural, structural, construction and MEP
teams to resolve any design problems, clashes and
difficulties that can arise during the planning stage and later.
Effective site planning, timely project delivery, labour and
equipment safety are ensured by BIM. A holistic
transformation in technology can be brought about by
integration information from GIS and BIM [10].

Fig. 1 shows the schematic methodology of the study.
The methodology encompasses using GIS for aggregating
the entire geographical extent earmarked by a government
agency (planning department) for affordable housing
schemes. The infrastructure around the houses is envisaged
to be planned in a GIS environment. The building
affordability can be enhanced using BIM alongwith
scientific management tools. Further, optimization tools
shall be used to optimize scheduling, reduce time, cost and
spatial requirements. It is envisaged that in order for the
houses to be affordable, the limiting criteria is that the
construction and development cost per sq. ft. shall be atleast
10% below the existing cost earmarked for the affordable
housing projects and shall not surpass a benchmarked value
for Economically Weaker Section (EWS) and Low Income
Group (LIG) houses for the locality.

It is of utmost importance that construction
organizations apply optimization techniques at each and
every stage in the life-cycle of the project- right across
planning, designing, procurement and production processes,
to handing over, operating and maintaining. Mass housing
schemes are often characterized by insufficient space and
time utilization, due to the tremendous work involved.
Thus, studying the synergy effect of integrating GIS-BIM to
optimize space and time is the need of the hour.
Recent trends in applications of BIM and GIS for
various stages of construction projects suggest that
primarily, BIM and GIS are integrated for building
planning, designing, operation and maintenance activities.
Most of the researchers preferred Autodesk Revit and
ArcGIS for extracting BIM data into GIS systems for their
integration [11]. Thus, there is an obvious gap in integrating
BIM with GIS and current research in the domain is mostly
focused on importing BIM data in GIS applications and
vice-versa. Hence, a single platform for multi-purpose
applications across the whole life-cycle of a project shall be
developed, which takes into account the strong parts of both
BIM and GIS [12].

Fig. 1.

The process for performing geographical analysis of the
study area is done on QGIS 3.8 version and building
optimization is carried out on AUTODESK Revit 2022
(student’s version). QGIS is a robust open source platform
capable of handling geographical data and Revit 2022
version has requisite functional tools which suffice the
requirements of the study. The schedule shall be optimized
using GA, hence envisaging the reduction in cost due to
optimized planning

Thus, it is envisaged to use GIS and BIM along with
other efficient management techniques to investigate
whether construction of affordable housing projects can be
a reality in the heart of Indian metro cities and their vicinity.
This work presents a framework for using the above tools
for estimating time, cost, technical and social feasibility of
such projects that would empower government agencies and
local construction contractors in the planning of affordable
housing project
II.

Methodology for housing affordability using GIS, BIM and GA

III.

CASE STUDY AND DATA COLLECTION

The site selected for the case study is located in Phase 2,
Taloja Panchanand, Raigad district in Maharashtra, India. It
is extension of Kharghar node, founded by City Industrial
Development Corporation of Maharashtra (CIDCO) and
governed by Panvel Municipal Corporation (PMC). Its
latitude is 19.08330N and longitude is 73.08330E. It is
located roughly 46 km. from Mumbai international airport

METHODOLOGY

The methodology incorporates the application of GIS
and BIM during various stages of the project to
scientifically address the affordable housing gap in Indian
metro cities. Following is the detailed working procedure
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and 13 km. from proposed Navi Mumbai international
airport (by road). Hence the area has seen tremendous
growth in the last few decades. However, the potential
market for affordable housing has not been efficiently
tapped. Fig. 2 shows the location sketch of Taloja.

Fig. 2.

Fig. 3.

Package-wise development of Taloja node

As seen from Fig. 3, various phase-wise development
zones are demarcated in different shades. Under the Prime
Minister’s affordable housing scheme, CIDCO has
systematically distributed the entire housing scheme into 7
packages for the development of affordable houses.
Currently, the areas highlighted in yellow are the packages
where construction is almost complete. The areas shown in
green are plots earmarked for development in package 1,
which is particularly considered as a case for employing
GIS and BIM for time-cost optimization.
As evident from Fig. 3, the entire planning by CIDCO
till now for this node is done on geographically referenced
maps, which are exported to printed (physical) formats for
project monitoring and control. Although CIDCO is very
efficient in terms of technical manpower for managing and
monitoring the various activities, due to the physical nature
of information stored, data flow often becomes a problem.
The laborious efforts required in data collaboration and
co-ordination can be made easy if the data is converted to
digital (or soft) form for further processes. GIS offers the
promise to geographically reference this data into workable
vector and raster models for efficient data pulling to run
various spatial and attribute queries, not only during the
construction phase, but also during the entire life cycle of
the project.

Location sketch of Taloja node (source: google maps)

CIDCO (a public entity under Maharashtra State
Government), which is the pioneer for all development
projects in Navi Mumbai, has carved out a well planned
satellite city for Mumbai from the villages in Panvel, Thane
and Uran tehsil in Maharashtra. Decentralized development
by breaking the entire geographical extent into smaller
nodes for individually developing the infrastructure in terms
of roads, water supply, drainage, markets, housing, etc. has
been successfully practiced by CIDCO in the past 5
decades. Although housing affordability is one of the major
objectives of CIDCO, and many projects are designed
keeping the underprivileged sections of the society in mind,
CIDCOs annual share in construction of houses has reduced
over the years [13]. This has led to soaring property prices
and hence majority of the city population lives either in
rented accommodation or flats purchased on heavy interest
rates. The motivation to address this ever escalating
problem has fueled the study, and a wholehearted effort is
made to investigate the avenues for reducing construction
costs and find out whether an individual homeowner can
obtain his/her own houses at reasonable rates in Navi
Mumbai.

The second important data which needs improved
visualization is the individual building data. BIM comes in
handy in this case. Typical building plans can be
constructed in a 3-D modelling software platform and the
4th dimension of time-line can be added through a
scheduling software. The 5th dimension of cost of the
building can be approximately estimated through including
all the material costs. This data can be integrated with GIS
to arrive at a detailed schedule and cost of the entire project.
Further, the time-line thus obtained can be cross-checked
with the original time-line, to find out the available scope
for improvement.

Fig. 3 shows the planning model for CIDCO for
development of houses for Taloja phase-2. CIDCO has
earmarked phase-wise development of the Taloja node,
right from planning the transportation network for the node
to the development of houses. It has divided Taloja into 2
phases on either side of the Taloja river and developed the
infrastructure. CIDCO has initially built houses in phase 1
and has shifted its focus to construction of houses under
phase 2.

Planning and Mapping in QGIS Software:
In QGIS, a variety of analysis can be carried out with
the help of open source plugins already installed while
downloading the software or customized plugins using
python programming can be developed for satisfying the
functional requirements of the project. The prerequisite for
working in QGIS is that the input data (via layers) shall
either be in vector form (point, line, polygon) or in raster
(pixel/image) form showing the desired information. The
following steps are followed for working in QGIS:
Geo-referencing:
Since the data is in raster form, it needs to be
geo-referenced using ground control points (GCPs) in order
to stitch it to the QGIS working interface (a.k.a. QGIS
canvas). Spatial (coordinate) and attribute (qualitative) data
acquired through different sources is used for efficient
planning of the buildings. Geo-registration of the study area
is done in QGIS via the geo-referencing plugin, which is
already installed during QGIS installation. For
geo-registration, the knowledge of latitudes and longitudes
for at least 4 GCPs is mandatory. The pre-downloaded
image or scanned map shall be browsed to its location on
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the computer. The proper coordinate reference system
(CRS) shall be selected so that the projected coordinates for
the area under consideration and datum of the control points
are precisely mapped w.r.t its location on the globe.
Depending on the extent of the geographical area, the
ground control point data can either be collected via a GPS
device or through GoogleEarth or OpenStreetMap. In the
Indian context for an old map, the Everest 1830 datum
gives good results. The image gets loaded on the top
section.

Processing of data:
An enormous amount of data in the form of layers,
either in vector or raster form, can be stored in a single
QGIS model, containing information captured through
attributes assigned. A number of inbuilt modules as well as
external plugins are available in QGIS to process the
information for deriving meaningful qualitative and
quantitative inferences about the study area. In case of
building demarcation and related infrastructure, a macro
level plan can be incorporated over which a lot of layer
attributes can be attached in terms of plots, sectors, zones,
building extents, road networks, trees, bus stands, metro
and rail stations, power stations, etc. A large amount of data
is also freely available through www.openstreetmap.org,
which has extensive macro level data for all major cities of
the world.

Fig. 4 shows the vector map of the study area which
has point, line and polygon features as imported from
OpenStreetMaps (OSM) to QGIS. This is the first step
which includes a basic map having details of existing
features like trees, water bodies, buildings, roads, bridges,
etc. which form the framework of the GIS map.

Fig. 7 shows zone-wise digitization of buildings in
package-1. To have a further macro analysis, each building
can be digitized in QGIS canvas and its attributes can be
attached. Hence an intelligent information system can be
developed for the entire geographic extent of the township
in QGIS

Fig. 4.

Vector map of Taloja node imported from OSM to QGIS

The next sub-step is shown in Fig. 5, which include
geo-referencing (stitching) GoogleEarth data to the QGIS
project canvas. Minimum 4 GCPs need to be established on
ground to stitch the raster file on canvas.

Fig. 7.

Zone-wise digitization of package 1 (in QGIS)

Delineating boundaries and other features:

Fig. 5.

Once the raster images are geo-referenced, the next
essential step is to transfer the essential features of the
project on the raster image to the QGIS canvas. The process
known as digitizing, is used to delineate essential ground
features, so that they are available in digital format. To get
maximum features, it is essential that the image shall have a
good spatial resolution. Also, additional on-site surveying
shall be done to input maximum features in the attribute
table of layers.

GoogleEarth raster map of Taloja node geo-referenced to QGIS

Once the raster image is imported and saved to QGIS
canvas, the next step involves importing the actual
demarcated file on which package-wise planning is done by
CIDCO as shown in Fig. 6. This file has to be in image
format (JPG/JPEG, etc.)

Performing Statistical Analysis:
Once the raster data sets are input, various
measurements can be done in QGIS using measure
command under view toolbar to ascertain the physical space
availability, length of an entity, magnitude obstacles in
property, etc.There are many plugins which come in handy
to run various types of queries for deciding the optimum
pattern of infrastructure development.

Fig. 6.

Fig. 8 shows the procedure to measure the area of an
entity. Once the measure area command is selected, the
cursor just needs to be placed on the perimeter of the entity
to measure its internal area.

Package-wise planning of affordable houses loaded on QGIS
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Fig. 8.

TABLE I.
Zone

1
2
3
4
5

E
C
A
B
D

BUILDINGS DETAILS UNDER PACKAGE-I
Building Type

Site
Description

1

Zone A:
Sector 29

2

Zone B:
Sector 31

3

Zone C:
Sector 28A

Demonstration of Measure command in QGIS

Thus the area for package 3 (area in all green polygons
combined) of the project is computed and compared with
the area as given in the development plan made by CIDCO.
Table 1 shows the comparison of areas by digital method
and are available through CIDCO maps.

Sr.No.

TABLE II.
Sr.
No.

4
5

Area as
demarcated on
map (ha)
NA
3.37
22.02
8.84
1.58
37.3419a

Building
Configuration
S+25
S+24
S+25
S+25
S+25

LIG - A

4

S+25

4

S+25

LIG- A

S+26
S+25
S+25
S+24
S+25
S+25
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Total planned duration of work is 42 months. Fig. 9(a)
and Fig. 9(b) shows the monthly breakup planing of the
housing development of package-1.

AREA STATEMENT

Actual available
area through
QGIS (ha)
1.5319
3.4705
20.9083
7.9262
1.5436
35.3805

Zone D:
Sector 37
Zone E:
Sector 21
Total

LIG - A
LIG - A
LIG - B
LIG - B + Shop
EWS - A
Sub-Total
LIG - A + Shop
LIG- A
LIG- B
Sub-Total
EWS - A
EWS - A + Shop
EWS - A
Sub-Total

No. of
Buildings
17
6
3
8
14
48
6
10
4
20
1
3
7
11

%
diff.
2.98
-5.05
-10.33
-2.37
-5.25

area for 1st row (Zone E) is considered as
obtained through QGIS in both cases, as
its unavailable in CIDCO map

It can be seen that there is a minor difference in areas
computed by QGIS and as given in the CIDCO map. But a l
area of 5.25% is computed through the QGIS measure tool.
This may be attributed to the fact that compound walls may
be considered within boundary by CIDCO and hence the
required deductions need to be incorporated.

Fig. 9 (a). Substructure work plan in MS Excel

QGIS provides tools to explore, access, analyze, and
create various types of Geographic data. The pockets of
area identified for affordable housing in Taloja node can be
further minutely detailed and various attributes can be
added using QGIS. This data can be stored in digital form,
which can be used for planning the optimized affordable
housing based on BIM.
Modeling using BIM:
Fig. 9 (b). Superstructure work plan in MS Excel

The developers had drafted all drawings in AutoCADD,
which, although it is the primary drawing language which
most construction engineers comprehend and hence is
vastly used, is accompanied with several drawbacks,
especially for mega construction works. These drawbacks
can easily be overcome by using BIM, which has several
added advantages over conventional modelling, such as
improved visualization, interoperability between software,
parametric modelling, unique code identification of each
member etc. Thus it was envisaged to convert all
AutoCADD drawings into REVIT models, which is one of
the software in BIM.

The typical buildings are designed and drafted in
AutoCADD, as per standard practice of CIDCO. However,
a lot of drawings pertaining to construction, structural, MEP
are to be created & maintained. If any changes are
envisaged in one drawing set, then all relative views need to
be changed in AutoCADD, which is a tedious job. Also,
there is a chance of missing some dimensions in some
views, which may lead to erroneous detailing. Further, the
complicated drawings are difficult to read, hence it becomes
a challenge to execute and monitor progress of work. Many
additional plugins are required in AutoCADD, for
connecting mechanical, structural and MEP drawings,
which lead to unresolved references. In AutoCADD,
scheduling & costing cannot be included, simultaneous

The following are the details of buildings under
package-1 of the scheme.
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working is not possible, clash detection cannot be done
beforehand and several other limitations, which makes it
imperative to use an intelligent building information
management strategy. Thus BIM promises to solve the
above issues, in addition to several other inherent benefits.
The AutoCADD drawings and subsequent information
in adobe acrobat (pdf) and MS excel files developed by
CIDCO are quite detailed and complete in almost all
aspects. However, due to the complexity of the project, the
entire infrastructure for the township and a huge number
and class of buildings need to be developed. Hence, the first
step is to convert all AutoCADD drawings into BIM models
using Autodesk Revit 2022 (student’s version). Figure 10
shows some views of building types (EWS-A) developed in
the BIM environment.

Fig. 10 (c).

Elevation (west)

Development of BIM model
The AutoCADD drawings and subsequent information
in adobe acrobat (pdf) once imported to BIM environment,
needs to be further processed to additionally store
multi-dimensional information peculiar to the project. Fig.
10(a). to Fig. 10(f). sequentially show the various phases of
model development of building type EWS-A. Autodesk
Revit 2022 student’s version is used for the model
development. Rendering is done in ENSCAPETM trial
version.

Figure 10 (d).

Section through staircase

The entire building can be shown in a single model, thus
eliminating the need of maintaining multiple drawings of a
building. Moreover, any change done in the model is
reflected in all views, thus minimizing the risks of error.

Figure 10(e).

Fig. 10(a).

Site plan

Figure 10 (f).

Fig. 10(b).

3-D view

Rendered view

These BIM models of individual building types can be
linked to the QGIS portal to achieve a holistic digital
geographical extent of the township at one place. Further a
number of operations can be performed by combining the
benefits of both the tools to achieve interoperability in the
real sense.

Typical floor plan

The next step involves investigating the optimization of
the schedule to reduce the overall cost of the township. For
this purpose, genetic algorithms are effectively used.
The original schedule as proposed by CIDCO is
arbitrary and a lot of scope for further optimization is
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available. It comprises a 42 months schedule, but resource
smoothing and leveling need to be carried out to ensure
optimal allocation. This can be achieved drastically through
the application of optimizing tools like genetic algorithms.

IV.

V.

FUTURE SCOPE

The integration of BIM into the GIS environment has
been done to some extent in this study. But BIM is
essentially a multi-dimensional environment, whereas GIS
consists of 2 dimensional drawings having various layers of
information. This is a primitive study, and a very vast scope
can be identified for further improving the affordability of
houses, especially in the metro and mega cities. Some of the
areas identified at this moment are as follows:

RESULTS AND DISCUSSION

The timeline as developed by CIDCO for their
affordable housing scheme in Taloja under package-1 is
given in Fig. 11. It shows the micro-planning done by
CIDCO for the various activities to be performed during the
various stages of the project

Using BIM for efficient structural designing can save a lot
of steel reinforcement cost. Currently the softwares
used like ETABS and STADDPRO, give safe
structures, but have a scope of to be further
economized
GIS can be integrated with the municipal records of the
town/ward, so that a seamless process of approval
from construction authorities is possible
Integration of BIM-GIS on a single platform will lead to
more effective working environments for city
landscape designers

Figure 11.

GA can be used for optimizing the building components for
maximizing
space
and
minimizing
energy
requirements. Material selection can be done based on
GA to optimize the cost.

Timeline developed in MS Project Planner

The scheduling is done with great detail, it still has a
good scope for optimization. The original schedule of 42
months can be compressed to 36 months via optimization
tools. A saving of 6 months will lead to a reduction of
indirect costs, although a slight increase in direct costs is
envisaged. A reduction of 10% or more in total cost is
possible, only due to efficient application of optimization
tools.

BIM and GIS can have inventory management modules,
which can be customized to avoid underutilization and
overutilization of resources
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Abstract—Precast concrete sandwich panels (PCSP) are
made up of two or more concrete wythes with layer(s) of
thermal insulation separating them which are held together
with the help of connectors. They may be used merely as a
cladding or can also be designed and built to act as load
bearing walls, shear walls, etc. Based on how the wythes and
the connectors mutually resist the applied loads, PCSPs are
classified into the following 3 types: i) non-composite panels,
ii) partially composite panels and iii) fully composite panels.
In the absence of any proper codes of practice for PCSPs,
Precast/Prestressed Concrete Institute (PCI) has provided
guidelines for the designing of fully composite panels.
Moreover, many researchers have also carried out
independent studies where they have reported the
achievement of fully composite action in their designed
panels. In this paper, a comparison between the designs of
fully composite load-bearing panels has been made as per
PCI guidelines with that of those reported by independent
researchers. The parameters used for this comparison are
load-deflection curvatures, ultimate load and deflection at
failure. The PCI guidelines are found to be over-safe for
most cases and hence a revision is recommended.

like Ireland, the United States of America, the United
Kingdom, Canada etc.[5]
Precast concrete sandwich panels (PCSP) primarily
consist of 3 parts: i) concrete wythe, ii) insulation layer
and iii) connectors. A wythe is defined as a continuous
vertical section of masonry whose thickness is taken as
unity. In a full wall build up, the outer wythe is called a
rainscreen and the inner wythe is referred to as the
internal wall. Depending upon use, PCSPs may either be
unreinforced or reinforced. For PCSPs which are
particularly used as load bearing walls, even prestressing
is quite common. The concrete wythes are also referred to
as the structural layers of the PCSP. While the wythes
provide the structural and durability characteristics of the
PCSPs, the insulation layer provides the thermal
resistance and is hence called the thermal layer of the
PCSPs. In order to ensure proper structural performance
and to connect the rainscreen, insulation layer and internal
wall together, connectors are used. Composite action may
be achieved in the panels by the lateral shear force
transferred by the connectors.[6]
PCSPs are classified either on the basis of and (i) the
loadbearing action of the panels as a whole and (ii)
composite action of its components. Based on its load
bearing action, PCSP are classified into the following 3
types: (a) non-loadbearing panels, (b) load bearing panels
and (c) shear wall panels. Based on how the wythes and
the connectors mutually resist the applied loads, PCSPs
are classified into the following 3 types: (a) fully
composite panels, (b) partially composite panels and (c)
non-composite panels. The focus of this paper is load
bearing fully composite panels. PCSPs that carry the
loads from other components of the structure are called
load bearing panels. These loads may include loads from
the roof, floor above, live load etc. These loads are
transferred vertically to the foundations. In fully
composite panels, the wythes are so connected that they
resist the applied flexural loads as an integral section. In
this case, the connectors transfer the required longitudinal
shear so that the bending stress is distributed on the cross
section of the panel.[6]
In the absence of any proper codes of practice for
PCSPs, Precast/Prestressed Concrete Institute (PCI) has

Keywords—fully composite, load-bearing, precast concrete,
sandwich panels, wall panels
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INTRODUCTION

When two or more concrete wythes separated by
one or more layers of thermal insulation are held together
with the help of connectors, they are known as precast
concrete sandwich panels (PCSP. These panels are first
casted at precast manufacturing plants, then transported to
the project site and finally erected or attached to structural
frames using cranes. PCSPs are used to both transfer
loads in a structure as well as to thermally insulate them.
They may be used merely as a cladding or can also be
designed and built to act as beams, load bearing walls,
shear walls and very recently they have also been used as
slabs. The focus of this paper is on PCSP walls only.
These panels may be used as both external walls as well
as internal partition walls; especially in thermally
sensitive rooms. PCSP walls are usually applied in
industrial structures of low heights, but recently they are
also being used in residential and public buildings of
medium to large heights as well. They have been used in
apartment buildings, hotels, prisons etc. in many countries
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provided guidelines for the designing of fully composite
panels. Moreover, many researchers have also carried out
independent studies where they have reported the
achievement of fully composite action in their designed
panels. The objective of this paper is to compare the
designs of fully composite load-bearing panels as per PCI
guidelines with those reported by independent
researchers, a few of which have been summarized here.
Benayoune et al. (2008) tested 6 PCSP specimens under
4-point flexure subjected to incremental loading till
failure and came to the conclusion that the stiffness of the
shear connectors used influenced the degree of composite
action and the ultimate strength of the PCSPs. Natio et al.
(2012) examined fourteen commercially available shear
connectors and determined their relative strength and
failure modes and they observed a considerable variation
in their strength, stiffness and deformity. Kim and You
(2015) conducted full-scale flexural testing on 10 panels
divided into 2 groups of different insulation material.
From each group, they were able to achieve fully
composite behavior in one panel. Choi et al. (2015) also
conducted full-scale flexural testing on 3 groups of PCSPs
having different insulation layers and shear connectors
and subjected them to both direct and suction wind
pressure. They were able to achieve a fully composite
action in one panel. Portal et al. (2017) tested a total of 6
specimens - 2 groups of specimens of different sizes and 3
specimens for each for different types of loading. The
authors noted that the connectors played a critical role in
the failure mechanism of the panels.
II.

load) + (1.6 * live load) + (0.8 * wind load). For each load
case, at first, the total factored load at mid-height is
determined by first individually determining the load at
top and mid-height of the panel. Although the total
factored load at mid-height is considered for the analysis,
the bending moment may not always be maximum at
mid-height and several sections along the panel may need
to be considered. The flexural rigidity of the panel is then
calculated assuming the stiffness-reduction factor to be
0.85 and the ratio of factored axial dead load to actual
axial dead load as 0.76. Assuming uniformly distributed
loading, the deflection at mid-span is calculated using P-δ
analysis and it is observed that the value of deflections
converged in the 3rd iteration for all the load cases. Using
the values of the eccentricities obtained from the P-δ
analysis, the moment and load at mid-height were
determined and checked for cracking using the interaction
curve provided in the PCI Handbook. Spreadsheets were
used for the design of fully composite load-bearing
precast concrete sandwich wall panels using PCI
guidelines as per the above methodology. The designs of
the authors mentioned in the previous section are
compared with the design discussed in this section and
presented with discussions in the next section.
III.

RESULTS AND DISCUSSIONS

Three precast concrete sandwich panels that were reported
by researchers to have achieved fully composite behavior
have been analyzed by PCI guidelines and the
load-deflection curves in both cases have been shown in
the figures and discussed below.

METHODOLOGY

According to the PCI Committee Report (2nd Edition)
prepared by PCI Committee on Precast Concrete
Sandwich Wall Panels, fully composite sandwich panels
are analyzed and designed in a way that the two wythes
resist the applied load by acting together and the entire
panel behaves like a single unit in flexure. The above
committee has recommended the following design steps
for the design of load-bearing fully composite precast
concrete sandwich panels. At first, for a given span, the
section properties of the panels i.e. width of the panel and
the thicknesses of the outer wythe, insulation layer and
inner wythe need to be assumed. Based on the above
assumptions, the cross-section area, moment of inertia
and section modulus of the panels are then calculated. The
dead weight of the panels in then determined using the
above section properties and the densities of the materials
of the wythes and the insulation. Wind load (both direct
and suction) and service roof dead loads (including snow
load) are then assumed. The material properties in terms
of specific compressive strength of concrete, modulus of
elasticity of concrete and specific tensile strength of
prestressing tendons are defined. At this point, the level of
prestress is analyzed by checking whether the prestress
provided is greater than the minimum prestress required
after taking the percentage pull as 75% and estimating the
losses at 15%; thereby the diameter of strands is fixed.
For further analysis, 3 load cases are taken: Case 1:
Ultimate load = (1.2 * dead load) + (1.6 * live load), Case
2: Ultimate load = (1.2 * dead load) + (1.6 * wind load) +
(0.5 * live load) and Case 3: Ultimate load = (1.2 * dead

(a) Sample 1
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(b) Sample 2

behavior have been designed using the PCI guidelines
available for load-bearing fully composite panels and
compared with each other. It is observed that that the
maximum deflection of the designs using PCI guidelines
are very much on the conservative side compared to
actual experimental values. The probable reason behind
this may be that the PCI guidelines do not take into
account the flexural rigidity that is contributed by the
connectors. These connectors play an important role in
achieving the fully composite behavior of the PCSPs.
Hence a revision may be made in the said guidelines by
taking into account the effect of the connectors.

Fig. 1. Comparisons of load-deflection curves in Sample 1 & 2

In Fig 1, sample 1 and 2 are the two panels reported
by Kim and You (2015) that have achieved fully
composite action. Both the panels were of sizes
(1200x3600) mm each having thickness of both wythes as
60 mm each and the insulation layer of 100 mm. In the
first panel, the insulation layer was of extruded
polystyrene (XPS) and that of the second panel was of
expanded polystyrene (EPS). The compressive strength of
concrete in the first and second samples were 45 MPa and
38 MPa respectively. They observed that the composite
action in the panels were maintained until the deflection
reached 75 mm and 80 mm respectively for each panel at
an ultimate load of 80 kN for both panels. However, as
per similar design using the PCI guidelines, the maximum
deflection for the panels were found to be 38.75 mm and
42.65 mm respectively, which is very much on the
conservative side as compared to the actual experimental
results.
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Fig. 2. Comparisons of load-deflection curves in Sample 3

Sample 3 in Fig. 2 is the panel reported by Choi et al.
(2015) to have achieved fully composite action. The panel
was of sizes (1200x3600) mm having thickness of both
wythes as 60 mm each and the insulation layer of 100
mm. The insulation layer was of extruded polystyrene
(XPS) and the compressive strength of concrete was 38
MPa. They observed that the composite action in the
panel was maintained until the deflection reached 66.8
mm at an ultimate load of 105.9 kN for both panels.
However, as per similar design using the PCI guidelines,
the maximum deflection for the panels were found to be
40.8 mm, which is also on the conservative side as
compared to the actual experimental results.
IV.

CONCLUSION

Three precast concrete sandwich wall panels which were
reported by researchers to have achieved fully composite
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Abstract— All systems recycle energy. The biosphere is a
network of materials and information that is constantly
renewing in successive alternative cycles of convergence
and divergence. Materials gain quality when they converge
or get more concentrated, improving their ability to drive
productive work in proportion to their concentrations in
relation to the environment. Materials diverge or become
more distributed in the landscape when their potentials
are utilized, only to be concentrated again at a later time
and location. As our numbers and effect on the biosphere
grows, it is more important than ever to match human
behaviors to these material cycle pathways. The utility of
building materials is similar to that of an animal’s food
chain in that its energy level or usability decreases with
each stage, however this is not true in all circumstances. As
a result, recycling some materials gives them remarkable
properties that they would not have gotten otherwise.
Keywords— recycle, construction, demolition.

of

this

2.

Achieving greater outcomes in terms of
quality, strength, durability and performance
To develop new and improved processes for
producing concrete utilizing steel and plastic as
reinforcing components, therefore expanding the
building industry's potential
III. LITERATURE SURVEY
1. Recycling of plastic in concrete 2008:

Manufacturing activities, service sectors, and municipal solid
wastes all produce a variety of waste products. The growing
awareness of environmental issues has tremendously helped
with the problems associated with trash disposal. Solid
waste management is one of the world's most pressing
environmental issues. Due to a lack of landfill space and an
ever-increasing expense, waste reuse has emerged as a
viable alternative to disposal. The use of waste items in
concrete is currently being researched. Rubber, plastics,
vinyl, polyester, tires, glass, iron, steel, burned foundry sand,
and coal combustion by-products are examples of waste
products. Almost all of these waste items have a distinct
impact on the characteristics of both fresh and hardened
concrete. The utilization of waste goods in concrete not only
saves money, but it also aids in the reduction of disposal
issues. Bulky trash reuse is regarded as the most
environmentally friendly solution to the issue of disposal.
Plastic is one such waste that may be repurposed in a variety
of ways. However, there have been attempts to investigate
its application in concrete/asphalt concrete. Both the

II. OBJECTIVE
goals

Lower the project's total cost by lowering the
usage of natural aggregates, resulting in increased
income creation for the builder.

3.

I. INTRODUCTION

the

1.

than concrete produced using traditional methods

Construction waste and demolition waste are two types
of garbage created during construction and demolition
operations, respectively. Demolition garbage is created
when old constructions such asbuildings, bridges,
malls,and highways are demolished. In India, the
construction sector produces between 20 and 32 million
tonnes of garbage every year. As a result, these C and
D waste must be adequately controlled. In India, the
majority of building and demolition debris is disposed of
in landfills. This may result in contamination of the
environment. The laws and regulations governing illegal
land filling disposal are not effectively implemented. As a
result, this paper is projected to minimise landfill disposal
of building and demolition waste while also achieving the
goal of reusing and recycling that material. The purpose of
this research is to investigate the various Construction and
demolition garbage reuse and recycling procedures used by
different nations.
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durability is reduced, but the water to cement loss is smaller.

building and plastic recycling sectors benefit from the
development of new construction materials made from
recycled plastics. This document provides a comprehensive
overview of recycled aggregate & plastics, waste
management methods, and published research on the
impact of recycled plastic on concrete's fresh and hardened
characteristics. This research investigates the influence of
recycled and waste plastic on bulk density, air content,
machinability, workability, compression strength, split
tensile strength, modulus of elasticity, resistance to impact,
porosity, and resistance to abrasion.
2. Usage of recycled
concrete, 2012

concrete

aggregate

4. The impact of recycled aggregates on concrete
compressive strength, 2014
This paper presents a systematic review of 119 publications,
chosen from 235, published over a 36-year period from
1978 to 2014, relating to the effect on concrete compressive
strength of various aspects related to the use of recycled
aggregates, such as replacement level, dimensions and size,
source or origin, water and moisture content, exposure of
the resulting concrete mixture to wide range of
environmental conditions, use of chemical admixtures,
additives and additions, and potential for strength
development over time. The data was analyzed statistically
overall, with the findings allowing the development of a
model for forecasting concrete strength based on the
recycled aggregate's content andquality.

in

Recycled concrete aggregate is gaining popularity in the
construction industry as a partial and complete substitute
for natural coarse aggregate, since it decreases the need
for virgin material. Furthermore, the use of recycled
concrete aggregate might be a solution to the
environmental problem created by concrete waste, as well
as a reduction in the negative environmental impact of
aggregate mining from natural resources. Based on the
experimental data accessible in the published study, this
paper provides a detailed evaluation of the usage of
recycled concrete aggregate in concrete. This study
discusses the most essential and important physical,
structural, mechanical, physiological and chemical
characteristics of recycled concrete aggregate. However,
the impacts of recycled concrete aggregate on the fresh
and hardened characteristics, as well as the durability of
concrete, have received considerable attention. This report
also addresses the gaps in the current state of knowledge
on recycled concrete aggregate and recycled concrete
aggregate concrete, as well as making some
recommendations for research for the future.

5. Research on recycled concrete aggregates, 2018
As the amount of building trash has risen over the
previous decade, environmental concerns about waste
recycling have increased as well. According to studies,
recycled concrete aggregate are solely used for nonstructural concrete applications. According to several
academics, recycled concrete aggregate is only suited for
non-structural concrete applications. It demonstrates that
recycled aggregates from concrete examples produce highquality concrete. The concrete debris from the dismantled
structure has been gathered, and coarse aggregate in
various percentages has been utilized to make new
concrete.

3. Recycled aggregate concrete's durability in 2013:
In order to determine the durability of recycled aggregate
concrete, it is necessary to examine its physical and
mechanical qualities. Shrinkage and creep, compressive and
flexural strength, tensile strength, flexural strength, and
modulus of elasticity are all physical and mechanical
characteristics of concrete. The physical, mechanical, and
durability features of Recycled aggregate concrete are
examined in this research. A total of 24 mixes were
investigated at ages of 24-180-365 days. Recycled aggregate
concrete with partial and entire coarse aggregate
replacement, as well as reference concrete with a 24 water to
cement ratio were casted. Due to poor porosity, RAC has a
negative impact on high water to cement ratios. The

6. Research based on usage of recycled aggregates
in pavements, Nov 2018
This paper gives a brief information about RA aggregates.
Different tests were conducted to analyze the percentage of
RAs and NAs. For this design, M30 grade of concrete being
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to improve the concerns of users, encourage and further
promote the usage of recycled aggregate on a higher scale in
civil engineering projects.

used. RCA which comes under waste concrete contains
virgin aggregates that reduces the impaction landfills and
thereby reducing energy consumption. Methods involving
processing of C&D wastes, effects of RCA on the concrete
properties along with description of international status of
regularization with use of RCA as an alternative in high
strength concrete was done
7.

9. Experimental research and analysis of selfcompacting concrete, 2018
Self- compacting concrete is a special type of concrete
which can be placed and merge under its own weight
without any extra effort of vibration. Because of this
exceptional deformable property along with great cohesion
property which makes it easier to handle without being
segregated and cause bleeding to occur has made it
extraordinary. This paper is based on experimental study of
finest performance self-compacting RAC. During this
research there has been a significant development and
potential for reutilizing demolished debris to make the most
of environmental and economic benefits. In order to
synthesize best performance SCC, components such as fly
ash, superplasticizer, and Fine RCA properties are studied
based on Taguchi analysis. The estimated properties are then
investigated to evaluate effectiveness of SCC. The optimal
level of factors and most influencing factor was determined
and then were linked to the experimental values.

Estimation of the Flexural & compressive test on
NA & RAC, April 2018:

This research explained the reuse of demolished concrete
as coarse aggregate for constructing a new structure. The
compressive strength test & flexural strength test of
original concrete aggregate was analyzed with RCA at
different periods of curing time. The strength of mixed
concrete (NRC) comprising half natural concrete
aggregate and RCA as other half was determined.
8.Research on recycled aggregate in concrete applications
2017
Solid waste has been an unavoidable by-product of the
processes of developed societies. One of One of the
outcomes of economic growth is a tremendous increase in
production of solid waste. This waste is generally discarded
in landfills that caused contamination of soil, air and water
due to toxic materials like asbestos, heavy metals,
polychlorinated bi- phenyls (PCB’s), chemicals used in
construction, etc. Although due to lack of land-filling areas,
industrial growth and strict environmental regulations in
developing and developed economies has resulted in the
worldwide re-assessment in techniques involved with
recycling and utilization of construction and demolition
(C&D) waste as a part of recycled aggregate in civil
engineering projects like infrastructure development,
constructing variety of structures that depend on their
quality. Aggregates that are produced from C&D waste can
be brought into application in various civil engineering
works, this practice can help the environmental and
economic sustainability of all countries in a long way.
Performing further R&D in overcoming technical issues and
market barriers, it was observed that significant growth in
recovery rates can be attained with the help of existing
technologies in developed economies. The prime objective
of is to review the literature on the production and utilization
of recycled aggregate in roadway construction, pavements,
concrete, and other civil engineering works this research
also includes some discussion on the reduction of CO2
emissions. After analyzing systematically some barriers were
discovered that are mentioned in this paper. The globally
published information on recycled aggregate standards
(normative documents) of various countries have been
thoroughly analyzed and evaluated. This review may help

10. Utilization of recycled aggregate in
performance concrete, August 2020:

high

This paper is a review on use of RA accumulated from
construction demolition. This waste was then used in the
production of concrete. Here observant percentage of RA is
used in high performance concrete (HPC). This study hereby
signifies the mechanical & physical properties of HighPerformance Concrete prepared using RA. On summarizing
the results of properties of HPC prepared with RA reported
previously, the paper describes the microstructure and
performance of durability this concrete. In this continuous
waste emitting era, using recycled materials in concrete
production is an important and environmentally friendly
solution. Recycled aggregates can also enhance the cement
matrix and its mechanical properties. This behavior of
concrete also changes when the ratios of replacement are
manipulated
11. Recycling of chemicals and use of various types
of concrete waste, 2019:
In all around Globe, concrete has been one of the most
widely used materials, and that’s the reason, huge amounts
of concrete waste, are generated. As concrete is usually
strongly alkaline, it causes harm to the environment as it is
very difficult to degrade. Thus, Recycling of concrete
waste recycling and its reuse are essential to prevent
negative environmental impacts such as soil fertility
excessive use of limited resources and many more, thus
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this research makes comprehensive literature review in this
regard. Sustainable circular cement can be obtained on
effective recycling and the use of chemicals in concrete
waste. This allows the concrete industry to be developed.
This review can thus help to solve various environmental
problems. This review article evaluates other techniques
and methods to recycle and reuse the waste produced by
concrete and further to amend it and stabilize soil. It can
also produce new construction materials, which on testing
has proven better strength as compared to traditional
materials, it can also be used to purify and neutralize water,
sequester and use CO2 and treat gases. It was noted that
extensive improvements are made for chemical recycling
with the use of concrete waste. In this paper all the
reactions and mechanisms which were involved in various
processes were assessed. Some of the methods which were
included in signature reaction mechanisms are as follows,
formation of calcium hydroxyapatite, desulfurization
reaction, and the pozzolanic reaction, which is very
effective in management of concrete waste recycling and
use. Concrete waste has proven to be one of the most
promising candidates for CO2 requisitioning and
direct/indirect carbonation. The inclusive literature survey
1.
as summarized in this review article suggests a favorable
research trend and spreads awareness about the importance
of chemical recycling and use of concrete waste.
2.
IV. PROPOSED METHODOLOGY
Before beginning with the actual research work it is
necessary to check that the materials which we are using are
of minimum required quality or not. For that, the different 3.
properties of materials have been tested and checked that the
materials are of required standards or not as per the
requirement of Concrete mix. The materials primarily used
are aggregates, sand, recycled aggregates, and cement and
water.
In order to achieve that the following method need to be
perform:

1.

Locating Sites: Identification of the site from
where we can get the concrete waste as per the
requirement. For e.g.: Demolished structure

2.

Collection: Concrete waste from the site,
Collection will be done by keep in the mind the
quality of the concrete i.e., collected concrete is
usable or not.

3.

will

be

crushed

6. Curing: For achieving the required properties.
7. Testing: Water absorption test, Total shrinkage
test, Compressive test, Drop Test

V. EXPECTED OUTCOME
To reduce the overall cost of the project by reducing the
use of natural aggregates, which would also result in more
revenue generation.
Achieving better results in terms of quality,
strength and performance than the concrete which uses
conventional methods of production.
To get new and more techniques for production
of concrete by using steel and plastic as reinforcing
materials, opening new opportunities in the construction
industry.
To achieve greater sustainable development by
using recycled aggregates instead of natural aggregates. The
concrete would be eco- friendly.
VI. CONCLUSION
Construction waste management is a part of growing
movement toward a sustainable world. The use of
construction waste management techniques which reply on
salvage, recycle, reuse of materials has proven to have
economic benefits for the construction industry. The theory
on the basis of practical experiences envisages sustainable
development planning as a process of continuous
improvement.

[1]

[2]

[3]

4. Aggregate Crushing and Segregation: Collected
aggregate

5. Casting: Blocks of grade M25, M30

References

Separation: Collected concrete will be cleaned in
such a way that the extra materials and the waste
should be removed and suitable concrete should be
recovered.

concrete

segregated accordingly i.e., Gauging

and

131

A. S. M. A. Awal and H. Mohammad Hosseini, “Green concrete
production incorporating waste carpet fiber and palm oil fuel ash,”
Journal of Cleaner Production vol. 137, pp. 157–1662016.View at:
Publisher Site | Google Scholar
B. J. Zhan and C. S. Poon, “Study on feasibility of reutilizing textile
effluent sludge for producing concrete blocks,” Journal of Cleaner
Production, vol. 101, pp. 174–179, 2015.View at: Publisher Site |
Google Scholar
C. Rodríguez, C. Parra, G. Casado et al., “The incorporation of
construction and demolition wastes as recycled mixed aggregates in

[4]

[5]
[6]

[7]

[8]

[9]

nonstructural concrete precast pieces,” Journal of Cleaner
Production, vol. 127, pp. 152–161, 2016.View at: Publisher Site |
Google Scholar
D. Hoornweg and P. Bhada-Tata, What a Waste: A Global Review of
Solid Waste Management, World Bank,Washington, DC, USA, 2012
H. A. Alaka and L. O. Oyedele, “High volume fly ash concrete: the
practical impact of using superabundant dose of high range water
reducer,” Journal of Building Engineering, vol. 8, pp. 81– 90,
2016.View at: Publisher Site | Google Scholar
M. Kuhar, World Aggregates Market, SEMCO Publishing, Denver,
CO, USA, 2014, http://www.rockproducts.com/fe atures/13045world-aggregatesmarket.html#.WjFB-zdx3cs.
M. Mália, J. de Brito, M. D. Pinheiro, and M. Bravo, “Construction
and demolition waste indicators,” Waste Management and Research,
vol. 31, no. 3, pp. 241–255, 2013.View at: Publisher Site | Google
Scholar
M. D. Yehualaw and A. K. Woldesenbet, “Economic impacts of
recycled concrete aggregate for developing nations: a case study in
the Ethiopian construction industry,” in Proceedings of Construction

Research Congress 2016, pp. 250–259, American Society of Civil
Engineers, San Juan, PR, USA, June 2016.View at:
Google Scholar
[10] S. Hesami, I. S. Hikouei, and S. A. A. Emadi, “Mechanical behavior
of self-compacting concrete pavements incorporating recycled tire
rubber crumb and reinforced with polypropylene fiber,” Journal of
Cleaner Production, vol. 133, pp. 228–234, 2016.View at: Publisher
Site | Google Scholar
[11] W. Z. Taffese, “Low-cost eco-friendly building material: a case
study in Ethiopia,” International Journal of Civil, Environmental,
Structural, Construction and Architectural Engineering, vol. 6, pp.
183–187, 2012, http://scholar.waset.org/1307- 6892/7965.View at:
Google Scholar
[12] X. Zhou, F. Zheng, H. Li, and C. Lu, “An environment- friendly
thermal insulation material from cotton stalk fibers,” Energy and
Buildings, vol. 42, no. 7, pp. 1070– 1074, 2010.View at: Publisher
Site | Google Scholar

.

132

Using Artificial Intelligence & Augmented Reality
For Structural Engineering
Patil Abhijeet Chandrakant
Structural Engineering (M. Tech)
Sardar Patel College Of Engg.
Mumbai, India
abhijeetpatil3000@gmail.com

Aim: Application of Artificial Intelligence & Augmented
reality for real time 3D modelling, analysing structure position
on site, study forces acting on structure, designing various
construction components position & eliminate 2D drawings
using real time 3D visualization.

construction process due to human and other technical
reasons. An attempt has been made through our project to
evaluate the potential of use of artificial intelligence &
augmented reality in different domains of civil engineering
field.

Keywords—Artificial intelligence, Augmented reality,
Structural Engineering, Computer Vision, Real time 3D
Modelling.

II. IMPORTANCE OF STUDY
The application of visualization techniques such as AI &
AR for planning, analysis, and design of Architecture,
Engineering, and Construction (AEC) projects is relatively
new compared to the sizeable amount of AI & AR-related
research conducted for diverse applications in fields such as
manufacturing, medical operations, military, and gaming.
The data collected showed that field workers and project
managers have high interest in using non-immersive and
desktop standalone AR technologies during project
construction phase mainly to monitor progress and detect
defective work. In another study, the potential of AI
applications in AEC including eight work tasks (i.e., layout,
excavation,
positioning,
inspection,
coordination,
supervision, commenting, and strategizing) was discussed.
As mentioned earlier, the architects and designers have
slowly moved away from conventional designs and are now
exploring new avenues of designs and detailing. Across the
world, we have many examples of unconventional
architectures and the extreme engineering that has come into
play in executing these structures. Designing a structure and
its subsequent analysis using software has now become a
norm. Regardless of the shape or the size, the analysis has
become easier. But when it comes to executing those
designs on the field, we still rely on human experience and
intuition. Regardless of the control measures that are taken
to ensure quality, it is rarely easy to sustain the level of
perfection that a computer analysis can achieve.
Augmented Reality aims to bridge this gap. Currently, the
engineers in the field rely on scaled drawings in all projects
that are used for all practical purposes. And this is where
human error tends to creep in the execution. Even if there is
a slight difference in measurement and its subsequent
application, it tends to multiply as the project progresses and
may at times cause problems in later stages. With the
concept of AR, the engineer can review the structure as it
progresses with the drawings by projecting the drawing onto
the field. This will help in identification of flaws and errors
and rectification of the same in time.

I. INTRODUCTION
The ability to realize augmented view of construction
activities before using the real resources to construct them
has been of main interest in civil engineering over a long
period of time. This has been achieved partially through
virtual reality. Even though the latest software in virtual
reality helps us in designing and drawing the plans, the
question of reality still arises. In order to overcome the gap
between the real and virtual environments, this study
highlights the use of Artificial intelligence (AI) &
Augmented Reality (AR) in all the areas of civil
engineering. On the construction site, the designs are still
represented as line-based paper drawings or projections on
portable displays. A generic technology that can integrate
information and situate it in time, place and context is
augmented reality. This study aims at utilizing concept of
Augmented Reality to accomplish objectives of easiness of
work, Accuracy, structure positioning, reduction in time,
faster work, interactive 3D modelling, economy, efficiency
of work, etc.
Augmented reality can contribute to the
understanding of project documentation. In order to build
3D interactive model first effective planning has been done
of the presented structure with the help of various software
such as Autodesk, android studio, wikitude, artoolkit
(computer vision). In this project, AR is also being
considered as a new design approach for designing work,
where a user can view virtual columns, furniture and
communicate with 3D virtual environment using a dynamic
& flexible user interface. This study focuses over the
contributions of mobile technology in AI & AR for the
purpose of measuring, plumbing, RCC work, excavation,
repairs and maintenance.
One of the main recommendation of this study
is to take a fresh and integrated look on how to use AI & AR
in various applications of construction field and also to
support monitoring and documentation of construction site
progress. The concept of augmented reality envisages
reducing, or rather eliminating errors that creep in during

III. SCOPE OF STUDY
1. ERROR REDUCTION: THE MOST IMPORTANT ADVANTAGE
THAT THIS TECHNOLOGY PROVIDES TO THE USER IS THE
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V.

REDUCTION OF ERRORS THAT MAY TAKE PLACE DURING THE
CONSTRUCTION PROVES. BY PROVIDING A VIRTUAL DESIGN
ON THE FIELD, IT BECOMES EASIER TO CONTROL THE
DIFFERENT PROCESSES AND ACHIEVE A BETTER OUTPUT.

Methodology to achieve above objective is as below
1. Literature Survey
This was carried out from the relevant journal, books,
manuals. This helps in getting updated knowledge of the
selected subject of AR to implement in civil field.

4. Structure Positioning: The drawings under consideration
can be reviewed by the Project manager on a real scale, thus
identifying small problems, shift in measurements and errors
that might have crept in or escaped the notice of the
designer.

2. Data Collection
It involves all the data collected for the project. It includes
college plan, measurements of existing lab, trackers,
program code etc.

5. Saving of Man-Hours: The use of AR aims to reduce
errors that creep in while execution of civil engineering
works due to various factors such as calculation errors,
misreading of drawings etc. These can be avoided by
continuous monitoring and review of the work using AR.
This would help in reducing the work required for
correction of those errors, hence saving the time required for
error rectification.

3. Installation of Software
In this step, we install all the necessary software’s such as
Android studio, Wikitude, Autodesk Revit, Autodesk fusion
360 etc.

6. Cost Reduction: Since error rectification reduces, the cost
of material and manpower utilized for that rectification is
reduced, that helps in reducing the overall overheads of a
project

4. Preparation of App
Here we prepare an android app using android studio. The
language used for the purpose of coding is java.
5. Creating Tracker
In this step, we use any normal image or a visiting card
which will act as a tracker. Generally, a tracker should be a
colourful image we can’t use a blank page as a tracker.

7. Geo-tracking: Most important that is geolocation tracking
which will use no image for tracking purpose
8. Guidelines for future: Proposed planning can be used as
guidelines for future.

6. Preparation of Model
The college model, pipe model and AC duct model is
prepared in this step using Autodesk fusion, Revit, Maya
and 3D max.

9. Repairs and maintenance: Repairs work and execution
can’t be delayed because of proper visualisation
10. Real scale modelling: It can help us in real scale
modelling of the whole structure and enable workers to
supervise and monitor task easily.
IV.

METHODOLOGY

7. Rendering of Model
In this step, the model is finalised and lighting is done on
the model. The software’s used for this purpose are mainly
Maya and 3D Max.

OBJECTIVE OF STUDY

8. Revised Planning of Selected Area
We have selected our college as the case study area. So, in
this step we study the existing planning of the college and
then make a revised plan using AutoCAD as per AICTE
norms.

Nowadays in construction industry there is a huge demand
of skilled workers and advanced measuring instruments
which requires high economy. But even after that we cannot
be assured of high accuracy, reduction of error and faster
work. Thus, in order to achieve this our study describes use
of augmented reality to achieve faster work with accuracy
ultimately saving cost and economy. Our main objective are
as follows
 To prepare real time interactive 3d model of the selected
study area.
 Track the position of various construction components.
 Study various forces acting on the structure using
artificial intelligence.
 To implement augmented reality for effective planning
of selected area.
 To mark various network of pipes, ducts, columns,
electric points etc. using augmented reality.
 To attain faster work with accuracy using artificial
intelligence & augmented reality.

9. Combining Model with Tracker
In this step, we firstly convert the 3D model into wt3 format
using wikitude (used for image processing i.e. tracker
making) and then combine it with the App by using android
studio.
10. Orientation of Model on Tracker
To orient the model on tracker we use wikitude web engine
for target management and then place the 3D model on the
tracker as per requirement by simply using the move and
rotate tools for orienting it accordingly in x, y and z
coordinate.
11. Designing of model
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A 3D designing app is used for designing & positioning of
the whole revised model. Since it has a very simple and user
friendly interface it helps in quick and best designing.
12. Viewing Model with VR Glass
Lastly, we open the app and fix the mobile in the VR glass
and then view the 3D model in real time environment.

6.2 Discussion
Augmented reality (AR) is a live direct view of a physical,
real-world environment whose elements are augmented (or
created) by computer-generated sensory input such as
sound, video, graphics or GPS data. It is related to a more
general concept called mediated reality, in which a view of
reality is modified (possibly even diminished rather than
augmented) by a computer. As a result, the technology
functions by enhancing one’s current perception of reality.
By contrast, artificial intelligence helps in automatic
calculations and positioning of various construction
components in real world using computer generated 3D
graphics thus simplifying work and reducing duration of
whole project.

Table 1.1 Flow chart of methodology

6.3 Conclusion
Artificial Intelligence & Augmented reality if applied in
civil engineering field can simplify work to a greater extent.
It can prove beneficial for interactive modelling, structure
positioning, force calculation, Repairs and maintenance,
Marketing as well as designing. It can help us in real scale
modelling of the whole structure and enable workers to
supervise as well as monitor the task easily. It can bring
faster work with accuracy and can save time thus proving an
effective tool for the purpose of construction management,
designing and marketing. Thus, Augmented reality can
break all the barriers and open doors to a virtual world it can
take us to a digital universe where only our mind can be the
boundary. AI & AR can work wonders if applied practically
in reality. Construction being a diverse field, AR can help in
better and efficient designs and real scale modeling and
subsequent changes which can enable the engineer to
monitor and supervise the tasks easily. There are significant
challenges in application of the concept in the field at
present but subsequent research and analysis can lead to
development of an effective tool for Construction
Management, Designing and Marketing.

VI. RESULTS, DISCUSSION & CONCLUSION
6.1 Result
The results comprise of comparative study made between
the traditional method and augmented reality method. This
will give us an overview about how artificial intelligence &
augmented reality can prove beneficial over the traditional
method. We have compared various parameters such as the
labor requirement, accuracy level, time and economy for a
clear perspective about the advantages gained on adopting
augmented reality method.
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Abstract-India has 16% of the world's population and only 4% of
the world's water resources, which are depleting rapidly. The
demand for water is expected to grow from 40 billion cubic
metres (bcm) currently to around 220 bcm in 2025. Water
conservation includes all the policies, strategies and activities
to sustainably manage the natural resource of fresh water, to
protect the hydrosphere, and to meet the current and future
human demand. Population, household size and growth and
affluence all affect how much water is used. Water treatment has
special relevance as worldwide water demand is constantly under
pressure dueto the increasing world population and a globally
improved standard of living. Water has to be disinfected in order
to deactivate any existing microorganisms present in water. It is
commonly done using chlorine or chlorine dioxide, and in many
cases, other processes are also used such as ozonation and
ultraviolet irradiation. Different techniques to remove suspended
particles include the addition of coagulants and the use of
membranes
Keywords- 220 billion cubic meters, Disinfected, Chlorine,
Ozonation, Ultraviolet Radiation, Addition of Coagulants, Use of
Membranes

I.

INTRODUCTION

In addition to saving money on your utility bill, water
conservation helps prevent water pollution in nearby lakes,
rivers, and local watersheds. Conserving water also prevents
greenhouse gas emissions associated with treating and
distributing water. Conserving water can also extend the life
of your septic system by reducing soil saturation and reducing
pollution due to leaks. Overloading municipal sewer systems
can also cause untreated sewage to flow to lakes and rivers.
The smaller the amount of water flowing through these
systems, the lower the likelihood of pollution. In some
communities, costly sewage system expansion has been
avoided by community-wide household water conservation
.
II.
PROCEDURE
Resource and Environment -Conserving water reduces wear
and tear on major resources such as water and wastewater
treatment plants and the distribution systems that deliver water
to the public. Using less water can also enable us to become
more flexible during times when there is water shortage.
Water conservation represents important pro-environmental
behavior for a sustainable environment. Environmental
knowledge is a driver of water conservation behavior. Water

Sairaj Yadav
Third Year, Civil Department
Thakur college of Engineering and
Technology
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conservation lies at the crux of sustainability. In order to make
sure all living beings can continue to enjoy the gift of life, we
need to first ensure that the natural resources are available for
all and this will only happen when we become more conscious
of our lifestyle, wastage and consumption patterns.
Green Energy Policies and Programs- State, local, and tribal
governments and K-12 schools can advance clean energy
goals through a variety of policies and programs designed and
implemented to maximize effectiveness within organizations
and throughout jurisdictions
Energy Efficiency- Energy efficiency policies and programs
help drive the implementation of projects that reduce energy
use. Examples include appliance standards, building energy
codes
Renewable Energy Efficiency: Distributed Generation- State
and local governments can implement distributed generation
policies and programs to help overcome market and regulatory
barriers to implementation. Examples include community
renewable programs.
Renewable Energy: UTILITY-SCALE- Policies and programs
that address barriers to the implementation of utility-scale
renewable energy projects can include feed-in tariffs,
renewable portfolio standards, transmission access, and
others.
Transportation- State and local governments can support
reduced petroleum use by implementing policies and
programs that promote the use of advanced vehicles and
alternative fuels. Examples include air-quality and emissions
Green Power, Industrialization and Transport Robotics and
Mechatronics.
Green Power- is a subset of renewable energy and represents
those renewable energy resources and technologies that
provide the highest environmental benefit.
Industrialization- Water savings can be achieved in industry
through a combination of changing behavior, modifying
and/or replacing equipment with water saving equipment to
reduce overall water consumption and increase internal reuse.
To assure the strategies, optimize water and minimize costs, it
is important to assess current water use and set goals.
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Transport Robotics- Researchers have developed a tiny plastic
robot, made of responsive polymers, which moves under the
influence of light and magnetism. In the future this 'wireless
aquatic polyp' should be able to attract and capture
contaminant particles from the surrounding liquid or pick up
and transport cells for analysis in diagnostic devices.
Mechatronics- This system of Rain Water Harvesting system
is based on simple Mechatronics principle. In this system we
use motors, solenoid valve, sensors and Arduino to automate
the process. Rain water from road is collected in tank made in
under side of road which will act as a sump. First flush
mechanism will not allow the first rain water or big
contaminant or particle to enter into the tank. Thereafter,
during the showers rain will be collected. When water will
reach at a particular level, the level sensor will get actuated
and close the valve or opening from which water is entering.
The exact quantity of flocculants would be dispersed by
dispersion mechanism. Then it is stirred, for a particular time
to get all the flocculants mixed with muddy water, through the
stirrer. Then flocks made from this process are allowed to get
settled. All mud coagulated is removed.
Renewable Energy Supplies- From the point of view of
conserving freshwater, it seems clear that the country should
shift toward renewables. This move would make more
freshwater available for food production and human
consumption, particularly as population grows. It would also
significantly reduce greenhouse gas emissions.
TECHNOLOGIES-1] Distribution System Leak Detection
2] Advanced Cooling Tower Controls
3] Connectionless Food Steamers
4] Multi-Stream Rotational Sprinkler Heads
5] On-Site Wastewater Treatment Systems
6] Rainwater Harvesting Systems
7] Sprinkler Automatic Shut-Off Devices
8] Steam Sterilizer Condensate Retrofit Kit

Energy Management- A clean reliable water source consumes
energy. Water conservation leads to energy conservation. The
wastewater that flows away from the home must be
transported to a wastewater treatment plant to be treated and
released back into the natural water cycle. This also requires
energy.
Policy- National Water Policy is formulated by the Ministry
of Water Resources of the Government of India to govern the
planning and development of water resources and their
optimum utilization. Salient features of the Policy1] Resource planning and recycling for providing maximum
availability.
2] Guidelines for the safety of storage dams and other waterrelated structures.
3] Regulate exploitation of groundwater.

4] To give importance to the impact of projects on human
settlements and environment.
Economics- With water management a growing societal
concern, much attention is being given to the potential for
economic instruments (EIs) to complement traditional water
management practices as part of a broader policy approach to
resource conservation and protection.
EIs address water management challenges by providing four
functions:
1] Financial function, to both encourage and finance water
efficiency and conservation investments
2] Fiscal function, to increase water resource budgets or
recover administrative costs.
3] Incentive function, to change water user behavior
4] Environmental Function, to incent behavior in a socially
desirable direction
Sustainability- Achieving sustainable water management
requires a multidisciplinary and holistic approach in which
technical, environmental, economic, landscape aesthetic,
societal and cultural issues are addressed. Sustainable water
systems should provide adequate water quantity and
appropriate water quality for a given need, without
compromising the future ability to provide this capacity and
quality.SustainableTechnologies For Energy Conservation
The energy conservation through energy efficiency in the
building has acquired prime importance all over the world.
The four main aspects for energy efficiency in a building
include first and foremost the nearly zero energy passive
building design before actual construction, secondly the usage
of low energy building materials during its construction,
thirdly use of energy efficient equipments for low operational
energy requirement and lastly integration of renewable energy
technologies for various applications.
Sustainable Development Goals -were adopted by all United

Nations Member States in 2015 as a universal call to action
to end poverty, protect the planet and ensure that all people
enjoy peace and prosperity by 2030.
GOALS-1] No poverty [2]Zero Hunger [3] Good Health and
Well-Being [4] Quality Education
[5] Gender Equality [6] Clean Water and Sanitation [7]
Affordable and Clean Energy
[8] Decent Work and Economic Growth [9] Industry,
Innovation and Infrastructure
[10] Reduced Inequalities [11] Sustainable Cities and
Communities [12] Responsible Consumption and Production
[13] Climate Action [14] Life Below Water [15] Life On Land
[16] Peace, Justice and Strong Institutions [17] Partnership
For The Goals
GREEN ENERGY- Goal 7 of the SDGs aims to correct this
enormous imbalance by ensuring everyone has access to
affordable, reliable, and modern energy services by the year
2030. To expand energy access, it is crucial to enhance energy
efficiency and to invest in renewable energy.
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III.

RESULT

Increase in population results in water scarcity due to greater
demand. If urgent steps are not taken to conserve water, most
countries of the world, especially India, will face acute
shortage of water. Some of the measures that can be taken for
water conservation are:
1] Plantation of trees and other vegetation to check run-off
and let rainwater seep underground.
2] Water harvesting should be done in both urban and rural
areas to store rainwater.
3] Effluent should be treated before they are drained into
water bodies.
IV.
CONCLUSION
We can start saving water by making smart choices at home.
We should use appliances that are most water and energy
efficient. Using simple water conservation tips can help
reduce the usage of water by more than half. Committing to
just a bit of effort can make all the difference. You will even
benefit from saving water by the reduced water bills in just the
first month of saving water. Protect our planet and conserve
water.
V.
1.

2.
3.

Water Conservation and Wastewater Treatment in
BRICS
Nations:
Technologies, Challenges, Strategies, and Policies addresses issues
of water resources-sciencedirect.com
Water Conservation Methods- Water Management and Treatmentbyjus.com
Water Conservation and Treatment-tofitigers.org
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more contractors are using BIM models to perform detailed
construction estimates. The use of BIM in quantity take off
can greatly enhance the speed and accuracy of the process
because most of the building elements are available in the
model as three-dimensional (3D) objects along with their
relevant data. Although BIM tools can automatically perform
take-off tasks, this process is incomplete. This is because the
3D model in most BIM tools is not entirely comprehensive;
for example, some assemblies are still modelled as single
element and their components are only drawn as 2D lines in
relevant views and not as separate 3D elements. Even if a
complete model was present, it is important to note that
estimating process is more than simple quantity take-off.
Given the intricacies of the estimating process, there is a
need to assess the benefits of using BIM in estimating.
However, the effect of BIM on the accuracy and precision of
the construction estimate has not been studied scientifically
and the increase in accuracy gained by using BIM has not
been quantified. One of the main reasons for this is the
difficulty in collecting accurate data about the efficiency and
productivity of BIM use. Another is the lack of a formal
definition of BIM estimating techniques. [1]

Abstract— In the growing AEC (architecture, engineering
and construction) industry, the demand of Building
Information Modelling (BIM) is also increasing. The evolution
of BIM will be able to increase the efficiency and quality of
output in AEC industry by minimizing the errors in design and
minimizing the causes of delay and cost overrun of a project.
This paper focuses on how one can estimate the spending and
duration of a project before starting the actual construction of
it and also can monitor the estimates during the ongoing
construction of a project. The example taken here is of a (g+3)
residential building project for which a Bill of Quantity (BOQ)
is prepared which involves only the spending required to be
done during the construction phase of the building. Before this,
one needs to prepare 2D drawings and 3D model of the
building and should make sure that the building is safe for
construction. Then calculate the quantity of all materials
required and prepare a schedule of it which is then multiplied
by the rates to get the total cost of the materials. All the above
process is done using BIM based programs in correct sequence.
But the program has limitations also. Let us say, one needs to
know the quantity of workers required for different types of
work, none of the BIM based program has such a function to
calculate the number of workers required. But the manual
ways of calculating the quantities and cost is very tedious and if
one needs to share it with more than one client then it can be
more time consuming and difficult. At this stage the BIM based
programs gives the best solutions to it. The BOQ sheets can be
shared with anyone and it can be converted from one file to
another supported file. For the time estimation we contacted
some construction professionals like site engineers and
contractors about the duration it takes to complete different
types of works happening on the site during construction (say
placing and tying of rebars, casting of slab, beam or plastering
work etc.). The total time period of individual works are then
put in the EXCEL spreadsheet and total time duration is
calculated using the program function.

II. LITERATURE REVIEW
Khaled Nassar stated that the result showed the difference in
estimating time, accuracy and cost of the different estimating
methods and the results should be useful for construction
managers as well as educators. In the paper, data collected
over the course of two years in a graduate construction
course where BIM is taught for the purpose of costing and
estimating were analysed and presented. Because the BIM
models contain dimensional information, they can potentially
generate dimension-based information automatically such as
length, area or volume of different objects [1]. Atul Porwal
and Kasun N. Hewage proposed a model to reinforced
concrete structure with one dimensional (1D) cutting waste
optimization technique integrated with BIM. This process
permits project teams to utilize BIM models to simulate
architectural and structural design requirements and compare
results speedily to make necessary changes in the designs to

Keywords— Building Information Modelling, BIM, Bill of
Quantity, Estimate

I.

INTRODUCTION

Building Information Modelling (BIM) is changing the
way the construction industry functions. The use of BIM in
construction estimating is starting to gain more ground as
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minimize rebar waste. The BIM rebar optimization analysis
also supports cost-effective decision making during the
design process [2]. Evgeniy Mladzievskiy and Elena
Ryzhkova mentioned about the Revit software package
which was selected as an example of 3D design environment.
The program had a fairly convenient and functional interface,
allows you to configure connections with other programs,
and it has a dynamo visual programming module that allows
you to speed up and automate many standard functions. The
application of the described technology in the design of
objects in the various functional purposes significantly
reduces the time required to develop documentation,
significantly improves its quality and also eliminates many
design errors [3]. Ahmad Jarade stated that there is a need of
integrated time and cost management (ITCMS) in the
construction industry to increase project performance and
improve planning and construction phases of project. This
approach will bring the planning phase team and
construction phase team on the same platform. It will also
ensure budget and schedule monitoring [4]. Dalu ZHANG
and Zhili GAON researched to conduct a pilot and case study
of using BIM to help control project time and cost. The
objective of the study was to examine the benefits of using
BIM in project time and cost control, and the challenges in
applying BIM in life cycle based on a case project. A local
Architect and Construction Management firm was consulted
to work together with a real project BIM model. The process
and model were analysed. Data analysis based on the 3D
models was conducted to illustrate how this new project
delivery method can help optimise project time and cost
control [5].

industry worldwide. A standard size of a plot was considered
and further standard dimensions of the rooms, parking, etc.
was planned as mentioned in the bye laws. The software is
used by AEC industry to draw 2D floor plans, elevation,
section and has a very smooth workflow.

2D CAD DRAWING

FROM SITE

BIM MODEL

TIME ESTIMATE

STRUCTURAL
MODEL

3D ARCHITECTURAL
MODEL

QUANTITY
TAKE-OFF

COST
ESTIMATE

RESULT

Figure 1: BIM Workflow of the Project

III. OBJECTIVE
The paper focuses on the effect of the use of building
information modelling for a g+3 residential building project
to get the accuracy of the construction cost estimates and
duration estimates. This will eventually eliminate the
traditional estimates techniques that is manual estimation
being followed in the construction industry. This will result
in drift towards the BIM based estimation techniques used
in lower amount in the construction industry. The paper can
be understood by any professional or student irrespective of
their working background or department.

B. STRUCTURAL BIM MODEL

In the AEC industry the position of professionals with
structural background comes at the top because the priority
of a project is to be structurally safe. Hence, need of the
building information modelling based structural models
becomes very crucial. The cutting loses of reinforcement bar
could be reduced substantially by better planning and
optimization techniques [2]. So, the working 2D plan
prepared in AutoCAD is exported to a BIM based software
called CSIETABS (Extended Three-Dimensional Analysis of
Building System). The beautiful feature of these BIM based
software is that the files of one software can be converted
into a supported file of another one. One just need to use it in
a correct sequence to get the desired output. ETABS offers a
single user interface to perform modelling, analysis, design
and reporting. There is no limit to the number of model
windows, model manipulation view and data views. The
software is developed by Computers and Structures, Inc.
whose founder is Ashraf Habibullah. The software has a
performance-based design feature which help assure that the
design will reliably meet a desired level of performance
during a given earthquake.

IV. METHODOLGY
It is a specific procedure or technique used to identify,
select, process and analyse information about the project.
This section will consist of different process involved to get
the desired output that is cost estimate and time estimate of
the project.
A. 2D CAD DRAWING
The first step was to prepare a working 2D plan of g+3
residential building as per the Indian Standard Building Bye
Laws. The plan was prepared in a BIM based software called
AutoCAD 2D (Automatic Computer Aided Design). This is
the most common software used in the construction

Firstly, before creating a schematic structural model we
interacted with some of the construction professionals like
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engineers, consultants etc. to get the information about the
standard sizes of structural components used like beam,
column, slab, foundation with rebar details for the actual
construction of a g+3 residential building project. The
reading and understanding of all the Indian Standard(IS)
codes like IS456:2000(For Plain Cement Concrete and
Reinforced Cement Concrete), IS1893:2002 (Part 1) (For
Earthquake Resistant Structures) and IS875:2015 (Part 3)
(For Wind Effect on Structures) was done. After all these
investigations a schematic structural model was created. This
model was then analysed for different loading patterns.
Loading patterns for dead load, self-weight load, live load,
seismic load, wind load was defined. Further, loading
combinations was defined to get the ultimate loading
condition value for which the structure will be safe. These
conditions were then set to run and analysed results showed
some of the structural components were failing in shear and
torsion. For, the structure to pass the software recommended
to change the dimensions of structural components or to
change the percentage of steel used. After doing the changes
in dimensions of components specifically of beam and the
column the structure was passed and the final model was
ready to go through the detailing process.

Figure 3: 3D Model Showing Rebar Details in CSiDetail
Viewer
All the reinforcement drawings are arranged in AutoCAD
then saved with .dwg file extension in AutoCAD. In here
one can covert the file in PDF format and send it to the
client or a construction professional.

C. 3D ARCHITECTURAL BIM MODEL
After the work of structural model is completed, comes
the work to build the 3D visualization of the residential
building. It means how the building will look and enable us
to express the ideas and present them clearly before the start
of actual construction. For this AUTODESK REVIT
software is most commonly used in construction industry as
the program has a fairly convenient and function interface,
allows you to configure connections with other programs. It
can significantly reduce time required to develop
documentation, significantly improves its quality, and also
eliminates many design errors such as intersection of
engineering system with each other and errors in preparation
of specifications [3].

Figure 2: Defined Load Patterns for Analysis of Structure
For the detailing process CSIDETAIL (A Plugin For
CSIETABS) was used. It reads the analysis results given
by ETABS of the structure and provides the necessary
reinforcement required in beams, columns and slabs. One
can set the standard preference of the code as Indian
Standards and will get the desired reinforcement detail as
per the code. The only limitation of the software is that it
does not have a function to give rebar details for
foundation.

The working 2D plan drawing of g+3 residential building
was exported in the software. Then using this 3D walls and
components were designed. The software has both 2D and
3D modelling interface and both are interlinked to each
other. So, if one changes any object in 2D it automatically
updates in 3D model. It also has few in built parametric
components which can scaled as per individual choice. One
can also download any of the REVIT parametric component
from internet and paste it to the family libraries of the
software to use it in the model. This feature helps in making
quality models. Also, there are some websites which provide
these parametric components absolute free of cost.

To counter this problem the analysis results of the
foundation of ETABS is sent to STAAD Foundation
(Structural Analysis and Designing of Foundation
Program) created by BENTELY which is a software
company by exporting the ETABS result to EXCEL file
and then again exporting it to STAAD Foundation
software. It gives the detail rebar result for the foundation
after going through the analysis process.
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E. FROM SITE
We contacted some of the construction professional like
site engineers and contractors to know the duration it takes to
complete such a residential project from start to end on site.
Right from site preparation to the finishes and final
inspection of the project. It is the time estimate section where
the accuracy of the BIM based programs lacks the most. For
this project, an EXCEL spreadsheet was prepared where all
the calculation was done and one just needed to enter the
formulas as per the program functions and the program
automatically changes the duration it takes say, to cast a
column or to complete plastering work or any other work.

Figure 4: 3D Model of (g+3) Residential Building in Revit

D. QUANTITY TAKE-OFF

V. RESULT

Quantity Take-off is a process of making a list of all the
materials necessary for a construction project. Before
construction commences, it is important to know all the
material take offs required as well as their sizes and amounts.
This can be done in the same AUTODESK REVIT program.
It has a scheduling/quantity and material take-off function
which can calculate the materials being used for the
construction. One just need to enter the number, thickness
etc. to be applied and it will calculate the overall quantity.
But not all programs can be the perfect program, so is this
one because it has a limitation that it can neither calculate the
quantity of the soil to be excavated nor can calculate the
labour quantity required. These are generally calculated
manually by the construction professionals. Here is shown
the quantity of cement, sand and aggregate required for
casting plain cement concrete (PCC) base below foundation.

After getting all the necessary material quantities from
the REVIT program and EXCEL spreadsheets and after
consulting with the contractors and site engineers, cost
estimate and duration estimate spreadsheets were prepared.
This approach will help in project budget and schedule
monitoring throughout the project lifecycle [4]. The cost
estimate results and time estimate results of the project are
divided into two sections.
A. Cost Estimate
B. Time Estimate
A. COST ESTIMATE
The quantity take-off results were the exported to
EXCEL and State Schedule Rates (SSR) of materials, rate of
workers etc. given by the Government of Maharashtra was
considered for reference. The material rates, worker rates can
also vary as per different localities. The motive is to show
how the EXCEL program can accurately and easily calculate
the cost in comparison with the traditional manual method
which is still being followed in construction industry. If one
had made mistakes while putting the correct rates for a
particular item then he/she can also change the rate of that
specific item and it will automatically update the overall cost
of the item used for a specific quantity.
For example, if one used 300 number of bricks to
construct a wall and the rate of 1 brick is 8 rupee so total cost
of bricks required to construct a wall will be 300 x 8 = 2400
rupee. If this rate of 1 brick is changed in EXCEL then the
program will automatically update the total cost to construct
a wall.

Figure 5: Quantity of Cement, Sand and Aggregate
Required for Casting PCC Below Foundation

B. TIME ESTIMATE
Similarly, the quantity of materials required for casting
column, beam, slab, foundation can be calculated and also
the materials required for constructing a wall like bricks,
plaster quantity, putty quantity etc. can be calculated.
For the quantity of steel a separate bar bending schedule
spreadsheet was prepared in EXCEL with the help of
reinforcement drawings of the structural components.

The duration calculation was also done in EXCEL
and for this we took reference from the contractors and site
engineers. They told us each and every step that is being
followed on site in correct sequence and time it takes to
complete a specific work. Following all their instructions a
data sheet and a chart was prepared which gave the summary
of time taken to complete that specific work.
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Figure 6: Time Chart of Construction Works done on Site
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were research gaps that were identified, majorly owing
to the unnecessary consumption of energies at
residential buildings. Thus, discovering the problems,
we proposed some certain methods to rectify the
excessive consumption of energy. These problems
showed some promisingresults to tackle our problems,
power monitoring system and comfort monitoring
system and usage of energy star rated appliances were
the solutions we identified. Based on our appliances
were appliances were the solutions we identified. Based
on our research we were able to produce some
conclusive output which was not far sighted from our
expected output.
Keywords: Benchmarking-practice of comparing the
measured performance of device; Sustainability-the
ability to be maintained at a certain rate or level.

I.INTRODUCTION

Electrical energy is that the costliest and also the most
vital sort of purchased energy.For this reason, its use
must be confined to a minimum for efficient and
economic operatio . thanks to its flexibility, electricity
offers advantages over the standard fossil fuels, and
efforts to conserve electricity may end up in significant
cost savings Residential use an outsized amount of
power, which is why it's important to confirm a loss-free
and energy efficient system in industries. In developing
countries like India, where current resources are scarce
and production of electricity is extremely costly, energy
conservation studies are of great importance. Energy
audit is that the translation of conservation ideas into
realities by blending technically feasible solutions with
economic and other organizational considerations
within a specified timeframe. An energy audit may be a
study of a plant or facility to work out how and where
energy is employed and to spot methods for energy
savings. Energy audits can mean various things to
different individuals.The scope of an energy audit, the
complexity of calculations, and also the level of
economic evaluation are all issues which will be handled
differently by each individual auditor and will be
defined before the start of any audit activities. If we will
reduce the energy usage or improve the energy
efficiency in mechanical and electrical installations
during a building, energy may be conserved and a few
of the resulting environmental problems, like
atmospheric phenomenon and ozone depletion. The
energy audit of an residential unit has been explored
during this work. Energy conservation may be obtained
by proper maintenance and operation.
This report delineates the research on the energy audit
of residential buildings conducted by our group
members under the guidance of our mentor. We started
off with the literature survey and we referred to research
papers from some of the prominent researchers. There

II. LITRATURE SURVEY
Home Energy Audit: A Case Study of Phuentsholing,
Bhutan (2014) The methodology adopted for this audit
was, an extensive survey of 200 (20%)) households out
of 1007 households in Phuentsholing. During the
survey, observations on the general condition of the
building,
different
electrical
appliances,
and
quantification were done.
Energy auditing and conservative measures of atypical
residential building in Chennai (2017) describes the
wise retrofitting of the energy efficient appliances in the
households by reviewing of star rating. These solutions
were found to be useful to overcome such problems at
the consumers level in the building under consideration.
Energy Audit and Energy Management in Residential
House (2021) The paper describes the current review
work executed in a private house in Patna, Bihar, India.
utilization of various techniques for sustainable fuel
sources, tree ranch around the structure, and changes in
the established methodology for a successful, proficient,
cleaner, and greener climate
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completed to test the rise in construction cost to
realize energy efficiency credits for LEED certification.
Payback calculations are done to grasp the Investments
required and hence feasibility is confirmed.

A Case Study on Energy Conservation & Audit for
Household Applications (2014) The paper describes
recommendations for improving Energy Efficient with
cost-benefit analysis and an action plan to reduce energy
consumption. The amount of wattage consumed by
different devices and suggested necessary replacements
and showed the net savings.

Energy Audit on Academic Building Manoj Kumar
Lamba, Abhishek Sanghi Department of engineering
science, Jagannath University, Jaipur, India: during
this paper they discuss about possible actions firstly i.e. the
way to conserve and efficiently utilize our scarce resources
and identified their savings potential; second thing is
vital to implement thereon..

Electrical energy audit in residential house (2015) the
team members conducted energy audit at 25 houses, 2
industries and 2 commercial buildings. paper deals with

Institute of Energy Systems and Environment, Riga
Technical University, LV-1048 Riga, Latvia: the aim of
this study was to assess the initial outcomes of the
primary industrial energy efficiency program in Latvia,
using data from the national energy efficiency monitoring
system, including an analysis of individual
energy audit reports, and benchmarking it with findings
from an identical program, thereby revealing untapped
energy efficiency and CO2 emission reduction potential. .

the ETAP simulation and proposals conducted at one in
all the homes are shown in keeping with the layout given
below
A Case Study to cut back Lighting Cost (2012) It shows
that replacing the standard tube lights with energy saving
CFLs or LEDs reduces the energy consumption
drastically. additionally, to the current the CO2 emission is
additionally reduced when the tube lights are replaced.
Replacing one tube light with a CFL will keep a half-ton of
CO2 out of the atmosphere over the lifetime of the bulb. an
easy change in system can conserve energy and
produce down the utility bill amount to a greater extent.

Electrical Energy Audit a Case Study Gousia Sultana1,
Harsha.H:In this paper they identified the realm of energy
wastage and estimation of energy saving potential in
canteen, department and institute. Also, detailed
analysis of information collected is finished by suggesting
cost-effective measures to enhance the efficiency of energy
use. Estimation of implementation costs and payback
periods for every recommended action that are made.

Investigation of Energy Consumption and Reservation
Scheme using Energy Auditing Techniques Amit
Chakraborty, D. Dey, P. Das during this Case study paper,
the importance of energy auditing and process of energy
auditing is presented thoroughly. an intensive energy audit
has been administered at the G+6 building (EE & ECE
block) of NIT Agartala. The expected power consumption
has been calculated and compared with the important note
value. Auxiliary parameters like temperature and luminous
intensity have also been measured so as to explore the
assorted scopes of energy conservation similarly as
harvesting. supported of these studies, the prominent areas
of energy wastage are sorted out and relevant
suggestions are stated so as to scale back if not neutralized
the energy losses, enhance energy efficiency and induced
energy harvesting wherever possible
Energy Audit and Energy Management - An OverviewAbisha Raju A, Ani Prabha A In this research the
management and audit teams discover the areas,
where there's wastage of electricity and implements the
effective and proper use of energy. Through efficient
energy management and auditing methods, energy is saved
without affecting the natural and quality ongoing add any
sectors. This paper briefly describes about importance of
energy audit and energy management in and around our
place of living.

III.

RESEARCH GAPS

Calculation and measurement-based energy performance
evaluations of the identical building often provide different
results. This difference is referred as “the performance
gap”.
However,
an
oversized
performance
gap won't necessarily mean that there are flaws within the
building or deviations from the intended design. The causes
for the performance gap is analyzed by calibrating the
simulation model to measured data. during this paper, an
approach is introduced for verifying compliance with
energy performance criteria of residential buildings. The
approach relies on a performance gap analysis that takes
the uncertainties within the energy evaluation methods into
consideration. The scope is to verify building
energyperformance through simulation and analysis of
measured data, identifying any performance gap due
to deviations from the intended design or flaws within the
finished building supported performance gap analysis.
within the approach, a simulation model is calibrated to
match the heat loss coefficient of the building envelope
[kWh/K] instead of the measured energy. The introduced
approach is illustrated employing a single-family
residential building. the heat loss coefficient was found
useful towards identifying any deviations from the
intended design or flaws within the finished building. The
case study indicated that the strategy uncertainty was
important to give some thought to within the performance
gap analysis which the proposed approach is applicable

Energy audit of residential buildings to realize energy
efficiency credits for LEED certification By Rohit Sharma,
R. Jain-2015-This paper reviews the initial attempts to
grasp the
energy
consumption
patterns in
an
exceedingly residential building and to scale back the
energy consumptions. A case study is included to
research the reduction in energy consumption per unit so
as to create building energy efficient. A feasibility study is
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even when the performance gap appears to be nonexisting.

requirement for testing equipment. before touring the
flexibility, the auditor and building manager should review
the auditor's energy consumption profiles. The building
manager can provide occupancy schedules, O&M
practices, and plans which will have an impression on
energy consumption. this kind of data can help identify
times when building systems like lighting, recirculating
pumps, or outside air ventilation are going to be turned off
and temperatures set back

IV.
PROBLEM STATEMENT
Energy consumption trends in India reflect increasing
surges in demand for energy. With India’s growing
population and increased access to electricity, it has
been projected that the nation’s electricity demand will
almost triple between 2018 and 2040. it's estimated that
around 35% of the energy supplied to the households is
wasted. the quality sources for wastage include:
▪ Inefficient insulation for cooling or heating
▪ Faulty gadgets or appliances
▪ Not using energy efficient models of appliances like
refrigerators, AC
▪ Vampire appliances or electronics (consume power
even when transitioned or in standby mode)
▪ Use of incandescent or spotlights
Industries and enormous buildings conduct regular
energy audits to identify and fix energy inefficiencies
and wastage. it's imperative that such measures are also
made available for the households. Current methods of
auditing won't be feasible for households as energy
auditors
are few in numbers and their charges are quite high.
Especially in developing countries like India where
sufficient energy isn’t generated, it’s quiet inessential
that he energy already generate isn’t wasted. Hence
there's a desire for an affordable or free solution that
might be utilized by typical households to identify areas of
energy wastage and measures to forestall those.

Stage
II:
Collection
of
information
(methods/techniques)
An energy audit relies heavily on comparisons between
expected energy use and actual use. Actual energy use is
quantified as baseline and measured data. Baseline data is
data that represents a standard operating state and is
used as some extent of reference for future changes. Most
measured data is gathered later during an audit
investigation, but baseline data is gathered primarily from
existing documents. the foremost common sources of
baseline energy use data are utility bills. Billing
information should cover a minimum of the preceding 12
months. However, gathering information from over some
years may better represent any seasonal or long-term
trends. Preliminary information is utilized to make a plant
profile. this can be often a snapshot view of the
flexibility including square footage, energy expenditures,
significant loads, system setpoints, and other basic facts
Stage III: Analysis of information(Methods)
An audit investigation involves the inspection of
each system within the scope of the audit. It traces from the
source of energy or the resource to each point of use. a
range of test instruments is used extensively duringthe
investigation to identify energy waste and other abnormal
conditions. The audit assesses the efficiency, soundness,
and operating profile of the equipment, including the duty
cycle, load changes, and controls. Resources are available
from equipment or test instrument manufacturers that
provide guidelines of the way to require measurements and
recognize energy waste issues. The length of this phase
may last from several days to several weeks, depending
on the size of the flexibility and whether extended data
logging is required. Collected data is recorded for later
analysis The second phase of an audit is that the preparation
of the audit report. On the report, the finished investigation
is summarized and so the findings are presented in an
organized and prioritized format. The financial cost of
each instance of wasted energy is calculated, supported the
audit measurements. Related multiple issues is
additionally grouped together for analysis. as an example,
a series of three leaks in a very very propellant system is
causing the compressor to figure approximately 50% quite
expected. the worth of the extra electricity consumed is
estimated from the electrical measurements of the
audit and thus the speed data from the billing
information. this is often often the quantity which may be
saved if the leaks were eliminated. for each energy
problem, one or more possible remedies are listed, along
with their estimated total costs. Total costs must include
any financial impact of completing the project, including

II. PROPOSED METHODOLOGY
To achieve the objective’s following methodology is
proposed Field Study

Stage I: Selection of Study area
The location visit are spent inspecting actual systems and
answering specific questions from the preliminary review.
A full day should be allocated on-site for each building. the
amount of some time required will vary relying on the
completeness of the preliminary information collected, the
complexity of the building and systems, and also the
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equipment expenses, installation or repair labour,

wasn't able
to recognize the
correct region. the
everyday unit consumption of this house is 470.5 units per
month. it's seen that the voltage of each equipment’s
maintained from bus no 3 to bus no 25. This graph shows
the results of research before the recommendation was
implemented. the identical analysis was done after
implementation of the recommendation through ETAP
software within the one line diagram. It resulted the 50 and
reduce within the load current

employee training, and process downtime. The financial
analysis portion presents the ROI estimates for
each option. for example, the repair of the gas distribution
system to eliminate the leaks would incur a particular cost
in parts and labour, which is compared to the estimated cost
savings to work out the payback period. Each project is
typically listed within the report so as of payback period,
unless there are other factors that affect its importance, like
safety. This prioritization provides an easy way for
decision makers to evaluate the relative cost-effectiveness
of the recommendations. implementing changes.

VI.. EXPECTED OUTPUT

VII. CONCLUSION

According to the layout of the house, the daily utilization
chart is given in Fig.1. during this graph, we are going
to analyze the consumption of the energy in 24 hours by
the lighting and also the main equipment’s like fridge, fans,
etc. The daily utilization graph makes easy to know the
use of energy in an exceedingly particular day. The wattage
of all the appliance are represented in Fig. 1. The age of
each equipment data are collected to know the equipment
age and their performance through the graph. it's observed
that the fridge was purchased within the year 2009, fan was
purchased within the year 2010, whereas A.C is that the
oldest one within the house because it absolutely was
purchased by owner within the year 2003. T.V and washer
was purchased within the identical year, which was 2010.
The tariff details are collected to check the unit
consumption of the house within which the knowledge are
collected for the past two years.

Considering this scenario, the wastage of energy is
mostly done by the domestic users. In dominion users
should give some thought to the installation of recent
machines and equipment with low cost, effective and
efficient techniques to achieve high efficiency of energy
user. the
present audit
work
executed in
an
exceedingly very 2- BHK residential house in Chennai.
The effective recommendation is presented along
with different graphs. The house owner agreed to
implement the thought presented during this paper. The
authors also recommended the use of assorted methods of
renewable energy sources, tree plantation around
the building and changes within the installation
procedure for an honest, efficient, cleaner and greener
environment.
the general idea of an energy audit is to conduct an
inspection
of
the
appliances
employed within
the residential building and to convey an analytical data
that represents this scenario, supported the analysis we
are ready to check where we are ready to possibly reduce
the usage of energy within the variability of electricity,
steam , heat etc. so on cut back the energy, we have made
use of power monitoring system which basically
monitors the power usage on every single appliance and
offers an accurate data and also reduces the energy
consumption as per our basic requirements. We also made
use of comfort monitoring system which works more or
less within the identical way as power monitoring syste

In general, it absolutely was found that at the time of the
summer the consumption was very high and also at the time
of winter the consumption is low, this may be due to the
foremost use of the cooling system during summer. But
during this house the scenario was entirely different. As is
clearly analyzed that within the month of august and
September 2013, the unit consumption was 2000 units. We
did this survey on the house owner’s request regarding this
apparent change within the unit consumption, but he
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Abstract—In this review paper, we have mentioned different
structural failures and reasons for those failures and also its
detailed study. We also mentioned these failures at different
locations. We studied the sea bridge failure which took place over
the Wabash River. Luckily, the accident took place over dry
ground otherwise many passengers could have drowned. An
accident to one of the end posts on a 110-foot span was the
immediate cause of the failure. Before the collapse, a derailed
freight car had hit this end post. Later, the failure of dams has
been discussed which is classified into three different categories
based on the cause of destruction. Further, this paper also
discusses the tragic structure failure of Algo Center
Mall, Vivekananda Road flyover of Kolkata, and KororBabeldaob bridge (KB bridge)that connects Koror and Babeldaob
Islands.

Fig. 1.1: Wabash River Bridge, Attica

Keywords—component, formatting, style, styling, insert (key
words)

The sea bridge about which we are going to learn is
ATTICA BRIDGE. The Wabash River was crossed by a
bridge made up of six Pratt truss spans. On April 5, 1914, it
was the location of a collapse. A passenger engine and three
passenger carriages were thrown 30 feet after two spans
collapsed. Three people were murdered and 35 were injured,
which is a very low number.

I. INTRODUCTION
Structural failure refers to the defects in which a loadbearing component of the building is unable to support and
transfer loads to another element. This process begins when
the material is stressed to its upper strength limit causing
rupture or extreme deformations. The ultimate strength of
any building can be determined by the limit of the loadbearing capacity of the materials used in the construction.
On reaching this limit, the construction materials could
already be damaged, and their load carrying capacity is
suddenly decreased permanently.

The collapse occurred at an end span and an adjacent span.
An accident to one of the end posts on a 110-foot span was
the immediate reason for the failure. Before the collapse, a
derailed freight car had hit this end post. The bridge
collapsed, along with the adjacent end of the second truss,
when the locomotive's pilot wheels reached the far
abutment. Within the rivet lines, some of the cracks
appeared.

II. STRUCTURAL FAILURES
1.

SEA BRIDGE :

(FAILURES DUE TO INADEQUATE INSPECTION)
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iii.

Structural failures – 30 %

i.
Hydraulic failures
These factors have been linked to around 40% of earth dam
failures. Failure in this category could be caused by the
following factors:
(a) By overtopping- If the design flood is underestimated,
the spillway is insufficiently sized, or the spillway gates are
not correctly operated, the water may overtop the dam.
(b) Upstream face erosion- The waves that form near the top
water surface as a result of the winds tend to notch out the
soil from the upstream face and, in some cases, cause the
upstream slope to slip.
(c) Frost action cracking- Frost in the upper area of the dam
can produce heaving and cracking of the soil, which can
lead to dangerous seepage and failure.
(d) Erosion of the downstream face due to gully formationHeavy rains falling directly on the downstream face, along
with the erosive action of rushing water, can cause gullies to
form on the downstream face, eventually resulting in dam
failure.

Fig. 1.2: Wabash River Bridge, Attica
The damage to the end post should have been inspected
more fully and allowable loads determined. The load of the
passenger train resulted in considerably more stress in the
member than that caused by the individual freight
locomotive. The employees' lives were at danger when the
bridge was being tested with the locomotive. The freight
locomotive's load on the end post was 147,800 pounds,
while the passenger train's weight was 186,800 pounds. Due
to a lack of proof, the blame for allowing the bridge to be
used in its weakened state could not be assigned.

Fig. 2.1: Berm in d/s side at suitable interval.
(e) Erosion of the downstream toe- The d/s toe of the earth
dam can sometimes erode for two reasons:
I.
Erosion due to cross currents that may emanate
from the spillway buckets.
II.
Erosion due to tail water.

Fig. 1.3: Wabash River Bridge, Attica

Precautions to avoid Hydraulic Failures: -

The material, as well as the riveting and workmanship, were
deemed to be of good quality. Although the failure was
caused directly by the damaged end post, it is unclear who
bears culpability. The attempt to have the broken bridge
inspected by an expert bridge inspector was clear, but the
loss of the engineman, fireman, and express messenger in
the collapse makes it impossible to verify whether the
passenger train was given the green light to cross the bridge.

In Erosion of upstream face, Upstream stone pitching or
riprap should, therefore, be provided to avoid such failures.
For Cracking due to frost action, an additional freeboard
allowance up to a maximum of 1.5 m should be provided for
dams in areas of low temperatures. Sidewalls of the spillway
(called diaphragm walls) must be of sufficient height and
length, as so to prevent the possibility of cross-flow towards
the earthen embankment.

2. DAM:Earth dams are more prone to failure because they are less
rigid. Every previous collapse of that kind of dam has led to
a significant increase in earth dam designers' expertise.
Earthen dams, like other design of engineering structures,
can fail to owe to poor design, shoddy construction, or a
lack of maintenance.
The detailed classification of failure of earth dams are as
follows: i.
Hydraulic failures – 40 %
ii.
Seepage failures – 30 %

ii.
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Seepage Failures:

shear.shear.

Fig. 2.4: Sliding due to soft or weak foundation.

Fig. 2.2: Piping through the dam foundation.

(b) Slide in EmbankmentsWhen the embankment slopes are too steep for the strength
of the soil, they may slide causing dam failure. The most
critical condition of the slide of the u/s slope is the sudden
drawdown of the reservoir and the d/s slope is most likely to
slide when the reservoir is full.

In all earth dams, controlled seepage or limited uniform
seepage is unavoidable, and it usually causes little harm.
Uncontrolled or concentrated seepage through the dam body
or foundation, on the other hand, might result in piping or
sloughing, and the dam's eventual failure.

Fig. 2.3: Piping through dam body.
Fig. 2.5: u/s slope slide due to sudden draw-down.
iii.

Structural failures
The u/s slope failures seldom lead to catastrophic failures,
but the d/s slope failures are very serious. These failures,
generally occur due to the development of excessive
unaccounted pore pressures which may reduce the shearing
strength of the soils as explained in the previous article.
Many embankments may fail during the process of
consolidation, at the time of construction, or after the
construction.

Structural issues have been blamed for around a third of the
dam failures. Shear failures are the most common cause of
structural failures, which result in slides.
(a) Foundation slide: The entire earth dam may slip over the foundation if the
foundation is built of soft soils which including fine silt, soft
clay, and so on. Seams of fissured rocks, shales, soft clay,
and other materials may emerge from beneath the
foundation, and the dam may slip over part of them, causing
it to fail. The top of the embankment cracks and the lower
slope pushes outward, generating enormous mud waves near
the heel in this type of failure. Excessive pore water
pressure in confined sand and silt seams, artesian pressure in
abutments, or hydrostatic excess created due to treatment of
clay seams embedded between sands or silts, etc. can all
lower the soil's shear strength until it becomes incapable of
resisting

Fig. 2.6: d/s slope slid during full reservoir condition.
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3.

It is unclear if this was a contributing factor. In such cases,
the only culprit is the constructor as well as the engineer
who had approved the inappropriate construction plan as
well as also the owner who avoided the fact that the initial
construction of his mall was weak and neglecting this fact
he did not make proper arrangements and not even informed
the localities about it.

MALLS:

Fig. 3.1: Algo Centre Mall in 2006
The Algo Center Mall was a mall and hotel located in the
middle of Elliot Lake, Ontario. By 1990, the mall was prone
to leaks and water damage on a regular basis. Elliot Lake
municipal councillors considered transferring the Elliot
Lake Public Library outside the mall in 2009 due to roof
leaks and mould. Over a million dollars was invested in an
attempt to restore the roof, but it was in vain after only a few
years when the problem reappeared.

Fig. 3.3: Algo Centre Mall

4.
As early as 1981—barely a year after the mall's preliminary
opening—the expansion joint above the escalators, whose
failure appears to have caused the roof deck collapse, was
not correctly binding to the concrete, allowing water to seep
into the building's seams. Throughout the course of the
structure, the expansion joint was repaired numerous times
and completely replaced twice, but it always began pulling
away from the concrete shortly after the renovations were
completed.

STREET FLYOVER
On 31 March 2016, a 150 m (490 ft) steel span of the underconstruction Vivekananda Road flyover in the Girish Park
neighborhood of Kolkata, India, collapsed. 27 people died
and 50 more were injured in the accident. On 31 March
2016, a 150 m (490 ft.) steel span of the under-construction
Vivekananda Road flyover in the Girish Park neighborhood
of Kolkata, India, collapsed. 27 people died and 50 more
were injured in the accident.

Fig. 3.2: Algo Centre Mall

Fig. 4.1: The flyover that collapsed in Kolkata

The investigation did not uncover any concerns or questions
about the sections where slabs were removed during the
original construction in 1980, when escalators were put after
the roof was finished.

On 30 March 2016, one day before the collapse, concrete
was laid on the bridge. Hours earlier, construction workers
were reported to have heard a cracking noise from the
cantilever. A section of the Vivekananda Flyover in
Kolkata, India has partially collapsed during construction.
Two spans of concrete have been displaced, leaving the
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supporting steel crosshead and column exposed. This
suggests a fault had occurred with the central crosshead
because both of the beams on either side had buckled and
parts of the crosshead were vertical when they should be
horizontal. According to engineers, inadequate structural
stability could have triggered its fatal collapse.
5. BRIDGE:
The Koror-Babeldaob bridge (KB bridge), which connects
the islands of Koror and Babeldaob, fell abruptly and
catastrophically. The bridge collapsed six years after two
independent teams of bridge engineers (Louis Berger
International and the Japan International Cooperation
Agency) had evaluated and declared the bridge safe, and
less than three months after a strengthening programme to
correct a significant midspan sag that was continuing to
worsen had been completed.

Fig. 5.2: Original Koror-Babeldaob Bridge collapse
The most likely starting point for the collapse was a
weakness of the Babeldaob side. This resulted in a shear
failure, with the combined weight of the continuous bridge
structure resting on the Koror side. The back span of the
Koror side of the bridge failed as a result of this imbalanced
moment, tipping the bridge into the channel. The new
design of the bridge hastened the bridge's collapse but did
not cause the fatal weakening of the Babeldaob flange. The
cause of the collapse remains unknown though it was
studied in some detail by professional firms and researchers.
The repair and resurfacing operation may have contributed
to the bridge failure, but since the lawsuit over the collapse
was settled out of court, no final cause has ever been
definitively published.
III. CONCLUSION
Structural failure refers to the defects in which a loadbearing component of the building is unable to support and
transfer loads to another element. Every past failure of a
dam has contributed to an increase in the knowledge of the
earth dam designers. The failure under this category may
occur due to the following reasons: (a) Erosion of
downstream face by gully formation, (b) Damage to the
downstream toe, or (c) Upstream stone pitching or riprap
should be provided to avoid such failures. Inadequate
structural stability during the construction of the Kolkata
flyover project could have triggered its fatal collapse. en the
embankment slopes are too steep for the strength of the soil,
they may slide causing dam failure. The upstream slope
failures seldom lead to catastrophic failures, but the
downstream slope failures are very serious.

Fig. 5.1: Koror-Babeldaob bridge (KB bridge)
By 1990, a physical process known as creep had forced the
bridge's midline to droop 1.2 metres, creating motorist pain
and official’s anxiety. Louis Berger International and the
Japan
International
Cooperation
Agency
were
commissioned by the Palau government to conduct two
studies. They both agreed that the bridge was extremely
durable in 1990, despite the fact that 1 metre of creep was
expected in the future. Based on the findings, the Palau
government chose to resurface and reinforce the bridge to
mitigate the cosmetic harm inflicted by a creep.
The reinforcing effort, according to British civil engineers
Chris Burgoyne and Richard Scantlebury, included four
primary components.





In Algo Center Mall the expansion joints above the
escalators were not properly binding to the concrete, in turn
allowing water to seep into the building's seams. The 18year-old, Koror-Babeldaob bridge, that connects Koror and
Babeldaob Islands, collapsed abruptly and catastrophically.
This unbalanced moment caused the back span of the Koror
side to fail and tipped the bridge into the channel.

The original non-weight-bearing hinged joint was
replaced with a continuous block of concrete in the bridge's
midspan.
To straighten the span, eight pre-stress cables were
inserted.
Eight flat-jacks were installed in the structure's
centre to introduce new pre-stress and load the bridge's core.
To smooth out the sloping road, the bridge was
resurfaced.
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itself or some element of it takes advantage of natural
energy characteristics in materials and air created by
exposure to the sun. Passive systems are very simple, less
moving parts, minimal maintenance and no mechanical
systems. Windows are used to bring all solar gains. The
building elements such as walls, windows, floors, roofs,
exterior building elements and landscaping are used to
control heat generated by solar radiation.

Abstract-The purpose of this work is to study the impact
of Carbon credit earned by Education Park, located at
Bhikangaon in Khargone District of Madhya Pradesh.
The ecofriendly architecture plays a major role in
combating the CO2 reduction, set by the Kyoto
protocol. Solar passive architecture is one of the
principles of designing the workspaces, creating
environmentally and aesthetically pleasing living (or
working) conditions. The conventional practices such
as artificial lighting and ventilation give rise to
increased consumption of fuel and electricity, which led
to a significant increase in CO2 emission. Solar passive
features implemented in Education Park are Passive
heating, Natural Daylighting, Natural ventilation
(Cross ventilation), Passive solar distillation system.
The benefit cost analysis has also been made for
Photovoltaic cell modules that are installed for
electricity generation. It is seen that the payback period
of Photovoltaic cell is near about 18 to 19 years. The
solar PV panels are eco-friendly, clean and thus will
continue to save money long after initial cost recovery.
Keywords: Carbon credit; Kyoto Protocol; Solar
passive architecture; Photovoltaic cell modules

II. CARBON CREDIT
The Kyoto Protocol is an international agreement which is
linked to the United Nations Framework Convention on
Climate Change[5]. It was adopted in Kyoto, Japan, on 11
December 1997. It entered into force on 16 February 2005.
It calls for nations commit themselves to reducing
greenhouse gas emissions. Developed and developing
countries (referred to as Annex 1 and non-Annex 1
countries) are included in the Kyoto Protocol to limit their
Greenhouse Gas (GHG) emissions to individual targets.
The countries that have been emitted more carbon and
other gases (greenhouse gases include ozone, carbon
dioxide, methane, nitrous oxide and even water vapour)
have voluntarily decided that they will bring down the level
of carbon they are emitting to the levels of early 1990s.
Carbon credits are reductions of emissions of greenhouse

I. INTRODUCTION
Total energy demands of buildings are about 40%.
Which causes environmental problems and exhaustion of
fossil fuels. This leads to change and develop new
approach.. One such approach is the latest trend in low
energy, housing: the passive house. Man began to rely on
fossil fuels for energy which is required to control the
inside environments of many buildings. There was no
regard to energy efficiency, for taking advantage of nature.
We need not sacrifice quality or comfort in order to design
a building that place less demand on energy resources.
Natural system can be used to cut down this energy demand
Certain architectural design techniques could be used to
achieve maximum natural energy efficiency.

gases caused by a project or a Product utilized by anybody
which directly or indirectly reduces or eliminates
greenhouse gases.
III. STUDY AREA
Buildings are major consumers of energy insofar
as their construction, operation and maintenance are
concerned. Though this is not very well quantified in India,
yet there is ample scope for energy savings. The indoor
environments are becoming increasingly important for
human comfort and from a health point of view. It is
estimated that, almost 50% of the global energy demand
are due to buildings. Thus, to address these issues the
energy conscious architecture has evolved. It involves the
use of eco-friendly and less energy intensive building
materials, incorporation of passive solar principles in
building design and operation, including day lighting
features, integration of renewable energy technologies,

Passive solar techniques use a steady supply of solar
energy by means of building design that carefully balance
their energy requirements with the building site and
window orientation. The term passive indicates that no
additional mechanical equipment is used other than the
normal building elements. In this approach the building
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conservation of water, wastewater recycling, rainfall
harvesting and use of energy-efficient appliances in
buildings.
“Education Park” is non-profit, nongovernment Society being set up with an objective of
providing high quality and affordable education and
training in rural India. This objective is envisaged to be
achieved by targeting three main areas; Education,
Economy, Energy. It is believed that these three ‘Es’ is
essential for balanced growth of all societies, including
rural societies.[5][6].
3.1 Site Analysis
1.

Education Park is setup at Bhikangaon in Khargone
District (21°49'18" N and 75°37'10" E) of Madhya
Pradesh.
2. It is located at South‐West part of the MP.
3. The Total land area is about 14 acres, with 990 meters
of the border area.
4. Total built-up area of the school is planned to be
around 45000 sq ft.
5. A lot of plantation has been done throughout the
campus.
3.2 Climate Analysis
1.

Rainfall - Average annual rainfall is 831 mm.

2.

Temperature - Average temperature throughout the
year is 25° to 27.5°C

3.

4.

Figure.1 Site Plan Of Education Park
2.

Cloudiness- During monsoon skies are heavily
clouded to overcast. In the rest of the year, clear or
slightly clouded skies prevail.

To reduce the inside temperature of the school, the
lintels of the windows are painted with white colour to
reject ultraviolet and infrared rays, and a lot of heat and
light just bounces off from the roof back into the
atmosphere. There is a difference of about 40-50 C between
inside and outside temperature of the classrooms.

Micro climate analysis of Education park- The
microclimate analysis (On the site itself, minor
variations of vegetation, land configuration, etc. have
the strongest influence) carried out before the
construction of Education park.

3. Natural Daylighting
The school has been designed to maximize the use
of daylight with the use of large louvered & openable
windows of translucent glass, etc. This helps to reduce the
amount of artificial light used reducing electricity usage.
During the summer when the sun is high in the sky the
pergola blocks the majority of the sun’s rays. Plenty of light
still enters through the windows, but as it is not direct
sunlight the bliders need not to be lowered. This prevents
the building from overheating.
4. Natural Ventilation (Cross Ventilation)
All the classrooms have windows on both sides
that can be opened. The windows that are high up are
known as clerestory windows. As warmer air rises, it will
escape through these windows pulling in fresh air through
the lower window. In warmer weather the windows can be
left open for longer, but should always be shut at the end of
the school day. that can be opened. The windows that are
high up are known as clerestory windows. As warmer air
rises, it will escape through these windows pulling in fresh
air through the lower window. In warmer weather the
windows can be left open for longer, but should always be
shut at the end of the school day.

3.3 Solar Passive Features at Education Park -The
following solar passive features are implemented in
Education Park
1.

Passive heating

2.

Reflective roof

3.

Natural Day-lighting (Sky light type design for
sufficient illumination)

4.

Natural ventilation (Cross ventilation)

5.

Passive solar distillation system

6.

Photovoltaic cell modules
1.

Reflective Roof

Reflective Roof

To reduce the inside temperature of the school, the
lintels of the windows are painted with white colour to
reject ultraviolet and infrared rays, and a lot of heat and
light just bounces off from the roof back into the
atmosphere. There is a difference of about 40-50 C between
inside and outside temperature of the classrooms.
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1.

Windows are designed for natural ventilation and
daylighting.
2. The louvered windows on one side and openable
windows on the opposite side of the wall are provided.
3. The east and west facing windows incorporate
openable louvered shutters.
4. The fresh air enters into a room through louvered
windows. When the air is heated, it is removed through
an opposite wall window.
5. The window area and the direction of wind affect the
performance of cross ventilation.
6. The khus mats or chatai seen hanging from windows
is a good way to raise comfort levels. For evaporative
cooling in summer such type of mats is provided.
5. Passive Solar Distillation System
There are 2 solar stills which yield 2 liters per day. The
glass and fiber re-enforced plastic materials have been used
for condensing cover and body of solar stills.

IV.
4.1

NUMERICAL RESULTS AND DISCUSSION
Estimating Carbon Emission From Building
Operation

Table 1: Estimation of Load of the Education Park
Power
Daily
Energy
Item
NO. required
use in
Consumed
(Watt)
Hours
(WH)
Tubelight
544
40
9
195840
Tubelight
(Small
size)
Ceiling
Fan

72

20

9

12960

192

75

9

129600

Exhaust
fan

72

50

2

7200

Computers

40

300

4

48000

Printer

1

300

0.5

150

Water
pump

2

500

2

2000

Street light

07

80

8

4480

Total daily energy required for the whole
building

1.
2.
3.
4.
5.
6.

7.

Figure 2 Passive Solar Distillation System
Features of Photovoltaic Cell Modules at Education
Park
It is planned that no grid electricity will be used in the
campus from the day 1.
The panel powers computers, printer, water pumping, fans
and lights (in a few
rooms).
Currently the 5HP pump is operated by using PV modules.
There are 39 panels of 6.550 kW and the daily requirement
of power is only 750 volts for primary block1.
Two numbers of flexible solar panels of 9.73 kW are also
installed in campus.
These cells don't need direct sunlight to work – they can
still generate some electricity on a cloudy day. The cells
convert the sunlight into electricity and which is used to
fulfill the electricity requirement of Education Park.
The flexible solar panels are an incredibly convenient,
affordable and low-footprint way to introduce solar power.

395750

4.2 Production Of Electricity On Site By Solar PV Panel
Monthly electricity required=10400 kWh
Assuming availability of sunlight 5.5 hours per day
Total sunlight available for a month =5.5x30 =165 hours
Assume 10 % cloudy days in a month hence total sun
available for a month
=0.90x165

=148.5

hours
Capacity
required
systems=10400x1000/148.5

for

Solar

PV

=70033.67 watt = 70
kW
4.3 Carbon Emission Due To Operation Of Building
Carbon emission due to the operation of buildings is as
follows The Total daily electricity required =395750 Wh
=395.75 kWh
Monthly 10400 kWh units of electricity consumed.

Carbon conversion factor for electricity =0.523
For one year, CO2 produced = 295x 395.75 kWh x 0.523
= 61058.28870 kg
tonnes

Figure 3 Solar PV Panels Installed at Education Park
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= 62

Table 2: Pay Back Period Of Solar PV Panels
Year

Rate of
Electricity

Cash flow

Discounting factor 4 %

Present value

Cumulative net cash flow

0

0.00

- 299000

1.000

-299000

-299000.00

1

6.00

18636

0.961

17909.196

-281090.80

2

6.18

19195.08

0.925

17755.449

-263335.35

3

6.36

19754.16

0.888

17541.69

-245793.65

4

6.54

20313.24

0.854

17347.50

-228446.14

5

6.72

20872.32

0.821

17136.174

-211309.96

6

6.90

21431.40

0.790

16930.806

-194379.15

7

7.08

21990.48

0.759

16690.77

-177688.38

8

7.26

22549.56

0.730

16461.208

-161227.17

9

7.44

23108.64

0.702

16233.81

-144993.36

10

7.62

23667.72

0.675

15975.711

-129017.65

11

7.80

24226.8

0.649

15723.19

-113294.46

12

7.98

24785.88

0.624

15466.38

-97828.08

13

8.16

25344.96

0.600

15206.976

-82621.10

14

8.34

25904.04

0.577

14946.63

-67674.47

15

8.52

26463.12

0.555

14687.03

-52987.44

16

8.70

27022.2

0.533

14402.83

-38540.61

17

8.88

27581.28

0.513

14149.19

-24435.42

18

9.06

28140.36

0.493

13873.15

-10562.27

19

9.24

28699.44

0.474

13603.53

3044.26
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Management. 2005. 5.

1 tonne of CO2 emissions is equivalent to 1 carbon credit.
62 tonnes CO2 =62 carbon credit

of

Environmental

Technology

and

[5]

National Solid Waste Association of India (NSWAI), “Urban
Muncipal Solid Waste Management,” seventh issue, February 2007.

[6]

Kanchan K. Das,” Carbon credits.... a vc perspective”, Global
strategy & investment consulting, January 2008

[7]

Ministry for the Environment. Passive Solar Design Guidance.2008

Rate of electricity per Unit = Rs 6/-

[8]

Ministry for the Environment. Passive Solar Design Guidance. New
Zealand .2008

Therefore the cost of electricity per year = Rs 708000/-

[9]

J. Paul Guyer. An introduction to passive solar buildings.2009.

4.5 Calculation Of Pay Back Period For Solar PV Panels

[10] Annexure 3. Passive architecture design systems, eco-housing
assessment criteria - version ii .2009.

Daily saving energy=395750 Wh say 400 Wh/day
Annual saving electricity=400x295=118000 kWh/year
Cost of Solar PV System=299000
Interest rate=4% ((As per discussion with Bank of
Maharashtra)
Assume rate of electricity is increases 3 %
per year.
V.
CONCLUSION
An overview of carbon credits gives the idea and
general worldwide scenario of the Global warming, the
contribution of various countries in the battle of Global
warming and the legislative background of the treaty
formed in Kyoto.
The principle of solar passive architecture could be
very effectively applied to public buildings such as schools,
hospitals, institutes, government centers, offices, etc.
However the climatic conditions, geography of the area etc.
influences the design and efficiency or effectiveness of
solar passive buildings.
From case study it can be seen that, Daily 400 kWh
units of electricity will be consumed, which emits 62 tonne
CO2 per year. By incorporating the passive techniques at
Education Park, it will certainly reduce our dependency on
artificial means for thermal comfort and eliminate the CO 2
due to excessive consumption of energy and other natural
resources.
The cost of electricity saved by Education park is Rs
708000/- per year because no energy bills all year round.

[9] Rahul V. Ralegaonkar. Rajiv Gupta. Review of intelligent building
construction: A passive solar architecture approach.2010.

4.4 Cost Of Electricity Per Year
For one year, electricity consumed =118000 kWh/yr

[10] Hoy-Yen Chan. Saffa B. Riffat. Jie. Zhu. Review of passive solar
heating and cooling technologies.Department of the Built
Environment, Renewable and Sustainable Energy Reviews.2010.
[11] Joseph A. Ahearn. Passive Solar Handbook: Introduction to Passive
Solar Concepts.
[12] Kanchan K. Das. Carbon credits- a vc perspective.Global strategy &
investment consulting. 2008.
[13]S.H.Arjunwadhar, Prosanto Pal and Girish Sethi. Energy savings and
carbon credits: Opportunities and challenges for Indian foundry
industry. 2008.

After market survey, it is observed that the average cost of
solar PV panel is around 300000 with a payback period of
about 18 to 19 years. Looking at initial investments and
long term benefits for the environment,t it is very much
necessary to provide more subsidies or flexible loan facility
which will be affordable for common people
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Abstract – The construction industry is one of the major
contributors in the GDP. And with development, the problem
of pollution and waste management arises. Waste
management has been one of the biggest challenges in the
construction industry since the beginning, the amount of
material available for recycling is limited and most of the
waste goes into landfill which is highly disastrous for the earth
and defies all the principals of sustainable development. We
have made a lot of efforts in making the construction waste
into a recyclable material, and we have come far and
progressed, but the progress has several loopholes and the
applications are restricted. In order to tackle that problem of
waste management, this is an attempt to use the plastic waste,
which is one of the biggest contributors of waste in all the
industries, to be used in the construction industry as recycled
plastic aggregates and tobe replaced by the natural
aggregates completely or partially.

majority of plastics are produced in China, North America,
and Western Europe with 28%, 19%, and 19%,
respectively. These regions are also the major consumers
with 20%, 21%, and 18%. The most used plastic
polymersare polypropylene (PP; 16%), low density
polyethylene & linear low-density polyethylene (LDPE,
LLDPE; 12%), polyvinylchloride (PVC; 11%), high
density polyethylene (HDPE; 10%), and polyethylene
terephthalate (PET; 5%) which in total account for more
than half of total plastics usage. The main applications of
plastics are for packaging, building & construction, and
transportation which cover 30%, 17%, and 14%,
respectively, of totalplastics usage in 2015. [1]
Similarly, the construction industry has always seen an
exponential raise in its income, and it is one of the
dominating sectors in terms of economy, globally.
Generally, construction is referred to as an economic
activity that involves the entire construction process from
producing raw and manufactured building materials and
components, and providing professional services such as
design and project management, to executing the physical
work on site. GDP From Construction in India averaged
2195 INR Billion from 2011 until 2020, reaching an alltime high of 2730.46 INR Billion in the first quarter of
2019 and a record low of 1307.50 INR Billion in the second
quarter of 2020.
And with these astronomical numbers, the numbers of
construction waste generated are also skyrocketing. The
Environmental Protection Agency estimates that 230
million to 530 milliontons of C&D are produced
nationwide each year in the United States. Concrete
accounted for 23.1million tons of waste during
construction and a total of 358.7 million tons of demolition
debris in 2

Keywords – waste management, recyclable,
plastic/artificial aggregate, natural aggregate

I. INTRODUCTION
Plastic has become one of the most commonly used product
globally, and the global production has increased close to
9% every year since 1950. Global plastics production was
about 388 million tonnes (Mt) in 2015. Moreover, the
plastic industry is a major economic actor withestimated
revenue of about 1,722 billion Euros in
2015, corresponding to about 3% of the global economy.
Based on available statistics on plastics production,
consumption, and usage retrieved from industry reports
and scientific literature, the value chain characterization
was differentiated into 23 types of plastics (e.g., PS, PP,
PVC, etc.), 13 types of applications (e.g., packaging,
building and construction, and personal care products) and
11 geographical regions. The global data shows that the
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When the question of waste management is raised, the most
probable and efficient answers come out to be “Recycling”,
for both, the plastic as well as the construction industry.
The scope for recycling
of the construction and demolition waste is not very broad.
But it is being carried at some initial level globally. And
when it comes to plastics, the scope is much broader, to
even multiple folds, and recycling of plastics is being
promoted globally since the last few decades, and a greater
population of humankind even contributes to the process of
recycling on their individual level. All these things are
quite appreciable as far as the increasing production of
plastic is concerned. But when we actually see the figures
of recycling of plastic, it narrates a totally different story.
In 2018, plastics generation was 35.7 million tons in the
United States. EPA used data from the American
Chemistry Council and the National Association for PET
Container Resources to measure the recycling of plastic.
While overall the number of recycled plastics is relatively
small—three million tons for an 8.5 percent recycling rate
in 2018—the recycling of some specific types of plastic
containers is more significant. The recycling rate of PET
bottles and jars was 26.8 percent in 2018, and the rate for
HDPE natural bottles was 29.3 percent in 2018. The total
amount of plastics combusted in 2018 was 5.6 million tons.
In 2018, landfills received 27 million tons of plastic.[3]
The traditional method of waste management that is land
filling has a lot of environmental concerns and is not at all
a safe practice.
When we look at both these problems paralleled, we can
see a pattern where both the industries are booming with
production and at the same time generating an enormous
amount of waste.

study the suitability of the use of Re-engineered plastics as
fibers for road pavements. The properties studied include
compressive strength, tensile strength, flexural strength
under reversed cyclic loading, impact resistance, plastic
shrinkage and abrasion resistance etc., Efforts have been
made to compare it steel fibers. The results have shown that
the improvement of concrete properties at lower cost is
obtained with Re-engineered plastic shred reinforced
concrete [4].
Prabir Das has suggested that plastics can be used in
construction industry at various places. Proper selection of
material / grade and suitable design considerations can help
to replace many more applications. Lighter weight, design
flexibility, part integration, low system cost, very high
productivity and improved product appearance are the
main features for use of engineering plastics. The
engineering thermoplastics and introduction of application
specific grades has thrown challenges to conventional
materials in the industries. This paper provides all the
supports in selecting suitable engineering plastics, process
and design for conversion of conventional material to
engineering plastics for performance and system cost
benefits [5].
Chandrakaran has explained a laboratory experimental
study carried out to utilize waste plastics (in the form of
strips) obtained from milk pouches in the pavement
construction. Results of the study indicate that by adding
plastic strips in the soil, shear strength, tensile strength
and CBR values of the soil increases. In this study, plastic
or polythene sheets having thickness of 0.5mm and which
are made up of high density are used. Three types of plastic
strips were used in this study to act as a reinforcing
material. The first one was cut into 20mm x 40mm size,
second one was 25mm x 50mm size and the third one was
of 30mm x 60mm size. These plastic strips have
innumerable advantageous properties like high tensile
strength, low permeability etc., These plastic strips act as a
good barrier to gases and liquids and are unaffected by
cycles of wetting and drying. For all the strips used in this
experimental work, an aspect ratio of 2 is maintained [6].

And if we take a few elements from both of the situations,
that is the problem of plastic waste management and the
problem of construction and demolition waste
management, a middle out solution can be brought into the
picture.
The answer is using plastic waste in the construction
industry, mainly in the form of plastic aggregates. By
manufacturing artificial aggregates made of plastic, we can
solve the never-ending problem of plastic waste
management and at the same time construction can be
made sustainable and eco-friendly at a larger extend.
II.

Vasudevan :- in his report has given most useful ways of
disposing waste plastics and laying roads have come to
light in a research carried out by the Chemistry Department
of Thiyagarajar College of Engineering. They have
reported that the waste plastics may be used in block
making modified light roofing, mastic flooring and
polymer reinforced concrete. The novel composition of
waste polymer-aggregate blend has been patented. They
have suggested that utilization of waste plastics to enhance
the binding property is better option than disposing or
enforcing a blanket ban on the use of plastics. It has been
reported that the per capita use of plastics in India is 3.5 kg,
with virgin plastics accounting for 3.1 million tonnes and
recycled plastics, one million. The use in Tamilnadu, with
over 7000 units manufacturing material is put at 2.4 lakh
tonnes per year. The
„Garbage Culture‟ has made disposal of waste plastic a
major problem for civic bodies [7].

LITERATURE REVIEW

Availability of raw material is very less due to higher use
of concrete. Normal practice of concreting is batching of
all raw materials, mixing (all raw materials), transporting,
compaction at site, finishing and curing is followed by
industry. In developed country like India use of concrete is
higher quantity and availability of raw material is very less.
Total replacement of concrete is not possible due to no
material plays the role of concrete in terms of strength,
durability, and workability. We have to partial replace all
the material to achieve desire properties of concrete in
terms of workability, strength
and durability.
Lakshmipathy, have done experimental investigations to
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III. RESEARCH GAPS

already recycling plastic. But the figures of recycled plastic
prove that we are not doing it effectively. And the plastic
we are recycling is being recycled into single use plastic,
and even this does not solve the problem of waste
management completely as we’re again creating plastic
that cannot be used on long term basis.
After a lot of brain storming and critical thinking, it came
to our mind that construction industry is one of the parts of
the manufacturing industry where the products last as long,
as much as decades in most of the cases. There cannot be a
better solution for plastic waste management than to
incorporate recycled plastic into the construction model, as
plastic in this way can be used for a long time effectively
and efficiently.
Plastic can be used in a large number of ways in the
construction industry, from structural frames to giving the
aesthetic touch to the structure. The use we’re proposing
here is use of plastic as aggregates in construction. To
recycle plastic into high density pellets of desired shapes
and sizes in order to meet the needs of fine and coarse
aggregates with identical or greater compressive strength
and essential properties for construction.

Although there are a number of sustainability and
economic benefits associated with the use of PW for
construction purposes, there still exist some of the
questions that are unanswered even after years of research
and critical thinking.
Some of the major unanswered questions are as follows:
a)
Harvesting: One of the major limitations to the use
of PW is its harvesting before recycling. Typically, PW are
contaminated with various type

I.

II.

III.

IV.

V.

VI.

of plastics and other materials and needs skilled labour and
ample amount of time in the very first step.
Varying composition: In contrast to construction materials
such as steel, PW are made up of different grades and types
of plastic which might result anisotropic results. Also, the
complex composition of some types of plastics makes the
conventional recycling methods not suitable for its
Low density: The low density of plastic wastes makes it
unsuitable in applications where high toughness and
modulus of elasticity are expected. This low density also
increases its transportation cost as the PW has to be reduced
to lower sizes to ensure it fits the limited spaceavailable.
Lack of understanding: The limited understanding of the
performance of recycled plastic especially the long-term
performance has restricted the use and acceptance of PW
by the construction industry.
Low surface energy: Plastics low surface energy is
followed by reduced mechanical bonding where the PW is
incorporated into a composite. This poor bonding can lead
to a reduction of the overall mechanical performance of the
resulting composite.
Economical constraints: recycling some types of plastic
requires advanced technology which is expensive at the
moment thereby inhibiting the ability to recycle these types
of materials.
Lack of standards: currently there is no standard that
supports the use of PW for construction applications.
Though extensive studies have been carried out on
construction application such as the use of PW in
cementitious composites, these applications are still not
well standardized commercially.

IV.

V. PROPOSED METHODOLOGY
a.
SELECTION OF MATERIAL:
The material used in the construction of prototype depends
on the properties of the material used. This includes, how
easily can it be formed or with what ease can it be
restructured, its hardness, ability to resist abrasion, etc.
Along with that, whether the material is economical or not
and few other mechanical properties plays a major role in
material selection.
b.
Machinery operations:
Working principle of the machine is given below:
1.
The raw plastic material is fed into the hopper
along with calculated amount of gypsum. It travels by
gravity to the feed throat and drops on the rotating screw.
This work is carried out after switching on the heater and
setting the required temperature.
2.
The rotation of screw conveys the plastic forward
through the heated barrel.
3.
As the plastic conveys forward along the screw,
the channel depth keeps on decreasing which forces plastic
through a smaller area.
4.
This combination of compression and screw
rotation causes friction which generates heat and is called
as shear heating.
5.
Shear heat along with barrel‘s heating system
melts plastic. The final product is collected from the end of
nozzle inside a mould. After the mould is filled it is
properly cooled.
6.
The pellets are then removed from the mould and
compressive strength is tested using the universal testing
machine.

PROBLEM DEFINITION

Waste management is one of the major problems for the
whole production industry, whatever domain it maybe. As
far as the construction industry is concerned, it is also one
of the major contributors of waste. And when talking about
recycling in the construction industry, there is very
limited material available for recycling after a construction
activity is completed.
But as the members of the engineering fraternity and the
students of science, it is our duty to find solution to this
problem of plastic before the planet succumbs to the force
of plastic.
In every industry that we know, has some part that was all
organic at some point which is now dominated by plastic
products. And we’re now dependent on plastic to a large
extent. And a bigger question that arises here is that we are

c.
TESTING OF THE PRODUCT
To check or to verify whether the pellets formed are
stronger than conventional aggregates or not, compression
test must be performed. In this test, a Universal Testing
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Machine (UTM) was used.
Pellets will be placed between 2 cushion type pads which
applies load on the pellets. The load is applied continuously
till the pellet fails.

are deemed wastes, they are estimated to have little to no
value. Therefore, the use of such materials for construction
purposes will eliminate the cost associated with
conventional building materials and will reduce the overall
cost of construction.
b)
Reduction in waste management expenditure:
Landfilling and incineration are cost-intensive processes
that are being allocated a huge sum of money by
municipalities annually. The possible use of PW for
construction instead of subjecting them to landfills and
incineration will result in huge cost savings and serve as
revenue used for other important work to be done by the
municipalities.
c)
Value addition: The possible use of PW will add
a monetary value to materials that have been deemed as
wastes. The monetary value added to these materials will
create an extra source of revenue for stakeholders
interested in recycling waste materials and manufacturers
of plastics
d)
Reduction in energy cost: The use of PW as
insulation material will improve the energy efficiency of
buildings, thereby reducing the overall costs associated
with running buildings.
e)
Lower transportation cost: the viability to use
RPW for construction applications will create an avenue to
use locally generated plastic wastes, thereby reducing the
high cost generated by transportation of construction
materials. For example, the local availability of RPW that
can be used as aggregates in the cementitious composite
will eliminate the long hauling and transportation cost
associated with the transportation of aggregate. In addition,
attributing financial costs to carbon emissions; the
reduction or elimination of transportation of some building
materials will reduce the detrimental pollution emitted into
the environment during transportation.
VII. CONCLUSION:
Plastics play a significant role in our society, and wastes
generated at the end of the usage of these plastics are
inevitable. Therefore, in order to properly manage these
plastic wastes while improving the sustainability of the
environment, their use for various construction
applications is a viable option. This overview has explored
extensively the current research that has been done on the
use of various recycled plastic waste for construction
applications. Based on this overview, the following
conclusions can be drawn

Next, concrete mixture with different percentages of plastic
aggregate bullets along with natural aggregates is prepared.
And then cured for particular number of days. Finally,
using the same Universal Testing Machine, compression
test will be performed for comparison with the
conventional natural aggregates. In addition, to test the
other important supportive properties, tests like flexural
strength test, SEM analysis are to be done.

•
The use of PW for construction applications will
solve both the solid waste management problem and
depleting deposits of raw materials used for construction
purposes. In addition, the use of PW in different
construction applications supports the sustainability trend
of a circular economy.
•
The use of PW for construction applications
creates a pathway to use these wastes for long term
applications compared to short term ones such as recycling
into new products which will end up as waste within a short
period of time.
VI.
a)

EXPECTED OUTPUT

•

The possible use of PW as binder, aggregates and
fibers makes it a viable replacement for all components

Lower cost of construction materials: since PW

164

recycling/plastics- material-specific-data)

cementitious composites, with somewhat acceptable
detrimental effects on the performance of the resulting
composite.
•
The use of PW for various construction
application will lead to revenue and employment
generation.
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Abstract— The waste plastic and its disposal is a
major threat to the environment, causing ecological
imbalance.the utilization of plastic waste in pavement
construction would be both economical and ecological.
Plastic waste being a cheap raw material and its
versatilenature of not getting degraded for the
thousands of years proves to be useful.The sub-grade
layer made 300-500 thick usually made of unbounded
materials like crushed stone or aggregates is the
bottomost layer.this layer needs to be strong enough
for carrying the load of overlaying layers.using plastic
waste mix with aggregates and crushed stone increase
its strength by carrying on various tests like the
California Bearing ratio or the cohesion test which is
penetration test to check the various proportions of
the layer
Index Terms— shredded plastic waste, sub-grade
layer,binder coarse layer, plastic-mix bitumen

The consumption of plastic has increased tremendously
,hence certainly resulting in the production of plastic
waste
Hence using plastic waste becomes beneficial for both
human and environment. The idea of using plastic waste
mixed with bitumen was first put forward by Dr.
Vasudevan from Madhurai . His theory suggested using
shredded plastic waste with bitumen , as both the bitumen
and plastic procures similar benefits and acts as binders for
aggregates. He also made possible the construction of this
types of road , Jambulingam street of Chennai , the first
road builtby plastic waste in 2002 has till date no signs
of potholes or fatigue cracking . Hence using this
technology further is much more motivating . Above all
of it the use of plasticin bitumen mixture has led to less
absorption of water than the conventional bitumen roads
solving the ultimate problems of potholes which is
especially faced by most in India. A research review
suggested that the construction of hot mix bitumen layer
generated 65.8kg of Co2 per km of road. Also this
pavement construction emits gases like CH4 and N2O. The
entire process of bitumen production andconstruction is an
interrelated process resulting in carbon emissions. Hence if
the use of bitumen in road construction be replaced with
these plastic waste then it could reduce the carbon
emissions to some favorable extent. According tothe
Indian Road Congress (IRC) (2013) guidelines the useof
polyethylene pipes and dustbin bags are not considered
as plastic waste and hence segregating the collected plastic
waste becomes very important.

I. INTRODUCTION
Development of infrastructural facilities like roads is
vital for the economic growth of a country .Good roads
improve connectivity, accessibility, mobility and
productivity. Recent studies have shown some hope in
terms of using plastic waste in road construction. The
plastic waste mainly used in these purposes mainly include
carry bags, disposable cups, PET bottles collected from
garbage dumps as an important ingredient of the
construction material. The use of plastic is not new in road
construction. The process includes mixing plastic with hot
bitumen. In this plastic melts to form anoily coat over
the aggregate and the mixture is laid on the road surface
like normal tar/bitumen road. Plastic being nonbiodegradable remains on earth for a very long time and
burning if these plastic bags cause environmental pollution.
Effectively using plastic waste could enable the reduction
in construction cost and would also improve the
performance ofroads. Sub-grade layer possesses properties
like load bearingcapacity, shear strength, stability, superior
drainage, The ease of compaction, minimum change in its
volume under conditions of weather and the permanency
of strength. Our project is based on addition of plastic
waste into the sub- grade layer of roads construction
which partially reduces or replaces the bitumen and
aggregate usage making it cost effective.
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Can Plastic waste cause Floods
•

I. RESEARCH GAPS
There have been various researches on plastic-mix
bitumenroads and its benefits. But till now few review has
been found about the subgrade layer of road construction.
Very less literature review has been found for soil
reinforced with plastic. Similarly due to less literature very
few information on materials that can act as glue for
aggregate in this layer. There have been many problems
relating to potholes and rubbing and cracking of roads. This
has to be looked upon adding plastic waste can improve
the quality of road by

•

•

increasing its shear strength, stability, the ease of
compactionand many more.
III. PROBLEM DEFINITION
The usage of plastic has passed a huge threat to the ecological balance. Nearly 300 million tons of plastic is produced
and consumed every year and this would expectedly
risein the covering years. The concept of using plastic in
road construction has already been put forward by many
and therealso have been 100000 km of roads built using
plastic mix bitumen roads in India. This process uses 68perc of plastic waste where the waste is shredded to
particular size using shredding machine then the aggregate
mix is heated at 165 degree Celsius and transferred to
mixing chamber, further bitumen is tested to 160 degree
Celsius. The waste plastic and its disposal is a major threat
to the environment as it results in pollution and global
warming. Dr. R Vasudevan propsing this idea has built the
first plastic road in Chennai in 2002 which has no cracks
or fatigue cracking in that road and hence researches has
been started using plastic in road construction. Our project
would focus on using shredded plastic in the sub-grade
layer which is of 300-500mm thick. The CBR test i.e
California Bearing Ratio test is run on it to gauge the
strength of subgrade as compared to a dense graded
aggregate CBR is one of the major factor used in pavement
construction to determine how thick the pavement should
be. Further the subgrade will be tested for the compaction
and checked to ensure a typical cross section and uniform
grade before subsequent courses can be placed.

Rd vs. unmodified road.
Step I: Plastic waste made out of PE, PP and PS cut intoa
size between 2.36mm and 4.75mm using shredding
machine.
Step II: Similarly the bitumen is to be heated to a maximum
of 1700 C to have good binding and to prevent weak
bonding. (Monitoring the temperature is very important)
Step III: At the mixing chamber the shredded plas-ticwaste
is to be added to the hot aggregate. It gets coated uniformly
over the aggregate within 30 Sec, giving an oily look
Plastic coated aggregate is obtained Step IV: Hot bitumen
is then added over the plastic coated aggregate and the
resulting mix is used for road construction. The road laying
temperature is between 1100 C to 1200C. The roller used
is 8-ton capacity
Our project focuses on using plastic in the subgrade
layer of road construction. Selecting plastic waste like the
carry bag, disposal cup, etc could be selected for using in
plastic reinforced soil All this would be put together to test
its shearstrength, liquid limit, specific gravity, and also the
plastic limit of soil and the soil mixed with plastic. These
test would allow us to suggest optimum plastic that we
would use to get better results. The plastic would be
shredded into filaments and mixing them in various
percentage with soil sample to test its durability.
V. EXPECTED OUTPUT
The generation of waste plastics is increasing day by
day. The major polymers, namely polyethylene,
polypropylene, and polystyrene show adhesion property in
their molten state. Plastics will increase the melting point
of the bitumen. Hence, the use of waste plastics for
pavement is one of the best methods for easy disposal of
waste plastics.
The use of the innovative technology not only
strengthened the road construction but also increased the
road life as well as creating a source of income. Plastic
roads would be a boon for India’s hot and extremely humid
climate, where temperatures frequently cross 50C, and
torrential rains createhavoc, leaving most of the roads with
big potholes. It is hoped that in near future we will have
strong, durable and eco-friendly roads that will relieve the
earth from all type of plastic waste.
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strengthened in the 1970s with digital computers that made
analytical methods far more accessible. Science, theory,
and analysis have almost completely displaced practical
skills from the engineering curriculum with the possible
single exception of hands-on laboratory classes. Along
with these changes, there has been an increase of
misgivings regarding engineering graduates' practical
skills and competencies. These issues prompted the
implementation of generic outcome definitions for
engineering education in various countries in 2000 [1, 2].
Although these reforms have resulted in some advances,
many practicing engineers continue to express worries
about graduate competencies. With the advancement of
increasingly sophisticated technology, there has been an
increasing demand for novel approaches to engineering
education [e.g. 3], particularly for global collaboration in
engineering projects, activities like project-based learning,
research-based learning,etc [4]. To be competitive in the
global educational marketplace, the learning institution
tries to expand learning opportunities to its students in the
laboratory as well in the virtual platform[5]. Experience in
an engineering laboratory is valuable for engineering
students [6]. The specifies that students are likely to
appreciate are as follows:
1. In the offline mode of conduct of the laboratory,
the students are going to be connected if the content is realtime and application-specific.
2. In offline mode, students and stakeholders
appreciate the conduct of the content delivered career
making and helping them to achieve a higher grade in the
final examination.
3. If the conduction happens in virtual mode, then
case studies relevant to the curriculum will interest the
students towards lab work.
4. In online mode, more the video and simulations
related to lab conduct specifics will be appreciated as well
it will enhance the students' knowledge base.
Experience in an engineering laboratory is
valuable for engineering students[6]. Students are more
likely to appreciate specifics about the appearance and
operation of the equipment if they attend laboratory classes
and handle (operate with) it

Abstract:- Laboratory classes are an essential part of an
engineering course. Laboratory sessions are primarily
designed to develop proficiency in technical skills, offer an
opportunity to place theory in context, develop critical
thinking skills and promote investigation-based learning.
Laboratory experiences will help develop our students as
independent learners, researchers, critical thinkers, and
generators of knowledge. Although the aim of the laboratory
is an opportunity to learn and gain experience, we do not
know, whether students have been giving his/her 100% while
doing laboratory sessions. There are several improvements
that need to be implemented to improve student laboratory
experiences. The purpose of this research is to how the
integration is important and integration of it with end
semester evaluation is supportive to overall learning vs
Traditional Evaluation system. This research with the
feedback needs to be seen as one of the breakthroughs in
The making system of evaluation more robust and dynamic.
This research collected feedback from the industrialist,
academician on the present examination system. It was found
that 50 % of people said that it must be based on the subject’s
needs. It can be possible in Autonomous institutes by framing
the pattern of question paper at the time of syllabus making
Keywords:- Examination, Education System, RBT, Evaluation,
Outcome

I.

Introduction

Engineers strive to regulate the content and the material
involved with the applications for the benefit of humanity.
This task will be accomplished if the engineers,
technicians, and others have knowledge and experience in
the specific engineering field come together for the
objectives. As a result, engineering education at the
university or college level helps students lay the
groundwork for collecting information and experience that
will aid them in engineering practice.
Over recent decades there have been
periods of rapid change in engineering education. Until the
1950s engineering education was largely based on an
empirical and practical education with many hours spent at
drawing boards and in workshops. The 1960s marked the
ascendancy of scientific analysis which was further
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or unintentionally, and we believe that unintentional
learning is a vital element of laboratory work [16]. While
laboratory classes have previously been evaluated by
examining explicit knowledge (in reports and test response
scripts) and student perception of the laboratory class
experience [9], no metrics of inadvertent learning, such as
‘practical intelligence,' has been found. The topic is
whether students who gain experience in laboratory classes
have a high level of implicit and tacit knowledge gained
through inadvertent learning that may help them to achieve
good credit in the final examination. As a result, in this
study, we look at the learning through laboratory
evaluation and integrate it with the final examination.
2. Traditional Evaluation system :

Advances in software and communication technology have
enabled online laboratory classes [7, 8]. According to
evaluations, these laboratory experiences are equally as
likely to improve students' knowledge of relevant ideas for
which they have received theory as traditional hands-on
laboratory sessions [9], albeit there are differences in how
students experience online and simulated laboratories.
Students are frequently placed into groups of four
or five in typical hands-on laboratory classes that we have
witnessed, and they do a single activity together. Not every
student has contact with or handles the equipment at all
times. A remote-access laboratory, on the other hand,
usually allows each student to run the laboratory remotely.
The involving examination system should take care of the
laboratory content delivered and understood by students ,
which will test students’ knowledge and understanding of
technology. Furthermore, our current engineering practice
research reveals that there are few specific studies on
engineering practice [7]. As a result, determining which
laboratory experiences contribute to a basis for engineering
practice is difficult. The fact of the matter is students
always link laboratory conduct with examination
outcomes. The examination system including question
paper setting should thereby incorporate the rise of
expectation of the students out of laboratory conduct.

Examinations are tests that aim to determine the
ability of a student. Academically, an examination is an
official test of knowledge. Different types of Examinations
are conducted all over the world for evaluating a person's
skills and intelligence. Examinations are usually written
tests, although some may be practical or have practical
components, and vary greatly in structure, content, and
difficulty depending on the subject.
Mainly comprises of evaluation of students in two
aspects viz. laboratory examination and end semester
examination. The following were the key points associated
with examinations;

High accomplishment at work is associated with
"practical know-how," which is crucial to understanding
tasks [10, 11-14]. Sternberg and his colleague believe that
practical intelligence is related to tacit knowledge, a
concept established by Michael Polanyi that describes
know-how that is not explicitly communicated and is
generally not taught directly

1.
i)

Laboratory examination:
There used to end semester oral /practical
examination normally focussing on an experiment
performed by the students
ii) Examination used to happen most of the time on one or
two important topics. It use to be so because of
coverage of experiments or sometimes driven by the
expertise of faculty.
2. End semester examination:
i.
The traditionally ESE used to be on curriculum and
considering weightage /hours assigned to a particular
module
ii.
Question paper setting use to be most of the time
driven by faculty members’ understanding of the
subject.
iii. Question Paper S used to be most bounded by the
pattern provided and so there used to be less weightage
given to lab experiments.
iv.
In an olden era of the education system there were
only basic experiments were incorporated in the
curriculum and they were not correlated with all
modules
Mismatch and Coherence factor:

Our research on engineering practice confirms
the importance of unwritten know-how. Careful studies of
engineering practice [e.g. 7] have revealed that extensive
technical knowledge is needed. Most of this knowledge is
acquired after completing university courses and much of
it is surprisingly basic. For example, engineers need to
know the components and materials used in their discipline
as practiced within a given firm, at least to the extent that
they can recognize components and understand what they
are used for. Much of this knowledge is so relatively simple
on the one hand, and so specific to a particular firm or
industry sector on the other hand, that it would not be
appropriate to attempt to teach it in university engineering
courses. However, students need to appreciate the
significance of this ‘implicit’ knowledge or ‘practical
intelligence’ in engineering practice. However, because
engineering courses set an emphasis on explicit
information (students must write or talk to transmit their
knowledge), students' perceptions of the relative worth of
practical intelligence and tacit knowledge may be reduced.
The availability of information is so huge nowadays, the
examination pattern should also be involved with the
changes around.
We anticipate that students will gain practical intelligence
as a result of their laboratory experience. They will
probably learn enough for troubleshooting: detecting and
resolving difficulties or diagnosing defects in the
equipment. This experience can occur either intentionally

a)

Traditional examination system lacks in assessing the
students’ knowledge in totality as there was a
mismatch in question paper system.
b) Students use to treat TES in a discrete manner i.e
examination of Lab and ESE
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c)

3.

Question paper setting used to be on the theoretical

knowledge. The lab manual has been prepared

by

concept and less importance had been given on

involving all the parameters like , Aim, Objective, Basic

experimental-based questions.

Materials, procedure, Result, conclusion. The standard of

d)Traditional examination system is not capable of

evaluation of students is set based on the difficulty level of

testing

the subjects at lab and ESE.

students

on

real-world

problems,

skill

development, cognitive learning capabilities, etc.

5. Methodology for conduction of Laboratory:- The

Why there is a need to integrate the question paper

sample way of conducting laboratory is as shown below.

setting

The survey was carried out to establish correlation or

with

the

Learning

outcome

of

the

importance of practical knowledge to assess unintentional

laboratory?
One of the most important factors in forming

learning classic implicit knowledge in engineering

engineering graduate qualities is the practical component

laboratory classes. In other words, we wish to develop

of the engineering curriculum [6]. Laboratory classes are

ways to measure the experiential and "hands-on"

valuable learning experiences, which can be used to teach

component of the learning laboratory that can help to

the link between practical skills and theory effectively.

attempt the question asked in End semester examination.

Work in the engineering laboratory environment provides

6. Present Examination System: -

students with opportunities to validate conceptual

In the present system, the paper pattern for End

knowledge, to work collaboratively, to interact with

Sem Examination has based on the module and divided the

equipment, to learn by trial and error, to perform analysis

question based on allocated time hours mentioned in the

on experimental data, and how to operate tools and

module. In this pattern, we have tested only the routed type

equipment safely. Webb [16] wrote that the underlying

of knowledge. we are not able to test practical knowledge

reason for the value of laboratory classes is that they are a

which is required for industries

fundamentally different context for the students’ learning.

7. Proposed Examination system:-

In a laboratory class, their environment is different

To incorporate effective utilization of laboratory works and

compared to other learning modes, such as lectures or

their importance as per the industrial needs as well as to

tutorials. Students engage with real hardware, components,

test a practical knowledge of a student’s. The survey was

and materials. They embed their learning into a different

conducted by floating questionaries to industrial people

context and construct different knowledge as a result.

and teaching fraternities. It was observed that the test of

4. Proposed Model: Integrating Laboratory Learning

subject knowledge of students can be categorized

and End semester examination

according to subject needs and its industrial importance. It

The

expectation

of

stakeholders

from

can be categorized into three parts

engineering institutes at TCET was addressed in various

1) Importance of Theoretical subject

ways by incorporating changes required as per industry

2) Analytical /Numerical base subject

needs, making laboratory manual and conduct more

3) Practical oriented / Industrial oriented subject

inclusive and effective. The focus was to address the

The present university pattern is implemented for all

shortcoming out of TES and integrate aspects covered in

subjects and is bound to some parameters. It also found that

the laboratory with the main examination. This has become

teachers cannot test the knowledge of students based on

possible by making changes in laboratory conduct and

their practical skill set. Even though it is helpful for future

question paper setting.

In TCET lab experiments were

points of view but still students are not much focusing

categorized into three parts a) Basic Experiments b)

while performing the practical. It can be eliminated in

Advance experiments and c) Mini or Major Projects. It

Autonomous colleges by conducting the end-semester

helps students with technical, analytical skills and

exam in such a blended or hybrid pattern. By considering
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the above parameter. We have been categories the few
subjects of civil engineering into the above three parameter

Students:- Civil Engineering Subjects

Students

General Knowledge &
experience

Having experimental knowledge or documented
knowledge from previous experience or
learning outcome
Forex:- stress, strain, Modulus of Elasticity

Start of Semester
Role of Faculty
As Faculty:-

Prelab Practical intelligence
measurements

Faculty has to orient them about the subject
It’s practical as well as industrial importance.
Circulate the printed Manual of the same

As Students: -

Whether they read the experiments?
Whether they know the materials used
for experiments?

Laboratory Experiments
As Faculty: - Explain the parts of equipments,
Connection and procedure of performance
As Students: - They follow the sequence mentioned in

Role of
Students

Role of Faculty

manual or Instruction is given them by faculty

Post Lab Practical Intelligence
Measurements

Grade

As Faculty: - Validate the results
Test their post knowledge of learning
Can they able to solve the quiz question of it?

Fig No 5.1:-Flow Chart:- Methodology of Conduction of Lab
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Total Marks 100

Practical Marks
(20)

ESE MARKS 60

Oral Marks (20)

. Categories for Civil engineering subjects:Civil Engineering

Theoretical base

Analytical

Practical /Industry

Engineering Geology

Mathematics

Geotechnical Engineering

Risk Value Management

Theory of Structure

Building Materials and Construction
Technology

Design and Drawing of Steel structure

Transportation Engineering

Design and Drawing of Reinforced structure

Environmental Engineering

Strength of Materials

Solid Waste Management

Total marks
100

THEORY 40
MARKS

ESE proposed
Question
pattern

PRATICAL
MARKS 20

PRACTICAL 20
MARKS

MCQ 10
MARKS

ESE Paper Pattern for Practical and Industrial

Oral Marks
(20)

-

requirements
Qu No

Pattern of Question

Marks

Qu 1

Objective question

10
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Qu 2

Subjective Base question

30

Qu 3

Practical Base question

20

Total Marks

60

Sample Question papers of Geotechnical subject:

0.15

18

0.075

08

PAN

20

Geotechnical Engineering
Practical- Liquid Limit
Q. Soil passed from 425 microns is collected and
performed for liquid limit using Casagrande
apparatus, after performing the test no of blows and
water content values are noted which are mentioned
below. Draw the flow curve and calculate the flow
index.

Practical- Sieve Analysis
Q. A coarse soil sample of 1000gm is passed through
different sieves and the observed values of soil
retained on each sieve are mentioned in the below
table. Based on the observation classify the soil and
justify your answer

Sieve Size (mm)

Soil retained (gm)

4.75

466

2.36

218

1.18

160

0.6

80

ESE Paper Pattern for Practical and Industrial

0.3

30

requirements

No of
Blows
Water
Content
(%)

52

44

38

27

22

12

14

16

18

20

Qu No

Pattern of Question

Marks

Qu 1

Objective question

10

Qu 2

Subjective Base question

30

Qu 3

Practical Base question

20

Total Marks

60

Sample Question papers of Geotechnical subject: Geotechnical Engineering
Practical- Sieve Analysis
Q. A coarse soil sample of 1000gm is passed through
different sieves and the observed values of soil retained on
each sieve are mentioned in the below table. Based on the
observation classify the soil and justify your answer
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Sieve Size (mm)

Soil retained (gm)

4.75

466

2.36

218

1.18

160

0.6

80

0.3

30

0.15

18

0.075

08

PAN

20

6. Results and Discussion:
Here, this section of a paper highlights the responses of
students on aspects of learning, directly and indirectly of
correlating the outcome

1.
Practical- Liquid Limit

The graph shows that more number students are inclined to

Q. Soil passed from 425 microns is collected and
performed for liquid limit using Casagrande apparatus,
after performing the test no of blows and water content
values are noted which are mentioned below. Draw the
flow curve and calculate the flow index
No of
Blows
Water
Content
(%)

Response of students to the category of questions:

52

44

38

27

22

12

14

16

18

20

60

attempt or have correctly solved questions on experiments
carried out in the lab. The theoretical questions solved by
students are less in number as compared to experiment base
questions. It also makes it clear that students would like to
attempt questions if they are covered in the laboratory.

54

50

42

40
30
30

28

20
10

0

Series1

2.

Qu1
Qu2
Experiment Base Question
54
42

Q3
Q4
Fundamental Base Question
30
28

Learning Validation and Proposed model

TCET Model of Question paper setting coherence with lab
conduct is tested now for almost more than 2 years. The
satisfactory performance of the students in the end
semester examination is studied and the survey has been
pointing towards the same. The lab work and end semester
examination were very well addressed as TCET Model and
survey carried also validate the same.

equipment's /Tools

b.

Lab -Prerequisite

Tutorials, discussion questions

d.

lab conduct/experiments are correlated with
curriculum module

conduct & analysis
3. Impact on ESE results due to integrated practical
question in ESE exam: e.

I have surveyed 50 students based on classroom
teaching. I have floated the question paper as per

The keyword was identified by the faculty in charge before
setting up question paper for ESE keeping in mind to test
and validate the students’ performance with the integration
of lab work. The keyword identified are as follows (partial
list ) :
a.

c.

the above format to those students. The basic aim
was to draw the correlation ship between the
impact of classroom teaching and hands-on
experience while solving the end semester exam.
The result shows that 15 % of students hav
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attempted the practical base question and it is also not up

time it was found that 75 % of students has attempted the

to the marks. whereas subjective and objective base

practical base question and almost all were given correct

questions were attempted by 80 % and 100% students

answers. Overall results of the subject were improved. On

respectively.

that basis, we concluded that, if we set the syllabus and

After the performance of a practical same set of

pattern of question paper based on subject requirements.

question papers were circulated among the students. This

Students give the importance of practice.

Responses
60.00
50.00
40.00
30.00
20.00
10.00
0.00
equipment's /Tools
used

Lab -Pre requisite

Tutorials,
discussion
questions

100%

13.04

13.04

13.04

39.13

13.04

80-90 %

26.09

52.17

43.48

30.43

52.17

70-80%

30.43

17.39

26.09

21.74

21.74

50-70%

30.43

17.39

17.39

8.70

13.04

100%

80-90 %

70-80%

4. Responses of students to various category question

lab
conduct/experime conduct & analysis
nts

50-70%

well subjective questions. The students found very
useful the lab work during ESE in attempting even
analytical and design-based questions

paper settings.
The lab manual and conduct were found to be useful
for students in attempting multiple choice questions as

Responses
21

Only design base question

13

Only Analytical

17

Both Analytical and Design base
question
All of the above

50

Graph No 6.3:- Responses of students to various category of question paper

Responses
13

17

MCQ question pattern
Mixed of both
Subjective question paper pattern

65

Graph No 6.4 :- Responses of students to various category question paper setting
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The graph shown above validates the TCET

4. Responses of students to various category question

model of setting question paper integrated with laboratory

paper settings The lab manual and conduct were found to

work. The TCET Model of lab manual has been useful for

be useful for students in attempting multiple choice

end-semester examination. It also found that more than 50

questions as well subjective questions. The students found

% of responses have stated that the lab prerequisite,

very useful the lab work during ESE in attempting even

conduct, and analysis of experiments has cleared their

analytical and design-based questions.

understanding and helped them to solve ESE

Responses
Only design base question

13

21

Only Analytical

17

Both Analytical and Design base
question
All of the above

50

Fig No 6.5 :- Responses of students to various category of question paper

Responses
13

17
MCQ question pattern
Mixed of both

Subjective question paper pattern
65

Fig No 6.6:- Responses of students to various category question paper setting
From the graph, it can be concluded that more
students agreed that laboratory work help them to attempt

2.

It was also found that without prior intimation to

both MCQ and Subjective question.

students experimental-based question paper was

7. Conclusion:-

prepared and circulated. Only 30 % of students had

In the present examination system, we have tested

answered

those

questions.

After

performing

only the routing knowledge of students. There is no

experiments, the same question paper was circulated

provision to test students’ knowledge on its hands of

among the students and this time 80 % of students

experiments or their practical understanding.

have solved the exam. It helps to test the students’

1.

It was found that circulating a sample question paper

knowledge on theoretical as well as clear the

by incorporating practical-based questions. 54 % of

practical concept.

students have solved the experimental-related

3.

question rather than a theoretical based question.

It found that more than 50 % of responses have stated that
the lab prerequisite, conduct, and analysis of experiments
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4.

8. Arpaia, P., et al., A remote measurement laboratory for educational

has cleared their understanding and helped them to

experiments. Measurement, 1997. 21(4): p. 157-169.

solve ESE.

9. Lindsay, E. and M. Good, Razali, Z.B. and Trevelyan, J.P., Valuable

5.

It was found that most of the academicians said that

Experience in Engineering Laboratory: enhance understanding of

the Paper should be based on the content and field

engineering concepts. Outcomes. IEEE Transactions on Engineering

exposure. general practice is that paper pattern is

Education, 2005. 48(4): p. 619-631.

uniform throughout college which is not good practice,

10. Somech, A. and B. Ronit, Tacit knowledge in academia: Its effects on
student learning. Journal of Psychology, 1999. 133(6): p. 605- 617.

as content and its future exposure are vary from subject

11. Leornard, N. and G.S. Insch, Tacit Knowledge in Academia: A

to subject and students must be able to mold

Proposed Model and Measurement Scale. Journal of Psychology, 2005.

accordingly.

139(6): p. 495-512.
12. Ree, M.J. and J.A. Earles, Intelligence Is The Best Predictor Of Job

We can say that the paper pattern must be domain-specific.

Performance. Current Directions in Psychological Science, 1992. June: p.

It helps students to strengthen their knowledge and

86-89.

improve the overall academic developments

13. Sternberg, R.J., L. Okagaki, and A.S. Jackson, Practical intelligence

8. Future Scope:-

for success in school. Educational Leadership, 1990. 48(1): p. 35- 39.

As per as the examination system is concerned, the model

14. Wagner, R.K. and R.J. Sternberg, Practical intelligence in real-world
pursuits: The role of tacit knowledge. Journal of Personality and Social

has proved its importance in offline mode as well as in

Psychology, 1985. 49: p. 436-458.

online mode by introducing little changes in the previous

15. Webb, A., Design of a Thermofluids Pump Laboratory, in School of

system, But still, there is the scope of improvement for

Mechanical Engineering. 2003, The University of Western Australia.:
Perth.

reframing the subjective type of question pattern in online
mode to avoid the flat evaluation and to achieve the bell
shape curve. The model can be made robust by integrating
the questions-based RBT level. The module-wise questions
and RBT level will help them at the time of examination.
The integrating of industrial inputs should be considered by
faculty in charges and paper setters to make the proposed
model more dynamic .
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Abstract-Earlier students were tested based on marks

There are different test based on which students are assess
for various purpose. Tests such as Internal, external,
Objective and subjective.

scored and technical knowledge in respective field.The
competitiveness in engineering profession has increased due
to requirement of multilevel skills . Theawareness of recent
technology and its implementation in engineering field is a
challenge for core engineering graduates There are different
professions can be selected as an engineer. Those paths can
be quite different depending on the discipline you
pursue, the type of role you aspire to have, and the industry
you work in. This paper highlight on some of common
qualities require for engineers on field and activities to
enhance it.

Internal Tests-Internal tests are those given by the
institution where the learner is taking the course. They are
often given at the end of a course in the form of a final
exam.
External Tests-External tests are those given by an
outside body. Examples are the TOEFL, GRE and
GMAT. The exams themselves are the basis for admission
for higher studiesto abroaduniversities.

I. Introduction

Objective Tests-Objective tests are those that have clear
right or wrong answers. Multiple-choice testsfall into this
group. Students have to select a pre-determined correct
answer fromthree or four possibilities.

Teachers teach content to the students. Students
understanding is assess in form of test. This cycle of
teaching and testing is familiar to anyone who has been a
student. Current examination system is the high stake
examinations where students are tested based on
reproducibility of what is taught in the class during the
semester. Tests seek to see what students have learned.
Questions asked in theexaminations are routine in nature
and only tested at the foundation level. Answering
questions with difference exhibitinghigh standards may be
in the format of the manuscript including the different
writing formatsare not the trends. Answers are written in
the freestyle way. It calls for action for improvementand
innovation to bring reforms in the system Such tests are
used to evaluate student learning, skill level growth and
academic achievements at the end of an instructional
period, such as the end of a project, unit, course, semester,
program year. Educators create tests to measure their
students' understanding of specific content or the effective
application of critical thinking skills.
Evaluation
ofprecise in depth learning, self-learning, new approaches
and scope for creating new knowledgewhich can be used
to make curriculum agile. Tests are conducted to
determine whether students have learned what they were
expected to learn or to level or degree to which students
have learned the material.They may be used to measure
learning progress and achievement and to evaluate the
effectiveness of educational programs. Tests may also
measure student progress toward stated improvement
goals or to determine student placement in
programs. They are recorded as scores or grades for a
student’s academic record for a report card or for
admission to higher education.

Subjective Tests -Subjective tests require the marker or
examiner to make a subjective judgmentregarding
themarks deserved. Examples are essay questions and oral
interviews. For such tests, it is especially important that
both examiner and student are awareof
the grading
criteria in order to increase their validity.
2. Need of basic knowledge for students
Most of test is conducted for students to assess them from
a single point of view. In order to meet the objectives of
course educators test students on the basis of content or
lesson taught at foundation level. The students are tested
for the knowledge by the one or two assessment system
that to at the end of their courses which does not major
the continual improvement in the learning level of the
students. Majority of assessment process are memory
based where there is not anyassessment process for the
students to check the creativity, Comprehension,
Paraphrasing and personality traits of the students. These
skills become imperative when the students join
theindustry or put up on job. There are very little exposure
students gets where they are tested in the field work or on
job training. In order to meet the program outcomes
technical skills and professional skills are need of an hour
to be in engineering career. Students can be tested on field
to assess the technical and professional skills which is
requirement in some engineering profiles. Technical skills
such as basic concepts, laws, theorems, unit conversion
and recent trends in market is essential. This will help
students to understand the strength and weakness of
individual.

Methods to test the students

3. How students can be tested on field?
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Following are the different methods to test the students
technically on field:

can be through formal training and development
programmes, but it doesn’t have to be. It is also important
explore to areas of engineering that interest you
personally. Technology and scientific knowledge are
expanding at a rapid rate. Engineers should be able to
keep themselves up to date in their skills and knowledge
in their area of expertise and in general.Continous
improvement is a lifelong process. It can be achieve from
past failures, errors and difficulties across while carrying
out the activities.

What is done?
Basic laboratory Test -The basic fundamental is assessing
on the basis of content taught in terms of Practical
assessment, Oral, Theory examination.
Case Studies- Various topics related to subjects are
studied so that students are aware of recent trends and
techniques used in civil engineering.

3. Creativity and Innovation

Assignments-Students are allotted which are based on
content requires basic fundamental and then they have to
solve critical numerical .It improves thinking and problem
solving ability

Many engineering problems and projects require a high
degree of creativity and innovation. Recent trends of
Artificial Intelligence are future. It’s integration and
automation solutions can be create technologies
industries. As a result, they require innovative thinking
and creativity to develop. Innovative products are the
result of strategic and planned thinking, which is an
important characteristic of engineers. This attribute
clearly identifies a specific aim to solve the problem, the
ability to tap into collective knowledge, link unrelated
concepts to construct new thoughts and experiment to
create technical leaps forward. The innovation comes
from problem faced by society. Solution is then created
with several trials and constraints .Innovation happens
considering the availability of resources, efforts involved
and results obtained from several experiments. Various
types of projects carried out at the graduation levels help
students to think and create innovative solutions for same.

What can be done?
Scenario based question-The problems from actual field is
assigned to students. It include sign boards on
highway,reading drawings,carrying out construction work
as it may be cause inconvenience for society.
Answer with reason-These are problems in form of
images or question that is been asked students to identify
and suggest reason/solution. The questions related to
recent failures of structures and loss can also be consider.
4. Qualities require for an engineer on field:
Whether you are a field-based engineer traveling to
support servers, network equipment, infrastructure or
desktop support, there are key skills and abilities that are
absolutely essential to being successful and achieving a
high level of customer satisfaction. While every support
situation is unique and comes with its own set of
challenges, it’s crucial to keep a cool head and to follow a
basic set of principles no matter what the situation. The
following is a brief list of skills that can develop to
guarantee continued success in the field. As an engineer
along with sound knowledge below are some of essential
qualities should have to tackle different situations on
field:

4. Problem Solving
Engineers regularly encounter problems that must be
overcome and solved. Engineers might sense an
opportunity where others perceive a problem. They are
realistic and practical. This ability stimulates the
questioning minds of engineers and helps them use
scientific knowledge and create technical and
methodological solutions .Successful engineers have good
problem-solving skills that help them in these situations.
5. Good Soft Skills Including Communication &
Leadership improving your technical skills is important,
but soft skills are important too. This includes
communication skills, presentation skills, leadership
skills, and more. Successful engineers have these skills
and continuously work to improve them. While field
engineers must be able to work well independently, it is
equally important that you are able to communicate with
others and work as part of a team. There will be times
when you need to work with engineers and technicians
from your own team, as well as with those from third
party vendors, and maintaining a professional dialogue is
key to ensure that the work being done is not
counterproductive. It’s very easy to cross signals if there
is poor communication. In addition to working with
other engineers, you will be faced with explaining
complex, sometimes ambiguous technical issues which

1. Insatiable Curiosity
Engineers want to know how things work. They also want
to make things better, more efficient, and more effective.
They are the driving force behind innovations in a vast
range of industries, but everything starts with that
curiosity of figuring out how and why.Curosity creates
numerous questions related to topic. A certain topic can
be assigned to students to create curiosity related to it.
This will help to understand the working behind it.
2. Continuously Seeks to Improve
In most fields of engineering, best practices, technologies,
and the requirementschange fast. As a result, engineers
need to be adaptable, but it is not enough to be open to
change. It work constantly to improve and enhance your
skillset through ongoing professional development. This
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Nothing stands still in engineering, so it’s important to be
open to change. Traditional methods does not last forever
as there are various technology available .Successful
engineers embrace new technologies, processes, and ways
of thinking.

will likely not be familiar with the technology.
Communication is important in these situations, but
people skills are equally so. Communications skills can be
assess by providing various platforms such as
presentation, competitions and writing skills. These
types of activities will help to improve communication
skills of students which will be helpful in professional
field.

10. Optimistic
Engineers face challenges – it’s part of the profession.
Those challenges could be a complex problem that
appears to be completely resistant to a solution, or an
issue that is difficult to fix. Remaining optimistic in the
face of these challenges helps considerably.

6. Co-operation and team player
Most engineering projects, particularly in our industry
involve working in teams. Therefore, being a good team
player is an essential component of being a successful
engineer.Teamwork among engineers is almost always
required to complete a job, as most jobs require several
engineers to complete. Something more complex such as
an engine may need hundreds of engineers during
development. An engineer should be comfortable working
in teams and communicating effectively, negotiating,
creating relationships with colleagues, giving feedback
and motivating colleagues.

11. Ability to work indepdently
Working as a field engineer, you will encounter
individuals from all levels of the corporate ladder and will
need to communicate with each of them differently.
However, when it comes to resolving trouble with an
issue in the field, you will likely be performing the
maintenance as a one-man show. That’s why its
imperative to implement some best practices to efficiently
working independently, including time managements
skills, self-motivation, setting a reasonable work pace and
prioritizing customer issues in a logical manner.

7. Mathematical and Analytical Abilities Plus Logical
Thinking
This point is probably the most obvious engineering
characteristic on this list, but it is still worth highlighting.
Being a good engineer means being a logical thinker and
having excellent analytical and mathematical abilities.
Such technical skills could be enhanced by participating
in competitive exams such as GATE, Civil services
examinations etc.

12. Resourcefulness
When working in the field, sometimes it may happen that
run into situations where it need to improvise a quick fix
while planning for a more permanent solution.In order to
maximize up-time, it may need to run a quick patch or
implement a workaround to get the users running, then
return later to put a permanent solution in place. Being
resourceful and adaptable in work will ensure that you
never leave users without connection longer than
necessary.Engineers should be practical and resourceful.
They need to rely on concepts and know when to refer to
books and engineering guides to solve a problem. Their
practical knowledge should come handy when needed.

8. Attention to Detail
In engineering, beauty is often found in the details. It is
where value is added to projects, errors are discovered
before they become a problem, and the best innovations
are found. Successful engineers pay attention to the
details. As a field engineer it may require to visit places
you’ve never been, and working on equipment in offices
you’ve never seen before. That’s why it’s important to
remain aware at all times, taking notes and pictures to
ensure that the equipment is left in the same configuration
as it were found. As a field engineer it may require to
visit places you’ve never been, and working on equipment
in offices you’ve never seen before. That’s why it’s
important to remain aware at all times, taking notes and
pictures to ensure that the equipment is left in the same
configuration as it were found. You may run into problem
in the field with building access, network/server room
locks or cabling issues such as a messy cable
configuration and poor rack maintenance. These
roadblocks can all affect its schedule and present
unforeseen challenges. Maintaining awareness of the
environment will help you complete the work on schedule
and will help prevent future headaches

13. Passion for learning
The field of technology is changing at lightning speed,
and anyone who doesn’t stay current on trends and
industry standards won’t be able to keep up with the everchanging needs of customers. While surely a field
engineer isn’t expected to know everything, it’s important
that he or she be a fervent researcher and endlessly
adaptable to finding new ways of doing things. Sticking to
the old way won’t work in today’s innovation-driven
culture.
14. Patience
It’s a hard lesson to learn, but a necessary one – not
everything can go according to plan, and inevitably
unforeseen challenges will arise during the course of any
project. Keeping a level head and calmly working towards
a solution is a great way to impress your clients. Assure
cool-headedness under pressure and will be much more

9. Embrace Change

181

likely to hire you again in the future under critical
situations.

standards, overseeing actual tests, managing systems that
contain test results, and troubleshooting issues involved in
the field-testing process. Field test is a procedure in actual
situations reflecting intended use to construct strong,
innovative and qualitative structures. A field test engineer
plays a crucial role to ensure the quality and standards of
a commodity before it is made available to the public.
With these basic concept and technical sound knowledge
students can be hire as following various profiles such as
Site Engineer, Quality Control, and Material Testing
Engineer. Field test will help students to choose different
engineering profiles as per their ability. Above activities
will help students to be ready for field jobs as an engineer.
Hence, an engineer should be technically sound and
qualities such as managerial skills, communications kills,
critical thinking, leadership etc require on field.

15. Professionalism
Last but not least is professionalism. Expressing yourself
in a courteous, professional manner when dealing with
customers is absolutely paramount. There are many other
traits that can help you on the road to becoming a
successful field engineer, and no two circumstances or
situations are the same, so some may come into play more
than others in certain instances.

16. Critical thinking
Engineers are problem solvers. Once the concept is
constructed, manufacturing engineers must discover how
to produce the new components on a large scale for the
consumer market. These new iterations of products and
procedures require engineers to solve problems and work
through possible solutions.

III. Future scope
The work responsibilities of a field test engineer revolve
around developing field-testing standards, overseeing
actual tests, managing systems that contain test results,
and troubleshooting issues involved in the field-testing
process. Field test is a critical phase of the development
process, be it for civil, automobiles, cell phones, or
computer hardware. A field test engineer plays a crucial
role to ensure the quality and standards of a product
before it is made available to the public. With these basic
concept and technical sound knowledge students can be
hire as following various profiles such as Site Engineer,
Quality Control, Material Testing Engineer and
Consultancy etc.This will help to choose the suitability of
profession as per their capabilities and constraint.

17. Open mind & positive attitude
If engineers are to solve challenging technical problems,
they should be imaginative and optimistic. It is this
attitude that can enable them to be successful.
18. Implementing ideas
A researcher brainstorms ideas and experiments to
explore its potential. Whereas an engineer develops
a practical solution under time & budget constraints and
implements it in a real-world environment.
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network in construction engineering. This review paper
focuses on construction management engineering field.
Majority of civil engineering applications of artificial neural
network are based on the simple back propagation
algorithm. The purpose of CM is to control a project's time,
cost, safety and quality, hence construction management
deals with number of uncertainties and this makes all
construction process very unpredictable and risky. To deal
with these challenges, Artificial Intelligence (AI) techniques
like fuzzy logic, case-based reasoning, probabilistic methods
for uncertain reasoning, classifiers and learning methods,
Artificial Neural Networks (ANN), Genetic Algorithms and
hybrid techniques are widely used in the field of
Construction Management (CM).

Abstract— Artificial Neural Networks is a system that
works similar to a fully developed human brain which is able
to store and retrieve data in order to solve complex
information and gain knowledge with experience. It includes a
symbolic method of intelligent calculations along with data
processing with the help of soft-computing. Currently, artificial
neural networks (ANN) are used to solve the following complex
problems: pattern recognition, speech recognition, complex
forecasts and others. The main applications of ANN are
decision making, pattern recognition, optimization, forecasting,
data analysis. As mentioned earlier, this network can solve
difficult task; has the ability to adopt to changing environment;
modify the internal structure to get desired result; generates its
own rules from learned examples and at the same time it is
inexpensive and fast. It has wide range of benefits and has
started to apply in civil engineering field as well and is
becoming a common topic of research. This paper presents an
overview of applications of ANN in construction industry,
including energy efficiency and energy consumption, structural
analysis, construction materials, smart city and BIM
technologies, structural design and optimization, application
forecasting, construction engineering and soil mechanics.
Keywords— Artificial Neural Network, Soft Computing,
Structural Analysis, BIM Technology, forecasting.

I. INTRODUCTION
The construction industry has a lot of separate automated
solutions from the design process to logistics and planning,
but often these information systems are incompatible with
each other, which is a limitation for creating effective
machine learning and artificial intelligence systems. And
that is why the digital transformation of processes in
construction is expressed rather weakly in comparison with
other industries. The potential of solutions based on
artificial intelligence can be realized only through the
integration of all sources of heterogeneous data.
Applications of ANN (Artificial Neural Network) in
construction management in general go back to the early
1980’s. These applications cover a very wide area of
construction issues. Neural network models have been
developed internationally to assist the managers or
contractors in many crucial construction decisions. Some of
these models were designed for cost estimation, decision
making, predicting the percentage of mark up, predicting
production rate …etc. This paper reviews various journal
papers published on the application of artificial neural

Figure 1: Area of Application of ANN

There are numerous researchers that have used the ANN
in the discipline of civil engineering. Researchers have used
the ANNs in predicting the properties of the following types
of concretes: normal, high performance and selfcompacting. ANNs have been used also in detecting the
damage of the structure, identifying the structure system,
modelling the behavior of materials, monitoring the ground
water, optimizing the structure, and making a model for the
mixtures of flowable concrete in the constructions built
underwater. ANNs are extended to other applications in the
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civil engineering such as predicting the concrete
compressive strength due to long-term sulphate attack,
evaluating the chloride diffusivity in high performance
concrete, and detecting the permeability of the asphalt
concrete. Recently, the SCC is widely used in the
construction market. But there is no accurate or standard
design method for detecting its ingredients. So, to the best of
the authors' knowledge and based on the previous studies,
there are sufficient works that cover the prediction of SCC
properties using ANNs. But the prediction of SCC
ingredients as an output based on its hardened and fresh
properties has not been covered well. So, this study aimed to
use the ANN for predicting the ingredients of the SCC using
the 28-day compressive strength and slump flow values.
The artificial neural network is constructed, trained and
tested using MATLAB R2013a Runtime Environment.
Especially in engineering design, construction management
and decision-making program were influenced by many
uncertainties which could be solved not only in need of
mathematics, physics and mechanic calculations but also
depend on the experience of practitioners. Civil engineering
students need to learn how to deliver practical sustainable
solutions for the engineering projects. Thomson (2010)
established that applied assessment and award techniques
can be usefully used as teaching tools. Obonyo (2011)
describe the deployment of an e-learning environment for
construction courses based on enhancing virtual computing
technologies using agent-based IJTSRD22985 International
Journal of Trend in Scientific Research and Development.
The proposed agent-oriented methodology and resulting
application organizes construction knowledge into a
structure that enables the students to undertake more selfdirected, systematic and scientific exploration. Flood (2008)
applied artificial neural network to stimulate interest within
the civil engineering research community for developing the
next generation results show that this approach requires the
design of some very sophisticated genetic coding
mechanism in order to develop the required high order
network structures and utilize development mechanism
observed in the nature such as growth, self-organization and
multi-stage objective function. Neural networks research is
artificial intelligence has recently provided powerful system
that works as a supplement or a complement to such
conventional expert system. It poses a number of attractive
properties for modelling a complex mechanical behavior or
a system: universal function approximation capability,
resistance to noisy or missing data, accommodation of
multiple nonlinear variables for unknown interaction and
good generalization capabilities.
In order to achieve a financial engineered estimating
methodology, it is imperative that different techniques
should be evaluated. Hegazi and Moselhi (1995), conducted
several surveys studies in Canada and the United States to
determine the elements of costs estimation. The survey was
carried out with the participation of 78 Canadian and U.S.A
building construction contractors in order to elicit current
practices. The rest of the paper is organized as follow,
section 2 explains historic background, section 3 gives a
detailed explanation of artificial neural network. Section 4
discusses literature review. Area of Applications are
explained in section 5, section 6 explains methodology of

work on ANN in construction. And at last we outline
conclusion in section 7.
II. HISTORIC BACKGROUND
The history of neural networks can be divided into
several periods: from when developed models of neural
networks based on their understanding of neurology, to
when neuroscience became influential in the development of
neural networks. Psychologists and engineers also
contributed to the progress of neural network simulations.
Neurally based chips are emerging and applications to
complex problem developing. Clearly, today is a period of
transition for neural network technologies.
III. CONCEPT OF ARTIFICIAL NEURAL NETWROK
Artificial neural networks (ANNs) are extremely
simplified models of biological neural systems, displaying
capabilities such as learning, abstraction and generalization
(Wasserman and Bentur, 1996). Neural networks are kinds
of data information used to give out the method, whose
architecture is enthused by the construction of human
nervous structure (Caudill and Butler, 1990). Actually, the
fundamental purposes of biological neurons are simulated
by artificial neurons (Hawley et al., 1990).

Figure 2: Architecture of ANN

A network is performed by lot of nodes that are
connected together by function. The nodes inside the input
and output layers are named sensory and responding nodes,
respectively. The nodes in the interior layer between input
and output layers are named hidden nodes. The information
data are entered into the network named input nodes, after
which they are connected to hidden nodes by function, and
finally the network output is concluded from the output
layer nodes. The selection of the network type is the first
and important part of modelling by artificial neural network,
after which the input parameters will be selected adequately
to the output data. Then, the network architecture means of
the number of layers, the neurons in each layer and their
connection together, the kind of transfer function for
neurons, and the network training and learning function will
be determined. After determining the network type and net
architecture, there is need for some gathered data to generate
network. The gathered data, which must be for the network
generation, are divided into three phases (Ripley, 1996):
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1. Training phase: Using all training data set for network
learning to fit the weight of the classifier.
2. Validation phase: A set of data used to adjust the
parameters of a classifier, such as the number of hidden
layers and neurons in each hidden layer. Actually, in this
phase, the necessary training iteration is determined to avoid
overtraining.
3. Test phase: A set of data is used for full assessment of the
network performance.

construction project and the utility of different PCCTs.
According to Omotayo and Kulatunga [3], post-contract cost
control decisions can be a process centric or systematic.
Whereas in the former, multiple construction cost control
techniques are implemented one after the other postcontract, the latter involves situations whereby a complex
set of standard procedures are employed for controlling
construction costs [7]. In this case, it is defined by the extent
of formal procedures and documentation (efficiency)
involved, and by the analysis and reporting of cost data and
information (effectiveness) [7]. For instance, instituting
accountability standards to create cost consciousness among
project parties, followed by performance monitoring to
compare estimated and actual cost data can be termed a
process-centric approach whereas changing control to
identify and report deviations of actual work from a plan
and the cost implications remains an example of the
systematic approach to post-contract cost control [7]. Also,
the IDEF0-based model presently being utilized by CPM
working in the Nigerian construction industry during their
engagement with effective post-contract cost control
procedures is a based on a combination of the processcentric and systematic decision-making approaches [3]. An
IDEF0 has been described as a functional enterprise
modelling tool which evolved from structured analysis and
design (SADT) principles [10,11]. According to these
scholars, it is used for the design and specification of
functional/operational methodologies across various
contexts. Similarly, the framework developed by Oladapo
[12] for guiding cost management professionals to control
the cost of low-income housing projects from inception to
completion adopted a combination of both approaches to
decision-making as it pertains to the choice of cost control
techniques. Also, due to hidden layers of commercial
decisions prevalent in the supply chain, project cost
information which has been made available for the purposes
of post-contract cost control is often an inadequate
representation of the true cost of construction. For instance,
despite being primary custodians of construction cost
information, Quantity Surveyors are often short of realistic
cost information of construction projects in Nigeria [13],
while the use of BCIS cost information in the UK often
leads to inaccurate cost advice [14]. Therefore, irrespective
of the techniques and decision-making process, postcontract-cost control seems not to be culminating in
improvements within the supply chain [15]. This confirms
the need for innovative improvements in the post-contract
control processes within construction projects hence this
study. It is expected that such improvements should involve
an appraisal of the decision-making process, as previously
highlighted.

Figure 3: Basic Components of ANN

There are numerous researchers that have used the ANN in
the discipline of civil engineering
IV. LITERATURE REVIEW
A. Post-Contract Cost Control and the Decision-Making
Process
The post-contract phase of a construction project has
been deemed crucial in shaping the outcome of any
construction project [1,2]. At this stage, effective cost
control is vital to preventing cost overruns culminating from
scope changes as well as other exogenous and endogenous
variables [5], especially with the incorporation of
contractors [1,6]. Therefore, post-contract cost control is
carried out to ensure that the planned budget is not exceeded
[3], thereby contributing to successful project delivery and
achieving value for money for construction clients [7].
Scholars admit that the techniques used for post-contract
construction cost control are very important for determining
whether the project will be completed on time and, within
budget [8]. Although the existence of several PCCTs has
been reported in the literature [1,3,6,8], poor decisions
relating to the appropriate timing and sequencing of their
adoption and subsequent deployment in the post-contract
construction phase has led to the underwhelming cost
control performance being experienced. Making the right
decisions pertaining to post-contract cost control, timeously,
is essential during construction projects delivery to ensure
that budgeted cost is not exceeded [3,9]. To buttress this
assertion, Omotayo and Kulatunga [8] and Sanni and
Durodola [6] maintain that the deployment of cost control
techniques such as periodic monitoring or labour and
material, and variations management hitherto termed
‘traditional’ cost control techniques on construction projects
in Nigeria failed to deliver effective cost control
performance due to the non-suitability of these techniques
for the stages within which they were deployed. Also, the
authors established the relationship between the size of the

B. Artificial Neural Netwrok in Civil Engineering
Construction projects
Construction industry is highly competitive and faces
challenges in the areas of costs of projects, delays in
construction activities, labor productivity, disputes, tenders,
bidding prices, safety aspects, rate of materials, maintenance
costs, risk analysis etc. which are highly complicated in
nature. To deal with these challenges, Artificial Intelligence
(AI) techniques like fuzzy logic, case-based reasoning,
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probabilistic methods for uncertain reasoning, classifiers
and learning methods, Artificial Neural Networks (ANN),
Genetic Algorithms and hybrid techniques are widely used
in the field of Construction Management (CM). In the last
two decades of twentieth century, there was a surge in
publications dealing with Artificial Intelligent techniques
and especially ANN in various aspects of CM. In 2001,
Adele and Yen provided a comprehensive review of such
applications made before the turn of the century. The current
work presents a review of about 7 papers published in the
area of CM. The objective of the paper is to highlight the
applications of ANN in the following fields of CM: Cost,
Productivity, Risk Analysis, Safety, Duration, Dispute, Unit
rate and Hybrid Models. Further critical review of the
findings will help the readers to focus on important areas for
potential use and development of ANN in the said areas of
CM. The future scope will facilitate continued research
efforts. The paper is further synthesized as follows: Initially
a brief introduction on ANN is presented and is followed by
the assessment of their recent applications in the areas of
Cost, Productivity, Risk Analysis, Safety, Duration,
Dispute, Unit rate and Hybrid Models. Discussion and
critical review are done in the preceding section followed by
author’s comments on the findings and future scope. ANN is
a soft computing tool, mimicking the ability of human mind
to effectively employ modes of reasoning and/or pattern
recognition. ANN as a concept was existing for a long time;
however, its application in civil engineering started in late
1980’s primarily in construction activities. ANN’s were
found to learn from the relationships between input and
output provided through training data and could generalize
the output, making it suitable for non-linear problems where
judgment, experience and surrounding conditions are the
key features. ANNs typically comprise of 3 layers viz. input
layer with input neurons, hidden layer(s) with hidden
neurons and output layers with output neurons. Each neuron
in the input layer is connected to each neuron in the hidden
layer and each neuron in hidden layer is connected to each
neuron in the output layer. The number of hidden layers and
number of neurons in each hidden layer can be one or more
than one. The number of input neurons, hidden neurons and
output neurons constitute the network architecture. Before
its application the network is trained, i.e., the connection
weights and bias values are fixed, with the help of a
mathematical optimization algorithm and using part of the
data set until a very low value of error is attained. The
network is then tested with an unseen data set to judge the
accuracy of the developed model. The network is trained
using various training algorithms which aim at minimizing
the error between the observed and network predicted
values. The networks are classified according passage of
flow of information either in the forward direction (feed
forward) or in reverse or lateral directions (recurrent
network). Generally, three-layer feed-forward or recurrent
networks are found to be sufficient in civil engineering
practices. Other types of networks include the counterpropagation ANN, Hamming's network and the radial basis
function network. Risk Analysis and Safety are important
aspects in CM in for identification of potential risk in the
projects and safety indices are carried out. ANN based
procedures had been developed to predict the likelihood of
contractor default in Saudi Arabia [4], and to estimate the

risk index for an expressway construction stage using the
principles of system theory, operability, independence and
comparability. ANNs were developed to estimate
percentage variation between the forecasted and actual costs
of floats at 30, 50, 70 and 100% completion stages based on
11 significant risk factors. In 2014, Mehdi assessed the risk
value for 10 risk factors as mechanical failure, electrical
failure, wrong vendor selection etc. in cement industries in
Bangladesh. In 2007, Ella and Wang compared techniques
of ANN and regression analysis to estimate the risk score
and risk category for bridge maintenance projects. Liu and
Gao in 2014 proposed a risk assessment method using rough
sets to reduce uncertainties and ANNs. An ANN system was
developed so as to identify the cost deviations that occur,
due to the political risk involved in a construction project.
The project manager can incorporate the risk consequences
into a bidding decision, and generate revised and updated
risk estimates systematically and easily during the progress
of the project. A rating in the form of a percentage change in
cost from the baseline cost forms the output vector for the
neural network model. An ANN model was developed to
predict safety climate of a construction project and
evaluation of construction employees’ safe work behavior.
ANN-based model was developed for predicting workers’
fatigue in hot and humid environment. In a study ANN and
Logistic Regression were utilized to model the occupational
safety and health of construction workers and performance
of the models were assessed by calculating the loglikelihood (LL) ratio. In 2015, Chen and Liu developed
model based on Bayesian network for performance
assessment of the subway construction safety in China.
Mohammad am et.al. in 2015, used chain analytical
approach which included rough set theory and ANN
modelling, and modelled the factors affecting health of
workforce and predicting severity of occupational injuries.
In 2013, Goh and Chua used neural network to study
relationship between elements of safety management and
accident severity and discussed on proactive management of
accidents.
V. APPLICATION OF ARTIFICIAL NEURAL NETWORK IN
CONSTRUCTION
Traditional analytical method for determination of
complex problem is getting difficult since formulation
becomes tedious. For example, prediction of weather
changes is not an easy task as it includes large number of
unknown factors which is difficult to understand and it only
help us to give a probabilistic solution. On the other hand,
development in Information technology is at a rapid rate
when compared to the previous generations. Artificial
intelligence is slowly capturing every sector since it
provides solutions for complex problems in much simple
manner.
A. Road Safety
Creating a network which can identify the end of row of
cars in a particular traffic congestion and display a message
to the upstream roadway will help us to reduce intake of
vehicles on that path, also saves a lot of time for the drivers.
These networks once fully operational, can identify road
accidents to improve transport system; can analyses entire
road
network
and infrastructure based
on non-
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destructive measurements using Deflectometer. It also helps
to predict the crack propagation on concrete pavement
which helps to predict the service life of the path. New
generation vehicles are in-build with Auto-pilot mode which
when coupled with ANN system will significantly reduce
road accidents and improve the efficiency of transportation
system.

training times and proper training sets. Handling large
volume data is difficult task since it covers all the
satisfactory solutions. Even though, this method can
efficiently replace conventional approaches in problem
solving.
VI. METHODOLOGY
The training process of a neural network consists of
applying the required ordinate steps for tuning the synaptic
weights and thresholds of its neurons, in order to generalize
the solutions produced by its outputs (da silva et al., 2017).
The primary goal of training is to minimize the error
function by searching for a set of connection strengths and
threshold values that cause the ANN to produce outputs that
are equal are close to targets. The manner in which the node
of ANN is structured is closely related to the algorithm used
to train it. Some of the algorithm used ANN training include
backpropagation algorithm, conjugate gradient algorithms,
radial basis function, cascade correlation algorithm (Nagesh
Kumar et al., 2004). All of these algorithms are briefly
described in ASCE (2000a) with an exhaustive list of
references.

B. Construction technology and Management :
Major issues faced in construction industry are lack of
model for finding labour productivity; a method for forecast
revenue of disputes while construction; lack of proper cost
optimization techniques etc. Connecting Neural networks
these various factors of a construction project along with
conventional project scheduling methods such as CPM and
PERT can resolve these issues and helps to attain balance
between time, cost & resources.
C. Construction Engineering :
Studies in this area have attracted strong interest.
Researches are conducted about concrete’s behavior by
using ANN. This include predicting failures, crack
propagation, development of shear strength according to
variation in dimensions of the beam etc. Monitoring
of composite structures using damage assessment technique,
identifying and localizing possible imperfections of curtain
wall systems and monitoring structural health through
changes induced by damage are possible with the
collaboration of ANN. Modeling non-linear behavior
of steel structures, estimation of seismic response of
different types of structures and vibration suppression
methods can be studied using this network system.

A. Predicting the ingredients of self-compacting concrete
using artificial neural network
The parameters used in this study were the 28day compressive strength and slump value as inputs. In both
data sets, data set 1 and data set 2, the inputs were fixed in
the process of training and testing in all methodologies and
stages. There were two methodologies have been adopted
for the outputs. The first methodology used a multi input –
multi output neural network labeled as ANN-I to predict -at
the same time and from the same network- the six
ingredients outputs: cement, fly ash, water/binder (W/B),
fine aggregate (FA), coarse aggregation (CA)
and superplasticizer (SP). The architecture of the ANN-I
network is shown in Fig. Only the data set 1 is applied to the
ANN-I network. The second methodology used a multi
input – single output neural network labeled as ANN-II to
predict one output of the six ingredients at a time.

D. Soil Studies
Issues faced in geotechnical engineering often include
uncertainties in design values of indices which has
significant impact. In major cases, it requires great
knowledge and experience to solve these types of problems.
Since Artificial neural networks has the ability to learn from
experience, it will have the modelling superiority over
traditional methods. Because there is no need to make
assumptions about the fundamental rules governing problem
under consideration. Complex engineering problems such
as Liquefaction of soil, loading conditions and its potential
failures, soil-pile interactions, Foundation studies can be
investigated by ANN modelling.
E. Water resources engineering :
Mathematical formulation and modelling for analyzing
water distribution system, identifying water loss through
cracks on underground pipe system, study on retrofitting
and rehabilitation of water networks are certain application
of Neural networks in the field of Hydraulics. More studies
are yet to done on this field including water quality
assurance, expansion of sewage network system, methods to
increase the efficiency of sewage treatments etc with the
help of ANN system. From studies conducted in past two
decades, it shows promising results in using Artificial
Neural Networks in Civil Engineering field and their
usefulness in complex problems in construction works.
However, learning this network system requires longer

Figure 4: Architecture of neural network model for ANN-I

Thus, ANN-II network uses six times with different weights
and biases to predict the six ingredient outputs. The
architecture of the ANN-I network is shown in Fig. The data
set 1 and data set 2 are applied to the ANN-II network. All
data sets are used in the training and testing processes for
ANN-I and ANN-II network. The training process is done
using the Levenberg – Marquardt backpropagation
algorithm from MATLAB toolbox with its default settings.
The run-time environment is MATLAB R2013a.
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B. Nonlinear analysis of load-deflection testing of
reinforced one-way slab strengthened by carbon fiber
reinforced polymer (CFRP) and using artificial neural
network (ANN) for prediction
The LUSAS is a finite element analysis (FEA) software
that can evaluate all kinds of complex models using linear or
nonlinear analysis. In LUSAS software, the model geometry
is defined as features which are then sub-divided into finite
elements in order to do the analysis. By increasing the
number of elements in the meshed member, the accuracy of
the analysis is usually increased, and the time required for
analysis is also increased. The elements are modeled in
LUSAS software as the following statements: In considering
the linear strain distribution over the depth, no slip was
found between the concrete and steel bar and external
CFRP, thereby the adhesive tensile strength was ignored and
tensile stress was not carried by concrete after cracking.

dataset to prediction and allocation system. Each and every
registered user will have access to own profile to CRUD the
dataset on cloud. This system is accessible from different
devices like desktop, mobile and wearables.

Figure 5: Experimental and network results comparison of slab with CFRP
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VII. CONCLUSION
From the results of case studies which are considered
in this review, it is clear that ANNs have been successfully
worked in the construction management field very
effectively. ANNs is helpful in prediction, decision making,
risk analysis, classification resource optimization and
selection etc. Case studies demonstrated that ANNs based
mathematical model gives best results than any conventional
method does. ANNs resolves the civil engineering dilemmas
which are complicated and not very easy to understand.
ANNs simply makes use of available historical data, feed it
as input and output and sets the relation between them by
adjusting their weights. Hence ANNs has proven very
effective as it uses discrete and insufficient information to
arrive at best possible solution. ANNs can easily updated by
introducing new training data. With this all qualities, ANNs
has emerged out as a dynamic and factual tool in the area of
construction management and moreover expecting new
advancement in problem solving of this industry in future.
Thus, ANNs have a number of significant results that
make them a powerful and practical tool for solving many
problems in the field of civil engineering and are expected
to be applicable in future.

C. Predicting the ANN Based Construction Site Resource
Allocation and Prediction Using AI
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Abstract— As the global population is rapidly increasing, the
demand for food and water supply is also rising. Water is being
used in large quantities for especially open air farming. Also,
Drought has always been an issue in India which is creating a
negative impact in the agricultural sector. Using less water for
farming without affecting the yield is a big challenge in open air
farming. Greenhouses are somehow effective in farming with
less water, if encouraged with new methods which will use less
water without affecting the productivity of the crops in
comparison to open air farming. This paper will brief about
new water saving methods that will work very well in a
controlled environment that will give farmers high yield than
usual with minimal irrigation water usage and also less space in
the greenhouse.
Keywords- Greenhouse, water, irrigation, crops, plants.

I.

. INTRODUCTION

Water is one of the most integral and important aspects of
daily life for every human living being, for example, food,
clothing, and almost everything else humans interact with
involves water. Therefore, water and water security is going
to be a crucial topic for governments in the next few decades.
India is not a water rich country and is further negatively
impacted due to climate change, poor water management,
etc. Also, the population in India is likely to be 1.6 billion by
2050 resulting in increased demand for water, food and
energy. India has 18% of world population, having 4% of
world’s fresh water, out of which 80% is used in agriculture.
Our country receives an average of 4,000 billion cubic
meters of precipitation every year. However, only 48% of it
is used in India’s surface and groundwater bodies. In
addition because of not well planned storage procedures, lack
of adequate infrastructures, inappropriate water management
it has created a situation where only 18-20% of the water is
actually used.
A large amount of water is needed for open air farming to
grow fresh produce and also to sustain livestock. It is used
for irrigation, pesticide and fertilizer application, frost
control, etc. India has about 140 million ha of cultivable land
(BMEL, India country report, 2016). 42% of the country’s
cultivable land lies in drought-prone areas/districts. Areas
that are drought prone or areas that don’t have enough
availability of water makes very difficult for the farmers to
grow crops in open because of little or no water availability.
In such case a greenhouse comes into picture. It is a structure
with walls and roof made chiefly of transparent material,
such as glass, in which plants and crops requiring regulated

Shinde Rutuja
Department of civil Engineering
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climatic conditions are grown. These structures range in size
from small sheds to industrial-sized buildings. It maintains
the required temperature, relative humidity and wind speed
in the greenhouse and mainly its water usage can be
controlled unlike open air farming. Farmers can invest in
such greenhouses for farming with less water. Crops grown
in a greenhouse will consume less water because of reduced
Evapotranspiration. In addition some water saving methods
can be applied inside the greenhouse for effective water
usage, low maintenance and getting high yield. These
methods will work very well in a controlled environment
(Greenhouse, Polyhouse, etc).
Understanding and applying these methods of water savings
will be very beneficial for the farmers as they can be able to
strategically maintain a Greenhouse using less water for
irrigation and at the same time increase the productivity.
II.
LITERATURE SURVEY
1.Determining
Reference
Evapotranspiration
in Greenhouses from External Climate: Relationships
between Greenhouse and Outdoor Evapotranspiration and
Weather Variables were studied. With ventilation,
greenhouse air temperatures (minimum and mean) were
linearly correlated with outdoor temperature. Regression
analysis between greenhouse Evapotranspiration and external
meteorological variables reveals that outdoor variables had
the principal effect on greenhouse Evapotranspiration,
regardless of the aerodynamic conditions inside the
greenhouse.
2. Deficit Irrigation on Tomato Production in
a Greenhouse Environment: The effects of deficit irrigation
on water productivity, yields, and crop quality parameters
when planted in different soil types using different cultivars
were reviewed. The effects of deficit irrigation on tomato
yield, water productivity, and crop quality were on
technologies and techniques that are used in VF projects was
done. Vertical Farming has the potential way for sustainable
progress to produce food or related services in urban areas.
The goals and future vision have been planned with the
purpose of generating sustainable cities around the world. To
create a city context where most of human food needs are
met by self-production and recycling and reusing drinkable
water would not be far-fetched since the required
technologies are already availed.
3. The effect of raised bed planting on irrigated wheat yield
as influenced by variety and row spacing: Experiments were
conducted under full irrigation and high fertility in
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northwestern Mexico during the period 1988 to 2005 to
study the response of a range of current cultivars of bread
and durum wheat and of to raised bed planting. Results
suggested that in this environment the main consideration
was the ability of the cultivar to capture the solar radiation
falling in the gap between the beds, and that the common gap
of 44 cm could be compensated for in most cultivars, but not
all. There was no definitive answer on the size of gap which
could be tolerated: it depended on wheat genotype and to
some extent on conditions. For the most sensitive cultivars
10% of yield was consistently lost
with a 45–55 cm gap, but for the least sensitive there
was no yield loss; and above a 60 cm gap most cultivars
would be expected to lose yield.
4. Friction losses in Low-Head in Low Head Drip Irrigation
system For Small Plot holders: The water demand can be met
by increasing the effectiveness of irrigation Methodology
.The Half hector farming area was Irrigated with Low head
drip system which contains an infield water storage tank and
half hector farming area was Irrigated with Basin Irrigation
method for the crop Tomato. After fulfilling all the
parameters of low head drip irrigation , it gave a brief idea
that it can be designed for farm. The calculation frictional
head losses has more importance in deciding the total
discharge. It is observed that the numerical results taken
from simulation and empirical calculations also have a good
union with each other and are linear which is very important
for the design. the present research work, coefficient of
uniformity and emission uniformity were found to be more
than 97 and 87 per cent respectively. This is quite
satisfactory. It also gave a brief idea that labour cost,
fertilizers, water can be saved to a good extent as compared
to normal irrigation method.

90% greater in compost-only raised beds compared to direct
soil, and compared to direct soil, compost only raised beds
reduced grass and broadleaf upto 97% and 93% respectively.
Results of this study document the agronomic benefits of
raised bed vegetable production for urban agriculture.
Compared to direct soil, raised bed media was also
characterized by reduced weed abundance, lower bulk
density, greater porosity, and greater water infiltration rates.
7. Evaluating the Efficiency of Wicking Bed Irrigation
Systems for Small-Scale Urban Agriculture: Wicking beds
(WBs) have been widely promoted and adopted as an
efficient irrigation system for urban agriculture. However,
there has been little published research to support popular
claims about the effectiveness of WBs. This study rigorously
tested the performance of WBs relative to best-practice,
precision surface irrigation systems in terms of total water
use, marketable yield, fruit quality, water use efficiency and
irrigation frequency.
This study showed that WBs performed better than precision
surface irrigated pots, showing statistically significant
improvement in WUE, yield and fruit quality
III.
1.

2.

3.
4.

5. Response of okra to drip irrigation under mulch and nonmulch conditions: The field experiment was conducted on
Okra during the virus free months from February to May , in
this experiment we noticed that A field plot 38 m long 25 m
wide was divided into two equal plots with a buffer strip of 2
m left in the middle. Each plot was vertically divided into
three equal parts and each part was divided into five strips
and each strip was used for one treatment. where the lateral
lines were laid parallel to the crop rows and each lateral
served two rows of crop. The daily irrigation water
requirement for the okra crop was estimated using the
following relationship IR = ET ( Kc - Re). The paper gave a
brief idea that the drip irrigation is economical and cost
effective when compared with furrow irrigation. The use of
drip either alone or in combination with mulch can increase
the okra crop yield significantly over furrow irrigation and
60% of irrigation water requirement met through drip in
conjunction with plastic mulch among different treatments.
6. Raised Beds for Vegetable Production in Urban
Agriculture: Urban agriculture has the potential to increase
food security for vulnerable populations, Beyond the
provisioning of food, urban agriculture offers associated
benefits such as the recycling and reuse of organic wastes
and water. Crops were characterized into different types of
Quadrants and treatment was given depending on the
requirements of the crop. We noticed that Cilantro yield was

5.
6.

OBJECTIVES

Primary objective is to apply some techniques or
methods for a Greenhouse such that it will eventually
use less water than compared to other normal
Greenhouses.
Mainly focusing on how water savings can be carried
out where availability of water is low, mostly in drought
prone areas.
Maintaining a suitable environment inside the
Greenhouse.
Carrying out irrigation such that the productivity is not
compromised
Growing more crops using less water.
Using low maintenance systems.
IV.
METHODS

Following are some methods for farming in a greenhouse
with less water and more productivity:
4.1 Raised Bed Planting with Ollas:Raised Bed is a technique of planting crops in a
freestanding bed or containment units which are built above
the existing level of the soil. These Beds are usually made of
wood, rock, concrete block, etc. and any size of raised bed
can be constructed using these blocks depending on the crop
selection. But we shall consider Cinder Blocks, They are
hollow rectangle shaped structures usually made of concrete
and coal cinder (ash). As they are much lighter than the
traditional concrete block and are fairly inexpensive, we shall
consider them over normal concrete block. Raised Bed can
be three cinderblocks higher or lower than that for easy
accessibility.
For construction, first thing that needs to be done is leveling
the soil before placing the blocks with a long level. After
that, cinderblocks should be placed at the border. Any Black
plastic should be placed covering the area inside the Raised
Bed. For filling the raised bed, we can use straws in the
bottom layer to reduce the volume of soil that needs to be
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used to fill the Raised Bed. After filling the soil to the
surface, Ollas comes into picture.
Ollas are the clay pots that are buried into the soil with its
opening extended above the soil. They were used in ancient
farming methods. These ollas should be buried into the soil
of the Raised bed. Its clay walls are porous from which water
will pass through. Water should be poured into the pot and
its opening should be covered with a lid to avoid evaporation
of water or mosquitoes from breeding in the water. Water
that will be poured in the ollas will slowly seep inro the
surrounding soil. Where it can be absorbed by the roots of
plants that are growing nearby. This irrigation technique will
deliver water underground and directly where it is needed
from ollas.
When,
Soil is less saturated
Water will flow outwards.
Soil is fully saturated

Water will stop flowing
Outward.

It means that the soil will never get too wet and it will never
get too dry.
This self-regulating system will be extremely efficient and
will save about 50 to 70% of water unlike normal surface
watering, where a lot of water evaporates or runs off before it
is captured by the plant. Tomatoes, melons, chillies, carrots,
squash, etc. can be grown using this technique.

OLLAS filled with water

They sow 20 seed in 1 meter square area. 10-10 seeds are
sown on both sides in each tray that too in zig-zag manner.
Drip irrigation in performed in this vertical farming to only
provide water where needed.
Here is a comparison on Vertical farming and Open farming.
Type
of Crops
Yield.
Remark on
farming
planted in (Approx.)
Water
1 acre land
savings.
(Approx.)
Open
air 10,00010-15
Minimum
farming
15,000
metric
to no water
tons.
saving.
Vertical
4,00,000800-1000
Uses 85%
farming.
6,00,000
metric tons less water
than open
air
farming.
*above is the data for yearly basis.
Table(1). Comparison between open air farming and vertical
farming
.
If yield which will be obtained from a 100 acres land is being
obtained by a 1 acre land, then we will be using 99% of less
land. Thus, we can say that Vertical farming can be the best
practice that can be encouraged alongside industrialization in
India, as it will have a year-round crop production and will
use significantly less water than other farming techniques.
Lettuce, Ginger, Tomatoes and other green vegetables can be
grown using this technique.

Fig(1). Raised Bed with ollas. STRAW
CINDERBL
OCKS
S
Fig(2). Vertical Farming.
4.2 Vertical Farming System:Vertical farming is an Israel based technology. It is a
method of farming in which crops are grown in vertically
stacked layers. It requires controlled temperature and
environment
and
is
usually
practiced
in
a
Greenhouse/Polyhouse. More crops can be grown in less area
as crops will be planted one above the other.
In other countries they used soil-less method such as
Hydroponics and Aquaponics, but for the first time in India,
Vertical Farming using soil is practiced by a company that
we will see in our case study.
Case study of A.S.AGRI and AQUA LLP for Vertical
Turmeric Farming:
Vertical Turmeric Farming is the next generation urban
farming project lead by this company which includes the
mass production of organic turmeric in polyhouse. Their
farm is located in Ghoti -Nashik. Their vertical structures are
made using G.I materials including the tray and pipes.

4.3 Self-Wicking Containers:Self-Wicking Containers water plants from below rather
than above. It is basically a container with its own water
reservoir at its base.
Materials needed:
Wooden/Plastic container of any size, Black plastic to line
the bottom, gravels, PVC pipe with an elbow and a cap,
agricultural flexible pipe with same diameter as the PVC
pipe and soil mix.
Construction:
1) First the wooden/plastic container should be placed at a
levelled ground.
2) Then black plastic should be placed inside the container,
covering all the walls of the container.
3) Gravels should be poured at the bottom to hold the pipes
in place.
4) Connect the PVC pipe to the A.G pipe. Holes must be
drilled to the A.G pipe.
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5) The placement of the pipes should be such that the PVC
pipe must be upright and the A.G pipe should sit at the
bottom in a coiled manner. One opening of the A.G pipe will
connect the PVC pipe and the outlet must be sealed.
6) Drill an over flow hole in the container where the gravel
will meet the soil. Pour soil mix till the surface along with
required fertilizers.
7) The mouth of PVC pipe should be above the surface of the
soil to pour water. Lastly saplings should be planted into the
soil.
Methodology: (refer figure 3.)
1)When we will pour water in PVC pipe from above, all the
water will get stored in the A.G pipe as well as the PVC pipe
which will act as a reservoir.
2) Moisture will be drawn out by the soil from the hole in
A.G pipe by capillary action or wicking. This will allow
moisture to be evenly distributed into the soil to create better
growing conditions to the plants.
3) Gravels will hold the pipe in their place.
4) The over flow outlet will prevent the soil from becoming
super saturated. The lid of PVC pipe will prevent water
evaporation.
Any DIY container can be built using this technique from
scratch like plastic bottles, plastic tubs, etc. And will be
portable as well.
This technique will not only save water but is also cost
efficient.
LID

Water wicking to the roots

downward direction. Drop by drop , water is delivered to the
crops.
2) Sub-surface drip irrigation: polytubes are inserted below
the soil surface with drippers directly dripping water to the
soil.
Drip irrigation is an efficient method as compared to surface
and sprinkler irrigation.
Irrigation
efficiencies
Conveyance
efficiency

Methods of irrigation
Surface
irrigation

HOLES

Fig(3). Self-wicking containers.

PVC
PIPE

4.4 Drip irrigation:Drip irrigation is one of the most water efficient method
that is used globally for agriculture. It is a micro-irrigation
system which drips water drop by drop directly into the soil
near the plant roots. This system delivers water via a pipe
system having drippers/emitters which are located close to
the plant. Water is pumped in the pipe by a tank with filters
attached and pressure gauge.
This system eliminates water loss due to evaporation which
is common with over head watering device like sprinklers.
They spray water into plant leaves as well as the surrounding
soil, wasting a lot of water in the process. Studies have found
that the crops grown with drip irrigation have given a higher
yield.
Drip irrigation can be of 2 types:
1) Surface drip irrigation: Polytubes are laid above the soil
over the rows of the crops with drippers facing each crop in

Drip
irrigation

Application
40-70
60-80
90
efficiency
Surface water
30-40
30-40
20-25
moisture
evaporation
Overall
30-35
50-70
80-90
efficiency
Table (2):Relative irrigation efficiencies (percent) under
different methods of irrigation

V.

CHALLENGES:

1) These methods can only be carried out in a greenhouse or
a polyhouse as it offers a controlled environment for the
crops to sustain. Carrying them out in open air will not be
effective.
2) Vertical Farming setup will require a large amount of
initial investment, if farming for a larger area of land.
3) Drip irrigation system should be installed prior proper
knowledge, for avoiding future unnecessary cost and
maintenance.
VI.

GRAVELS

Sprinkler
irrigation

CONCLUSION:

Agriculture is the largest source of water consumption, In
India, around 70% of freshwater withdrawals go into
agriculture. But areas that are drought prone do not have
enough quantity of water for irrigation.
Drought has direct and negative impacts on agricultural
production. Severe droughts in rainfed areas have reduced
agricultural production by 20 to 40 percent. It is no wonder
that farmers in rainfed areas are abandoning farming as a
livelihood source due to frequent climate changes, droughts,
uneven weather patterns, etc. Some farmers who carry out
farming in areas where water availability is scarce face
difficulties to grow crops in less water. As a result, it is
crucial to work on new farming techniques which will use
less water for irrigation without compromising on higher
yield. When agricultural water is used effectively and safely,
production and crop yield are positively affected.
Management strategies are the most important way to
improve irrigation water use and maintain optimal
production and yield. Farmers can adopt Greenhouse farming
which will be very beneficial for them to grow crops
according to their needs. Water saving methods such as
Raised bed with ollas, Vertical Farming, Self-wicking
containers and Drip irrigation can be incorporated in
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greenhouse farming to combat water scarcity. These methods
will be effective in conservation of water and are also cost
efficient. Adopting and innovation of such methods of water
savings should be encouraged alongside industrialization in
India for better economy of the country.
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Abstract—Water Supply in India is now widely regarded as
a community-driven need, where it is important to develop the
capacity of local communities living in villages and small towns
to develop and manage their water supply systems. The role of
community groups is to ensure the effective implementation
and participation of their village / village water supply system,
water quality management, financial and operational
management and maintenance of a fixed water supply system.
Therefore, it is clear that such community organizations are
aware of the basics of the water supply system, operation and
maintenance of water supply and water supply system as well
as the basics of sanitation and waste management. The Module
on Basics of Water Supply System provides details on the basic
components of the water supply system, installation and
distribution of water supply systems, measurement and
measurement of components of the water supply system and
quality control of drinking water. Under considered conditions
such as pipeline repairs, water supply, improved meter
infrastructure, the main objective of this paper is to ensure
that the challenges of the water supply system are overcome
and to provide water resources to users in a reliable and timely
manner - term system.

been one of the most important issues in human history. Most
ancient civilizations were established near water sources. As
the population grows, the challenge of meeting the needs of
users also increases. People are starting to move water from
one place to another in their communities. Today, the water
supply system consists of infrastructure that collects,
manages, stores and distributes water between water
resources and consumers. As additional components and
connections between resources and users are improved, the
complexity of the water supply system and the difficulty of
understanding how the system will respond to changes is
growing. As water demand grows exponentially in the
existing water supply system, many studies have attempted
to develop a standard water supply system to help decision
makers design more reliable long-term operating systems.
These efforts include the full utilization of system
construction and operational costs.
II.LITERATURE REVIEW

Keywords—real time monitoring, pressure point analysis,
wireless connection

Water is one of the most important parts of the human body
and has a direct bearing on human health and hygiene.
There is no denying the fact that water pollution leads to
many health risks. The safe drinking water supply for the
growing urban population continues to be one of the most
challenging activities in any situation. In India, according to
the Department of Urban Development (MoUD); Ongoing
drinking water supply to all households is directly related to
the city's Service Level Benchmark (SLB).
This study is used for research and its projects and creates a
detailed 24 * 7 water supply system project in any city. The
current practice of water supply is inconsistent with the
hydraulic-constrained limits, and the system is severely
affected by inadequate hydraulics, leading to many of the
current critical issues that keep Local Authorities in a
inevitable vicious circle. 24 * 7 city water supply is the best
solution for this type of problem.

I. INTRODUCTION
World water distribution infrastructure is aging, leading to
growing failures and emphasizing the need for real-time
monitoring to avoid disruption of essential services. In this
study an integrated hardware storage and software system
was developed to monitor, analyze and model large-scale
urban water distribution systems in real time. During the
continuous development of this program, two main
objectives were achieved. First, a low-cost wireless sensor
network was used to monitor high-level data, online
monitoring of water quality restrictions and water quality
within a small urban water distribution network. Second,
real-time pressure and flow rate from the sensor network
were incorporated into hydraulic models which were used to
improve network conditioning. Our project aims to collect
real-time data on the amount of water used by a resident.
Providing enough water of the right quality and quantity has
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• The software helps to improve your knowledge of how
infrastructure behaves as a system, how it responds to
strategies, and how it should grow as population and
demand increase.
• Pipes to be used in PVC pipe models. The diameter of the
pipes will be ¾ inches. Piped water will flow from the
reservoir in the form of a gravitational flow.
• A pressure transducer will be installed at each location.
The pressure transducer will feel the water pressure. They
are also used to detect leaks in pipes. Transducers will be
connected to Arduino boards.
• Pipe is provided with Automatic flow meter. The meter is
connected to the Arduino board. AMR is an automated
technology, diagnostic, status data from a water meter.
• Another advantage is that the charge may be based on near
real-time use than the rate based on previous or predicted
use. Currently water bills are heavily dependent on a flat
base. But in order to reduce overuse of water, we have
suggested the use of an automatic flow meter. They will be
used to reduce water consumption.
• Automatic flow meter is based on real-time usage. The
meter provides water flow and is based on the use of a
reading meter. Based on the study, a monthly bill can be
produced.
•The network will work on a wireless connection. In this
case we prefer a Bluetooth connection. Prices will be
adjusted and such payment can be made.

III. SUMMARY OF FINDINGS
Problem in present system and its causes:
1) Intermittent water supply: Water is provided by zoning
the distribution pipes, more man power is needed. In the
course of non-deliver hours, pipes are empty and dirt water
enters pipelines at susceptible spots and water is infected.
Large doses of chlorine or different disinfectants are
required to make water secure from microbial pollution.
Because of restrained hours, peak factor is regularly within
the variety of 4 to six in maximum of the systems.
2) Extremely low tariffs: The poor consume only about 20
percent of those used by consumers who are directly
connected to the pipeline but pay five times as much,
indicating that subsidies benefit the rich more than the poor.
Ironically, raising prices should benefit the poor as it can
prevent overuse and reduce consumer losses (leaks and
looting). Also, the people of India consume more water than
they need. As a result, the design power of the Sanitation
Center passes, and STP handles only 35% of wastewater.
The remaining 65% of wastewater is not purified (CPCB).
So, people are consuming unnecessary water.
3) Increasing population and rising pubic demand: The
world's population is growing at about 80 million people a
year, which means an increase in demand for clean water by
about 64 billion cubic meters a year. An estimated 90% of
the three billion people expected to be added by 2050 will
be in developing countries, many in regions where current
people do not have access to clean drinking water and
adequate sanitation. Population growth will occur in
developing countries, especially in regions that already have
water pressure and in areas without access to clean drinking
water and adequate sanitation.
4) Water availability: Water is essential to life but is
therefore limited and precious. Providing clean and drinking
water to overcrowded people in developing countries,
especially India, is a daunting task. According to the World
Water Development Report, 1.1 billion people worldwide
have no access to safe drinking water. That figure is
expected to reach $ 2 billion by 2050. 1.6 million die each
year from diseases related to sanitation and access to
contaminated water and 160 million are infected with
Schistosomiasis while 133 million suffer from high intensity
helminth infections.

Step 2: Joining and Laying HDPE Pipe line(Mainly For
Service/Branch Connections)
• Smaller diameter pipes are flexible and available on coils
and do not require special equipment such as bends, elbows
etc. Pipes can be easily bent. The radius (R) bends must be
greater than 20 times the outer diameter of the pipe (D).
• The construction of a small bending radius can be easily
done by adding heat. The pipe should be heated to a
temperature of 130 ° C in a liquid form, such as glycerol
(any oil in an emergency). However, it should be done by
trained staff.
• After the pipes are bent, they are connected to the
mechanical connectors, and fastened with bolts. The use of
synthetic rubber gasket can also be used to improve the
water density of pipes. To connect HDPE pipes to any other
pipe, HDPE-to-metal switch couplings, outlets and inserts
are used.
• A pipe can be placed along the ditch and connected there.
Thereafter after the connected pipe will be carefully lowered
into the trenches without improper bending, by hand or with
a chain pulley, sling etc. they made a pact later. For
mechanical joints, a thrust anchor is required in the trenches
to support it.
• As the pipe is installed, the front pipe of the ditch should
always be plugged in with either a metal or wood plug and
securely fastened. The plug should not be removed, if the
installation of the pipe is restarted or for testing purposes.

IV.METHODOLOGY
step1: water gems for distribution network
• First, in our project the area identified by the city of
Amritsar. The design of the pipeline network will be done
on Water GEMS software. Water GEMS provides you with
a complete but easy-to-use tool for supporting decisions on
water distribution networks.
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Step 3: Installation of Water Meters

k) Check and measure the water meter before use and the
normal intervals according to the instructions given by the
manufacturer.

• Installation manual is usually provided by the meter
supplier.
• Domestic Water meters can be adjusted at home level in
the event of a 24-hour period and water rates are collected
based on actual water use.
• A stone pit is built around the meter to protect it. The lid
should be placed in the hole for reading. The protection
valve should usually be kept closed and should only be
opened for dial reading.
• Water parameter adjustment technically.
a) Water meters should be installed in the correct direction
and placed so that it is easy to read the meter personally and
view the serial number.
b) The length of the pipe allowing the water meter must be
completely filled with water immediately above the river
below the meter under all operating conditions.
c) Install the meter in such a way that the top of the meter is
below the level of the communication pipes to keep the
meters watery.
d) Water meters should be installed to prevent damage (eg
vehicles, livestock, property damage, floods) protection box
/ stone pit may be required in some cases.
e) Water meters should be installed as close as possible to
the discharge area and should be placed at the top of the
river with any valves (other than air valves), metal, drainers,
diversions or branches.
f) Water meters should be installed above ground if possible
and placed outside wells to allow safe and easy reading of
the meter. If the water meter needs to be placed below the
ground, or under the well it should not sink more than 500
mm below ground level.
g) Water meters installed in PVC, or HDPE pipe should be
adequately supported by concrete block, or steel bracing to
ensure stability.
h) Before connecting the meter to a water pipe, it should be
thoroughly cleaned by replacing the water meter with a pipe
of the correct length and width and allowing the passage of
the appropriate amount of water flow through the pipe to
work to avoid formation. in air pockets. It is recommended
that the pipe level at which the meter is proposed to be
installed should be checked with a spirit level.
i) Before installing the meter in the pipe inspect the nuts of
the tail pieces and install the washers. Then toss the tail
pieces into the pipes and insert the meter between the nuts
by loosening them. To avoid rotation during operation, the
meter should be kept firmly in place with non-ferrous
metals. It should be noted that the washer does not block the
flow of water out.
j) In the event of an electric shock, the meter may be
provided with a suitable air valve before the meter to reduce
the accuracy and to protect the meter from damage.

Fig.1. Water supply diagram

Step 4: Setting Up Hardware with Mobile
To use the HC05 module, simply connect the VCC to the
5V output on the Arduino, GND to Ground, RX to TX
pin of the Arduino, and vice versa. [Editor's note: The
RX pin is not officially 5 V tolerant; it is designed for 3.3
V signals. The Arduino generates a 5 V signal, so you
should use a voltage divider or logic-level translator
to ensure that the Arduino signal does not damage the
HC05.] If you are using the BTBee module with the
shield, set the jumpers on the board so that the DOUT
pin and D0 pins are shorted and DIN and D1 pins are
shorted. This is done because the RX pin on the Arduino
is Pin 0 and the TX pin is Pin 1. You are free to use any
other pins as the RX and TX Pins, but you will have to
use the Software Serial Library of the Arduino to enable
that. Do remember to remove the jumpers while
uploading code to the Arduino if you have selected Pin 0
and 1 as Serial pins

.
Fig.2. Bluetooth to Arduino connection

Jumper connected to Pins 0 and 1 on the BTBee shield
If the module is being used for the first time, you'll want
to change the name, passcode etc. To do this the module
should be set to command mode. Connect the Key pin to
any pin on the Arduino and set it to high to allow the
module to be programmed. If you're using the BTBee, it's
a little tricky. While the official wiki says that the Mode
Button must be held to change it to Command Mode, and
releasing it changes it back to Data Mode, it doesn't
happen that way: instead, hold the Mode button, then
quickly press and release the Reset button. You will
notice that the Status LED blinks slower than usual.
To program the module, a set of commands known as
AT commands are used. Here are some of them:
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AT

Check connection status.

AT+NAME ="Module Name"

Set a name for the device

AT+ADDR

Check MAC Address

AT+UART

Check Baudrate

AT+UART="9600"

Sets Baudrate to 9600

figure below. Measure the number of pulses using Arduino
and calculate the flow rate per liter (L / hr) using the simple
conversion formula described in step 2.

Fig.3. Arduino flow rate sensor connections
(Source: www.arduino.com)

AT+PSWD

Uploading the Flow Meter Code to the Arduino and
Measuring Water Flow Rate

Check Default Passcode

AT+PSWD="1234"

All the set commands
are executed successfully.

Upload the Flow Mode Code in your Arduino. The code
uses an external distortion in Arduino digital pin 2. This
is used to read the pulses from the flow meter. When
Arduino receives a heartbeat, it immediately begins pulse
Counter () activity. This function then calculates the total
number of pulses. In this Arduino flow sensor, for every
liter of liquid that passes through it per minute, it emits
about 4.5 pulses. Dividing the whole heart rate by 4.5
will give you the total amount of fluid you pass through
in liters per minute. Multiplying that by 60 will give you
a flow rate per liter per hour, which gives us the total
amount or amount of water / liquid passed through it.
The sensor is up to 3% accurate.

Sets Passcode to 1234

return

"OK" when

they

Step 5: Connecting the Arduino To The Flow Rate
Sensor
The connection required for this Arduino flow level
sensor is very small. There are only three wires from the
sensor
of the flow rate. 5V VCC (red cord), GND
(black cord), and signal / heartbeat line (usually yellow).
Connect VCC and GND flow meter to Arduino VCC and
GND. The flow rate sensor line is connected to the
Arduino digital PIN 2. The Arduino digital PIN 2 acts as
an external PIN (0 PIN)). Connect your flow meter to
Arduino!
V.WORKING OF FLOW SENSORS
The Arduino flow meter works on the Hall effect system.
Depending on the Hall effect, a voltage difference is
introduced into the conductor transverse to the electric field
and the magnetic field facing it. Here, the effect of the Hall
is applied to the flow meter using a small fan-shaped rotor,
mounted on a flowing liquid path. The liquid pushes the
rotor wings, causing them to rotate. The rotor shaft is
connected to the Hall effect sensor. It is the arrangement of
the current flowing coil and the magnet connected to the
rotor shaft, thus voltage / pulse is generated as this rotor
rotates. At this flow meter, for every liter of liquid that
passes through it per minute, it emits about 4.5 pulses. This
is due to a change in the magnetic field caused by the
magnetic field attached to the rotor shaft as shown in the

Fig.4. Actual flow process inside water flow meter
Source: http://www.theorycircuit.com
Fig.5. Flow chart of working model

VI.RESULTS
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in ml. The flow meter detects the flow of water and begins to monitor
usage. The flow in the pipe is constant.

Fig.8. READINGS AFTER LEAKAGE

Description: Water stays in the pipe until a leak is created. The
leakage created was due to a decrease in the P1 & P2 graph. Water
supply is disrupted due to leakage loss. There is a deviation from the
flow meter graph. As the flow meter monitors the water supply, it
detects that there is a loss in flow. As a result there is a deviation
from the graph showing the loss of supply.

Fig.6. READINGS BEFORE OPENING THE VALVE

Description: P1 and P2 are pressure sensors in two different
locations. The flow meter sensor is installed to monitor the
supply line. Before opening the valve, the pipe is empty.
Graphics seen on the graph are noise disturbances caused by
wires and air in the pipe. Since there is no water, there is no
flow so the flow meter graph is straightforward. The flow in
the pipes is in ml.

Fig.9. READINGS AFTER CLOSING THE LEAKAGE VALVE
Fig.7. READINGS AFTER OPENING THE VALVE (INITIAL PHASE)

Description: After the leak, we saw a drop in the graphs. In
the P1 & P2 graph, on the X-axis .from 5700 ml to 6300 ml,
Description: As the valve opens, we see that water begins to flow
into the pipe. P1 and P2 readings of pressure transducers. Due tothe
theflow is constant. Now again when the leak valve was
closed,
there was a graph increase. On the X-axis, from
pressure head created, after opening the valve, the flow is interrupted.
6400ml
onwards the graph was unchanged. In the flow
The small spike in the P1 graph is due to the turbulent flow. Water
meter
graph
we can see there are two deviations. At Y-axis
reaches the P2 sensor when the water is laminar. The height of both
3800ml, the first deviation we can see is where the leak is
graphs is due to the opening of the valve and is an indication atthat
detected.
The second deviation is on the Y-axis at 5600ml,
water has begun to flow into the pipes. Graph on the right side flow
where the leak was stopped and the graph was constant.
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Fig.10. READINGS AFTER CLOSING THE SUPPLY

9.
http://www.isec.ac.in/Drinking%20Water%20Supply.PDF
10. Marciano-Cabral F, Jamerson M, Kaneshiro ES. Free-living amoebae,
Legionella and Mycobacterium in tap water supplied by a municipal
drinking water utility in the USA. J Water Health. 2010;8:71–
82. [PubMed] [Google Scholar]
11. Besner MC, Gauthier V, Barbeau B, Millette R, Chapleau R, Prevost
M. Understanding distribution system water quality. J Am Water
Works Assoc. 2001;93:101–14. [Google Scholar]
12. Abdul RM, Mutnuri L, Dattatreya PJ, Mohan DA. Assessment of
drinking water quality using ICP-MS and microbiological methods in
the
Bholakpur
area,
Hyderabad,
India. Environ
Monit
Assess. 2012;184:1581–92. [PubMed] [Google Scholar]
13. Kumar SG, Jayarama S. Issues related to sanitation failure in India and
future perspective. Indian J Occup Environ Med. 2009;13:104. [PMC
free article] [PubMed] [Google Scholar]
14. https://www.researchgate.net/publication/7683582_Deficiency_in_drin
king_water_distribution_system_in_developing_countries

Description: In the P1 & P2 graph there is a decrease of the
graph on the X-axis at 7400ml. This is due to the closure of
the water supply to the pipes. After that drop, the graph
remains constant because there is no flow in the pipe. In the
flow meter graph we can see the same thing happening here
again. As the supply is set, the monitor detects that there is
no running water so the graph is constant and accurate.
Hence, we successfully monitored the water supply in real
time.
VII.CONCLUSION
1. A feature of the 24x7 water supply system is that it can
improve the efficiency of water resources in a region by
combining it with various different water treatment systems
to make effective use of recycled water.
2. The 24x7 water supply has an essential role in coping
with water shortages throughout the world and development
of the ideal smart cities of the future.
3. In 24*7 Water supply system no contamination of water.
4. Reduction in water losses.
5. Better service to consumers and better accountability.
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construct various structures, making it a versatile material
in the construction sector.

Abstract- This paper provides an overview of recycled
aggregate concrete quality and performance, as well as
how it can be employed in the construction sector. The
age, loading, and exposure conditions of the
demolished structure influence the quality of recycled
aggregate. In order to make quality concrete,
properties like aggregate strength, gradation,
absorption, and durability of RAC are measured.
There is a comparison of natural aggregates and
recycled aggregates mentioned. The strength of
Recycled Aggregate Concrete can be enhanced by
using a novel approach of mix design, according to a
study. The advantages of RAC are stated, including
reduced use of natural aggregates, lower costs, and
land conservation. Various challenges are discussed in
the paper and recycling the waste to use it in the
construction
industry
without
harming
the
environment is explained.

In today's world of fast urbanization and
industrialization, the environmental performance of
construction materials is highly valued. RAC will assist in
resolving the problem of demolished concrete disposal
while also conserving the environment. The collection of
massive volumes of waste materials, particularly garbage
from construction and demolition activities, is one of the
world's most well-known sustainability issues and
environmental concerns. If such a large amount of waste
is disposed of, the globe will face major environmental
issues, such as the depletion of landfill space. Another
concern of sustainability is the depletion of natural
resources for aggregates used in concrete production. The
ever-worsening environmental challenges and the loss of
natural resources necessitate long-term growth in a variety
of sectors, including civil engineering. Waste concrete
recycling has the ability to contribute to environmental
preservation, natural resource conservation, closed-loop
material cycle foundation, and solid waste reduction at
landfill sites, all of which are important aspects of
sustainable development. Furthermore, due to the
increasing severity of environmental deterioration and
resource depletion, the issue of recycling and reusing
demolished concrete has become a global focus of
research in recent years.

Keywords— Recycled Aggregate Concrete, sustainable,
Demolition, Construction industry, Construction Material

INTRODUCTION
Concrete is a mixture of fine and coarse
aggregates bound together with a fluid cement (cement
paste) that hardens (cure) over time. Concrete is the most
frequently used building material and the second most
widely utilized substance in the world after water. The
ready-mix concrete business, which accounts for the
majority of the concrete market, is expected to generate
more than $600 billion in sales by 2025. These figures
demonstrate the significance of concrete in the
construction industry. Different classes of concrete are
made by varying the compositions of the ingredients used
to manufacture it (cement, sand, and aggregates).
Concrete comes in a variety of grades that are utilized to

As a result, demolition companies around the
world will be urged to reuse and recycle unwanted
concrete. The idea of using recycled aggregates instead of
regular aggregates is beneficial not only to the
environment, but also to the building industry, as
previously stated. Natural aggregate (NA) in concrete can
be replaced with recycled aggregate concrete (RAC).
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Recycled concrete aggregate (RCA) is a type of aggregate
made from clean concrete debris with a very low
concentration of other building waste (less than 1%).

and 30.3 percent. With the addition of RCA, however, a
steady drop in strength was noted in split tensile strength.
For OPC, the values obtained for 25%, 50%, 75%, and
100% RCA were 20.6, 33.0, 34.9 and 42.5 percent less
than 0 percent RCA concrete, respectively, whereas for
PSC, they were 1.1, 16.3, 26.1 and 27.2 percent less. This
study shows that, while adding RCA to concrete reduces
its strength, it saves up to 16 percent in costs by replacing
natural aggregates 100 percent. Furthermore, using PSC
instead of OPC can save you up to 29% on costs.

OBJECTIVES
 To reduce the overall cost of the project by reducing
the use of natural aggregates which would result in more
revenue generation.
 Achieving better results in terms of quality, strength
and performance than the concrete which uses
conventional methods of production.

c)
The utilisation of recycled aggregate in high
performance concrete:

 To get new and more techniques for production of
concrete by using RAC as a main constituent, opening
new opportunities in the construction industry.

This paper reviews the use of recycled aggregate (RA)
that is collected from construction demolition waste in the
production of concrete. The paper primarily focuses on
the possibility of using RA in high performance concrete
(HPC). By analytically reviewing previous work, this
study reports the mechanical and physical properties of
HPC prepared using RA. The study summaries the results
of workability, water absorption, dry density, compressive
strength, tensile strength, and flexural strength of HPC
prepared with RA as reported in previous works. The
paper also addresses the microstructure and durability
performance of this concrete. Using RA in concrete
production is an environmentally friendly solution to the
continuous depletion of natural aggregates. RA could
improve the cement matrix mechanical properties. Due to
the porosity of RA, they have lower unit weigh than
natural aggregates. For the same reason, RA can
significantly decrease the workability of concrete. It is
reported that using RA increases compressive strength of
HPC. Both splitting and flexural strengths are increased
with RA, however, they are decreased when the ratios of
replacement are increased. The use of RA in the
production of HPC seems to be promising. This paper
presents some recommendations to further study this
topic.

 To achieve sustainable development by using
recycled aggregates instead of natural aggregates.
LITERATURE SURVEY

a)

Recycled
aggregate
concrete
(RAC)
methodology for estimating its long-term properties:
In this study, a system for predicting the long-term
qualities of recycled aggregate concrete is described. The
methodology described is based on earlier determinations
of the aggregates' principal attributes (density and water
absorption), primary & recycled, coarse & fine, as well as
the concrete's 7-day compressive strength. Based on a
graphical examination of the most essential features of
hardened concrete, the methodology has been confirmed
(compressive strength, modulus of elasticity, splitting &
flexural strength, shrinkage, creep, water absorption,
carbonation and chloride penetration depth). The
methodology can forecast the long-term performance of
RAC when compared to a typical concrete equivalent, and
this prediction can be utilised to adjust structural design to
the material.
b)

A study on recycled concrete aggregates:

d)
Effectiveness of using RCA in making high
strength concrete:

This study demonstrates that recycled aggregates from
concrete specimens produce high-quality concrete. The
concrete waste from the demolished structure has been
gathered, and coarse aggregate in various percentages has
been used to make new concrete. In this study, the
strength of 25 percent, 50 percent, 75 percent, and 100
percent RCA mixes was 23.5, 33.5, 32.4 and 10.7 percent,
respectively, less than 0 percent RCA mix, whereas the
strength of PSC was 17.8, 36.7, 40.6, and 19.1 percent
less than normal concrete on the 28th day cube
compressive strength using OPC. At 28 days, the cylinder
compressive strengths of 25, 50, 75, and 100 percent RCA
mixes made with OPC were 37.7%, 32.0 percent, 33.7
percent, and 28.4 percent, respectively, while those made
with PSC were 20.5 percent, 27.5 percent, 25.1 percent,

In this article, three alternative mixes I Replacing 10mm,
(ii) 20mm, and (iii) 20mm, 10mm Recycled Coarse
Aggregates (RCA) to the regular aggregates in the mix
with a proportion of 20%, 25%, 30%, 35 percent, and
40% are used in an experimental programme. Glenium
ACE 30 – 0.55 percent of cementitious material is added
to each mix admixture for early strength, and three cubes
are cast, then compressive strength of concrete is
determined at ages of 12 hours, 3 days, 7 days, and 28
days, and the results are compared to compressive
strength of conventional concrete. According to the results
of the Compressive strength test, RCA mixing with 40%
replacement of 10 mm aggregates and 40% replacement
of 20 mm aggregates achieves more strength than

202

traditional mix after 28 days of curing. Compressive
strength results for 20 percent replacement of 10 mm, 20
mm, and a combination of 10 mm and 20 mm in RCA
mix cubes are also closer to conventional concrete
compressive strength results at 12 hours, 3 days, 7 days,
and 28 days curing. However, when 30% recycled coarse
aggregates are replaced in the mix at 28 days, the
compressive strength is reduced. However, the earlier
strength is comparable to that of a standard concrete mix.

a.
Lack of technical skills: One of the most crucial
factors in introducing a new technology or construction
concept is a lack of technical abilities. Workmanship is
harmed by a lack of technical skills among the population.
It can also pose a significant risk in terms of having
insufficient expertise to effectively develop any project.
When constructing a building, a road, or any port, time is
also a crucial consideration. A project's lack of talents
may prove to be a time-consuming challenge.

e)

b.
Inadequate government laws: Having plenty of
resources, human labour, and the right technical expertise
isn't enough for construction. A new construction
technology must be approved by the government before it
can be used. Most nations have insufficient legislation,
which makes it difficult for builders and businesses to
implement the notion of recycled aggregate concrete.

A study on recycled concrete aggregates:

The amount of construction waste has increased in the last
decade, environmental concerns on the recycling of waste
have consequently been increased. Researches state that
(RCA) are only for non-structural concrete application.
Many researchers state that RCA are only suitable for
non-structural concrete application. It shows that the
recycled aggregates that are obtained from concrete
specimens make good quality concrete. Concrete waste
from demolished structures has been collected and coarse
aggregate of different percentages is used to prepare fresh
concrete. The results are obtained.

c.
Construction materials: The most significant
disadvantage during construction is the failure of a
structure. Bridges, buildings, and other constructions in
impoverished countries like India frequently collapse due
to poor construction materials.

f)
A study on use of recycled aggregates in
pavements:

PROBLEM DEFINITION
The experimental examination of the quality and
performance of recycled aggregate concrete as a
construction material is the focus of this project. The
objective is to substitute natural aggregates like gravel,
sand, and crushed stone with recycled concrete
aggregates. In today's society, materials are heavily
weighed in terms of their environmental impact. Materials
that create the least amount of environmental impact and
are cost-effective are considered. There are two types of
aggregates in concrete: fine and coarse aggregates. A
portion of the coarse aggregates will be replaced with
recycled aggregate concrete. Using a variety of concrete
grades available, we'll be looking at the performance of
M25 concrete with RAC as a constituent.

Paper briefs us about the use of RA in pavements. The
tests are conducted for various blend percentages of RAs
and NAs. M30 grade of concrete is being used for the
design. The waste concrete as RCA conserves virgin
aggregates, reduces the impact on landfills, and decreases
energy consumption. The Techniques of processing C&D
wastes, effects of RCA on the properties of concrete &
international status of standardization are described along
with use of RCA as a replacement in high strength
concrete.
g)
Performance of recycled aggregate concrete
(RAC) towards sustainability:
This study is about the possibility to replace NA with
RCA in nominal concrete to observe the performance of
RAC towards sustainability. An investigation is carried
out to find strength properties of RAC. An investigation is
carried out to find strength properties of RAC. This work
outlines the application of RCA into the conventional
concrete to the possible extent using processed aggregate.

PROPOSED METHODOLOGY
Concrete waste: The first step is to locate a location where
we may obtain discarded concrete that meets our needs.
We propose using scrap concrete from a demolished
structure to produce new concrete.

RESEARCH GAP
The concept of recycled aggregate concrete is known in
many countries of the world. In fact, it is one such
construction material which serves the purpose of
preventing the disposal of demolished concrete thereby
proving to be ecologically as well as economically viable.
But it has not been followed extensively in different parts
of the world due to lack of some major aspects as follows:

Collection: Following the identification of the site, we
will collect waste concrete in order to determine the
amount of total aggregate required to make 9 concrete
blocks with dimensions of (150 X 150 X 150) mm.
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minimizing energy waste in transportation and the
creation of fresh aggregate.
Quarrying harms, the natural landscape, which can be
mitigated by repurposing RCA.
Less depletion of natural resources as a result of the
reduced use of virgin aggregates.
Economical, as it generates employment in the recycling
business. Saves money by conserving landfill space and
minimising the demand for new landfill.
REFERENCES

Cleaning: Waste concrete contains bricks, paint, cement
dust, glass, and other debris that must be cleaned. Before
using recycled aggregates to make new concrete, they
must be cleaned (more than 95 %)
Aggregate crushing: Recycled aggregates must be broken
down into little bits after cleaning. These aggregates will
be between 10 and 12 mm in size.
Casting: Getting the mix design ready (calculating the
amount of cement, sand, aggregates, water needed to
prepare concrete). The cubes are being cast.
Curing: It would be carried out in order to get the desired
qualities (28 days).
Testing: The following tests will be done after casting and
curing: water absorption test, total shrinkage test,
compressive test, and drop test.
Conclusion: We will report the results after testing the
members made from recycled concrete aggregate. We'll
compare the results of concrete manufactured with
recycled concrete to concrete built with natural
aggregates, and then draw some conclusions.
EXPECTED OUTPUT
Development of waste stockpiles of concrete can be
eliminated by using recycled concrete aggregate
pavement.
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and water. Chemical recycling is an attractive way to
address the explosive growth of plastic waste and disposal
problems. Pyrolysis is a chemical recycling process that
can convert plastics into high quality oil, which can then
be utilized in internal combustion engines for power and
heat generation

Abstract- Plastics have woven their way into our daily lives
and now pose a tremendous threat to the environment. Over
a 200million tonnes of plastics are produced annually
worldwide, and the used products are over flowing bins and
landfills. Approximately 10–20 million tons of plastic end up
in the oceans each year. A recent study conservatively
estimated that 5.25 trillion plastic particles weighing a total
of nearly 269000 tons are currently floating in the world’s
oceans. Plastic waste disposal throughout the world is
creating problems and degrading the environment. Today
transportation and electric power generation mostly depend
on fossil fuels. Such extensive use of fossil fuel is resulting in
depletion at an alarming rate. There are different
environmentally friendly ways of recycling plastic waste
compared with incineration and disposal in landfills. One of
these methods is pyrolysis. Pyrolysis is the thermal
decomposition of long chained hydrocarbon compounds into
smaller ones in absence of oxygen at temperatures around
500°C generating gaseous and liquid products. Thus the
conversion of oil from plastic has dual benefits. First of all
the oil produced can be used as a fuel for domestic purposes
and also in vehicles and industries when further refined.
Secondly the various types of pollution caused due to waste
plastics can be minimized. Plastic in the first place is
manufactured from natural gas specifically from ethane
which is a constituent of natural gas. Therefore the waste
plastic can be converted back into it. Keywords- Pyrolysis,
Plastic Waste Disposal 1.

LITERATURE REVIEW
Sharma B.K.; Rajagopalan, Kishore (2014): the team
collected High Density Polyethylene (HDPE) bags from
local retailers and fed them into a pyrolysis unit to yield
plastic crude oil (PCO). They then distilled the PCO,
giving rise to gasoline and two types of diesel.The team‟s
HDPE- derived fuels were superior to conventional
petroleum diesel in terms of lubricity. Plastic-derived
diesel can be safely and efficiently blended into petroleum
diesel fuel, while minimizing landfill waste. Rajaram T.
karad (2017) : The non-catalytic or thermal pyrolysis of
polyolefin is a high energy, endothermic process requiring
temperatures of at least 350-500 degree celcius.In the
pyrolysis the oil will be collected at different temperature.
At the 130C 20% oil, at 210C 30% oil, at 250C 40%
oil, at 300C 60% oil, at 430C 90% oil will be collected.
In the pyrolysis reaction different type of oil will be
extracted from different type of waste plastic. Such oil
acts as petrol, diesel and kerosene. The same pyrolysis
reaction produce 10% gas it acts as LPG. Jan Nisar et al.
(2014) : Carried out an experimental study of the thermal
decomposition of polyethylene in an inert atmosphere in
the temperature range 300-800C using Shimadzu PYR2A pyrolyzer for heating the sample. The effect of
variation of temperature, sample size, pyrolysis
atmosphere, residence time and catalyst on the
distribution of these products were studied. The method
allows the accurate control and measurement of the
pyrolysis temperature. Ratnasari et al. (2017) : A wide
range of catalysts have been employed in plastic pyrolysis
processes, but the most extensively used catalysts are
ZSM-5, zeolite, Y-zeolite, FCC, and MCM-41. The
mesoporous MCM-41 and microporous ZSM-5 zeolite
catalysts were used to produce oil rich in the gasoline

INTRODUCTION
Every year humans produce nearly 280 million tons of
plastic, and much of that plastic ends up in the
environment, harming marine life and other ecosystems.
The chemical bonds that makes plastic so durable makes
it equally resistant to natural processes of degradation.
Since plastics are nonbiodegradable in nature, it is very
difficult to eliminate the waste plastics from nature. Since
1950s 1 billion tons of plastic have been discarded and
may persist for hundreds or even thousands of years. In
2015, plastic creation achieved the 322 million tones
worldwide and the 59 million tons in the European Union.
Expenditure incurred on disposal of plastic waste
throughout the world is around US$ 2 billion every year.
The majority of the plastic waste ends up in landfills, and
becomes a carbon sink where it may take up to 1000 years
to decompose and potentially leak pollutants into the soil
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range hydrocarbons from the pyrolysis-catalysis of high
density polyethylene (HDPE).
PROBLEM STATEMENT
The purpose of our report is to get detailed knowledge
about plastic waste and their reuse in well-being of the
society. In which we are trying to get useful petroleum
fuel by using of waste of plastic. By doing recycling
process on waste low density polymer plastic by setting
appropriate temperature and pressure so we can get the
petroleum products by waste and make renewable energy
as petroleum products. The growth of the plastic
consumption has been occurring rapidly due to its light
weight and non-corrosive behavior / non-biodegradable.
However the great number of consumption would
increase the product of plastics waste which led to
environmental problem. Landfilling is not suitable option
for disposal plastic waste because of their slow
degradation rates. Therefore recycling and recovering
method have been used to minimize the environmental
impact and to reduce damage of plastic waste. The
production method for conversion of plastic waste in to
the useful petroleum products is based on pyrolysis of
plastic waste and condensation of the resulting
hydrocarbon based petroleum fuel. Pyrolysis refers to the
thermal decomposition of the matter under an inert gas
like nitrogen, followed by cracking using suitable catalyst.
Polyethylene, Polypropylene and Polystyrene plastic are
preferred to be used as feedstock in the production of
liquid Hydrocarbons. The field of solid waste
management continues to evolve and much of that
evolution is driven by the adoption of new technologies
that increase recovery capacity and processing
capabilities. Despite all of the technological advances
over the recent years in the reclamation of plastics, there
remains a portion of the plastic waste stream that cannot
be mechanically recycled due to contamination, lack of
markets or the inability to separate plastics that can make
recovery unfeasible. In India, much of this non-recycled
plastic then becomes land filled.

PROCESS OF PYROLYSIS
The process consists of two steps:
1) Random de-polymerization
Under controlled reaction conditions, plastic
materials undergo random de-polymerization and
are converted into three products:
a. Solid Fuel i.e., Coke
b. Liquid Fuel i.e., Combination of Gasoline,
Kerosene, Diesel and Lube Oil
c. Gaseous Fuel i.e., LPG range gas
2) Fractional Distillation
 Separation of various liquid fuels by virtue of
the difference in their boiling points.
 One important factor of the quality of the liquid
fuel is that the sulphur content is less than
0.002ppm which is much lower than the level
found in regular fuel

CASE STUDY
METHODOLOGY
3.1 Case Study Background
Rudra Environmental Solution India ltd. Was established
on 29th july 2009. Since the inception the company has
been involved in research of converting waste plastic into
fuel technology through TCD i.e. Thermo Catalytic Depolymerization Process. The first pilot plant was
established in March 2010, second generation plant in
2013 and now its patented third generation plant is
running successfully in company’s own factory situated in
Jejuri M.I.D.C. area. Company is ISO 9001-2008
certified.
The company spearheaded under the dynamic leadership
of Mr. Shirish Phadtare who with vast experience in
administration and financial sector looks after technical
and commercial sides of company. While another director
Dr. Medha Tadpatrikar works as Brand Ambassador and
spoke person of the company, looks after marketing, and
is involved in creating awareness amongst the society
about how to collect, segregate and recycle of plastic.

The alternative measures that involve diverting the
material from landfill and utilizing plastic waste and
applying pyrolysis to it. Pyrolysis is a process of thermal
degradation of a material in the absence of oxygen. Plastic
is fed into a cylindrical chamber. The pyrolytic gases are
condensed in a specially designed condenser system, to
yield a hydrocarbon thermal treatment technology to
generate oil-rich material for upgrading into fuels or back
into plastic. These technologies are: • pyrolysis/thermal
degradation • catalytic pyrolysis • gasification with F–T •
gasification with MTG conversion • gasification with
distillate comprising straight and branched chain aliphatic,
cyclic aliphatic, and aromatic hydrocarbons, and liquid is
separated using fractional distillation to produce the liquid
fuel products.
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Rudra’s focus is a greater need to treat/ dispose the plastic
waste
• To get rid of non-degradable waste that is not
easily recycled due to high cost of collection.
• Major impact on environment of waste plastic.
• Usability of poly fuel – as it is a nonconventional and much more cleaner fuel.
• Eco-friendly with „Keep Clean – Keep Green‟
philosophy.
• No pollution from this treatment.

The produced fuel used directly for the burning in
kerosene stoves, boilers, furnaces, certain types of gensets
etc. The char produced, as the contamination of waste
plastic is a non-hazardous waste.
CONCLUSION
By converting plastics to fuel, we solve two issues, one of
the large plastic seas, and the other of the fuel
shortage.This dual benefit, though will exist only as long
as the waste plastics last, but will surely provide a strong
platform for us to build on a sustainable, clean and green
future.By taking into account the financial benefits of
such a project, it would be a great boon to our economy.
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3.2 Proposed Solution On Case Study:
Through pyrolysis, we can eliminate a large chunk of
plastic waste and help in solid waste management(SWM).
Currently Rudra Environmenatl Solutions generates fuel
from utilizing 6 tons of waste plastic daily using two
reactors- each having capacity of 3 tons daily. It plans to
install more reactors as when an increase in capacity is
needed. The capital cost of this venture is 5 crore rupees
and there is plan to invest more in this plant to increase
the capacity in near future. The objective is to make the
jejuri site a zero waste discharge plant said by their
director Dr. Medha Tadpatrikar. She said the company's
customers in the fast-moving consumer goods sector are
pushing for more recyclable or biodegradable packaging.

RESULT
The machine converts waste plastic into fuel and cleaned
synthetic gas. The exact recovery ratio and characteristics
of the fuel varies depending on the types of plastic
received. Each tone of plastics produces approximately
• 600 to 650 litres of poly fuel
• 20 to 25% synthetic gas- used in the process
• 5to 10% moisture
• 5 to 10% Residual char- can be used as road
filler with bitumen.
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Abstract

student

Practical examination is continuously adopting the

examination is an effectual contrivance to evaluate

needs and requirements of digital native, but its

the practical skills competency of students for any

assessment of it is conducted in traditional antique way

subject.

and qualitative approach is till challenge. The aspect of

performing things and assessing it is supplemented

this paper is implementation technology in future

the

periphery.

Through

Structured

experiments,

practical

practically

with theoretical teaching reduces mugging up and

practical examination. The paper also discusses the

takes off loads of pressure form a student’s brain thus

present status of practical examination and associated

helping in the learning process. The practical

features and talks about our survey research results in
consideration of future practical examination with help

examinations in traditional scenario are following the

of technology. The evaluation revealed from responses

sequence of knowledge as: Listen- Understand-

of internal and external stakeholders show that blended

Perform- Observe- Interesting- Easy- Examination-

is the best way to conduct practical examination where

Deeper

students can acquire knowledge and experience.

examination

Keywords

perspective of technology, namely that technology is

Practical

examination,

Traditional

impact.
help

First

and

students

foremost,
develop

practical
the

right

not just a theoretical abstraction – it is an attempt to

practical

examination, Future scenario

describe the working of the real world around us. A

INTRODUCTION

hypothesis or idea in science is acceptable only if

Practical examination is an assessment to find out

observations and practical examination confirm it.

whether a student is able to put into action his

Traditionally, practical examinations was conducted

theoretical knowledge in practical life. Commonly

by making chits of all practical’s and student come

the practical examination blueprint differs a bit from

and pick. Whatever picked by student he has to

subject to subject but still there are some universal

perform as practical examinations. The oral was

practices that must be pursued in all subjects to give a

taken by asking questions related to practical
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performed by student. Evaluation of student based on

would help tailoring teaching-learning to optimize

practical performance and answers in form of marks

student satisfaction and learning.

was the practical examination of student.

T.L.S. Goweri et al. (2016) studied the assessment

The situation arise due to pandemic gave new

of

dimension to practical examinations. Technology had

knowledge. While doing that they evaluated multiple

helped to eliminate the need for physical presence of

domains like: theoretical, practical and clinical

student for practical examination. Student have to log

knowledge. In their paper they tested the technical

in to the system, the examiner would also be able to

skill of students, to reduce the subjectivity of marking

login to see live streaming video of the student during

with respect to examiner and done comparison of the

practical examination. Examiners can ask questions

objective structured practical examination (OSPE)

to be answered by the student and such videos can be

with traditional method of examiner system. They

recorded

evaluation

had concluded that coefficient of variation showed

purposes. Examiner sitting at any location can

the degree of subjectivity was more in traditional to

conduct practical related oral test of the students

the

present across various locations.

(OSPE).The results of cronback alpha test also

and

stored

for

teaching-learning

objective

outcomes

structured

in

practical

anatomical

examination

showed the high degree of correlation with OSPE

LITERATURE REVIEW
Gabriele Franki and Sofie Bitter (2012) developed

when compared to traditional examiner method.

in response to adapting the needs and requirement of

TCET ISO manual (2021) TCET as an autonomous

digital natives presented secure exam environment

institution had developed structured and best in class

(SEE).

They had tried to draw on practical

examination system to evaluate student learning

experiences gained for online testing at alpen-adria-

through multidimensional and multiple levels of

universität Klagenfurt (AAUK). In their paper, they

Evaluation & Assessment (E&A) system. In this

discuss the current status of online examinations and

manual design and development, policies, guidelines

associated didactic implications including issues of

for

security, safety, privacy and survey research results

deployment is documented.

in consideration of future research directions.

rubrics and its mapping as per NBA guidelines is

Shivani Jeswal et al.

documented.

(2015) had address the

effective

planning,

implementations

and

Even the evaluation

implementation of Objectively Structured Practical

SUMMARY

Examination (OSPE) in the assessment of practical

Most of the research was done in field of medical and

skills in biochemistry. It was an attempt to radical

biochemistry. This research paper is focused towards

shift in Traditional Practical Examination (TPE).

engineering

They noticed that TPE raises concerns about

examination of students, present & future with help

examiner variability, standardization, and uniformity

of technology.

students, and

about

the practical

of assessment. They had concluded that the

OBJECTIVES

evaluation demonstrated the need for a structured

The objectives of this paper were to (a) describe the

approach to assessment. Going in line with the notion

modes of conduct practical examination in present

that assessment drives learning, introducing OSPE

scenario (b) explore the modes of conduct practical
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examination in future scenario (c) find out challenges

questionnaires were circulated to teachers, students

faced due to pandemic on traditional practical

and others (industry persons). Overall responses 175

examinations (d) Sustainability of future practical

received from varied locations of Maharashtra. The

exams

impact,

design and development of questions in survey was

challenges and threat in future practical exams using

according to the objectives set for this paper. The

technology (f) obscure to mold student into future

why-why analysis, was done and the back bone of

practical exams using technology

questions for the survey.

using

technology

(e)

expose

METHOD: QUESTIONNAIRES

Why-Why Analysis

In accomplishing survey for this paper,

Students are not able to
TABLE1: Why Why Analysis

Experience the real problem for which the solution is

All software do not have good visualization tools of the

developed

impact of the variation in parameters

Learn practical application in online mode

All students do not have systems

Why all students do not have system

Because their family cannot afford it
Blended mode will help to address this problem

Then root cause analysis was done for the problems
of present practical conduct through online mode. It
is shown in table belowTABLE 2: Root cause analysis for the problems of present practical conduct through online mode
Students loose
the opportunity
to play with
equipments

all the software
are not on cloud

Students are not
able tobe
creative or
visualize in
present situation

All the software
tools are not
compatible for
mobile platform

Virtual
laboratory does
not have all the
practical
scenario to
verify
Software to
simulate for all
subjects are not
there so students
are expected to
just plot the
results they will
get through
theoretical
expression

The systems that
students have do
not support the
software

All students do
not have systems

Some software
are heavy and
need good
internet speed
which all
students do not
have

All the software
are not free

Absence of
knowledge to
apply a
theoretical
concept in real
time situation

STUDY REPORT
•
•
•
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Find out what is the best way to acquire
engineering practicing skills.
570 was the sample size
Students of FE, SE, TE and BE participated

.

FIGURE 1: Statistics for the best way to acquire engineering practicing skills
Present pandemic had hampered the learning as can

Table shows students learn skills through internship,
project and practical.

be seen through the response received for the survey

TABLE 3: Factors and their contribution in learning
technical subjects
S.
N.

Factors
Contribution

1

where 170 students of all branches responded More
than 75% students are facing problem in the present

Percentage
Contribution

Cumulative
Contribution

Industry
Exposure

10

10

2

Projects

26

36

and development of practices for various problems.

3

Practical

31

67

Although they agree that the present pandemic has

4

Books

28

95

5

Classroom

5

100

pandemic condition to perform practical. The
students are missing opportunity of hands on
experience, real time evaluation of system and design

encouraged the use of free open source , virtual
laboratory and clouds to perform practical’s but they

So, the students knock out that all the platform that

all lack to provide the needed exposure to understand

provides an opportunity to practice the theoretical

the concepts to the depth.

knowledge helps to achieve higher learning levels.

In the below figure 2, the traditional practical

Students can confirm the theoretical concept through

examinations tools and effect of pandemic on it is

experiments which will have a long-lasting impact on

shown by pie chart.

students learning. Practicals are most significant part
of learning engineering and technical subjects.
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FIGURE 2: Statistics of pandemic effect on traditional practical examinations.
Because the students were facing challenges to

theoretical concepts are not required because

perform practical effectively in the present pandemic

simulation model is based on theoretical model

conditions, the faculty in current pandemic condition

equations. Moreover, students can collaborate easily

was taking practical examination using MCQ, Virtual

in online mode and share the result of the practical’s

laboratory, orals and qualitative analysis with

performed by their peers without actually performing.

majority of faculty using MCQ and virtual laboratory.

Even some students just resubmit the practical result

This is further discourage students to put additional

which was submitted at the time of performing during

efforts to learn the way they used to do in offline

regular academic without taking additional efforts to

mode as establishing coherence between practical and

re-perform

on

the

day

of

examination.

FIGURE 3: Statistics showing pattern of practical examinations conduct in future scenario
In future when we will all come back to offline mode

online mode and we can design methodologies which

at that time we cannot ignore the advantages of

can have a combination of offline and online
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methodologies, which we used to follow for conduct

survey.

of practical and evaluation as we can see from

FIGURE 4: Statistics showing pattern of practical examinations for future
for making the students aware about the advantages

But if we want it to sustain in future, we have to work

of blended more through orientations.

FIGURE 5: Sustainability of future practical examinations chart
But this future methodology will be technology

learning rather than creating an atmosphere of

dependent and would need that all the students are

frustration and zero learning out of the whole

well equipped with systems and environment which

process.

supports use of the technology and aids enhanced
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FIGURE 6: Impact of future practical examinations chart
Therefore we can conclude that for future design of

students about the tools and its advantage for their

practical we should create awareness and also orient

carrier but also choice right technology which the

FIGURE 7: Challenges showing chart for future practical examinations
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FIGURE 8: Methods to mold students for future practical examinations
If we are not able to create interest amongst the

talking

students about the importance of the use of the

examination using technology. According to the

technology for practical, we will face the challenges

responses received from varied stakeholders is 30.3%

that students will lose interest in practical which will

said that chances of deviation from goal, 25.7% lack

have negative impact on their learning. They would

of ethics, 24.6% feels that lack of emotion and

prefer use of unfair means to complete their

attachment, 19.4% feels that negative impact.

assignments during regular semester conduct and in
examination. Students not only learn the concepts
thoroughly by doing but also learn to work in team
and respect the diversity of the team members in
completing the task. If we do not use blended mode
we will not be able to connect the students to the way
industry will work in future and also develop a social
and emotional connect between the peers and faculty
So the best way to make the students future ready is
blended mode which will satisfy the need of future
employers and society both. The below figure 9 is
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about

the

treats

of

future

practical

FIGURE 9: Treats explaining chart of future practical examinations
CONCLUSION

examinations. Total 175 responses received from

The suggestions from the survey, the students, faculty

heterogeneous participants who includes 80.7%

members and industry experts also show that blended

students, 17% teachers and 2.3% others mostly

is the best way to conduct practical where students

industry from different locations of Maharashtra,

can acquire knowledge and experience. Introduction

Rajasthan, Gujarat and Chhattisgarh.. As we could

of future practical examinations using technology to

see due to Pandemic we couldn’t get hands on

the current practical examinations would help

experience to perform practical so it becomes

tailoring teaching- learning to optimize student’s

difficult to understand but we need to adopt

satisfaction and learning.

according to situation so using online stimulators in

Practical examination in actual varies for subject to

some cases we could perform that’s great for others

subject. It’s basically depending on demonstrator

we can be shown videos and taught through them that

ideas, thinking, knowledge and the capacity /ability

would be best and considering examinations then it

of knowledge receivers. If students have weakness in

should be online with certain theory questions given

mathematics and scientific skill then he/she unfit for

by teachers before hand to practice and from that they

that in reality, but only Technology is being a

should ask and from video shown. The suggestions

platform. In reality, Chemical reaction, mineral

from the survey, the students, faculty members and

exploration, chemical samples and its preparations is

industry experts also show that blended is the best

not possible at virtual mode; it needs to perform at

way to conduct practical where students can acquire

laboratory before and video recording need for

knowledge and experience. Introduction of future

showing to students. From that video recorded

practical examinations using technology to the

experimental orientations, we can just understood the

current practical examinations would help tailoring

processes of experiments i.e. overview like but not

teaching- learning to optimize student’s satisfaction

practical experiment done by student in reality. That

and learning.

means no practical examination only over viewing of
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Abstract— in current scenario COVID-19 continues to affect
education in many countries for the second consecutive year.
In India, one of the worst affected countries, various state
governments have suspended year-end exams for students, in
the wake of the sudden surge of cases. Online teaching is
continue and students also given exam on it. So in order to
check the knowledge get in online classes the students get
tested through exam by putting the question beyond the
syllabus. To achieve the highest sustainable growth in their
knowledge and a rising standard of innovative, broad thinking
to contribute to sound economic expansion in Society as well as
in countries in the process of development; and – to contribute
to the expansion of world trade on a multilateral, nondiscriminatory basis in accordance with international
obligations.
Keywords—component, online teaching, sustainable
knowledge, innovative, broad thinking, Introduction

A. Maintaining the Integrity
Therefore, there is the need for the new generation that
the system which can be developed based on reforms w.r.t
improvement, enhancement, and innovation in the
traditional system. Putting the question beyond the text book
will help the students to have the ability to crack the
competitive examination for professional career via GATE,
IES, Public services, Defense Sector, etc.
Testing for learning beyond the syllabus to test curiosity,
exploratory mindset, and lifelong learning attitude
The purpose of testing as shown in image

INTRODUCTION

The testing of the kowledge of students are an important
step as it measures the level of learning of any student. Due
to the advancement of Technology it is possible to test the
kowledge of students beyond the book. Many institutions
have changed process from convetional to multiple question
due to the outbreak of the corona pandemic in the online
evaluation process.In order to test basic kowledge of
students there is need to add the question beyond text book
in the exam with the current needs. The students are tested
for the knowledge at the end of their courses which does not
major the continual improvement in the leaning level of the
students. Majority of assessment process are memory based
where there is not any assessment process for the students to
check the creativity, Comprehension, Paraphrasing and
personality traits of the students. These skills become
imperative when the students join the industry or put up on
job. There are very little exposure students gets where they
are tested in the field work or on job training. so in order to
check Knowledge, Skill, Attribute (KSA) of the students we
have to put the question beyond the text book in the
examination.

Fig.01

OBJECTIVE
 To achieve the highest sustainable growth in their
knowledge


a rising standard of innovative, broad thinking

 To contribute to sound economic expansion in
Society as well as in countries in the process of
development
 To measures the learning levels of individual.
 Ability to crack the competitive examination
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ORGANISING WAYS...



Keep Yourself Updated With Technology:



Get Practical Experience



Brush Up All The Basics:



Enhance Non-Technical Skills

enhance their practical knowledge through the
communicating with peoples and reading books, look for the
answers, evaluate opinions and make decisions, they can
learn from experience
3.

TESTING LEARNING

Asking questions that will initiate discussions and
deliberations in the class-leading to active interaction,
improvement, and innovation. Strong core knowledge
needs to be tested along with application to check the
ability for problem-solving skills and critical thinking.
Testing for learning beyond the syllabus to test curiosity,
exploratory mind set, and lifelong learning attitude
4.

INDIVIDUAL TEST

It will help to understand branch specific knowledge
based on strong STEM; develop the exploratory and
application mind set of the knowledge, coherence
between all three-domain specific knowledge.

Table. 01
Out of above the list here I am trying to light on few of them

It will take by one of the following ways
1.

CLASSROOM ASSESSMENT

A) Oral Interview
You can do a one on one interview with each of your
students to get a good idea of their listening and speaking
abilities. You can schedule these types of interviews during
class (perhaps take each student into the hall to have a
private discussion while the rest of the class does seat work)
or schedule with students individually. Asking questions that
use grammatical structures and vocabulary that your class
has studied will help you know exactly what each student has
grasped. Do not penalize a student for not knowing content if
he or she can compose grammatically and situation ally
correct statements or questions in response to your questions.

The focus in this section is on assessments used by teachers
to support instruction and learning, also referred to as
formative assessment. Such assessment offers considerable
potential for improving student learning when informed by
research and theory on how students develop subject matter
competence.
To evaluate need information about the current
understanding of individual students and groups of students
so they can identify the most appropriate next steps for
instruction. Moreover, students need feedback to monitor
their own success in learning and to know how to improve.

B)

Teachers make observations of student understanding and
performance in a variety of ways: from classroom dialogue,
questioning, seatwork and homework assignments, formal
tests, less formal quizzes, projects, portfolios, and so on.
2.

Sometime surpriselly we take a presentation in class on
teached topic to assesses a different aspect of students. When
we ask a student to speak in front of the class, is it he/she
able to prepare and practice what he wants to say instantly,
also he have research information on his topic. In this case,
the grade we gave to our student should be based on both
content and presentation

PRACTICAL KNOWLEDGE

Their knowledge will surely enhance if they acquire
knowledge through real life experiences. We should try to
give them an experience.
For ex. In engineering survey subject of third semester
after completion of practical we gave some task to group of
students. That make a good difference which develop
curiosity in students, and during the semester we kept 3 days
survey project in vihar lake, Powai which help to students to
filed oriented regarding road survey, contouring, tachometry
survey.

C) ROLE PLAY
Another way to assess your students‟ speaking abilities is
by having them perform role plays in front of the class. By
giving them a situation and roles to play, you can see
how creatively your students are able to use language with
one another. Be listening for content and grammar as with
any oral assessment, but you can also be attuned to how your
students are making creative use of their language to
communicate with one another. Even if they show
grammatical imperfection, are your students able to
understand each other? Are they able to use the language
skills they possess to get their point across to their

Their practical knowledge will increase with age if we let
them have curiosity about everything. If you want to test go
through


Get To Know Yourself First



Get Help from Academic Projects

CLASS PRESENTATION
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partner? These are important skills and ones you should
foster in your students.

their final scores or e-mail them to you. In so doing, your
students will still get feedback on their work and
knowledge, but you will not have to give up valuable class
time for it to happen.

D) CLOZE E XAM
We take one paragraph from talked topic one that our
students had used in their studies. Then replace every fifth
or sixth word with a blank. Ask your students to fill in the
blanks with words they think would be most logical and
grammatical. You will see a variety of answers among our
students, but as long as the answers are grammatically and
logically correct, the student should receive full credit.

i) Multiple Choice Exam
Sometimes the classics are often the way to go when
assessing your students. If you choose to give a multiplechoice exam, keep these pointers in mind when writing the
questions. Make sure all the answers are grammatically
correct. Your students should not be able to eliminate an
answer based on grammar alone (unless, of course, that is
what you are trying to test). Also, try to keep all the answer
choices around the same length. If you choose to include
the options “all of the above” or “none of the above”, make
sure they are options for additional questions. If you keep
these tips in mind when you write your multiple-choice
quiz, you will get better results from your students.
True/False Quiz
The true/false quiz is also a classic that is used by most
teachers. When you use this type of test, do not give trick
questions that focus on minor details. Even more
important, have your students correct the questions that
they say are false. If they are making the corrections rather
than just identifying the mistakes, you will make sure they
are answering from what they know rather than making
lucky guesses. You can assign one point to each answer
and another point to each correction on the test.

E) .FILL IN THE BLANK
A fill in the blank test may seem similar to a cloze
exam, but this type of test is used to test a specific
grammatical structure or set of vocabulary. You can write
individual sentences or an entire paragraph for your students,
but it is probably best to provide a word bank in either case.
You may choose to supply more words than will be
necessary to fill in the blanks to make the test more
challenging. This will force your students to choose the best
answers rather than matching ten words with ten blanks.
F) W RITING SAMPLE
Having your students give you a writing sample is
another good way to assess their proficiency with grammar.
If you have them write something for homework, you run
the risk that someone other than your student will do the
writing. Often friends or native speakers will correct a nonnative speaker‟s writing with the intention of helping, but
this will not give you an accurate picture of your student‟s
writing. To avoid this, have your students do a periodic in
class writing. Give them an adequate amount of time to
write about a subject that you assign. You will then get an
accurate look at their grammatical and writing proficiency.
Follow up your assessment with some mini-lessons on
common grammatical pitfalls that the class exhibited.

5.

GROUP TEST

Testing is mainly to develop the mind set for group tasks,
collaboration, diversity, inclusiveness, exploration, and
research. Testing shall be based on ability which help to
provide diverse solution to problem with continuity and
consistency, To encourage higher retention power of the
topic learned with competitive mind set, To create new
knowledge and innovation with reliability, maturity, and
robustness, To develop understanding of group dynamics and
community feelings.

G) PORTFOLIO
To expand the material you base your students‟ grades
on, why not assign each person to assemble a portfolio. A
portfolio is a collection of work samples that cover several
aspects of the assignments your students have completed.
This is an especially effective way to assess your students if
you have the same class for reading, writing, listening,
speaking and grammar. Ask each student to compile a
collection of ten works for you to grade. You can include
specific assignments on the list, but you can also give a
category and ask your students to present their best work.
Ask for a grammar homework assignment, a writing sample
and a vocabulary exercise, for example. Your students can
then choose the work that they are most proud of. They may
feel more encouraged to be graded on their strengths rather
than their weaknesses.

Group Test

Fixed Period

Activity
Based
RBL
PBL

Open Book

Figure. 02
a) Fixed Period
Experiential learning evaluation, project evaluation,
Software and Hardware Hackathon, This test is mainly to
check exploratory mind-set, thought orientation, research
orientation and competitive edge.

H) ONLINE QUIZE
You do not have to spend as much of your class time
assessing your students as was often necessary in the past.
With the extensive collection of online resources for ESL
students, you can require your students to spend time at
home or in a language lab period working on exercises and
quizzes available online. Have your students print out

b) Open Book
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Best answer writing, best journal writing, Best
illustration preparation, Study report, Creative Writing, Case
Studies, Knowledge Extension, Knowledge Creation,
Optimization, Decision making are some of the methods of
evaluation. Open book test is to check scientific and
engineering mind sets for Solving Problems, creativity,
creative thinking and innovation. This has a more focus
towards the cognitive domain development.

The purpose of the study is to explore the ability of students
to express and develop knowledge on emerging technology
through a design activity in technology education. An
underlying aim is to explore what kind of abilities the
students in this situation require and which abilities they
develop during their work. Thus, the research questions in
this study are as follows:

Activity Based
Report writing, 3T Learning and Developing Expertise,
innovative presentation, info graphic documentation, coffee
table book, portfolio building, etc. This type of activities
promotes experiential learning or learning by doing. It has
the major focus on affective and psychometric domains.

In what ways do students express and develop knowledge
about emerging technology through a design activity?

RBL and PBL
Research orientation based on academic skills needs to be
developed. Students can be tested for research temperament,
research methodology, and Project development. It is the
interpretation of all the above mentioned methods approved
for group testing.

In the present study, the design activity the students are
engaged in requires them to be independently able to
produce a drawing and construct a physical model of a
future house or apartment that includes emerging
technology and, more specifically, sustainable solutions to
environmental problems. This involves presentations and
reflective dialogues in which the students‟ ideas are tested
with other participants‟ ideas. The purpose of this approach
is to explore the ways in which a design activity can
promote students to communicate knowledge on technology
and how, in doing this, they successively develop
technological literacy.

6.

In what ways could a design activity promote students‟
progress development of technological literacy?

CLASS LEVEL TEST

This test is basically to identify the SWOT of the class
and to improve the Teaching Learning Process (TLP) for
learning simplicity, diversity, and inclusiveness. The
approach will make the students better prepared for end
semester examinations and will prevent the students from the
tuition culture. Also it will help to understand the readiness
to professional career. Class level tests can be conducted
based on individual performance, group performance and
interclass performance, etc. Test paper may be set as per the
need for competitive education and students can be tested for
competitive advantages. Such tests can be conducted for the
talent hunt and potential building for getting into the
professional world and excelling there. Such tests can also be
used to test the student's inclination in the course towards the
domain.

9.

BEYOND

THE

Using resources beyond the textbook can help to create
authenticity in learning activities by making learning
familiar and meaningful to students. ... it also allows
students to experience how English is used outside the
classroom and to engage with authentic contemporary
language.
A logical way to evaluate the quality of learning
materials is to try it out on learners and get their
feedback (both formative and summative). It perhaps make
most sense to submit this learner feedback in conjunction
with the learner materials to verify that the materials have
been tested by learners.

Types of Class level Test Class Level Test:
Club test, continuous evaluation, revision test based on
prerequisite, co-requisite, and course learning, form active,
and diagnostic evaluation etc.
7.

USING
RESOURCES
TEXTBOOK

Resources beyond the textbook enable you to connect
students‟ learning to their own experiences and
contemporary events outside your classroom, and create
opportunities for you to find out the knowledge that students
are bringing to the classroom. Resources from radio,
newspaper or television provide topics that are current and
are likely to be interesting for students. Carefully planned
lessons using these resources can support your students in
developing critical thinking skills. This unit gives you some
ideas for using resources beyond the textbook in your
English classes. These resources do not need to be expensive
or even necessarily all in English. These activities help you
to bring creative and contemporary topics and language into
your English classroom, and to make learning more
meaningful for your students.

RESEARCH QUESTION RELATED TO BASIC
SUBJECT

Steps to developing a research question:
a) Choose an interesting general topic. Most
professional researchers focus on topics they are
genuinely interested in studying. ...
b) Do some preliminary research on your general topic.
...
c) Consider your audience. ...
d) Start asking questions. ...
e) Evaluate your question. ...
f) Begin your research.
8. AWARENESS OF RECENT TECHNOLOGY
IN THE FIELD.
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IV.EXPECTED OUTCOME

Following resources books we can used to examine

 Identify their own strengths and develop areas for
growth

Website
Videos
Journals

 It developed students that will initiate discussions
and deliberations in the class-leading to active
interaction, improvement, and innovation, Strong
core knowledge with application to check the ability
for problem-solving skills and critical thinking,
making them exploratory mind set, and lifelong
Learning attitude.

RESOURCE
BOOK FOR
TEST

Electronic
network

 Develop Demonstrate the skills and recognize the
benefits of working collaboratively

Organizatio
n internet

CONCLUSION
 Traditional system of education we have created
over the years! It confuses awakened intelligence
with remote learning, inner flowering with grading,
and life with bookish knowledge. During this
moment of the pandemic, the „online teaching‟ and
the ritualization to attend online classes in this
equal society characterized by heightened the
testing the beyond text book knowledge in the
examination .

II.
Figure. 03
10. INNOVATIVE TESTING
a)

Institute is looking for 20-30% genuine change
every year in the curriculum syllabus; these
changes must lead to the maturity of the syllabus,
and the emergence of new subjects in the form of
elective subjects which may be compulsory in the
future. This is possible through research study and
innovative testing.
b) The objective of IT is as follows:
c) To make students and teachers learn together,
where students will learn under the guidance of
teacher and teacher will learn from guidance given
and student evaluation.
d) To develop the learning domains (cognitive,
affective, and psychomotor) in group/team,
professional practices, intellectual ethics to develop
the personality traits viz self-learning, cooperative
learning, exploration and innovation for extension
and creation of new knowledge, technical and
report writing, communication and presentation
e) skills, professional skills, etc
f) To develop the process for consistent outcomes for
quality research paper publication.
g) To provide multidisciplinary and holistic education
with a competitive advantage and the global career

 To begin with, it is important to realise about
testing the beyond text book knowledge
examinations as ceremonies of power seek to
objectify and „discipline‟ young students, place
them in a scale of measurement.
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223

Performance Evaluation of Basalt Fiber Concrete
Patil Dinanjali S.1
Asst. Professor, Department of Civil Engineering,
SSVPS’S College of Engineering, Dhule, Maharashtra, India,
+91 8390776252.
dinanjali.patil611@gmail.com

Shinde Supriya D.2
Assistant Professor , Department of Civil Engineering,
Thakur College of Engineering, Mumbai, Maharashtra, India,
+91 8329407488.

1

2

shindesupriya440@gmail.com

are non combustible and explosion proof. When in contact
with other chemicals they produce no chemical reaction that
may damage health or the environment.

ABSTRACT: This paper present the art of knowledge of
basalt fiber, it is relatively new material. Basalt fiber is a high
performance non-metallic fiber made from basalt rock melted
at high temperature. Basalt fiber reinforced concrete offers
more Characteristics such as light weight, good fire resistance
and strength. In future it is very beneficial for construction
industry. Many applications of basalt fiber are residential,
industrial, highway and bridges etc. In this study trial test for
concrete with basalt fiber and without basalt fiber are
conducted to show the difference in compressive strength and
flexural strength by using cubes and concrete beams. Various
application of BFRC shown in the study, the experimental test
result, Techno-financial comparison with other type presented,
indicate the tremendous potential of BFRC as an alternative
construction material. Experimental investigation on basalt
concrete has been carried out to evaluate properties of basalt
fiber concrete. The testing carried out on 24 concrete cubes
(150mmX150mmX150mm) for compressive strength, 12
numbers of cylinders (150mmX300mm) was tested for split
tensile test and 4 numbers of beams was tested for flexural
strength for different percentage of fiber like 0, 0.25%, 0.50%,
and 0.75%. From the entire study it can be concluded that Use
Basalt fiber in concrete is an effective technique to enhance
performance of concrete. As basalt rock is available in India
abundantly the use of basalt fibers in concrete for civil
infrastructure provides a good solution at lower cost of basalt
fiber.

LITERATURE REVIEW
Basalt is defined by its mineral content and texture, and
physical descriptions without mineralogical context may be
unreliable in some circumstances. Basalt is usually grey to
black in colour, but rapidly weathers to brown or rust-red
due to oxidation of its mafic (iron-rich) minerals into rust.
Although usually characterized as "dark", basaltic rocks
exhibit a wide range of shading due to regional geochemical
processes. Due to weathering or high concentrations of
plagioclase, some basalt rocks are quite light coloured,
superficially resembling rhyolite to untrained eyes.
PROPERTIES OF BASALT FIBER
3.1 Physical Properties
Color: - It is available in golden brown in color.
Diameter: - It is available in different diameter like 5.8
micron.
Length: - Available in 6mm, 8mm, 12mm etc.
Density: - density of basalt fiber is 2.75 g/cm3
Coefficient of friction: - The coefficient of friction may be
between 0.42 to 0.50.

Key Words: Basalt Fiber, Basalt concrete, Compressive,
Flexure, Split Tensile, Strength.

INTRODUCTION

3.2 Chemical Properties

Industry is always trying to find new, better and economical
material to manufacture new product, WHICH is very
beneficial to the industry. Today a significant growth is
observed in the manufacture of composite material. With
this in mind energy conservation, corrosion risk, the
sustainability and environment are important when a
product is changed or new product is manufactures.
Basalt fiber is a high performance non-metallic fiber made
from basalt rock melted at high temperature. Basalt rock can
also make basalt rock, chopped basalt fiber, basalt fabrics
and continous filament wire.
Basalt fiber originates from volcanic magma and volcanoes,
a very hot fluid or semi fluid material under the earth’s
crust, solidified in the open air. Basalt is a common term
used for a variety of volcanic rock, which are gray dark in
colour. The molten rock is then extruded through small
nozzles to produce continuous filaments of basalt fiber. The
basalt fibers do not contain any other additives in a single
producing process, which gives additional advantage in cost.
Basalt rock fibers have no toxic reaction with air or water,

Basalts are more stable in strong alkalis.
Weight loss in boiling water, Alkali and acid is also
significantly lower.
Possess resistance to UV- Light & biologic and fungal
contamination.
Are compatible with phenolic resins
Absorption of humidity comes to less.
3.3 Thermal Properties
With a thermal range of –260 ◦C to 982 ◦C and melt point of
1450◦C as well as low thermal conductivity 0.031 –
0.038w/mk, the basalt fibers are ideal for fire protection and
insulation applications. Basalt fibers are most cost effective
than the other high-temper Materials including E-glass,
silica, ceramics, stainless steel etc.
3.4 Mechanical Properties
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Specimen
No

% of basalt fiber

1

0

Split Tensile
strength at (28)
days Mpa
4.565

2

0.25

5.70

3

0.50

5.64

4

0.75

5.21

The specific tenacity (rupture stress to density ratio) of
basalt fibers exceeds that of steel, many times.
Basalt fibers are non-capillary and non-hygroscopic, giving
good moisture resistance.
Basalt has shot content generally less than 3%.

Graph 1 Compressive test
Table 2: Split Tensile Strength after 28 days in
Mpa

OBJECTIVES OF THE STUDY
1. Study the design aspects of the BFRC.
2. Understand the various applications involving BFRC.
3. Perform laboratory test that are related to compressive,
tensile and flexure by use of basalt fiber in the concrete.
TEST RESULTS AND OBSERVATIONS
This paper presents an experimental investigation that was
carried out to evaluate the performance characteristics of
basalt fiber reinforced concrete cubes, beams, and cylinder.
The basalt fibers were supplied by Muktagiri industrial
corporation Borivali, Mumbai. The primary objective of this
investigation was to determine the strength of the basalt
fiber in concrete and to compare the experimentally
determined ultimate strength capacity of basalt fiber
reinforced concrete cubes, beams, cylinder etc. and their
calculated ultimate strength capacities according to IS
516:1959, ASTM 790-1, IS 5816:1999 methods of tests for
strength of concrete.

Graph 2: Split tensile test
Table 1: Flexure Strength of Specimen after 28 days in Mpa
Specimen No

1
2
3
4

Table 1: Compressive Strength of Specimen after 28 days
in Mpa
Specimen
No
1
2
3
4

% of basalt fiber

0
0.25
0.50
0.75

% of basalt fiber

0
0.25
0.50
0.75

Compressive
strength at (28)
days Mpa
49.98
65.51
56.64
47.93

Graph 3: Flexural test
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Split Tensile
strength at (28)
days Mpa
4.3
6.3
5.8
5.16

[7]

DISCUSSION
1. As seen from tables, the 28 days average compressive,
flexural, split tensile strength is maximum when 2% fiber is
used. About 20% to 30% increase in strength is observed.
2. One should take care of basalt fiber during mixing with
concrete. It should be not allowed to mix more than 1.5
minute, otherwise it will segregate.
3. The basalt fibers are added in the concrete before adding
of water, otherwise it will stick at surface.
CONCLUSION
Based on the above mentioned tests it is concluded that
basalt fibers of great interest for the building industry. The
benefit of using fiber is that it is non-corrosive. The strength
is very good. The heat resistance power is very good which
is extremely important for every building.
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which coil steel is passed between a successions of
rollers that gradually form the required shape.
Simple channels (Cs), zeds (Zs), hat sections, and
decking have traditionally been utilised in roof and
wall systems, steel storage racks, steel-framed
buildings (residential), and a variety of other
secondary applications. The sections, on the other
hand, are now more typically used in major
structures like portal frames and floor systems.
Furthermore, as higher-strength steel sections get
thinner, more complicated shapes are formed by
using more complex stiffeners both in the flat parts
and at the section lips.

ABSTRACT:
One of the most essential concerns for
structural engineers is to apply a variety of costeffective design solutions in terms of
construction speed and convenience in order to
generate cost savings in a short period of time.
Traditional options, such as the use of
reinforced concrete, have proven to be the most
popular choice throughout time. Nonetheless,
industry has always progressed, and many
rational solutions have been identified. As a
result, it's exciting to consider fresh options that
would provide a variety of cost-effective and
stylish solutions. So, in this research paper, we'll
take a closer look at Cold-Formed Steel sections,
a modern building technology (CFS). Cold
formed steel sections, also known as light gauge
steel sections, are steels that are shaped at room
temperature by bending, rolling, pressing, and
other methods. CFS sections are widely
employed in both industrial and non-industrial
structures around the world. Since only bolted
connections are utilised, a building can be easily
dismantled, stored, moved, and reassembled in a
new site. In a mid-rise building, cold-formed
steel sections (CFSS) offer significant material
and total building cost savings, as well as
significant construction time savings, as
compared to reinforced concrete (RCC) and
hot-rolled steel (HRS) [5].

Light gauge steel construction has emerged as a
cost-effective alternative to standard structural
systems. CFS framings provide a number of
advantages, including being less in weight,
lowering transportation and handling costs, and
being simple to install and prefabricate. CFS
sections are rapidly evolving to the point that they
are being used to construct light-weight flooring
and framed structures. Higher strength materials
and a broader range of structural applications have
resulted in a significant advancement in coldformed steel structural members compared to the
more typical heavier hot-rolled steel structural
members in recent years.
HISTORY:
It is widely speculated that the use of cold formed
steel began for construction purposes during the
1850s in and around the United States of America
and Great Britain. Although introduced so early,
the use of cold formed steel sections were not
really accepted till the 1920s and 1930s because
there were no sufficient design standard and very
minimal information regarding material use in
building codes.

INTRODUCTION:
Cold-formed steel (CFS) structures are made up of
structural sections that have been folded at room
temperature without being heated. They're usually
thin-walled, but cold-formed portions up to 25 mm
thick are now being made from plate and strip. Roll
forming is a common manufacturing method in
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One of the earliest documented usages of CFS
sections for building material was Virginia Baptist
Hospital in 1925 located in Lynchburg, Virginia.
The floor system in this structure was double back
to back cold formed steel. During its renovation in
recent time site observers after analyzing found that
the joints are still doing very good. They said that
"these joints from the 'roaring twenties' are still
supporting loads, over 80 years later!”

then compared the results to the proposed approach
and the direct strength method [1].
This study, written by Jothilakshmi.M, offers us a
numerical inquiry into how CFS double channel
beam sections work. The model was created to
perform the following analysis: Von-Misses stress,
load-strain behaviour, displacement, and strain
variations were discovered. The double channel
beam section was then studied with transverse one
point loading and simply supported conditions,
followed by a numerical study to determine
deflection curves and strain, which was then plotted
on graphs [2].

Cold formed steel became more and more popular
in the USA during World War II when it was
standardised. During that time it was commonly
called as pre-fabricated buildings which were mass
produced by thousands because there were no
requirements for special skills. These were
assembled using only hand tools and could be
quickly disassembled to make them easier to
remove and re-erected. Since then they have been
used in bridges, railway coaches, car bodies,
highways, drainage facilities, etc.

Marsel Garifullina performed nonlinear buckling
analyses on cold formed C-shaped compressed
columns before calculating the load-bearing
capability of the column members and their impact
on the columns. For buckling analysis, the
modified Rik's analysis implemented in the
software ABAQUS was used to analyse the
buckling loads of the C-sectioned compressed cold
formed steel members. He put up effort in
validating his study by manually calculating each
column according to Russian codes [3].

In India Cold formed steel section is considered a
“modern concept” as it was first introduced in the
1990s during the time of India’s economic
liberalisation. But now they have established
themselves in the construction industry. Their
complete building package is designed to meet the
requirements of both residential and commercial
builders.

MANUFACTURING PROCESS
Cold formed steel is formed by mixing iron ore or
steel scrap with small amounts of carbon in a Basic
Oxygen Furnace (BOF) or an Electric Arc Furnace
(EAF). Molten steel is poured into slabs that are
reduced into thinner strips of steel, called “hot
band.” Steel mills are increasingly using a new,
highly economical method called direct reduction
to produce hot band. The hot band is converted to
cold rolled steel again during the steel finishing
process. Through galvanization, a protective zinc
coating is applied, and the end result is referred to
as a “coil”.

LITERATURE SURVEY:
The traditional method of constructing structures
takes a long time and can be tedious at times. In
today's fast-paced environment, methods must be
modernised to help construction work go more
smoothly. Total replacement is not possible in a
short period of time, but gradual progress should be
made to improve the techniques used for building
structures. We can start by combining structural
steel and cold formed steel to see what effect it has
on the strength, workability, and durability of
structures. Once we have achieved this, we can
look forward to replacing the conventional way
with cold formed steel because it has multiple
advantages over other materials.

Coils are then sliced into widths that match the
specified dimensions of the final product before
being converted into cold-formed steel framing
members. Cold formed steel members are
manufactured from structural quality sheet steel
that is formed into C-sections and other shapes
using a succession of dies. At predetermined
points, openings for plumbing and electrical runs
are also punched. The shapes are created without
using heat (unlike hot-rolled steel), therefore the
name cold-formed steel.

G.Beulah Gnana Ananthi, investigated the
behaviour of CFS box double angle columns under
axial compression with pinned-end condition using
theoretical, experimental, and numerical methods.
He used the analytical model to calculate the
maximum load carrying capacity on the built-up
box angle using the direct strength method, and

The steel is available in a variety of thickness to
suit a wide range of structural and non-structural
applications.
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Properties:














Cold formed steel sections are light in weight.
They have durability and rigidity.
They are prefabricated so bulk production is
possible.
Quick and easy erection and installation is done.
Elimination of delays, due to weather.
More specific detailing.
Non shrinking and non-creeping at atmospheric
temperatures.
No formwork required.
Termite-proof and rot proof.
Consistent quality.
Cost-effective in transportation and handling.
Non-inflammable.
Reprocess material.
Advantages:















distortional buckling mostly seen in cold formed
steel sections.
Small thickness also brings in problems due to
which conventional bolting and welding method
can’t be used, because the connections are too
complex and tedious. For those complex
connections we have to use fired pins, blind rivets,
etc. which again needs experts to handle.
To avoid corrosion, spray, corrosion resistance
board and other protection are used which adds
more to construction cost and which also decreases
the aesthetics of structures.
Proposed Methodology:
For the design of Cold formed steel structure G+10
Building Midas Gen software has been used.

1.
2.

Cold forming increases the yield strength of steel,
with the increase occurring as a result of cold
working deep into the strain-hardening range.
These increases are more noticeable in areas where
the metal is folded. As a result, cold working has
the impact of increasing mean yield stress by 15%
to 30%. For design purposes, the yield stress can be
assumed to have been increased by at least 15%.
The following are some of the most significant
advantages of cold formed steel over their hot
rolled counterparts:

3.

Cross sectional shapes are formed to shut
tolerances and these may be consistently repeated
for as long as required.
Cold rolling is used to produce nearly any desired
shape in any desired length.
Pre-galvanized or pre-coated metals are frequently
manufactured in order to ensure good corrosion
resistance as well as a pleasing surface finish.
All traditional jointing methods are frequently
used, including riveting, bolting, welding, and
adhesives.
Cold-rolled materials have a high strength-toweight ratio.
They're usually light, making them simple to
transport and set up.

10.

4.
5.
6.
7.
8.
9.

11.
12.
13.

Open new project
Setting units which here has been kept default (kN
& m)
Define properties in which ASTM Standard of DB
A709-100W(Thick) has been used.
In section properties 3 section have been allotted
edge and interior columns, Beams.
Grid of X-5@3 & Y-6@3 has been applied.
Cold formed beams on the grid has been applied.
Then cold formed column of height 3 have been
extruded.
In structure building generation has been used to
build G+10 storey building
At the base of the building fixed support has been
provided
Then various loads such as dead load, live load
have been used.
In load combination both dead load and live load of
factor 1 has been used.
Then in analysis batch analysis was performed.
Deformation values for reference in legend has
value

Disadvantages:



The price is too high when we take CFS in picture,
it is twice the hot rolled steel.

14. Cold formed design check values
CHK MEMB SECT SEL
Section
B
Section LCB
Len
Ly
Cb
uckling is the major concern in CFS. Local
Ky
Cmy
1/Ap_y Pu
Muy
buckling, shear buckling, global buckling and
Muz
Vuy
Vuz
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CHK

COM
LCB
Cmz
Vay

SHR
SEL
Lb
Lz
1/Ap_z Pa
Vaz

Material Fy
Cb
Kz
May
Maz

OK
666
1
0
Edge
Col
Edge Col
1
3.00000 3.00000 1.000
0.819 0.850 1.028 -3066.1 8.5102 62.2249 39.1436-6.3134
OK
0.768
100W(Thick)
3.00000
12449.7
4567.09
OK

1198

2
3.00000
1.000
0.00000

OK
0.502
100W(Thick)
3.00000
1.000 18548.6
3991.24
OK

0.493
620528 1
1.000 0.617
1163.33 121.168

0
3.00000
1.000
0.00000

A7093.00000
0.850 1.227
3331.30

Beam Beam
1
1.000
1.000
0.00000 -378.54
370.525

0.457
620528 1
1.000 1.000
753.438 1416.25

105
4
0
Interior col
1
3.00000 1.000 0.686
-8944.7 -1.5501 1.04288

A7093.00000
1.000
160.136

16. Inner column detail values

Interior
col
3.00000
0.850 1.621
0.43921 -

0.5560
OK
0.860
100W(Thick)
3.00000
10499.5
287.712 6285.37

0.005
620528 1
1.000 0.694
353.753
134.034

A709
3.00000
0.850 1.392

15. Edge column detail values
17. Beam detail values
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Light gauge steel construction has shown to be a
more cost-effective option than traditional
structural solutions.
Cold formed steel structural members have made
substantial progress in recent years, compared to
the more traditional heavier hot-rolled steel
structural members, due to higher strength
materials and a broader range of structural
applications.
CFS sections are considered a new concept in India
unlike some other countries like US and UK which
have been using it post World War II.
Cold formed steel comes in a wide range of
thicknesses to suit a number of structural and nonstructural uses.
With advancements in technology, the building
community has begun to use CFS for structural
purposes on structures as tall as 7-9 storeys.
For commercial construction CFS can be used for
curtain walls and partitions because of its light
weight, high strength, non-combustible nature, and
ease of installation.
Cold formed steel frame projects can earn credits or
points for green building rating programmes as
well as other government incentives as a certified
green building material.
CFS structures are durable and rigid.
All conventional jointing processes, including as
riveting, bolting, welding, and adhesives, are
frequently used.
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water resources. As per our researches it is found that Data
quality assurance Analysis have NonCarcinogenic Human
health risk assessment. As Groundwater usage Groundwater
usage is disorganised the proper management of
Groundwater is required to manage the aquifer system. We
Also went through Visual Modflow flex Software to
measure Groundwater resources by modelling approach
some test were carried out such as PH test, Electrical
Conductivity, Turbidity, Nitrates, Ammonia etc. By using
ArcGIS 9.4 Version the distribution of parameters and water
quality Index were been mapped spatially. The low budget
soak pit method with reused plastic drum were also taken
into consideration. Hydro geochemical characteristics of
Groundwater was investigated. Kelly’s ratio, aquifer System
sampling & Demarcation of irrigation water quality domains
of many more topics were taken into consideration. As to
avoid scarcity of Groundwater use of traditional knowledge
to develop future Groundwater security was been done. This
study will help consolidate all the different approached that
have been used for Water Scenario Study for any area

Abstract- Water is perhaps the most precious natural
resource. Though the surface of the Earth mostly consists of
water, only a small part of it is usable, which makes this
resource very limited. Therefore it must be used with great
care. Sustainability of water needs to be check before use as it
is required for various purposes. Diminishing surface and subsurface resources is depleting due to growth of population,
urbanization, industrialization and climate change. It has not
only decreased the water availability, but it additionally
affected the ecosystem and increased disastrous situations like
floods and droughts etc. Increase in climate change has a great
impact on groundwater resources so this can be measure by
MODEFLOW FLEX software. To measure the parameters
and the quality of water few test are carried out such as PH,
electrical conductivity, hardness, Turbidity, salinity, etc. High
salinity has brought reduction in agricultural yield and
increase in health hazard and it is recommended that
chlorination of water is done to avoid health issues. Artificial
recharge of groundwater is done to increase the ground water
table by collecting the waste water and runoff water. Due to
Overexploitation and intensive irrigation the ground water
table reduces. The rate of reduction in the water table of India
is about 1-2 m/year. To avoid such situations and - problems
regarding the water availability the proper management of
water is necessary.

WATER SCENARIO STUDY
Water Scenario refers to the overall holistic study of the
water in any area. This includes study of surface water,
groundwater, water usage, usage patterns etc. Mentioned
below are findings from numerous papers published by
many scholar after a thorough research spread across the
country of India, including various geographic and soil
conditions Talking about the Global Scenario, a Paper
published in 2021 indicates the importance of Groundwater
in human life. Many parts of the world has been
experiencing decreasing in Groundwater. Moving water
sources, poisonous Substances, inefficient irrigation method.
And non-selective land use with rising population emphasis
the urgent need to developed sustainability and security for
global Groundwater in terms of quantity & quality. As there
is need to give more attention to Groundwater. This paper
highlights solutions, incorporating emerging & innovative
technologies. Development of Groundwater Security is done
by use already available Traditional knowledge.[21] As far
as the National Scenario is concerned, a study performed in
2010, project is generally depicting problem of Ground

Keywords- Water Scenario Study, Ground Water
Analysis, Fresh Water Management, Groundwater Quality
Analysis, MODEFLOW FLEX.

INTRODUCTION
Water Scenario Study refers to a detailed study of any
area considering all factors like Groundwater, Surface
water, its quality, availability and sustainability.
Groundwater plays a vital part in sustaining ecosystem &
used for development activities to fulfil the localized
demand. As Extraction of Groundwater has cause reduction
of water table in coastal Area. As increase in salinity has
brought reduction in agriculture yield, health hazard for
people. Our paper also consist of segments of Datasets &
methodology, Analytical Hierarchy Process, Matrix
Generation. Our study
accentuates the role of integrated geospatial technology
along with AHP to deal with declining trends of Ground
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characteristics of groundwater. A total of 33 ground water
sample were selected, on the basis of aquifer depth and land
use .sample were collected from open, bore, dug wells and
hand pumps. After the analysis, the study evaluated that the
present situation of groundwater quality and determined the
spatial distribution of groundwater quality parameters such
as hardness, electrical conductivity, Cl−, pH, SO4 2− and
NO3 – concentrations. [22].A relatively new technological
advancement in the field of Groundwater Studies includes
use of Geographic Information Systems (GIS) that helps the
study. A paper talks about Groundwater quality. In Drought
prone area of Shanmuganadhi river Surface water is not
sufficient in this area. To fulfil this Ground demand of water
61 number of Groundwater Sample were been collected and
their parameters were collected. To find the suitability of
Groundwater Geographical Information System was been
used. Ground water was only suitable for irrigation in area
of 277.52 km² of the water basin. After the research it was
found that adding gypsum to soil might be helpful to
increase Capacity of infiltration and osmotic activity. This
paper also highlight topic of Geology & aquifer system
Sampling of Groundwater, Kelly's ratio, and Demarcation of
irrigation water quality domains and many more topics. [1]

Water faced due to Overexploitation and intensive Irrigation
faced in India. It is been seen that there is decrease in water
table. At the rate of 1-2 M/year and it is also seen that there
is increase in canal commands and water table rise as high
as 1m/year. Due to increase in Chemical Content there is a
panic among the people who are using Groundwater. This
paper highlights the critical issue and examines the various
schemes related to Groundwater development &
management. [16]
Considering the first factor to be of Groundwater, the
quality of groundwater is indeed a major concern as this
water is used for irrigation as well as domestic purposes.
According to a study conducting in Raebareli District, Uttar
Pradesh, in 2020, Ground Water quality is essential for
drinking And Irrigation Purpose. Raebareli District Facing
scarcity of safe drinking water in their area. As Nitrate
obtain is high is cause higher fluoride concentration in the
Groundwater. The salinity hazard in the area ranges from
medium to high. Due to this there is high health risk
Assessment. This paper consist of segments of the data
quality assurance Analysis having Non-Carcinogenic
Human health Risk assessment. The data also shows that
study area is found to be at No-Carcinogenic health risk.[13]
Further to add on to the study of the Raebareli District,
Water Quality Index Assessment of Ground Water was
carried out. Here the focus was on the major problem of
groundwater contamination primarily in the IndoGangetic
alluvium is of fluoride, nitrate, arsenic, iron and salinity the
present study deals with the Raebareli district’s groundwater
samples and the changes in its parameters. The result of
water quality index shows that water is unsuitable for
drinking. In pre and post monsoon water is considered under
poor quality. This study will help the government authorities
to suggest alternate drinking water sources in the affected
area. [14]. another study conducted in the Adyar River
Basin, in 2020 focuses on impact of Groundwater in
humanhealth, socioeconomic development and functioning
of ecosystem. The primary water supply of the big city of
Chennai is fulfilled mainly through water from the Adyar
River. This study computes the impact that the river water
has on the ground water conditions. Due to discharge from
industry and residential pH of water was not good for
drinking in coast areas. Using ArcGIS 9.4 version, the
distribution of parameters and water quality index were
mapped spatially for the study area. In this they have carried
out some test such as pH, Electrical Conductivity, Turbidity,
Alkalinity, Hardness, chlorides, Nitrate, Ammonia etc. In
this they understand pH and chloride content in water was
within drinking limits but the hardness and is above
acceptable limit. Hence they recommend to chlorinate water
for domestic use to avoid health issues.[9] A Sustainability
Assessment of Groundwater Quality in Western India
suggests that to Achieve Water Security, water is unsuitable
for direct consumption without any water treatment but it
can be used for the irrigation purpose. Also, the study shows
that some of the sampled groundwater quality falls under
excellent class. The work is this paper is focusing on
assessment of groundwater quality for suitability of ground
water as an alternative and reliable resource for public water
supply in western region of India. By conducting an
exploratory
investigation
in
hydro
geochemical

To complete any study of the Groundwater Scenario of a
place, studying the Recharge System for the groundwater is
mandatory. One of the proven approached towards effective
Groundwater Recharge is Rain Water Harvesting. A study
artificial recharge of ground water quantity using rain water
harvesting at HPCL Mumbai Refinery situated in coastal
area. Shows that over extraction of ground water has caused
reduction of water table in coastal area. The increase in
salinity has brought reduction in agricultural yield, health
hazard for people. Soil and ground water pollution due to
leakage of petroleum products. The collection of ground
water is conducted in two phases that is pre and post
Monsoon period. The water table at the refinery was in
range of 6.5m to 8m before rainwater harvesting & 2.5m to
7m after rain water harvesting. The artificial recharge
increase the water table.[20]
Groundwater recharge is truly effective only when
practised at suitable locations. This is studied for Yamuna
River Basin. The work in this paper is focusing on Artificial
ground recharge zone. By using Analytical Hierarchy
Process (AHP) Based on Geographical Information System.
At suitable site with the innovation of Geospatial
Technology. As Yamuna River have scarcity of both
Groundwater Surface and Ground water Resources. This is
located in Firozabad District India occupies and area of 304
Km2 (42%) and 248 Km2 (35%).The method in the Paper
include segments Of Datasets & Methodology, Analytical
Hierarchy Process (AHP), Matrix Generation. The study
successfully elucidates the potential zones for artificial
recharge; categorically moderately suitable class for all
three subwatersheds includes south-western uplands of the
study area under critical condition. The study accentuates
the role of integrated geospatial technology along with AHP
to deal with declining trends of groundwater resources. [12]
Along with suitable locations, quantity of water recharged
also has to be monitored. This ensures that the water is
getting recharged as expected. This activity is exceedingly

233

effective parameter where been established. This paper also
consist of information of segments like Development of
conceptual model, Data its source, Calibrations validation &
also impact of Climate change on groundwater.[15]

crucial especially is areas with extreme water scarcity like
that of Bundelkhand Rajasthan. A study focusing on the
groundwater which is primary source for domestic,
agricultural and industrial purposes in the Bundelkhand
region was carried out. Results suggested that the
groundwater recharge and abstraction are directly linked to
the land use and land cover. Surface water structure is
higher at Moth block in the northern part. Where maximum
recharge from irrigation flow from groundwater irrigation
can be found in Mauranipur block. They have also found
that groundwater usage is disorganized. The Proper
management of groundwater aquifer is required in this
important region to manage the aquifer system. This paper
highlights maximum recharge and land use and land cover
of the lithological units in Jhansi district in Bundelkhand
region.[23] Groundwater recharge techniques change with
the Geology of the particular area, one study carried out,
focusing on Artificial recharge of Groundwater recharge in
area like Musunuru Mandal in Andra Pradesh shows that Jal
Shakti Abhiyan is been working on recharge of
Groundwater Which indicated the demand and consumption
of water and estimate budget of water used. The low budget
Soak pit method with reused plastic drum and locally
available construction material is been chosen in
Musunuru.[10] Recharge of Groundwater is inevitable in
both Rural as well as Residential Area, thus a study paper
focussing on Recharge of groundwater by collecting waste
water and rain runoff water from Residential Area was
carried out. Sub-surface recharge of groundwater is done by
treating waste water and collecting it in the artificial
recharge structure. From the source it is found that a
confined aquifer goes decreasingly up to 4m to 8m from
there natural level. The strata under the aquifer was found to
be impervious. So recharging below impervious layer is
impossible so that we have to recharge the treated water in
pervious layer. This implies that the water when treated with
a rapid sand filter and sent into the aquifer, will recharge it.
Some procedures in this process includes collection of waste
water, sedimentation and removal of oil, transferring water
through rapid sand filter, purified water is then transfer to
the ground. The primary objective of this technology is to
enhance groundwater resources in arid and semiarid areas in
the country.[24]

To complete the study of Surface water of any area,
according to Central Ground Water Board (CGWB), India’s
Concept Note on National Project on Aquifer Management
(NAQUIM), the following parameters were studied:
Disposition of Water Bearing Formations, Water Bearing
Capacity, Identification of Clusters of Aquifers (Layers) by
―amalgamation of scientific inputs and traditional wisdom
would ensure sustainable ground water resource
management. Another Study carried out in Rajasthan, for
the Development of Groundwater Sustainability Index: the
following considerations were made: Availability of
Groundwater, Supply of Groundwater, Demand of
Groundwater, Groundwater Stress, Groundwater Quality,
Aquatic Life, Existing Groundwater Demand, and
Infrastructure condition, Level of Treatment, Accessibility,
Reliability, Impact, Finance, Education and Training. [5]
Another advancement in Surface water usage includes use
of Percolation Pits, Artificial ponds or lakes. These projects
are made more Environment Friendly by installing solar
panels over the open water surface. This tends to reduce the
evaporation losses and help in electricity generation. One of
the problems faced in this solution is that, if the entire
surface area is covered with the solar panels, the dissolved
oxygen in the water body decreases exponentially as the
sunlight is blocked from the water surface. This can be dealt
with by keeping certain regularly- spaced patched open to
atmosphere and therefore keep the water aerated all along
and generate considerable amount of electricity.
CONCLUSION
After observing the exponential increase in the use of
groundwater over the past decade, in order ensure
sustainable growth, we need to monitor and regulate the use
of groundwater. Another observation that can be made is in
order to carry out a comprehensive Water Scenario Study,
there is not standard procedure or methodology that could
be traced. It has been observed that researchers tend to
concentrate either on Quality or the Quantity of
management. A comprehensive methodology needs to be
developed to ensure overall holistic study of water scenario
for any area. A holistic approach towards water and its
usage in rural as well as urban areas will ensure judicious
use of water. Adoption of techniques like Rain-water
Harvesting and Artificial Recharge of groundwater will give
multi-fold benefits to all, and will eventually create a
balance between the flood and draught conditions in the
country.

As well all understand that for sustainable growth in
many domains, the humankind needs to make its water
sources sustainable. This includes conservation of existing
water resources. To conserve the existing water resources a
thorough study needs to be performed. One of the major
contributing factor to the behaviour of any water resource is
the Climate. Thus the effect of climate change scenarios on
the groundwater level were studied id Hiranyakeshi
Watershed was performed. The work of this paper is
focussing on water resource conservation. Also concern on
global climate change with increasing interest. Hukkeri
town in Belgavi Karnataka issues have been discussed in
this paper. A visual MODFLOW FLEX SOFTWARE is
been used to measure Groundwater resources by modelling
approach for the Hiranyakeshi watershed. The model
performance was also checked by using coefficients. The
A1B model was also simulated for period of 2021- 2050
using Hadley Regional Model 3. Using this model the

FUTURE SCOPE
This study can further be continued in to following
directions:
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Development of Standard Operating Procedure
(SOP) for complete Water Scenario Study of any
area



Study various soil conditions across the country and
derive a best possible method of recharge for the
same



Spread awareness among the citizens towards
judicious use of Groundwater and educate them
about Groundwater Recharge
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Abstract – This paper provides an overview of design of water
supply network system for a rural area. With the huge
population growth, demand of water has also increased. In
order to provide a sufficient amount of water, a good water
supply network is required. This current work focuses on
designing of water supply network keeping in mind the rapid
increases in population and can sustain the water demand for
next 30 years. Technology used for designing the distribution
system is EPANET Software and the calculations fulfills the
demand of the water supply of the area.

tap water as the principle ingesting water source. This
accelerated to 30.8% in 2011. Census 2011 reports a
decline of 0.45% of families depending on “different”
consuming water resources considering that 2001. The
evidence virtually demonstates the growing occurrence of
progressed era between 2001 and 2011. Thus, there is a
need to design a proper water supply network of rural
areas so as to provide them with the basic necessity of life.
This Network consists of four main components which are
– Source, Pumping Machinery, Storage Tank and
Distribution Network. The three methods of water
distribution
are
gravitational gadget,
pumping system and mixed gravity are pumping gadget.
In gravity system, the water from a high leveled supply is
shipped to the clients at low stages via the mere motion of
gravity without pumping. This technique is the most
budget-friendly and reliable one due to the fact that no
pumping is involved. However, this approach wishes lakes
or reservoir as a supply of supply within the pumping
gadget the treated water is directly pumped into the
distribution mains without storing everywhere. It‟s also
called pumping without storage gadget. In a combined
gravity and pumping gadget, the handled water is pumped
at a regular rate and saved into an improved distribution
reservoir. This machine enables in operating the pumps at
constant velocity at their rated capacities, therefore
increasing their efficiency and lowering their wear and
tear. This type of system is forever and nearly universally
followed.

Keywords - Water Distribution Network, EPANET, Nodes,
Junctions, Pipe Networks

INTRODUCTION
Water performs an important role in the existence of all
living organisms. Water is used for home purposes in
addition to irrigation and industrial functions. A water
distribution community should be designed in a manner
that it meets the demans of extended population. A good
enough water delivery can deliver better living
requirements. The water great need to no longer get
deteriorated in the distribution pipes. The deficiencies of
water delivery in urban regions are becoming a main
challenge for government due to the fact that most of the
water delivery scheme are using intermittent device. While
using an intermittent system the water is shipped to
citizens for few hours in a day, for this reason maximum
of the instances the pipe lines are empty or partly
complete. An excellent water distribution community is
the only which offers enough pressure at each point of
distribution with must less loss. A great water distribution
network satisfies the consumer call at the required time.
The design and evaluation of water distribution network is
a complex system in metropolitan regions in which there‟s
huge quantity of pipes. But in rural areas, situation is a bit
different. More than half of the rural householdsd rely
upon hand pumps as their main supply of consuming
water. This accelerated between 2001 and 2011 to make
hand pumps the favored source of drinking water. There
has been an increase of 3% of rural families using hand
pumps. 22.2% of families used to depend on wells for
their water requirements in 2001. This declined to 13.3%
in 2011. During 2001, 24.3% of rural households stated

OBJECTIVES





236

To design a water supply network system for a rural
area.
To provide tap water to each and every household of
the village.
To design the distribution system using EPANET
software resulting in less human errors.
To design the network in such a way that it meets the
water requirements of the area for the next 15-20
years.

LITERATURE SURVEY

examples of Californian utilities using smart monitoring
solutions are discussed to identify and resolve issues
within their network, and to also improve the efficacy of
their asset management programs. Finally, an additional
case study refers to the financial benefits a water utility can
achieve by monitoring networks and taking remedial action
to calm the network –reducing transient events across the
network. This paper outlines the methodology for
identifying and tracking transients and reviews the data
provided by the monitoring devices; and demonstrates the
value of Smart Water technologies to help make networks
and water operations more efficient [5]. In the paper titled
“Using a Micro-Test-Bed Water Network to Investigate
Smart Meter Data Connections to Hydraulic Models”, a
micro-smart water test bed was established to realize the
real-time data acquisition by using flow sensor and
Arduino UNO, to achieve data organization by employing
observation data model (ODM) database and to accomplish
data analysis by using R-studio. Also, the performance of
micro-smart water test bed was evaluated by comparing
relative errors between the experimental measurements and
modeling outputs [6]. In the paper titled “Essential Tools
for Effective Transition from Intermittent to Continuous
Water Supply”, Engineering management solutions include
pressure and flow control solutions, air management
solutions, and the feedback control loop for effective
transitioning from intermittent water supply to continuous
water supply [7]. In the paper titled “Managing the water
distribution network with a Smart Water Grid”, a Smart
Water Grid system integrates information and
communications technologies (ICT) into the management
of the water distribution system. Sensors, meters, digital
controls and analytic tools are used to automate, monitor
and control the transmission and distribution of water,
ensuring that water is efficiently delivered only when and
where it is needed and with good quality [8]. In the paper
titled “Resilience for Smart Water Systems”, an
implementation of the resilience matrix framework is
demonstrated for baseline water systems, exemplifying
what has been done with traditional technologies to
increase resilience in the water sector. Also, new
vulnerabilities that are introduced as a result of
implementing smart technology in water systems are
discussed [9]. The paper titled “Modelling of a smart
hybrid water-power system for freshwater and energy
supply network”, presents an opportunity of trading the
most precious of all-natural resources “the water” in the
world into the central of the Africa context. Democratic
Republic of Congo (DR Congo) is one of the vast countries
in Africa that has an extensive freshwater resource, which
could supply water to some desert countries on the African
continent such as Chad [10]. In the paper titled “Water
Supply Planning Simulation Model Using Mixed-integer
Linear Programming "Engine"”, the development of a

In the paper titled “Improving Resiliency of Water Supply
System in Arid Regions: Integrating Centrality and
Hydraulic Vulnerability”, a study is aimed at evaluating
vulnerability in a water supply system and finding ways to
improve its resiliency. The water supply system in the city
of Sharjah, United Arab Emirates, is investigated as a case
study for this research. The study developed an approach
for improving resiliency of various components within a
water supply system, including water source, treatment
systems, and distribution networks. A network analysis of
water distribution network was conducted in order to
evaluate the vulnerable nodes based on their centrality and
degree of interconnections [1]. In the paper titled “Deep
Reinforcement Learning for Real-Time Optimization of
Pumps in Water Distribution Systems”, Deep
reinforcement learning (DRL) is presented as a controller
of pumps in two WDSs. An agent based on a dueling deep
q-network is trained to maintain the pump speeds based on
instantaneous nodal pressure data. General optimization
techniques (e.g., Nelder–Mead method, differential
evolution) serve as baselines. The total efficiency achieved
by the DRL agent compared to the best-performing
baseline is above 0.98, whereas the speedup is around 2×
compared to that. The main contribution of the presented
approach is that the agent can run the pumps in real time
because it depends only on measurement data. The entire
study depends only on measurement data during control.
The Algorithm used is a little complex to understand [2].
In the paper titled “Smart water distribution network
solution for smart cities: Indian scenario”, a site survey
was done to understand the traditional water network and a
possible Internet of Things based technological solution is
devised. As a proof-of-concept a smart water test bed is
designed with the help of commercial off-the-shelf sensors
and actuators and also with in-house designed wireless
sensors nodes and gateway that works in Wireless Personal
Area Network. The data collected from all the wireless
nodes are sent to the server for analytics addressing water
billing, quality monitoring, and distribution line
automation [3]. In the paper titled “Fine Tuning a PAT
Hydropower Plant in a Water Supply Network to Improve
System Effectiveness”, a new regulation procedure is
presented based on the maximization of an upgraded
version of the plant effectiveness, which takes into account
the plant efficiency, reliability, and sustainability. Four
plant regulation schemes are presented. A stochastic model
is used to simulate the fluctuations of the hydraulic
characteristics, while the PAT behavior has been
calculated with a recently developed model that revises the
turbomachinery affinity equations [4]. In the paper titled
“Smart Water Technology in Theory and Practice: A
Californian Case Study on Pressure Transient”, some
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water supply planning simulation model is described that
uses a mixer integer linear programming (LP) approach,
and to demonstrate that this approach has more capability
than similar models that use network formulations [11]. In
the paper titled “Remodelling of Water Supply Scheme for
Sriranagapatna Town-A Review”, effective design and
distribution of network of pipes using EPANET and
WATERGEM tools are explained. Water age and residual
chlorine concentration of the network also is determined
by the EPANET tool. The residual head at each and every
node is found out by having the elevation as input and
there by the corresponding flow quantities are derived [12].
In the paper titled “Parallel Evolutionary Algorithm for
DesigningWater Distribution Networks to Minimize
Background Leakage”, a genetic algorithm and a
nondominated sorting genetic algorithm are implemented
within a high performance computing platform to select
tank sizes, pump placement and operations, placement of
pressure-reducing valves, and pipe diameters for replacing
pipes. The evolutionary algorithm approaches identify
solutions that minimize water loss due to leakage,
operational costs, and capital costs, while maintaining
pressure at nodes and operational feasibility for tanks and
pumps [13]. The paper titled “Pressure-Dependent Leak
Detection Model and its Application to a District Water
System”, presents a model based optimization method for
leakage detection of water distribution systems. Leakage
hotspots are assumed to exist at the model nodes identified.
Leakage is represented as pressure-dependent demand
simulated as emitter flows at selected model nodes. The
leakage detection method is formulated to optimize the
leakage node locations and their associated emitter
coefficients such that the differences between the model
predicted and the field observed values for pressure and
flow are minimized [14].

Fig. 1. Flowchart

a.

Pipe connecting Source to the Storage is made up of
Galvanized Iron (GI). Power of Pump is calculated in
Horse Power (HP). The layout of the distribution
network is based on the current road pattern of the
area. The diameter of the pipe is taken into
consideration based on the cause served by way of the
pipe, along with principal, sub most important, branch
pipes. Pipe roughness coefficient is taken 120, due to
the fact Galvanized Iron pipes are used. The
simulation length become set for 24 hours.
b.



Demand Calculation

Geometrical Increase Method is used for forecasting
the population of the area. In this technique the
proportion increase in population from decade to
decade is thought to remain steady. This Method is
used to discover the destiny increment in population.
On account that this method gives better values and
subsequently should be carried out for a new industrial
town at the beginning of development for handiest few
decades. The populace at the stop of nth decade „Pn‟
may be anticipated as:

PROPOSED METHODOLOGY



Design Considerations

The design is divided into four components.
Source, Pumping Machinery, Storage Tank and
Distribution Network.
Elevation, pipe diameter and length had given to
every node and pipe for hydraulic evaluation by
the usage of scale device from Google earth
software. Study Area is to be divided into grids
and demand path is envisioned with the aid of
depending on the range of houses living within
the vicinity taken in grid.

Pn = P (1+ IG/100)n
where, IG = geometric mean (%)
P = Current population
N = no. of decades

c.
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Volume Of ESR

Pump cost = Cost of pumping + kW energy
Unit
requirement
kW energy = (ρ x g x Q x H x 0.746) / η
requirement
if we use stand by pump,
Power = ρ x g x Q x H x 0.746 x (1 + %Standby)
η
100
and here, H = hs + hf + other losses (10% hf)

The volume of Elevated Surface Reservior is
calculated in such a way that it should fulfill the daily
demand of the area.
Frequency of filling ∝ 1/Volume & Cost
water in ESR
Volume of ESR = Demand / Frequency
d.

Horse Power Of Pump
Total Pipe = Rising main x Cost of pipe per
Cost
length
meter length
and rising main length is obtained from site
survey

Pump consumes power in order to circulate and
change the pressure of a fluid. The electricity
requirement of the pump depends on a number of
things along with the pump and motor efficiency, the
differential stress and the fluid density, viscosity and
flow rate. The Power of pump can be determined
using following equation:-

Maintenance & = Annual M&E x Scheme
Energy charges
charges
design period

HP of Pump = (ρ x g x Q x H) / η

where,
Annual M&E = Pump x Annual
Charges
Capacity
Charges

where, ρ is density of water which is equal to
1000 kg/m3
g is acceleration due to gravity which
is equal to 9.81 m/s2
Q is flow rate
H is total head
η is efficiency which is provided by
seller

and Annual= Avg pumping x Energy x 365.25
Charges
hrs
Charges 1000
Avg pumping = Pumping hrs till x Average
hours
target year
Discharge
Discharge at target year

Q = Volume / Time
where, volume is demand in litres and time
should be in seconds

We will select minimum capitalized cost
by comparing different capitalised costs for
different diamaters
f. Distribution Network

H = Static(hs) + Velocity(hv) + Frictional(hf)
Head
Head
Head

This part of design is done using a Software named
EPANET. EPANET is a free software tool for
simulating water distribution systems produced by the
US Environmental Protection Agency's (EPA) Water
Supply and Distribution Division of Water Resources.
EPANET is a network for water distribution.
programme for network modelling that works over a
long period of time. EPANET simulates hydraulic and
water quality behaviour. It provides hydraulic analysis
for systems of any size. EPANET monitors the flow of
water in each pipe, as well as the size of the pipes. The
height of water in each tank and the pressure at each
node over the entire network. EPANET is a Windowsbased application which provides a unified
environment for network editing, input data,
simulations of hydraulics and water quality as well as
the ability to examine the results in a variety of
formats.

where,
static head (hs) is elevation between
suction pipe entry & delivery point end
velocity head (hv) = v2/2g
and v = Q / Area
where, Area is πD2/4
frictional head (hf) = 10.67 x Q1.852 x L
C1.852 x d4.8704
here,
Q = flow rate in m3/s
c = Hazen-Williams constant which is
equal to 140 for HDPE material and 100
for GI material pipe
d = inner diameter of pipe or the rising
main pipe

I.
e.

RESULT AND DISCUSSION

Capitalized Cost Of Diameter ‘X’
Various parameters like Demand, Volume of ESR, HP of
Pump, Capitalized cost for a particular diameter pipe for
Rising Main has been calculated and the Distribution
Network is successfully designed using EPANET. For ease
of designing the distribution network, EPANET was used

Capitalized cost of diameter =
Pump cost + Pipe cost + Maintenance of Energy cost
here,
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and it is found that the design is efficient, cost optimized
and fulfills the water requirement of the area. Fig. 2 and
Fig. 3 shows the working of EPANET Software.

provided an infinite supply of assistance and resources to
help us get through the difficult scenario we faced while
writing the paper.
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green house gas emission from the production of
Portland cement is about 1.35 billion tons annually,
which is about 7 % of the total greenhouse gas emissions
. Moreover, cement production also consumes
significant amount of natural resources. Therefore to
reduce the pollution, it is necessary to reduce or replace
the cement from concrete by other cementitious
materials like fly ash, blast furnace slag, rice husk ash,
etc

Abstract—Geopolymer is a new development in the world
of concrete in which cement is totally replaced by
pozzolanic materials like fly ash and activated by highly
alkaline solutions to act as a binder in the concrete mix.
For the selection of suitable ingredients of geopolymer
concrete to achieve desire strength at required workability,
an experimental investigation has been carried out for the
gradation of geopolymer concrete and a mix design
procedure is proposed on the basis of quantity and fineness
of fly ash, quantity of water, grading of fine aggregate, fine
to total aggregate ratio. Sodium silicate solution with
Na2O = 16.37 %, SiO2 = 34.35 % and H2O = 49.28 %
and sodium hydroxide solution having 13 M concentration
were maintained constant throughout the experiment.
Water-to-geopolymer binder ratio of 0.35, alkaline
solution-to-fly ash ratio of 0.35 and sodium silicate-tosodium hydroxide ratio of 1.0 by mass were fixed on the
basis of workability and cube compressive strength.
Workability of geopolymer concrete was measured by flow
table apparatus and cubes of 150 mm side were cast and
tested for compressive strength after specified period of
oven heating. The temperature of oven heating was
maintained at 60 °C for 24 h duration and tested 7 days
after heating. It is observed that the results of workability
and compressive strength are well match with the required
degree of workability and compressive strength. So,
proposed method is used to design normal and standard
geopolymer concrete

Fly ash is a by-product of pulverized coal blown into a
fire furnace of an electricity generating thermal power
plant. According to the survey, the total fly ash
production in the world is about 780 million tons per
year but utilization is only about 17–20 % . In India
more than 220 million tons of Fly ash is produced
annually . Out of this, only 35–50 % fly ash is utilized
either in the production of Portland pozzolana cement,
workability improving admixture in concrete or in
stabilization of soil. Most of the fly ash is disposed off
as a waste material that covers several hectares of
valuable land. The importance of using fly ash as a
cement replacing material is beyond doubt. But it was
observed that the pozzolanic action of fly ash with
calcium hydroxide formed during the hydration of
cement is very slow. The particles of size less than 45
μm are responsible for pozzolanic reaction. Higher size
particles present in fly ash acts as filler

Keywords—MixDesign , Geopolymer Concrete, Flyash,
Alkaline Activated Sludge Heat Cured Compressive
Strength.

Therefore for complete replacement of cement by fly ash
and to achieve the higher strength within a short period
of curing, Prof. Davodavits suggested the activation
process of pozzolanic material that are rich in silica and
alumina like fly ash with alkaline elements at certain
elevated temperature. Fly ash when comes in contact
with highly alkaline solutions forms inorganic alumino–
silicate polymer product yielding polymeric Si–O–Al–O
bonds known as Geopolymer
To produce concrete of desired strength, various mix
proportioning methods are used on the basis of type of
work, types, availability and properties of material, field
conditions and workability and durability requirements.

INTRODUCTION
Use of concrete is globally accepted due to ease in
operation, mechanical properties and low cost of
production as compared to other construction
materials. An important ingredient in the conventional
concrete is the Portland cement. Production of Portland
cement is increasing due to the increasing demand of
construction industries. Therefore the rate of production
of carbon dioxide released to the atmosphere during the
production of Portland cement is also increasing.
Generally for each ton of Portland cement production,
releases a ton of carbon dioxide in the atmosphere . The
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the water/binder ratio and aggregate/binder ratio; and the
water absorption of low calcium fly ash geopolymer was
improved by decreasing the water/binder ratio,
increasing the fly ash content, and using a well-graded
aggregate. No significant change was observed in water
permeability coefficient for the geopolymer with
differentp arameters.

As geopolymer concrete is a new material in which
cement is totally replaced by fly ash and activated by
alkaline solutions. Chemical composition, fineness and
density of fly ashes are different from cement. Similarly,
in cement concrete, water main role during hydration
process while water come out during polymerisation
process as in case of geopolymer concrete. Therefore it
is necessary to develop a new mix design procedure for
geopolymer concrete to achieve desired strength at
required workability.

Muhammad N.S. Hadi, Nabeel A. Farhan, M. Neaz
Sheikh(7) studied about the design of optimum mix
proportions for geopolymer concrete using ground
granulated blast furnace slag (GGBFS). Then GGBFS
was partly replaced by flyash, metakaolin and silica
fume in various proportions. Ambient Curing was
performed for the specimens. Results showed that the
decrease in calcium content in the alumino silicate
source material delays the polymerization reaction and
delays the formation of an amorphously structured CaAl-Si gel. It is also deduced that decrease in calcium
content reduced the compressive strength

So, in the present investigation, geopolymer concrete
mix design procedure is proposed on the basis of
quantity and fineness of fly ash to achieve desired
strength, quantity of water to achieve required degree of
workability , grading of fine aggregate and fine-to-total
aggregate ratio by maintaining solution- to-fly ash ratio
by mass of 0.35 , water-to-geopolymer binder ratio of
0.35 , sodium silicate-to-sodium hydroxide ratio by mass
of 1 and tested after oven heating at a temperature 60 °C
for duration of 24 h and tested after test period of 7 days

Rasoul Shadnia and Lianyang Zhang,(10) posed a paper
on the experimental study of Geopolymer Synthesized
with Class F Fly Ash and Low-Calcium Slag.
Experimental work involved the production of
geopolymer concrete using class F-Flyash and low
calcium Slag at different proportions. Concentration of
Sodium hydroxide was also varied from 7.5 to 15M.
Curing time and Curing temperature also were varied
and their effects were studied in this paper. Compressive
strength test and micro structural investigations were
carried out. Results showed that addition of slag
increased the compressive strength and unit weight as it
processes more specific gravity

LITERATURE SURVEY
Yasir Sofi and Iftekar Gull intended to study the
properties of fly ash based Geopolymer concrete. M20
grade GPC can be formed by adopting nominal mix of
1:1.5:3 (fly ash: fine aggregates: coarse aggregates) by
varying alkaline liquid to fly ash ratiofrom 0.3 to 0.45.
The compressive strength, tensile strength and flexural
strength tests were conducted on geopolymer concrete
and parameters that affect it are analyzed and proved
experimentally. The durability properties like
permeability and acid attack are also studied. From the
test results, it was concluded that geopolymer concrete
possesses good compressive strength and offers good
durability characteristics. With the increase of alkaline
liquid to fly ash ratio strength decreases and alkaline
liquid to fly ash ratio less than 0.3 is very stiff

P. Nath, P. K. Sarker(13) published a paper on
Geopolymer concrete under ambient curing condition. In
this study, Class F Flyash was used to produce
geopolymer concrete. Combination of Sodium silicate
and Sodium hydroxide solution was used as alkali
activator solution. The specimens were ambient cured
before testing. GGBS was added to replace flyash in
proportions up to 30% and the properties such as setting
times of geopolymer pastes, workability of fresh
concrete and compressive strength of hardened concrete
were investigated. It was inferred from the results that
the blend of fly ash and slag improved the mechanical
properties of geopolymer concrete cured at ambient
condition. Results showed that addition of slag up to
30% of the total binder yielded compressive strength up
to 55 MPa at 28 days however setting time reduced
rapidly with the increasing amount of slag in the mixture

P. K. Jamdade and U. R. Kawade studied the strength of
Geopolymer concrete by using oven
curing. In this study Geopolymer concrete is prepared by
mixing sodium silicate and sodium hydroxide with
processed fly ash. The concrete is cured at different
condition and different temperatures i.e; 600C, 900C
and 1200C so as to increase the strength of concrete. It
was observed that higher curing temperature resulted in
larger compressive strength of Geopolymer concrete,
even though an increase in the curing temperature
beyond 600C did not increase the compressive strength
substantially. Also longer curing time improved the
polymerization process resulting in higher compressive
strength of Geopolymer concrete

Supraja and M. Kanta Rao(17) studied the effect of
molarity in GGBS based geopolymer concrete. Alkaline
liquid to GGBS ratio was kept as 0.30.Combination of
Sodium silicate and Sodium hydroxide solution was
used a activator solution. Molarity of sodium hydroxide
was varied from 3M to 9M. The two curing regimes
such as heat curing at 60°C for 24 hrs and curing by sun
light were adopted. Compressive strength test was
carried out for the specimens of various molarities and

Monita and Hamid R. Nikraz studied the strength
characteristics, water absorption and water permeability
of low calcium fly ash based geopolymer concrete.
Mixtures with variations of water/binder ratio,
aggregate/binder ratio, aggregate grading, and
alkaline/fly ash ratio were investigated. Results showed
that a good quality concrete was obtained by reducing
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in the activation process of geopolymer. It was already
pointed out that the strength of geopolymer concrete
increases with increase in quantity and fineness of fly
ash . Similarly higher fineness shows higher workability
and strength with early duration of heating. So, the main
emphasis is given on quantity and fineness of fly ash in
the development of mix proportioning procedure of
geopolymer concrete. So, in the proposed mix design
procedure, quantity of fly ash is selected on the basis of
fineness of fly ash and target strength
Alkaline Activators
In the present investigation, sodium based alkaline
activators are used. Single activator either sodium
hydroxide or sodium silicate alone is not much effective
as clearly seen from past investigation . So, the
combination of sodium hydroxide and sodium silicate
solutions are used for the activation of fly ash based
geopolymer concrete. It is observed that the compressive
strength of geopolymer concrete increases with increase
in concentration of sodium hydroxide solution and or
sodium silicate solution with increased viscosity of fresh
mix. Due to increase in concentration of sodium
hydroxide solution in terms of molarity (M) makes the
concrete more brittle with increased compressive
strength. Secondly, the cost of sodium hydroxide solid is
high and preparation is very caustic. Similarly to achieve
desired degree of workability, extra water is required
which ultimately reduce the concentration of sodium
hydroxide solution. So, the concentration of sodium
hydroxide was maintained at 13 M while concentration
of sodium silicate solution contains Na2O of 16.37 %,
SiO2 of 34.35 % and H2O of 49.72 %
is used as alkaline solutions. Similarly, sodium silicateto-sodium hydroxide ratio by mass was maintained at 1
which set cubes within 24 h after casting and gives fairly
good results of compressive strength Water From the
chemical reaction, it was observe that the water comes
out from the mix during

different curing conditions. Results concluded that
strength of GPC increased with the increase in molarity
of sodium hydroxide. This was observed under both the
curing condition
RESEARCH GAPS
Difficult to Create – geopolymer concrete requires
special handling needs and is extremely difficult to
create. It requires the use of chemicals, such as sodium
hydroxide, that can be harmful to humans. Pre-Mix Only
– geopolymer concrete is sold only as a pre-cast or premix material due to the dangers associated with creating
it. Geopolymerization
process is sensitive – this field of study has been proven
inconclusive and extremely volatile. Uniformity is
lacking

. PROBLEM DEFINITION
Construction is one of the fast growing fields
worldwide. As per the present world statistics, every
year around 260,00,00,000 Tons of Cement is required.
This quantity will be increased by 25% within a span of
another 10 years. Since the Lime stone is the main
source material for the ordinary Portland cement an
acute shortage of limestone may come after 25 to 50
years. More over while producing one ton of cement,
approximately one ton of carbon di oxide will be emitted
to the atmosphere, which is a major threat for the
environment. In addition to the above huge quantity of
energy is also required for the production of cement.
Hence it is most essential to find an alternative binder.
The Cement production generated carbon di oxide,
which pollutes the atmosphere. The Thermal Industry
produces a waste called flyash which is simply dumped
on the earth, occupies larges areas

the polymerization process. The role of water in the
geopolymer mix is to make workable concrete in plastic
state and do not contribute towards the strength in
hardened state. Similarly the demand of water increases
with increase in fineness of source material for same
degree of workability. So, the minimum quantity of
water required to achieve desired workability is selected
on the basis of degree of workability, fineness of fly ash
and grading of fine aggregate
Aggregates
Aggregates are inert mineral material used as filler in
concrete which occupies 70–85 % volume. So, in the
preparation of geopolymer concrete, fine and coarse
aggregates are mixed in such a way that it gives least
voids in the concrete mass. This was done by grading of
fine aggregate and selecting suitable fine-to-total
aggregate ratio. Workability of geopolymer concrete is
also affected by grading of fine aggregate similar to
cement concrete. So, on the basis of grading of fine
aggregate, fine-to-total aggregate ratio is selected in the
proposed mix proportioning method
Degree of Heating
For the development of geopolymer concrete,

. PROPOSED METHODOLOGY
Materials
In the proposed mix proportioning method, low calcium
processed fly ash of thermal power plant was used as
source material. The laboratory grade sodium hydroxide
in flake form (97.8 % purity) and sodium silicate (50.72
% solids) solutions are used as alkaline activators.
Locally available river sand is used as fine aggregate
and locally available 20 and 12.5 mm sizes crushed
basalt stones are used as coarse aggregates.
Parameters
Considered
For
Proportioning Of Geopolymer Concrete

Mix

For the development of fly ash based geopolymer
concrete mix design method, detailed investigations
have been carried out and following parameters were
selected on the basis of workability and compressive
strength.
Fly ash
Quantity and fineness of fly ash plays an important role
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temperature and duration of heating plays an important
role in the activation process. In the present
investigation, cubes were demoulded after 24 h of
casting and then place in an oven for heating at 60 °C for
a period of 24 h. After specified degree of heating, oven
is switched off and cubes are allowed to cool down to
room temperature in an oven itself. Then compression
test is carried out on geopolymer concrete cubes after a
test period of 7 days. Test period is the period
considered in between testing cubes for compressive
strength and placing it in normal room temperature after
heating. It is observed that the compressive strength of
geopolymer concrete increases with increase in duration
and test period. From the design point of view, 24 h of
oven curing at 60 °C and tested after a period of 7 days
was fixed as per past research
Water-to-geopolymer binder ratio
The ratio of total water (i.e. water present in solution and
extra water if required) to material involve in
polymerization process (i.e. fly ash and sodium silicate
and sodium hydroxide solutions) plays an important role
in the activation .But the calculation is tedious and water
present in solution indicates the concentration of
solution itself. So, in the present investigation, water-togeopolymer binder ratio is considered. From the
investigation, it is observed that the compressive
strength reduces with increase in water-to-geopolymer
binder ratio similar to water-to-cement ratio in cement
concrete. At water-to-geopolymer binder ratio of 0.25,
the mix was very stiff and at 0.40, the mix was
segregated. Similarly water come out during
polymerisation process and does not contribute anything
to the strength. So, water-to-geopolymer binder ratio is
maintained at 0.35 which gives better results of
workability and compressive strength
Solution to fly ash ratio
As solution (i.e. sodium silicate + sodium hydroxide) to
fly ash ratio increases, strength is also increases. But the
rate of gain of strength is not much significant beyond
solution to fly ash ratio of 0.35. Similarly the mix was
more and more viscous with higher ratios and unit cost
is also increases. So, in the present mix design method,
solution-to- fly ash ratio was maintained at 0.35

concrete. After compaction of concrete, the top surface
was leveled by using trowel. After 24 h of casting, all
cubes were demoulded and then placed in an oven for
thermal curing (heating). To avoid the sudden
variation in
temperature,
the
concrete cubes were allowed to cool down up to room
temperature in an oven. Three cubes were cast and tested
for compressive strength for each curing period

Preparation Of Geopolymer Concrete Mixes
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EXPECTED OUTPUT
Sets at room temperature non toxic, bleed free long
working life before stiffening impermeable higher
resistance to heat and resist
all
inorganic
solvents higher
compressive
strength
.Compressive strength of Geopolymer
concrete
is
very
high compared to the ordinary Portland cement
concrete. Geopolymer concrete also showed very high
early strength. The compressive strength of Geopolymer
concrete is about 1.5 times more than that of the
compressive strength with the ordinary Portland cement
concrete, for the same mix. Similarly the Geopolymer
Concrete
showed
good workability
as
of
the
ordinary Portland Cement Concrete
CONCLUSIONS
The reduced CO2 emissions of Geopolymer cements
build them a good alternative to Ordinary Portland
Cement. Geopolymer cement produces a substance that
is comparable to or better than traditional cements with
respect to most properties. Higher concentration of
sodium hydroxide solution results in higher compressive
strength of geopolymer concrete. Geopolymer concrete
has excellent properties within both acid and salt
environments. Low calcium fly ash based geopolymer
concrete has excellent compressive strength, exposure to
aggressive environment, workability, exposure to high
temperature and is suitable for structural applications.
REFRENCES

Preparation of geopolymer concrete is similar to that of
cement concrete. Two types of coarse aggregates, sand
and fly ash were mixed in dry state. Then add prepared
mixture solution of sodium hydroxide and sodium
silicate along with extra water based on water-togeopolymer binder ratio and mix thoroughly for 3–4 min
so as to give homogeneous mix.
It was found that the fresh fly ash based geopolymer
concrete was viscous, cohesive and dark in color. After
making the homogeneous mix, workability of fresh
geopolymer concrete was measured by flow table
apparatus as per IS 5512-1983 and IS
1727-1967. Concrete cubes of side 150 mm are casted in
three layers. Each layer is well compacted by tamping
rod of diameter 16 mm. All cubes were place on table
vibrator and vibrated for 2 min for proper compaction of
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Abstract—The rising standard of living of the population
has resulted in rapid boost in the construction and
infrastructure sector. As a result, the consumption of
concrete has been increasing. To meet the various
requirements of the structure, admixtures and plasticizers
are added to concrete to enhance its conventional properties.
But the production of admixtures involves various chemicals
which in return deteriorate the environment. At the same
time, the increasing population has resulted in higher
demand of edible food items which primarily include fruits
and vegetables. The higher the consumption, higher is the
waste generated. The waste, being organic in nature, leads to
soil and water pollution and also produce greenhouse gases.
Also, it becomes difficult to transport and handle the waste.
Thus, to produce an environment friendly alternative to the
admixtures and to utilize the organic waste, fruits and
vegetables matter can be used to produce biological enzymes.
This paper deals with the production and application of
biological enzymes in concrete. This will not only reduce
burden on environment but also has useful domestic and
industrial applications.
Keywords—Bio-Enzymes, Admixture, Organic waste

INTRODUCTION
In this era of rapid growth and development, various
streams are going through a change whether it is timely or
overnight but, the change is unavoidable because of the indepth research of a particular field. One such field is civil
engineering. From using stones, wood and leaves to make
houses this field saw a consistent behavior of change. One
such development is use of concrete. Concrete has proved
as a boon for civil industry. Production or say making of
concrete is done at every scale whether small houses or big
bridges. The chemical admixture used during the make not
only increases the cost of concrete but also promotes the
use of chemicals. Thus, making bio-enzyme out of waste
citrus fruits, vegetables and adding them in concrete as
admixture instead of chemical admixtures results in better
solid waste management and reduces the cost of concrete.

1.

2.
3.
4.
5.

6.

7.
8.
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LITERATURE SURVEY
Literature survey is a process of referring or screening
through research work of different authors, researchers,
engineers etc. to get a fair idea about the context and
previous work done. In our case after referring few papers
till date we were able to conclude the points as below.
The optimum quantity of bio-enzyme used as an
admixture in concrete enhances the compressive strength
of the concrete. [1]
The effect of citric acid with concrete can be
persuasive, if exceeded in quantity results in deterioration
in quality of concrete. [2]
initial & final setting time of concrete is greatly
influenced by the addition of citric acid. [3]
Admixtures such as accelerators, superplasticizers;
Sulphonated Naphthalene Formaldehyde condensates
(SNF) and Polycarboxylate Ether (PCE), when combined
with a reduction in w/c gave a higher compressive
strength, lower surface absorption and lower permeability
than reference conventional concrete. [4]
Up to a specific limit (1.0%) with the increment of
superplasticizer dosage the compressive strength
improved and it is compared with a control specimen
which fabricated without any SP. [5]
The effective range of dosage is 0.6-1.0%. [5]
The slump loss also increases with the increase in the
dosage level of admixture. [6]
OBJECTIVES
To study the behavior of bio-enzyme added in concrete
instead of chemical admixtures
To study and compare the setting time, consistency,
soundness etc.
To assess the strength of concrete with respect to the
standard chemical added admixture concrete.
To observe the durability of concrete.





To reduce the organic waste generated by fruits and1.
vegetables.
METHODOLOGY
Preparation of Bio Enzyme – A plastic container of
suitable size is filled with peels of fruits/vegetables,
jaggery and water in the proportion of 1:3:6. After mixing
it properly. The container is to be kept undisturbed for a
period of about 90 to 100 days. In this period, the
container should be opened at regular intervals in order to
make the gas formed escape.

Slump test with 0.5% enzyme added resulted in a slump
value of 160mm whereas 3% enzyme added concrete
resulted in a value of 210mm.




CONCLUSION
With the addition of bio-enzyme as an admixture in
concrete workability of concrete is increased
considerably.
Also, the intial setting time is increased which allows
the concrete to set late.
REFERENCES






Testing of Bio-Enzyme – The enzyme prepared is to be
tested for various tests like initial and final setting time,
slump test, standard consistency test.
Preparation of controlled mix – A suitable mix of M30
grade is to be prepared in order to further test the behavior
of enzyme added. Enzyme as per different required
quantities is to be added to this mix.
Analysis – After testing, data obtained is compared and
several graphs are prepared for better interpretation of
results.

[1]

[2]

[3]

[4]

RESULT AND DISCUSSIONS
As per the above-mentioned methodology, tests like
initial & final setting time, standard consistency test &
slump test were conducted with enzyme added concrete.
From the conducted test we can conclude the following:

[5]

[6]

In the experiment for initial setting time, after addition of
Bio-Enzyme with cement paste, the initial setting time
was increased by 19 minutes.
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Abstract—Runoff simulation and forecasting is essential
for planning, designing and operation of water resources
projects. The runoff estimation process is extremely
complicated, nonlinear, and dynamic in nature, which
depends on the meteorological and various physical
features of the catchment area. In the present study, Soil
Conservation Service Curve Number (SCS-CN) model
was employed in combination with GIS techniques for
the rainfall-runoff modelling of the Bhatsa river basin in
Maharashtra. To develop the SCS-CN model, rainfall
data were obtained for 30 years (1991-2020). The annual
average rainfall of the basin is raging from 2000 to 4000
mm. This study requires input data such as
Meteorological data (Soil condition, Climatic condition
etc) and GIS data (Digital Elevation Model, Land
use/land cover data, soil data etc). DEM data was taken
from the SRTM (Shuttle Radar Topography Mission),
Land use/land cover data was searched from Bhuvan
NRSC website. Based on the soil properties, four
Hydrological Soil Groups (HSG) were identified in the
basin which is most significant for surface runoff
estimation. Curve Number (CN) values were obtained
for various Antecedent Moisture Conditions (AMC)
such as dry condition (AMC I), average condition (AMC
II) and wet condition (AMC III). The curve number
method was used to estimate the runoff depth for
selected storm events in the watershed. Effect of slope on
CN values and runoff depth was determined by using the
WMS 7.1 program. The max rainfall depth with
different return period was calculated and the mean
annual rainfall depth for the year 1991 to 2020 of Thane
metrological station was used to calculate the runoff
depth of the catchment area. The results of the WMS 11
program showed that the CN curve number for the area
is about 80. The average annual runoff depth is equal to
311.14 mm.The results of this research will also benefit
in flood management and also used in future modelling
for flood disaster forecasts.
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INTRODUCTION
Hydrological modeling is one of the important processes in
water resources applications. Especially, rainfall-based
surface runof analysis is the major challenging factor in
hydrological modeling, which is essential for the
development, planning and management of water resources.
A rainfall-runoff model is a mathematical model describing
the rainfall-runoff relations of a catchment area, drainage
basin or watershed. A rainfall runoff model can be really
helpful in the case of calculating discharge from a basin.
Reliable prediction of quantity and rate of runoff from land
surface into streams and rivers is difficult and time
consuming to obtain for un-gauged watersheds. However,
this information is needed in dealing with many watershed
development and management problems. Conventional
models for prediction of river discharge require considerable
hydrological and meteorological data. Collection of these
data is expensive, time consuming and a difficult process.
There are several approaches to estimate un-gauged basin
runoff. Examples are the University of British Columbia
Watershed Model (UBCWM), Artificial Neural Network
(ANN), SCS Curve Number model, and Geo-morphological
Instantaneous Unit Hydrograph (GIUH). Among these
methods, the SCS Curve Number method is widely used
because of its flexibility and simplicity. The method
combines the watershed parameters and climatic factors in
one entity called the Curve Number (CN). Many researchers
(Pandey and Sahu [1]; Nayak and Jaiswal [2]; Zhan and
Huang [3]; Gandini and Usunoff [4]) have utilized the
Geographic Information System (GIS) technique to estimate
runoff Curve Number value throughout the world. In India,
Pandey and Sahu pointed out that the land use/land cover is
an important parameter input of the SCS-CN model. Nayak
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and Jaiswal found that there was a good correlation between
the measured and estimated runoff depth using GIS and CN.
They concluded that GIS is an efficient tool for the
preparation of most of the input data required by the SCS
curve number model. Akhondi [5] pointed out that
correlation between observed and estimated discharge using
CN method is decreased by increasing watershed area.
While having runoff data is essential in all watershed
development and management plans, very little work has
been previously done in the watersheds of Iran in estimating
runoff from rainfall in ungauged watersheds. For drainage
basins where no runoff has been measured, the curve
number method, SCS-CN can be used to estimate the depth
of direct runoff from the rainfall depth, given an index
describing runoff response characteristics. The Curve
Number Method was originally developed by the Soil
Conservation Service (Soil Conservation Service 1964;
1972) for conditions prevailing in the United States. Since
then, it has been adapted to conditions in other parts of the
world. The method is summarized by using curve numbers
to represent a single parameter relation between rainfall
depth and runoff depth. The single parameter relation is S;
the transform of S is CN (Clapper [6]).
STUDY AREA DESCRIPITION

Catchment area may be defined as the area from which the
surface runoff is derived. It is also known as watershed
area, drainage area, drainage basin or simply basin or
catchment.
Ulhas river has major right tributary called as Bhatsa river
basin which is an east flowing river in the Western Ghats.
It is having area of 736.343km2. 55.7% of the total
catchment area of Ulhas had been accounted only by
major right bank tributaries i.e. Kalu and Bhatsa. Study
area has maximum temperature ranging from 28.0˚C to
35.2˚C and the minimum temperature ranging from 16.3˚C
to 26.5˚C. The annual average rainfall of the Bhatsa river
basin is 2000 to 4000 mm from the South-West monsoons.
It will occur during the months of June to September.
Generally highest rainfall is recorded in the month of July.
The study area lies Between 18°42' and 20°20' North
latitudes and 72°45' to 73°48' East longitudes in eastern
part of the state. Fig 1 shows the location map of the study
area. Earth fill and gravity Bhatsa dam is located on
Bhatsa river near Shahapur, Thane. Height of the dam
above lowest foundation is 88.5 m (290 ft) while length is
959 m (3146 ft).Gross capacity is 976150.00𝑘𝑚3. Bhatsa
reservoir is one of the major sources of distribution of
drinking water. Reservoir storage is also used for
irrigation, generation of hydroelectricity and for the
industrial purpose. Fig 2 shows the location map of hydro
meteorological stations. Input parameters which are used
in SWAT are mentioned in Table 1.

Location Map of Hydro Meteorological stations

Flow accumulation grid of the study area

249

data is stored in GIS database. The rainfall data of the
catchment was obtained from Indian Metrology Dept., Pune.

METHODOLOGY
The Soil Conservation Service (SCS) model developed by
United States Department of Agriculture (USDA) computes
direct runoff through an empirical equation that requires the
rainfall and a watershed coefficient as inputs. The watershed
coefficient is called as the curve number (CN), which
represents the runoff potential of the land cover soil
complex. This model involves relationship between land
cover, hydrologic soil class and curve number. The method

The data was further linked to the GIS database. For
analysis purpose 10 years rainfall data was considered. The
overall steps carried out are as follows,
•Delineation of the study area from the area from toposheet
obtained from SOI.
•Conversion of raster data to vector format.
•Creation of the baseline data by digitizing the map. and a
digital database is prepared using Arc GIS software.

is based on an assumption of proportionality between
retention and runoff in the form. Normally the SCS model
computes direct runoff with the help of following
relationship (Hand book of Hydrology, 1972)

•Preparation of thematic maps by visual interpretation.
•Preparation of thematic map from SOI toposheet and
Lithological, structural, geomorphological and hydrological
map overlays based on the visual interpretation of satellite
image in conjunction with the existing maps/literature.
•Scanning and digitizing all these maps and creation of
digital Database.
• Field visits for checking the interpretation collecting the
additional hydrogeological information

Chart of SCS-CN METHOD
S = (24500/CN) - 254 -------------------------------.

(1) Q = ((P - 0.2S)2)/(P + 0.8S) ---------------- --Land Use/Land Cover of the Study Area
(2) Where, CN = (Σ (Ci * Ai ))/A ---------------------.

(3) Where, CN = weighted curve number. CNi = curve
number from 1 to any no. N. Ai = area with curve number
CNi where CN is the runoff curve number of hydrologic soil
cover complex, which is a function of soil type, land cover
and antecedent moisture condition (AMC); Q, actual direct
runoff, mm; P, total storm rainfall, mm; and S, the potential
maximum retention of water by the soil, mm. Visual
interpretation technique was followed to prepare the land
use/land cover map of Khuldabad basin. IRS LISS-III data
on 1:50,000 scale was obtained from IRS Hyderabad. The
toposheet of the study area was obtained from soil and
survey department in Pune, Maharashtra. The whole
catchment falls under different hydrological soil groups
which were classified according to the soil map obtained
from National Bureau of Soil Survey and Land Use
Planning (NBSS & LUP). Further, the spatial form of this
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RAINFALL CHART OF BHATSA BASIN (2018-2020)

Soil Texture of The Study Area

Slope of The Study Area
RAINFALL DATA OF YEAR 2018-2020
RESULT AND DISCUSSION
The GIS software was used in the present study. The
boundary of the catchment area and all the streams were
mapped. The watershed divided into ninety seven sub-basin
in order to fulfil the requirement of SCS model. . The max
length of stream and the area for every sub-basin were
calculated. Also, a contour map was prepared. Table 1
provides the details of these geo-morphological
characteristics for the Gomal catchment.
In the present work the Gomal basin, which lies in
Iraq/Kurdistan Region has been selected as the area of
study. The modelling being simulated by method SCS-CN
curve number the results have been compared with
observed data.

SCS-CN CURVE
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methodology in the present study can be applied to
determine the daily runoff in Indian basins by using Arc
SWAT.

Bhatsa. At 58.03% of its live storage capacity of 717,037
million litres, compared to 56.36% at the same time last
year. Today's rainfall: mm. Total rainfall since 01 Jun:
3,273 mm. Lake's share of water to Mumbai: 48%. Nearly
70% of water in the dam is meant for Mumbai.
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Neral is at key location in the proposed Uran-Panvel-NeralBhimashankar SH-54 State Highway.It is popularly known
as a railroad junction, with trains arriving from Mumbai and
from Pune to the nearby and very popular hill station
of Matheran. A narrow-gauge rail line, 21 km long, ("toy
train") runs from Neral to Matheran. Nearest major towns
are Badlapur and Karjat. Geographically the rock types are
solely composed of Deccan trap with inter trappeans of
Cretaceous, Eoceuerage and laterites of still younger age.
The rock is basalt, which has given rise to secondary
alteration known as laterite. The laterite predominates in the
hills and almost cover the hilltops, therefore in the hill
region the hard exposed surfaces of the laterite shows red
gravelly earth. The soil has a vermicular or pisolitic
structure and contains much water. Over almost the whole
hill-top there is little soil cover. The topmost layer of rock is
a soft porous iron-clay, through which, by the beginning of
the hot season, the whole rainfall has drained.

Abstract - Rapid industrial development, urbanization and
increase in agricultural production have led to increased
groundwater withdrawals, resulting in freshwater shortages in
many parts of the world. In view of this, greater emphasis is
needed on the studies focusing on the sources and impact of
groundwater recharge. The present study was taken up with
the objective of assessing the groundwater recharge and its
impact on the groundwater quality of “Neral” Village.
The groundwater levels can be improved by artificial
recharge method such as rainwater harvesting (RWH).
Rainwater harvesting is a procedure of group and storage
of rainwater into ordinary reservoirs or it can be refreshed
into sub surface aquifers.

INTRODUCTION
India has faced high water shortages for the past few
decades due to increased population, industrialization,
climate change, and unsustainable management of water
resources. A considerable reduction in freshwater
availability was reported from 5177 m3 in 1951 to 1820 m3
in 2001, further reducing to 1545 m3 in 2011 (Ministry of
Water Resources). A central groundwater authority was
founded in 1986 to suggest preparatory measures for
regulating uncontrolled exploitation of groundwater [1].
Groundwater forms the most important source of potable
water, as it is believed to be safe, free from pathogenic
bacteria and suspended matter. Groundwater recharge is the
amount of water which reaches the permanent water table
either by direct contact in the riparian zone or by downward
percolation through the overlying zone of aeration. It is that
quantity which may, in the long term, be available for
abstraction and which is therefore, of prime importance in
the assessment of groundwater resources [2]. It also forms
an important component of water balance equation [3].
Further the estimation of source(s) and rate of groundwater
recharge are not only crucial with respect to the
development, maintenance and utilization of groundwater
resources, but also facilitate the assessment and prevention
of their excessive contamination [4]. The present study
highlights the sources of groundwater recharge in the study
area. (Neral Village).

This research gives good insight for the hydrogeological
conditions and groundwater potential for study area.
Continuous monitoring for present and future development
highly recommended before any additional extractions.
Periodical evaluation and updating of the groundwater
potentiality is a most as put forward by Professor Manal A.
Moneim , Prof. Hassan M. ElShayeb and Prof. Mostafa G.
Hegab.

LITERATURE SURVEY
The Study area Neral is located at 19.03°N 73.32°E. It
has an average elevation of 40 metres (131feet). Neral is a
place which is the center between Mumbai and Pune, Neral
has State Highway which is to Karjat, NH4, Panvel and
Murbad, people who visits Neral from Mumbai-South takes
via Panvel route which is better, faster and easy to drive.

*This work was supported by Dr. Seema Jagtap
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streams, and groundwater than the most of the people think.
A proportion of water flowing in rivers contributed from
seepage from the streambed to groundwater. Groundwater
contribution mainly depends upon on the parameters of
physiographic, region’s topography, soil, geology and
climate.The primarily cause of land subsidence is a lack of
support underneath ground surface. Sometimes, when
groundwater is over-exploited, the soil collapses, compacts,
and sinks. This depends on various factors, such as the type
of soil, soil compressibility, physical attributes of the
aquifer, water table levels and earth geology. It is most often
caused by anthropogenic activities, mainly from the excess
removal of subsurface water.
PROPOSED METHODOLOGY
Mitigation measures to address water quality issues in
water quality affected areas, along with service
improvements :The objective of this sub-component is to
address the critical water quality challenges, with
appropriate technical and operational solution, along with
service improvement in the target villages and to provide
safe potable drinking water to maximum number of
households with minimum cost. To establish the obove
objectives two proposed techniques are used: Rainwater
harvesting and recharge pit. Rainwater harvesting:
Rainwater harvesting means collection and storage of
rainwater by some mechanism to make water available for
future use. An appreciable amount of precipitation, which is
generally lost as surface flow, can be harvested and stored
for useful purposes like drinking and providing
supplemental irrigation to the crops.
Recharge pit: A recharge pit allows the rainwater to
replenish groundwater by recharging the underground
aquifers. It can be built to recharge a borewell or just to help
the water infiltration in an area. Information needed for
knowing rain water harvesting potential are as follows
Mean Rainfall: To assess harvestable quantity of rainwater,
we need average rainfall depth over some time period and
hence the mean or normal rainfall of an area for the required
duration is essential. Rainfall is measured through an
instrument called rain gauge. Measured rainfall at a station
is also called point rainfall. For simple understanding, mean
or normal annual over a station is the statistical average
calculated on the basis of measured rainfall over many years
(usually 30 years or more). However, there is no guarantee
that the same average value of rainfall will be achieved in a
particular year as the rainfall has a high year to year
variation. But the mean annual is generally accepted as the
expected rainfall for that station. Mean Annual Rainfall
value is also useful to estimate runoff. India Meteorological
Department maintains record of rainfall data of more than 7
thousand rain gauge stations in India. There are around 3000
stations in the country for which average or normal rainfall
has been calculated. For the state Maharashtra we have used
326 stations where normal rainfall based on the data for
period 25/10 years or more is available.
Catchment area characteristics: Runoff depends upon the
area and type of the catchment over which it falls as well as
surface features. As mentioned earlier rainfall measured in
depth and it is the point rainfall. In order to get the volume
of water i.e. the rainwater endowment of that area we have

RESEARCH GAP
Artificial recharge is the process by which the ground
water recharge is augmented at the rate much higher than
those under natural condition of percolation.Groundwater
recharge meets the demand as by 2050 the demand for
ground would reach to 1180 billion cubic meters.Water will
be available to 1 person out of 3 and no food to 1/3rd
population. In Neral, either in pre- monsoon or postmonsoon or both the annual groundwater yields exceeds the
annual groundwater recharge, resulting a significant fall in
long term groundwater levels has been observed. The main
gap in implementation of the formal and informal types of
regulation lies in the absence of knowledge information and
data on groundwater in general and aquifers in particular of
Neral (issues related to the units and scale of assessment).
More detailed mapping exercises required based on the
physical system and use. Current research programs include
topics like groundwater management, assessment on
groundwater resource availability, delineation of recharge
and discharge areas, pumping and aquifer response, coastal
groundwater
systems,
arsenic
contamination
in
groundwater, groundwater data set, mathematical modeling,
simulation and optimization techniques. Less Evidence to
show whether such research is finding way into application
on the ground. Need to see the linkages between good
research and its application in groundwater management
field
PROBLEM DEFINITION
The most critical effect of over-pumping of groundwater
is that the water table may be lowered. For water to be
withdrawn from the aquifers, water should be pumped from
a well that reaches beneath the water table. If groundwater
levels reduce too far, then the well owner may have to
deepen the well, drill a new well, or, at least, lower the
pump below the water table available. Also, as water levels
fall down, the rate of water the well can yield might also
reduce. As the depth of groundwater increases, the water
must be lifted from the depth of groundwater to the ground
surface. If water pumps are used to lift the water, more
electrical energy is required to operate the water pump.
Under this situation, using the well can become costly to
users.There may be more of an interaction between the
water in water bodies such as ponds, lakes, rivers and
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to multiply the depth of the rainfall with the catchment area.
For the Roof Top Rain Water Harvesting catchment area is
the roof surface. The effective area of roof used for
computing volume of water is called roof foot print. For
plane horizontal rectangular or other shape roof, roof foot
print is same as the roof and thus effective area is same.
Followings are the example of other commonly available
roof types and their corresponding roof foot
print.

Rainfall x Area of catchment x Runoff coefficient = 0.6162
*0.0929*0.85 cu m = 0.048658233 cu m = 48.658233 litre =
48.7 litre ( Rounded upto one decimal )
2) Sample calculation ( Station Ahmednagar ) Run off
volume of water (litre ) for small size house = 48.658233
litre *1000 = 48658.233 litre = 48658 litre ( Rounded upto
one decimal ) Run off volume of water (litre ) for medium
size house = 48.658233 litre *2000 = 97316.466 litre =
97316 litre ( Rounded upto one decimal ) Run off volume of
water (litre ) for large size house = 48.658233 litre *3000 =
145974.699 litre =145975 litre ( Rounded upto one decimal
) Based on the normal rainfall for the period 1951-2000,
Table 1 gives the rain water harvesting potential in litre per
square feet of roof surface also during the southwest
monsoon season (June- September) and also in a year. For
computation we have considered run-off coefficient as 0.85
which is valid for tiles or concrete roof. Fig. 3 and 4 gives
the rain water potential maps for the southwest monsoon
season and annual in litre per square foot over Maharashtra.
The highest concentration is seen over western parts of
Maharashtra mainly over Raigad, Ratnagiri and Sindhudurg
and lowest around 17-50 litre/sq. feet over western parts of
central Maharashtra in Ahmednagar and Solapur district
during S W Monsoon season. For Gadchiroli district in the
eastern part of Maharashtra the rain water potential is 101 –
150 lit/sq. feet for Monsoon and Annual. For easier
understand to know the total volume of water potential for
different size of houses, we have categorize the house in
three sizes viz. small, medium and large. The average areas
of roof top terrace of the categories are considered as 1000
sqft, 2000 sqft and 3000 sqft respectively. Table 2 gives the
total volume of water that can one get during SW monsoon
season or in a year over each of the 326 locations. The
minimum volume of water potential in small size house is
around 17135 litre in Pusesauli ( District – Satara ) while
maximum volume of water is around 436684 litre in
Mahabaleshwar obsy ( District – Satara ) during southwest
monsoon season.

Run-off and run-off coefficient: It is the water that flows
away from a catchment after falling on its surface in the
form of rain. Runoff depends upon the area and type of the
catchment over which it falls as well as surface features. For
example, normal concrete roof has highest run off value
than the area with heavy vegetation. The amount of rainfall
contributing to the runoff of a given area must be known.
The runoff coefficient is the value that represents the ratio of
the volume of water that runs off a surface to the volume of
rainfall that falls on the surface There are many parts of the
hydrologic cycle that affect the runoff coefficient. These
includes interception, evaporation, infiltration, slope, soil
types (not applicable to roof top systems), etc. Thus run-off
coefficient depends on roof type, slope, soil type, land use,
degree of imperviousness, surface roughness and duration
and intensity of rainfall.

EXPECTED OUTPUT
Runoff coefficients for various catchment surfaces
(Pacey and Cullins,
1989

Pumping groundwater for surface use has the greatest
effect on the amount of groundwater stored in an aquifer and
the rate at which it refills or recharges. The most severe
consequence of excessive groundwater pumping is that the
water table can be lowered. It is important to monitor and
understand the groundwater levels prior to drilling any wells
which will have significant drawdown of the aquifer
because the water table levels will give a good idea of the
impact of the new well. For water to be withdrawn from the
ground, water must be pumped from a well that reaches
below the water table. The data collected by monitoring
groundwater can be used to determine the amount of
groundwater that can safely be withdrawn before no more
water can be pumped. To inititate sustainable methods of
ground water extraction which uses renewable sources of
energy and is cost- effective mainly in Rural areas having
drinking water scarcity and also in areas where porosity of
land is poor and where the rate of water recharge is low.

Based on the above factors the water harvesting potential of
a site could be estimated using the formula given below.
1) Sample calculation ( Station Ahmednagar obsy )
Annual Rainfall Normal of a sample station (Ahmednagar
obsy)= 616.2 mm = 0.6162 m Area = 1 sq ft = 0.0929sq m
Run-off coefficient = 0.85 Rain water harvesting potential =
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CONCLUSION
Overexploitation of groundwater is a reality, a critical
review of groundwater management agenda based on
enhanced multidisciplinary knowledgebase and innovative
innovative systems systems needed. Artificial groundwater
recharge technology is very impressive technology to
increase water table and groundwater availability. It plays
an important role in the reduction of surface runoff, increase
availability of water for irrigation, domestic and industrial
sector, improve the drainage, revival of springs and
improvement of groundwater quality and so on. It is also
considered to mitigate the impacts of variability in rainfall
patterns under varying climatic conditions. Additionally, it
is primarily important to meet the demand of spatial water
productivity and availability at regional and global scale.
Also Setting up robust and transparent groundwater data
collection and sharing mechanisms, mainly as a decision
support tool in program implementation and monitoring will
provide valuable data for future researches.
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using chemicals, adopting different mixing techniques) has
taken place and accepted in modern engineering field (
Incorporation of distinctive types of fiber (metallic and nonmetallic) in fresh concrete, reduce the crack formation as
well as crack growth and also increase the tensile and
flexural properties of concrete . Composite material
comprises with aggregates, hydraulic cement and
discontinuous, discrete small fibers is known as
fiber reinforced concrete (FRC).
Various types of fiber i.e., metallic fibers (steel, aluminium)
or synthetic fibers (glass, polyester, polypropylene), natural
fibers (jute, palm, coconut etc.) or hybrid fiber can be
employed
as
a
fortifying material
in
plain
concrete. Augmentation of physical properties of plain
concrete and bridging the propagation of cracks, using steel
fibers is beneficial but durability of concrete may be
affected due to corrosion of steel (Moreover, high dose of
steel fibers may result low workability, increased cost and
also increase the weight of the mass composite concrete.
Unlike steel fibers, non-metallic synthetic fibers such as
glass, polymer fibers provide light weight and high
corrosion resistance. For fiber-reinforced composites, nonmetallic fibers such as synthetic fibers were incorporated to
mainly develop high post cracking ductility . Besides, these
fibers can easily be distributed in fresh concrete and can
reduce the early age cracking. Having lower density and
stiffness, these fibers can contribute to effectively control
the micro crack propagation in the plastic stage of
concrete.
Durable and sustainable development with desired
mechanical
properties
of
construction
materials
raises attention as the demands of recent years increases.
Enhancing the ductility, durability and performance of
concrete, now a days FRC is used in the field of high rise
building
and
infrastructures
.
Increasing
the
mechanical properties and ductility with decreased weight
of the infrastructures, attempts to utilize glass fibers is a
better choice. Reported that entanglement of glass fibers in
concrete improve not only the durability properties but also
robustness by enhancing the energy needed for crack
amplification. Moreover because of anti-corrosive behavior
and random orientation of glass fibers in fresh concrete, it
has been prominently used in architectural and structural

Abstract - Concrete is one of the maximum broadly identified
improvement cloth for the maximum part brought through
making use of regionally accessible components. The
improvement of concrete has added about the essential need
for additives each chemical and mineral to enhance the
overall performance of concrete. Hence kinds of admixtures
which include fly ash, coconut fibre were used up to now.
Hence an attempt has been made within the present
investigation to have a look at the behaviour of glass fibre in
concrete. The present trend in concrete making is closer to
increasing the strength and sturdiness of concrete to meet the
needs of the present day construction. The fundamental goal
of the take a look at is to study the impact of glass fibre inside
the concrete. Glass fibre has the excessive tensile electricity
and fireplace resistant residences for that reason reducing the
lack of damage in the course of hearth accidents. The addition
of those fibres into concrete can dramatically boom the
compressive strength, tensile electricity and cut up tensile
strength of the concrete. In this look at, tests have
accomplished for the concrete with glass fibre 0.2%, 0.4%,
0.6%, 0.8% and 1% by weight of cement .
Keyword- Glass fibre, compressive strength, tensile
strength , admixture.

INTRODUCTION
Concrete is one of the most durable building materials.
Nevertheless, having lower tensile strength, poor toughness
with mensurable ductility make plain concrete members
ineffective to withstand the loads and stresses that
structural members encounters Moreover, micro cracks are
inherent property of the concrete; concrete with high
exhalation rate contrasted to bleeding rate after casting is
the main grounds of micro cracks before loading, known as
early-age cracking. Under flexure, tension or impact load,
these cracks open up and amplify and also superfluous
fractures initiate in location of even trivial defects. Such
propagation of micro crack is the premier reason of
unyielding deterioration of concrete Thus, plain concrete
shows brittle nature when loaded.
To minimize these problems associated with plain concrete,
various innovation (addition of fiber, admixtures,
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concrete members. In case of addition of glass fibers,
volume of the fibers, aspect ratio, concrete mix proportions,
workability, curing periods are momentous factors
influencing the mechanical characteristics of the fiber
reinforced concrete .
To this end, it is important to explore not only the effects of
these (above mentioned) parameters on GFRC but also the
potential use of glass fibers for gaining enhanced physical
characteristics of concrete. This research aims
to investigate the contribution of glass fiber with multiple
quantities (0.2%, concrete.

Compressive Strength
sectional area

2)

3)

4)

5)
6)

Failure load/Cross

2. Flexural Strength
The test can be performed in accordance with as per BS
1881. A simple plain concrete beam is loaded at one third
span points. Typical standard size of example 700 x 150x
150 mm is utilized. The load should be partitioned
similarly between the two stacking rollers, and all rollers
might be mounted in such a way, to the point that the load
is connected pivotally and without subjecting the example
to any torsional burdens or limitations. Set up the test
example by including the glass fibre at the rate of 0.2%,
0.4%, 0.6%, 0.8% and 1.0% by filling the solid into the
mould in 3 layers of roughly equivalent thickness. Pack
every layer 35 times utilizing the packing bar as
determined previously. Packing ought to be circulated
consistently over the whole cross segment of the bar mould
and all through the profundity of every layer. The example
put away in water might be tried instantly on expulsion
from water for 28 days. The test example should be put in
the machine accurately focused with the longitudinal pivot
of the example at right edges to the rollers. The heap
should be connected at a rate of stacking of 400 kg/min for
the 15.0 cm examples and at a rate of 180 kg/min for the
10.0 cm examples. Flexural Strength (MPa) = 𝑝𝑙/𝑏𝑑 2
P=Failure Load L=c/c distance=700mm b=width of the
specimen=150mm d=Depth of the specimen=150mm

LITERATURE REVIEW
1)

(MPa) =

By reading various research paper we get the idea the
Glass Fiber has great properties that will help in our
project and iwe got to now that it is one of the most
available and cheap fibre comparitively.
GFRC is a material made of cementations matrix
composed of cement sand, water and add mixtures with
short glass fibers. Light weight, fire resistance, good
appearance and strength. “ZIRCONIA” is used in
themanufacture of glass fiber to make it alkali
resistance.
Glass fiber reduces bleeding which in turn improves
surface integrity of concrete, homogeneity and reduces
probability of cracks occurring where there is some
restraint to settlement.
Glass fiber reduces bleeding which in turn improves
surface integrity of concrete, homogeneity and reduces
probability of cracks occurring where there is some
restraint to settlement.
Improvement in the resistance of concrete to the attack
of acids.
GFRC improves cost and provide easy outlet to dispose
the glass as environmental waste from industry.

RESULTS AND DISSCUSION

Table : 1 (Compressive Strength )
Sr.no M30+
Glass
Fibre

Compressive
Strength
(N/mm2)
After 28 days

1
2
3
4
5
6

38.8
39.7
42.3
44.8
45.3
45.1

METHODOLOGY

1. Compressive Strength
Out of numerous tests conducted to the solid, this is the
most extreme essential which gives a thought regarding
every one of the attributes of cement. By this single test
one can judge that whether Concreting has been done
appropriately or not. For solid shape test two sorts of
examples either 3D squares of 15 cm X 15 cm X 15 cm
relying on the measure of total are utilized. For the
majority of the works cubical moulds of size 15 cm x 15cm
x 15 cm are normally utilized. The glass fibres are
included at the rate of 0.2%, 0.4%, 0.6% and 0.4%, 0.6%,
0.8% and 1.0%of cement. This solid is poured in the
mould and altered legitimately so as not to have any voids.
Following 24 hours these moulds are evacuated and test
examples are placed in water for curing. These examples
are tried by pressure testing machine following 7 days
curing or 28 days curing. Burden ought to be connected
steadily at the rate of 140 kg/cm2 every moment till the
Specimens fizzles. Load at the disappointment isolated by
zone of example gives the compressive quality of cement.

0.0%
0.2%
0.4%
0.6%
0.8%
1.0%

Table 2 (Flexural strength)
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Sr.no

M30+Glass
Fibre

Flexural
Strength(N/mm2)
After 28 days

1
2
3
4
5
6

0.0%
0.2%
0.4%
0.6%
0.8%
1.0%

38.5
39
42.3
44.5
47.5
50
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decreases from due to the addition of fibre.
The compressive strength is very high at 0.8%
having for 28 days is 45.1N/mm2
The Flexural strength is very high at 1% having 28
days is 50N /mm2.
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STRENGTH CHARACTERISTICS OF MARINE SOIL REINFORCED WITH
ALKALI TREATED COIR FIBRES
Sruthy S. Nath, Assistant Professor, Thakur College of Engineering and Technology
ABSTRACT: This study investigates the compaction and penetration characteristics of marine soil reinforced with
alkali treated coir fibres. Instead of using polymer fibres owing to its durability, the study focuses on treating the coir
fibres with alkali solutions in order to impart value addition to the natural fibres. Coir fibres were treated with varying
concentrations of alkali (0.5%, 1%, 2%, 4% and 5%). Influence of fibre content on the compaction and penetration
characteristics is also studied. Maximum dry density decreases with fibre content and increases with alkali treatment.
Optimum moisture content increases with fibre content and decreases with alkali treatment, which may be due to the
decreasing water absorption capacity of treated coir fibres. The penetration resistance increases by about 624% and
596%, in unsoaked and soaked conditions respectively, when reinforced with 4% NaOH treated coir fibres, 1% by
weight of soil.

INTRODUCTION
The Indian peninsula has a very long coastal line
and almost the entire length of 6400 kms from
Gujarat on the west coast to West Bengal on the east
is more or less completely covered by soft highly
compressible marine soils.
With the growth of port cities in India over the past
few decades, population, housing and construction
of various facilities and consequently the need for
more and more habitable land have also sprang up,
it was imperative that the large tracts of marine soils,
previously considered uninhabitable, had to be
reclaimed and developed.
Owing to poor shear strength, high compressibility
and susceptibility to differential settlements,
construction of buildings and other civil engineering
structures on such weak or soft soil is highly risky
on geotechnical grounds. Construction without soil
improvement is not practical due to anticipated large
settlements along coastline covered with thick soft
soil deposit.
There have been innumerable problems connected
with settlement of structures founded on these soils
and with embankments and deep cuttings for both
railways and highways. The Indian marine soils are
Pleistocene to recent in origin, considered to be
young and were deposited in salt or brackish water
environment (Rao, N. and Swamy, K., 1984; Mohan
and Bhandari, 1977). It has been established that the
physical characteristics of offshore deposits are
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essentially the same as those of comparable
terrestrial deposits (Noorany and Gizieuski, 1970).
Hence the knowledge gained and data generated
could be extended to foundations of offshore
structures also.
The marine soils can be utilised after suitably
improving the ground, so that various structures can
be safely supported. Improvement of strength of the
soil may be undertaken by a variety of ground
improvement techniques like stabilization of soil,
adoption of reinforced earth technique, etc.
Reinforced earth technique is considered as an
effective ground improvement method because of
its cost effectiveness, easy adaptability and
reproducibility. The concept of reinforced soil using
natural fibre materials originated in ancient times.
According to history findings, in ancient times, date
palm fibres, wood, bamboo, and animal skin were
used for improvement of brick properties and
increase of foundation bearing. Nowadays, natural
fibres such as Kenaf, coir, banana, jute, flax, sisal,
palm, reed, bamboo and wood fibres are used for
improvement of the mechanical properties of soils.
The natural fibres are used to increase tensile
compression and shear strength of soils, to prevent
soil erosion in slopes, canals and shoreline, to
reinforce embankment, to increase plant growth on
slopes, in asphalt covers, to increase bearing
capacity of such soils, in unpaved roads, etc. The
advantage of using natural fibres in comparison with
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metal and polymer materials is that it is nonpolluting, easily available and cost effective.
The concept of earth reinforcement was first
developed by Henri Vidal, by which he
demonstrated that the introduction of reinforcing
elements in a soil mass increases the shear resistance
of the medium. An earth mass stabilized with
discrete randomly distributed fibres resembles
traditional earth reinforcement in many of its
properties. In comparison to systematically
reinforced soils, randomly distributed fibre
reinforced soils exhibit some advantages.
Preparation of randomly distributed reinforced soils
is similar to soil stabilization by admixture. Discrete
fibres are simply added and mixed with the soil,
much like cement, lime or other additives.
Randomly distributed fibres offer strength isotropy
and limit potential planes of weakness that can
develop parallel to oriented reinforcement in
systematically reinforced soil.
The variety and range of application of reinforced
soil technique is unlimited. Jones (1985) identified
several field applications, viz., retaining walls,
abutments, quay walls, embankments, dams, hill
roads, housing, foundations, railways, industry, pipe
works, waterway structures and underground
structures. Thus reinforced soil is (a) a simple
composite material, quick and easy to make; (b) a
flexible material, able to withstand important
deformations without damage; (d) a heavy material,
both from technical and architectural point of view;
and (d) an economic material (Saran, S. 2010)

mechanical strength required for various
applications. Blending of coir with other natural or
synthetic fibres is another area of vast possibilities.
The present study is intended to find the reinforcing
effect of treated coir fibres on the compaction
characteristics, and penetration resistance of marine
soil. The study focuses on the influence of the
degree of treatment of fibres and fibre content on the
strength characteristics of soil.
Materials
Soil

The marine soil used for the study was collected
from Fort Cochin in Ernakulam district. The
engineering properties of the soil were determined
by standard procedures specified by B. I. S. The
specific gravity of soil was determined by using a
pycnometer. The grain size distribution was found
out by hydrometer analysis. The Atterberg limits
were also found by adopting the usual laboratory
procedure. The index properties of the marine soil
are summarized in Table 1.
Table 1. Properties of Cochin marine soil
PROPERTY
VALUES

Coir fibres have been in the forefront of soil
reinforcement for a long time now and it has been
proven to improve the strength of soil. Coir is the
toughest and strongest of all natural fibres, owing to
its high lignin content. It is biodegradable, but at a
slower rate than other natural fibres. In the highly
competitive market economy of the modern world,
one has to keep the pace with the advanced nations.
The coir industry must prioritize value addition and
quality improvement. It may be suitably altered
chemically or mechanically to impart strength and
fire retardant properties to coir products. It should
be possible to vary the strength so as to suit the

262

Initial water content

81.56%

Specific Gravity

2.2

Liquid limit (%)

51.65

Plastic Limit (%)

26.32

Plasticity Index (%)

31.01

Shrinkage limit (%)

20.64

Clay (%)

26

Silt (%)

47

Sand (%)

27

Gravel (%)

0

Maximum dry density (kN/m3)

15.77

Optimum moisture content (%)

23.406

Soil Classification

MH

Strength Characteristics of Marine soil reinforced with alkali treated coir fibres
Fibres

For reinforcing the soil, locally available coir fibres
are used. The properties of the coir fibres used are
shown in Table 2.
Dry density, g/cc

Table 2. Properties of coir fibre
PROPERTY

VALUES

Colour

Dull brown

Length

6 – 20 cm

Diameter

0.1 – 0.8 mm

Specific gravity

0.98

1.57
1.52
1.47
1.42
1.37
20

25

30

35

Moisture content, %

Fig. 2. Compaction curve for unreinforced marine
soil

Alkali

Fig. 1. Preparation of coir fibres – fibres cut to the
desired lengths, treated with sodium hydroxide
solution and air dried
Methods
Cochin marine soil is taken as the prime sample
material for the present investigation, in order to
predict its behaviour under the influence of fibre
inclusion. Compaction and California Bearing Ratio
tests were performed on marine soil with the
inclusion of varying percentages (0.25%, 0.5%,
0.75%, 1% and 1.25%) of sodium hydroxide treated
and untreated coir fibres.
Compaction Characteristics
The moisture - density relationship of unreinforced
marine soil is shown in figure 2.

263

Fibres were cut randomly to lengths less than 3 cm.
Compaction tests were carried out in the soil
reinforced with varying percentages of these
untreated fibres. The compaction curves obtained
for soil reinforced with varying percentages of
untreated fibre are shown in figure 3.
0.25%
Dry density, g/cc

The alkali used for treating the coir fibres prior to
reinforcing is sodium hydroxide. The coir fibres are
immersed in sodium hydroxide solution for 24
hours. After 24 hours, the fibres are removed from
the beaker and allowed to dry at room temperature
for a week. Fibres treated with varying
concentrations of sodium hydroxide solution were
prepared in this way. The different stages of
treatment of coir fibres with alkali are shown in
figure 1.

1.39

0.50%

1.34

0.75%

1.29

1%

1.24

1.25%

1.19
1.14
22

32
Moisture content, %

42

Fig. 3. Compaction curves for untreated fibrereinforced soil
From the figure, it can be seen that maximum dry
density decreases with fibre content and the
optimum moisture content increases with fiber
content. Coir fibres have a low density, due to which
maximum dry density values decreases when fibres
are added to the marine soil.
Sodium
hydroxide solutions
of varying
concentrations, viz., 0.5%, 1%, 2%, 4% and 5%
were prepared. Randomly cut fibres less than 3cm
in length were immersed in these solutions for 24
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The compaction curves obtained for various
percentages of 2% NaOH – treated fibres and 4%
NaOH – treated fibres are shown in figure 6 and 7.
1.5
Dry density, g/cc

hours, after which they were air-dried for 7 days
prior to the conduct of the tests. Compaction tests
were performed in the soil with varying percentages
of treated fibres of each concentration. The
compaction curves obtained for various percentages
of coir reinforcement using fibres treated with
sodium
hydroxide
solutions
of
varying
concentrations were plotted.
The compaction curves obtained for various
percentages of 0.5% NaOH – treated fibres are
shown in figure 4.

0.25%

1.4

0.50%

1.35

0.75%

1.3

1%

1.25

1.25%

1.2
1.15

1.43

1.1

1.38

19 21 23 25 27 29 31 33 35 37 39
Moisture content, %

0.25%

1.33

0.50%

1.28
1.23

0.75%

1.18

1%

1.13

1.25%
20

25

30

35

Fig. 6. Compaction curves for 2% NaOH treated
fibre- reinforced soil
1.52

40

Moisture content, %

Fig. 4. Compaction curves for 0.5% NaOH treated
fibre- reinforced soil

0.25%

1.47
Dry density, g/cc

Dry density, g/cc

1.45

0.50%

1.42
1.37

0.75%

1.32

1%

1.27

1.25%

1.22
1.17

The compaction curves obtained for soil reinforced
with various percentages of 1% NaOH – treated
fibres are shown in figure 5.

21

26
31
Moisture content, %

36

Fig. 7. Compaction curves for 4% NaOH treated
fibre- reinforced soil

1.45
Dry density, g/cc

1.12

1.4
1.35

0.25%

1.3

0.50%

1.25

0.75%

1.2

The compaction curves obtained for various
percentages of 5% NaOH – treated fibres are shown
in figure 8.

1%

1.15

1.25%

1.1
23

28

33
38
Moisture content, %

Fig. 5. Compaction curves for 1% NaOH treated
fibre- reinforced soil
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1.52
0.25%

1.42
1.32

0.75%

1.27

1.00%

1.22

1.25%

1.17
1.12
20

25

30

35

0.25%

1.45

0.50%
1.4

0.75%

1.35

1%

1.3

1.25%

1.25

Water content,%

Fig. 8. Compaction curves for 5% NaOH treated
fibre- reinforced soil
A trend similar to untreated coir fibre reinforced
marine soil can be observed in the case of treated
coir fiber reinforced marine soil also. The maximum
dry densities decrease and optimum moisture
contents increases with increasing fibre content.
From the standard Proctor compaction tests
conducted on treated and untreated fibre reinforced
Cochin marine soil, the following plots were
prepared. The variation of maximum dry densities
with fibre content for various degrees of treatment
is shown in figure 9.
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From the above plot, it is clear that maximum dry
densities increase with the degree of treatment of
fibres. The variation of optimum moisture contents
with fibre contents for various degrees of alkali
treatment is shown in figure 11.
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Fig. 10. Variation of maximum dry density with
degree of treatment
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of treatment for various fibre contents is shown in
figure 10.
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Fig. 9. Variation of maximum dry densities with
fibre content
From the plot, it can be seen that the maximum dry
densities decrease with fibre content, which can be
attributed to the low density of coir fibres. The
variation of maximum dry densities with the degree
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The variation of optimum moisture contents with
degrees of alkali treatment for various fibre contents
is shown in figure 12.
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Fig. 12. Variation of optimum moisture content
with degree of treatment
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From the figure, it can be seen that the optimum
moisture content decreases with degree of
treatment. To investigate the variation in optimum
moisture content, water absorption capacity tests
were conducted on untreated and treated coir fibres.
The water absoption capacity with alkali treatment
is plotted as in figure 13.

California Bearing Ratio
California Bearing Ratio tests were conducted in
soaked and unsoaked condition for unreinforced and
reinforced marine soil specimens. Reinforced
specimens include marine soil treated with various
percentages of untreated coir fibres and coir fibres
treated with various concentrations of NaOH
solutions. The load versus penetration curve for
unreinforced and untreated coir fibre reinforced soil
specimens in unsoaked condition is shown in figure
14.
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Fig. 14. Load-penetration curve for unreinforced
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The load versus penetration curve for 0.50% NaOH
treated coir fibre reinforced soil specimens in
unsoaked condition is shown in figure 15.

Fig. 13. Rate of water absorption capacity of
untreated and treated coir fibres with alkali
treatment
The water absorption capacity of untreated coir
fibers is found to be about 65%, whereas that of 4%
NaOH treated coir fibres is about 32%. The water
absorption capacity decreases with alkali treatment.
This forms the basis of reduction in optimum
moisture content of treated coir fibre reinforced soil
as compared to untreated coir fibre reinforced
marine soil.
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Fig. 15. Load-penetration curve for 0.50% NaOH
treated coir fibre reinforced soil in unsoaked
condition
The load versus penetration curve for 1% NaOH
treated coir fibre reinforced soil specimens in
unsoaked condition is shown in figure 16.
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Fig. 17. Load-penetration curve for 2% NaOH
treated coir fibre reinforced soil in unsoaked
condition
The load versus penetration curve for 4% NaOH
treated coir fibre reinforced soil specimens in
unsoaked condition is shown in figure 18.
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Fig. 16. Load-penetration curve for 1% NaOH
treated coir fibre reinforced soil in unsoaked
condition

Fig. 18. Load-penetration curve for 4% NaOH
treated coir fibre reinforced soil in unsoaked
condition

The load versus penetration curve for 2% NaOH
treated coir fibre reinforced soil specimens in
unsoaked condition is shown in figure 17.

The load versus penetration curve for 5% NaOH
treated coir fibre reinforced soil specimens in
unsoaked condition is shown in figure 19.
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Fig. 19. Load-penetration curve for 5% NaOH
treated coir fibre reinforced soil in unsoaked
condition
The load versus penetration curve for unreinforced
and untreated coir fibre reinforced soil specimens in
soaked condition is shown in figure 20.
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The load versus penetration curve for 0.50% NaOH
treated coir fibre reinforced soil specimens in
soaked condition is shown in figure 21.
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The load versus penetration curve for 1% NaOH
treated coir fibre reinforced soil specimens in
soaked condition is shown in figure 22.
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Fig. 22. Load-penetration curve for 1% NaOH
treated coir fibre reinforced soil in soaked
condition
The load versus penetration curve for 2% NaOH
treated coir fibre reinforced soil specimens in
unsoaked condition is shown in figure 23.
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Fig. 25. Load-penetration curve for 5% NaOH
treated coir fibre reinforced soil in soaked
condition

The load versus penetration curve for 4% NaOH
treated coir fibre reinforced soil specimens in
unsoaked condition is shown in figure 24.

The variation of CBR value with fibre content for
marine soil reinforced with coir fibres treated with
various concentrations of NaOH solutions is shown
in figure 26.The variation of CBR value with degree
of treatment for marine soil reinforced with coir
fibres with different fibre contents is shown in figure
27.
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Fig. 24. Load-penetration curve for 4% NaOH
treated coir fibre reinforced soil in soaked
condition
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The load versus penetration curve for 5% NaOH
treated coir fibre reinforced soil specimens in
unsoaked condition is shown in figure 25.
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Fig. 26. Variation of CBR with fibre content for
untreated and treated coir fibre reinforced soil
specimens in unsoaked condition
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Fig. 27. Variation of CBR with degree of treatment
of coir fibres for untreated and treated coir fibre
reinforced soil specimens in unsoaked condition
The variation of soaked CBR with fibre content and
degree of treatment are shown in figures 28 and 29.
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Fig. 28. Variation of soaked CBR with fibre
content for untreated and treated coir fibre
reinforced soil specimens in soaked condition
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From the above plots, it can be seen that the CBR
value increases with fibre content in both unsoaked
and soaked conditions. Due to the difficulty in
uniform mixing of soil with fiber contents more than
1%, the optimum fibre content is regarded as 1%.
The optimum degree of treatment for the coir fibres
for improved penetration resistance is by using 4%
NaOH solution. The CBR value increases by 624%
when reinforced with 1% of 4% NaOH treated coir
fibres in unsoaked condition and by 596% in soaked
condition. When compared to untreated coir fibre
reinforced marine soil, the CBR value increases
by76.65% and 78.11% when reinforced with
optimum quantity of treated coir fibres in unsoaked
and soaked conditions respectively.
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Fig. 29. Variation of soaked CBR with degree of
treatment for untreated and treated coir fibre
reinforced soil specimens in soaked condition
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The maximum dry density decreases with fibre
content. This decrease in dry density can be
attributed to the low density of coir fibres.
The maximum dry density increases with degree of
treatment
The optimum moisture content increases with fibre
content. This can be attributed to the high water
absorption capacity of coir fibres
The optimum moisture content decreases with
degree of treatment of fibres, which is due to the
decrease in water absorption capacity of fibres
with treatment
Owing to the difficulty in mixing with higher fibre
contents, the optimum fibre content for improved
penetration resistance can be regarded as 1% when
treated with 4% NaOH solution.
An improvement of 624% can be observed in CBR
value when reinforced with 1% by weight of 4%
NaOH treated coir fibres in unsoaked condition.
An improvement of 596% can be observed in CBR
value when reinforced with 1% by weight of 4%
NaOH treated coir fibres in unsoaked condition.
Treatment of fibres at concentrations higher than 4
% has resulted in an increased penetration
resistance.
The CBR value of marine soil reinforced with 1%
by weight of 4 % NaOH increases by about 76%
and 78% times that of untreated coir fibre
reinforced soil in unsoaked and soaked conditions
respectively.

Strength Characteristics of Marine soil reinforced with alkali treated coir fibres
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more new sustainable techniques.

Abstract-The plastic production has been increased since
1950s. Plastics are inexpensive, lightweight and durablematerials,
which can readily be moulded into a variety of products that find
use in a wide range of applications. Now the plastic is a largest
man-made material which is used by human in all daily
activities. Due to high demand, the rate of production is also
very high. Also new technologies are developed daily which
makes the effective production of plastic product by focusing
low material consumption to get maximum final product and
also by reducing its cost. Due to higher use of plastic, the waste
produced is also in huge quantity that creates burden on existing
disposal methodologies. Hence such untreated plastic creates an
adverse pollution problem. To dispose waste plastic various
conventional and new techniques are developed having their
own advantages and disadvantages. Recycling is now mainly
focused to avoid adverse impact on environment. This work is
carried out to reuse the waste plastic in paving blocks that helps
to reduce the quantity of untreated plastic and ultimately to
reduce the ultimate burden on environmental.

Low density polyethylene (LDPE) is one of the most
commonly used plastic material used in daily lifeproducts.
Hence this work is carried out to use waste low density
polyethylene (LDPE) to treat and mould into a paver
block. For sampling and study, packaged milk bags are
used in the study. Such waste plastic paver blocks can
replace the conventional concrete paver blocks which are
used everywhere now a days. Plastic waste paver blocks
are more effective to use in footpath, gardens as well as in
parking areas. These waste plastic paver blocks are low
cost, light weight and most important they are of waste
plastic and hence they reduce burden of disposal and
ultimately, they reduce pollution problem due to untreated
waste plastic by greater extent.
II. LITERATURE REVIEW

Keywords: Plastic, pollution, conventional, recycling, reuse,
paving blocks.

I.

B. Shanmugavalli et. al. (2017) carried out the study of
replacement of concrete paver blocks by using waste
plastic. Since the rate of waste plastic production is
tremendous worldwide, it is focused in this study to use
such discarded plastic to the replacement of quarry dust
and coarse aggregates used. Waste plastic is used in
different proportion to replace quarry dust and coarse
aggregates and the results are compared with conventional
concrete blocks. The paver blocks manufactured using
waste plastic are comparatively light in weight and low
cost. This helps to reduce the plastic waste and its adverse
impacton environment.

INTRODUCTION

Plastics can be defined as a synthetic or semi synthetic
organic material of very high molecular mass and can be
moulded into solid objects of numerous shapes and sizes.
Synthetic plastics are the petroleum products which are
produced in large quantity. Plastic possess various
positive attributes which makes it more popular among the
people and now it has become most used man made
material. Plastic in used in almost all the industrial sectors
some of them are agriculture, medical, transportation,
piping, electrical and heat insulation, packaging,
manufacturing of household and electronic goods,
furniture. Most of the plastic materials are discarded after
single use. In India 70percent of total plastic consumption
is discarded as a waste which is around 15342 tonnes per
day. The available techniques like landfilling, incineration
are used but such a huge amount of plastic waste puts
extra burden on the existing disposal technologies and
these techniques have some disadvantages. Hence new
technique like plasma pyrolysis, RDF and use in bitumen
road construction are developed. Still most of the plastic
material remains untreated. Such plastic creates litter
problem also the chemical additives like catalysts, fillers,
plasticizers, stabilizers, colorants, lubricants, flame
retardants are added during plastic production can react
with water that pollute the water bodies. Untreated
plastic can cause soil, water and air pollution and have
high potential to threat all living organisms. To avoid
adverse impact of plastic waste, it is urgent call to develop

Nivetha C. et.al. (2016) carried out the study to check the
use of plastic waste as a binding material in making of
paver blocks to replace the use of cement. In this study
PET plastic is used as a binding agent. Varying proportion
of ingredients and plastic is used and results are
compared. The measurements of physical and mechanical
properties show that plastic waste paver blocks gives
better results than concrete paver blocks.

Tirthankar Banerjee et. al. (2012) provides information
about resource recovery of waste management by
considering integrated waste management. In India, plastic
production and consumption is increased but proper
segregation and collection facility is not available. This
article provides information about best possible way to
tackle plastic waste in Indian circumstance.
Global Trends and mitigation strategies
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Measuring global trends requires annual national data on
waste production and management practices. International
standards are not certain because the data is not available,
incompatible or incomplete; therefore, the implementation
of appropriate national waste statistics terms will
significantly improve the quality of data for this sector. A
wide range of mature technologies is available to mitigate
green house gases emissions from waste.
These technologies include land filling with landfill gas
recovery, post-consumer recycling. composting of
selected waste fractions and processes that reduce gases
generation compared to landfilling Therefore, the
mitigation from waste relies on multiple technologies
whose application depends on local, regional and national
drivers for both waste management and mitigation. Many
developed and developing countries practise composting
and anaerobic digestion of mixed waste or biodegradable
waste fractions (kitchen or restaurant wastes, garden
waste and sewage sludge).

Figure3 2. Shredded LDPE bags
Shredded plastic is heated at a temperature of 800 C and
then moulded in a square shaped mould of size
7.07×7.07×7.07 cm. sample from mould is taken out after
2 minutes and kept for cooling. It takes generally 2 hours
to cool the sample or it can be kept in water for early
cooling. The sample after coolingcan be used immediately
in place where we require.

Properties of LPDE

IV.

PE is classified as “thermoplastic” (unlike “thermoset”),
and the name is related to the way plastic reacts to the
heat. Thermoplastic synthetic materials become liquids
where they dissolve (110-130 degrees Celsius in the case
of LDPE and HDPE respectively).

High demand and use of plastic products leads to pollution
as it creates burden on available treatment facilities. To
minimize the plastic waste, the recycling and reuse of
waste plastic is a best scientific method. The work is
carried out is a type of reuse and recycle method of waste
management in which the waste LDPE is utilized to
develop a paver block. Such blocks can be easily
produced as the LDPE is one of the most commonly used
plastic type, easily available and comparatively less toxic
as compared to HDPE, PVC hence less hazardous to
handle and treat. The paving blocks developed are light in
weight, easy to handle, fast production rate as they does
not require curing like concrete paver blocks. This results
into faster rate of construction and easy transportation of
material. Also as the paving blocks are manufactured from
waste plastic, it helps to reduce litter and pollution
problem due to plastic.

Unique Properties of LDPE
 The melting point for average, commercial, low-density
polyethylene is typically 105 to 115 °C (221 to 239 °F).
Absorbs almost no water. Density range of 0.910–0.940
g/cm3 .
 Has good binding properties thus can bind sand
particles effectively.
 It is non-reactive at room temperatures. Polyethylene is
a homo-polymer in that it is composed of a single
monomer constituent (in this case ethylene: CH2=CH2).

III.

CONCLUSION
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Environmental water quality and render vast amounts of
water unfit for various applications. This is true not only for
human needs like drinking, bathing, agricultural irrigation,
and industrial production, but also for terrestrial and aquatic
ecosystems that require clean, fresh
Water to survive. Water contamination is a severe issue that
affects both people and the environment. Various studies and
related statistics have identified the scope of the problem as
follows:
• Currently, one out of every five people lacks access to safe
drinking water.
• Every year, 1.2 billion people's health is harmed by polluted
water, which contributes to the deaths of 15 million children
under the age of five.
• Every year, three million people die from diarrheal diseases
caused by polluted water (such as cholera and dysentery).
• Vector-borne diseases, such as malaria, kill an additional
1.5–2.7 million people each year, with poor water
management being a major contributor.
Water pollution adds to the so-called global water crisis by
reducing the amount of freshwater resources available to both
humans and ecosystems. By 2050, the country's population is
expected to stabilize at 160 million people, with 1180 billion
cubic meters of water required. Because of the exponential
increase in population, per capita water availability has
decreased from 2800 m3 per year in 2000 to 1340 m3 per
year by 2025. The main driving causes behind this
phenomenon are an increase in water consumption, coupled
with an increase in population in many regions of the world,
but mostly the overuse of water in fields such as agriculture,
as well as water pollution and climate change.
The design and operation of hydraulic engineering facilities
such as dams, reservoirs, and river levees have a significant

Abstract - In the water-quality arena, identifying physical,
chemical, and microbial contaminants and Understanding their
fate and transport will gives us a positive impact for developing
innovative technologies for preventing pollution and again in
controlling nonpoint source pollution. Again it will be helpful in
improving our ability to forecast the impact of land-use changes
and best Management practices on contaminant loading to
water resources. In the field of water quantity, it aids in
describing the factors that influence water usage in the home,
commercial, public, and industrial sectors. Solar energy
combined with the desalination process has the potential to
reduce greenhouse gas emissions while also providing a reliable
source of drinkable water. Solar desalination technologies can
deliver clean water in isolated regions in a long-term manner.
Our goal is to develop new and novel supply-enhancing
technologies, as well as improve existing supply-enhancing
technologies such as water treatment, desalting, and ground
water banking, to address real-world circumstances and reduce
water resource quantity and quality concerns.
• Improve the safety of wastewater processed for reuse as
drinking water by better understanding the fate and transit of
physical, chemical, and microbiological contaminants.
It is critical to combine the following objectives with an
evaluation of institutional issues of water resource management.
The phrase "water resources" is used in this report to refer to
rivers, inland waterways, water bodies, and aquifers.
Keywords— water pollution, water quality, water resources,
desalination, wastewater treatment etc

I.

INTRODUCTION

Water pollution, along with biodiversity loss, climate change,
energy, and socioeconomic difficulties, is one of humanity's
most pressing threats and challenges today. Human activities,
as well as human-related pollutants and wastes, brought into
rivers, lakes, groundwater aquifers, and seas, alter
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impact on the quality of water supplies and the preservation
of aquatic ecosystems. Until now, the cost, benefit, and safety
of these constructions have received significantly more
attention than environmental concerns.
Technical projects that aim to treat wastewaters and thereby
improve water quality, such as wastewater treatment plants,
waste management, and contaminated site rehabilitation,
produce a variety of environmental dangers and concerns.
The world's freshwater ecosystems cover only around 0.5
percent of the planet's surface area and have a volume of
2.84x105 km3. Rivers make up a small percentage of the
land surface (0.1 percent). Only 0.01 percent of the world's
water is contained in river channels. Despite their modest
volumes, running waterways are extremely important
(Wetzel, 2001). India receives roughly 4000 km3 of yearly
precipitation, including snowfall. Monsoon rainfall accounts
for about 3000 km3 of this total. The south-west and northeast monsoons, shallow cyclonic depressions and
disturbances, and isolated storms all contribute to India's
rainfall (Kumar et. al., 2005).
The majority of it occurs between June and September under
the influence of the south-west monsoon, except in Tamil
Nadu, where it occurs between October and November under
the influence of the north-east monsoon (Kumar et. al.,
2005). India is blessed with a river system that includes more
than 20 major rivers and several tributaries. Many of these
rivers are perennial, while others are only active during
certain times of the year. India supports almost 15% of the
world's population despite occupying only 3.29 million km2
of geographical area, accounting for only 2.4 percent of the
world's land area. On March 1, 2001, India's population was
estimated to be 1, 027, 015, 2 people.
The rapid growth of population and the quickened pace of
industrialization have resulted in a massive increase in the
demand for freshwater during the last few decades
(Ramakrishnaiah et al., 2009). The majority of agricultural
growth operations endanger human health, particularly in
relation to excessive fertilizer use and unhygienic
circumstances (Okeke and Igboanua, 2003). Water quality
has deteriorated in many parts of the world as a result of
anthropogenic activities such as significant urbanization,
agricultural practices, industrialization, and population
growth (Baig et al. 2009, Mian et al., 2010, Wang et al.,
2010). Furthermore, limited water resources have hampered
water pollution control and quality improvement (Bu et al.,

2010). Water contamination has been a subject of
government and scientific inquiry. As a result of chronic
water pollution and global scarcity of water resources,
safeguarding river water quality is critical.
II.

SOURCES OF WATER POLLUTION:

Water pollution can come from two different places. Table 1
shows the difference between a point source and a non-point
source.
1.

Pollution sources with a direct identified source are referred
to as point sources. Pipes attached to factories, oil spills from
tankers, and effluents from industry are just a few examples.
Wastewater effluent (both municipal and industrial) and
storm sewer discharge are examples of point sources of
pollution that primarily affect the area surrounding them.
Runoff from agricultural fields, urban trash, and so on is
examples. Pollution introduced into the environment in one
location can have an impact hundreds or even thousands of
kilometers distant. This is referred to as cross-border
pollution. One example is radioactive waste that is
transported across the oceans from nuclear reprocessing
plants to neighboring countries. There are two types of water
pollutants: organic and inorganic

2.

Insecticides and herbicides, organ halides and other
chemicals, bacteria from sewage and animal farming, food
processing wastes, pathogens, volatile organic compounds,
and other organic water contaminants are examples.

3.

Heavy metals from acid mine drainage; silt from surface runoff, logging, slash and burn practices, and land infill;
fertilizers from agricultural run-off, including nitrates and
phosphates, and chemical waste from industrial effluents are
all examples of inorganic water pollutants.

Table 1. Characteristics of point and nonpoint sources of
chemical inputs to receiving waters (adapted from
Carpenter et al., 1998).

Point Sources

Non-point Sources

- Effluent from waste water
(municipal and industrial)

Runoff
from
agricultural operations
(including return flow
from
irrigated

- Waste disposal site runoff and
leachate
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of India is unscientifically disposed and ultimately leads to
increase in the pollutant load of surface and groundwater
courses. Sewage can be a fertilizer as it releases important
nutrients to the environment such as nitrogen and phosphorus
which plants and animals need for growth. Chemical
fertilizers used by farmers also add nutrients to the soil,
which drain into rivers and seas and add to the fertilizing
effect of the sewage. Sewage and fertilizers can combine to
generate a major rise in the growth of algae or plankton in
large regions of seas, lakes, or rivers, resulting in an algal
bloom, which reduces the dissolved oxygen level of water
and kills other forms of life such as fish.

agriculture)
- Animal feedlot runoff and
infiltration

Grassland
rangeland runoff

- Storm sewer outfalls from
towns with populations more
than 100,000 - Runoff from
mines, oil fields, and unsewered
industrial sites

Unsewered
and
sewered urban runoff in
places with a population
of 100,000 or more

-Sewer overflows caused by a
combination of storm and
sanitary sewers
- Runoff from construction
projects with an area of more
than 2 hectares

and

- Leachate from septic
tanks and overflow from
malfunctioning septic
systems - Construction
site runoff

IV.
- Wastewater from
abandoned mines

Many businesses, such as steel and paper, are located along
riverbanks because they require large amounts of water in
their manufacturing processes, and their wastes, which
contain acids, alkalis, dyes, and other chemicals, are dumped
and poured into rivers as effluents.

Deposition
of
atmospheric material on
a water surface

Chemical enterprises that make aluminum emit a significant
amount of fluoride into the air and into water bodies through
emissions and effluents. Fertilizer factories produce a large
amount of ammonia, whereas steel plants produce cyanide.
Chromium salts are utilized in the synthesis of sodium
dichromate and other chromium-containing chemicals in
industrial processes. All of these releases eventually end up
as effluents in water bodies, impacting human health and the
organisms that live there.

- Land-based activities
that produce pollutants,
such
as
logging,
wetland
conversion,
building, and land or
waterway development

The following are some of the most significant sources of
water pollution:
Phosphorus concentrations in urban catchments are often
higher as a result of urbanization (Paul and Meyer, 2001).
Higher nutrient loadings to urban streams are caused by
increasing imperviousness, increased runoff from urbanized
surfaces, and increased municipal and industrial discharges.
As a result, urbanization ranks second only to agriculture as
the leading driver of stream degradation.
III.

INDUSTRIAL WASTES

V.

AGROCHEMICAL WASTES

Water and power for irrigation are subsidized in the
agriculture industry for political reasons. This results in
inefficient flood irrigation rather than the use of more
efficient practices like sprinkler and drip irrigation. Cropping
patterns and farming practices are also not always conducive
to water conservation. Water loss occurs as a result of
breaches and seepage, resulting in water logging and salinity.
Fertilizers, pesticides (including herbicides and insecticides),
and agro-chemical wastes are all commonly employed in
crop fields to increase productivity.

SEWAGE AND OTHER OXYGEN DEMANDING
WASTES

Management of solid waste is not successful due to huge
volumes of organic and non-biodegradable wastes
generated daily. As a consequence, garbage in most parts
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Improper pesticide disposal from field farms and agricultural
activities delivers a significant amount of contaminants to
water bodies and soils. DDT, Aldrin, Dieldrin, Malathion,
Hexachloro Benzene, and other pesticides are examples.
Pesticides enter water bodies by surface runoff from
agricultural fields, drift from spraying, precipitation washing
down, and direct dusting and spraying of pesticides in lowlying areas, degrading the water quality. The majority of
them is non-biodegradable and will remain in the
environment for a long time. These compounds could enter
the human food chain, resulting in biomagnifications.

Temperature changes have a negative impact on water quality
and aquatic biota. Human activities are responsible for the
majority of thermal pollution in water. Nuclear power and
electric power plants, petroleum refineries, steel melting
factories, coal-fired power plants, and boilers from industries
are some of the major sources of thermal pollution, which
release large amounts of heat into water bodies, causing
changes in the physical, chemical, and biological
characteristics of the receiving water bodies. The oxygen
level of water decreases as the temperature rises, disrupting
reproductive cycles, respiratory and digestive rates, and other
physiological changes that cause problems for aquatic life.
Oil spillage: Oil spilled into the sea surface as a result of an
accident or leakage from cargo tankers transporting gasoline,
diesel, and derivatives pollutes sea water significantly. Oil
pollution in water is also a result of offshore oil exploration.
The remaining oil forms a thin layer of water-in-oil emulsion
on the water's surface.
Construction of dams for hydroelectric power or water
reservoirs can restrict sediment flow, which can negatively
affect beach development, increase coastal erosion, and
reduce the movement of nutrients from rivers into seas
(potentially reducing coastal fish stocks). An increase in silt
flow can also be problematic. During construction, enormous
amounts of soil, rock, and other fine powders can infiltrate
surrounding rivers, causing the water to become turbid
(muddy or silted). The excess sediment might obstruct fish
gills, causing them to suffocate.

Nutrient enrichment can be categorized into two categories:
natural and anthropogenic sources of nutrients in surface
water. Because of the natural system's established
equilibrium between the production and consumption of
nutrients throughout time, natural sources contribute little to
pollution. Agriculture, domestic, and industrial wastes are all
anthropogenic sources of pollutants. Human land use and
disturbance gradients have been linked to nutrient
concentrations in streams and rivers. Both N and P
enrichment are linked to the watershed's agricultural and
urban land uses.
Total N fluxes in temperate-zone rivers bordering the North
Atlantic Ocean are strongly linked to net human N input in
their watersheds (Howarth et al., 1996). River total nitrogen
and nitrate flows and concentrations are also linked to human
population density (Howarth et al., 1996). The main source
of nitrogen in streams and rivers is nitrogen fertilizer
(Goolsby and Battaglin, 2001). Similarly, anthropogenic
sources of nutrient enrichment in aquatic systems include
both point and nonpoint sources (Table 1. adapted from
Carpenter et al., 1998).

VII.

Water pollution that modifies the pH level of a plant's
surrounding environment, such as acid rain, can injure or kill
the plant. Sulfur dioxide and nitrogen dioxide released into
the atmosphere by natural and human-made causes such as
volcanic activity and the burning of fossil fuels react with
atmospheric molecules such as hydrogen and oxygen to
generate sulfuric and nitric acids. Precipitation in the form of
rain or snow transports these acids to the ground. Once acid
rain reaches the ground, it flows into streams, where its
acidic components are carried into bodies of water. Acid rain
that gathers in aquatic habitats lowers the pH of the water and
has an impact on aquatic life.
Radioactive waste: The presence of radioactive elements in
water causes radioactive contamination. They are divided

Nonpoint sources of nutrients, such as livestock, crop
fertilizers, and urban runoff, have more geographical and
temporal variability than point sources of nutrients, which are
relatively easy to monitor and regulate. Nutrients from
nonpoint sources are now the primary source of water
pollution in the United States, following strict control of
point source inputs in response to the Clean Water Act
(Carpenter et al., 1998).
VI.

ACID RAIN POLLUTION

THERMAL POLLUTION
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into two categories: modest doses that temporarily increase
metabolism and big doses that gradually damage the
organism and cause genetic mutation. Radioactive silt, waters
used in nuclear atomic plants, radioactive mineral
exploitation, nuclear power plants, and the usage of
radioisotopes for medicinal and research purposes are all
possible sources.
VIII.

temperatures will also cause the snowline to rise, limiting the
capacity of natural reservoirs and raising the risk of flash
floods during the wet season. Increased eutrophication in
wetlands and fresh water supplies can be caused by rising
temperatures (CPCB Report, 2013). Polluted water has
negative consequences for both humans and aquatic life.
1. Human health effects of water contamination
-Chemicals in water that harm human health: Heavy metals
such as fluoride, arsenic, lead, cadmium, mercury,
petrochemicals, chlorinated solvents, pesticides, and nitrates
are just a few of the chemicals that harm human health.
Fluoride in water is necessary for the prevention of dental
caries and bone deterioration.
Fluoride concentrations below 0.5 mg/l induce dental caries
and tooth mottling, but exposure to greater levels above 0.5
mg/l for 5-6 years can have a negative impact on human
health, leading to fluorosis. Arsenic is a highly poisonous
chemical that enters the water system naturally or by
wastewater from tanneries, ceramic plants, chemical plants,
pesticides such as lead arsenate, fertilizer effluents, and
fumes from coal and petroleum combustion. Arsenic is
extremely harmful to human health, producing lung cancer
and arsenic skin lesions in various West Bengal regions due
to contaminated drinking water.
Long-term exposure causes cancer of the bladder and lungs.
Pipes, fittings, solder, and domestic plumbing systems
contaminate the drinking water supply. It has an effect on the
blood, the central nervous system, and the kidneys in
humans. Lead poisoning is particularly common in children
and pregnant women. Smelters, battery manufacturers,
thermometers, insecticides, fungicides, and other businesses
use mercury. The most well-known case of mercury pollution
in the waters occurred in 1938, when a Japanese business
released a large amount of mercury into Minamata Bay,
destroying the local fish species. It took several years for the
consequences to become apparent.
Many locals had eaten the fish by that time, and around 2000
people had been poisoned, leaving hundreds of people dead
and crippled (Akio, 1992). The cause of death was dubbed
"Minamata illness" due to the intake of fish containing
methyl mercury. Humans suffer from genetic abnormalities
and neurological impairment as a result of it. In aquatic
settings, mercury exhibits biological amplification. Cadmium
enters the human body through food crops grown in land
irrigated by effluents contaminated with cadmium. Long-

INTRODUCTION OF ALIEN SPECIES

Alien species, also known as invasive species, are a major
source of water pollution in various parts of the world. They
have no natural predators outside of their natural
environment, so they quickly expand and control the animals
and plants that flourish there. A common example of an alien
species is zebra mussels in the Great Lakes of the United
States, which were transported there by ballast water from
Europe (waste water flushed from ships). Caulerpa taxifolia
is a type of alien algae that has invaded the Mediterranean
Sea. Mnemiopsis leidyi, an alien jellyfish that arrived in
ballast water in the Black Sea, destroyed fish numbers by
90%. Asian clams named Potamocorbula amurensis, which
were also imported by ballast water, have drastically changed
the environment in San Francisco Bay.
IX.

CHANGES IN THE CLIMATE

Water resources are also impacted by global warming due to
increased evaporation, geographical changes in precipitation
intensity, length, and frequency (all of which affect average
runoff), soil moisture, and the frequency and severity of
droughts and floods. According to future forecasts based on
climate models, monsoon rainfall would increase in most
parts of India, owing to rising greenhouse gas and sulphate
aerosol levels. Small climatic changes, especially in arid and
semi-arid places like North-West India, can have a major
impact on water resources. This will have an impact on
agriculture, drinking water, and hydroelectric power
generation, culminating in water scarcity and land
degradation. Apart from monsoon rains, India relies on
permanent rivers that originate in the Hindukush and
Himalayan mountain ranges and are fed by glacier melt
water. Because the melting season overlaps with the summer
monsoon season, any monsoon strengthening in the
Himalayan basin is likely to lead to flood disasters. Rising
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i.

ii.

term intake of rice from cadmium-contaminated fields by
persons living in cadmium-contaminated areas in Japan,
according to Friberg et al. (1974), caused a variety of kidney
disorders such as "itai-itai disease," nephritis, and nephrosis.
Salmonella sp., Shigella sp., Escherichia coli, and Vibrio
cholera are bacteria that cause water borne illness (Adetundeiii.
and Glover, 2010). Typhoid fever, diarrhoea, dysentery,
gastroenteritis, and cholera are all caused by any of these
factors.
The faecal-oral route of transmission, in which germs are
only excreted in human faeces, is responsible for the
perpetuation of many diseases (Adetunde and Glover, 2010).
The presence of E. coliforms in the faces is utilized as a
marker for any of these water-borne infections (Adetunde and
Glover, 2010). According to Larry (2006), ground water
contamination is the largest cause of fatalities and diseases in
the world, killing over 14,000 people every day, the majority
of whom are children under the age of five. The increasing
reports of pollutants in groundwater in recent years have
heightened public concern about the quality of the water.
Children are more susceptible to intestinal pathogens iniv.
general, and it is estimated that 1.1 million children die each
year from diarrheal illnesses (Steiner and Gurrant, 2006).
2. Water pollution's impact on vegetation
Water contamination has the following consequences on
plants:
Acid Deposition Effects: Many of the gases from acid,
aerosols, and other acidic substances released into the
atmosphere from industrial or domestic sources of fossil fuel
combustion eventually fall to the ground and reach water
bodies, along with run-off rainwater from polluted soil
surfaces, causing acidification of water bodies by loweringv.
pH levels.
Nutrient deficit in aquatic ecosystems: In acidified water, the
population of decomposing microorganisms such as bacteria
and fungi decreases, slowing the breakdown of organic
matter and influencing nutrient cycling. Most aquatic species
require a pH of 6.0 to thrive. Below this pH, the diversity of
organisms decreases, while the quantity and abundance of
acid- tolerant species increases. During the early stages of
water acidification, filamentous algae rapidly multiply and
produce a thick mat. Below pH 5.8, diatoms and green algae
go extinct. Cladophora is an acid-tolerant species that thrives
in acidic freshwater environments. Macrophytes are often
absent in acidic water because their roots are generally
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harmed in such water, resulting in poor plant growth.
Acidified water is home to Potamogeton pectinalis. In acidic
water, plants with deep roots and rhizomes appear to be less
harmed, but plants with short root systems appear to be badly
affected.
iii. Organic matter deposition effects: Organic matter from
dead and decaying plant and animal materials is deposited
directly from sewage discharges and washed into water
bodies with rainwater, creating an increase in decomposers /
microbes such as aerobic and anaerobic bacteria. Rapid
breakdown of organic waste increases food availability in
water, allowing for lush growth of planktonic green and bluegreen algae blooms. Furthermore, several macrophytes such
as Salvinia, Azolla, and Eicchhornia grow rapidly, resulting
in less light penetration into the deeper layers of the water
body and a steady collapse of the submerged flora. This
situation causes a decrease in dissolved oxygen and an
increase in biological oxygen demand (B.O.D). Unpolluted
fresh water has a B.O.D of less than 1 mg/l, whereas organic
matter-polluted water has a B.O.D of more than 400 mg/l.
Effects of detergent deposition: Detergents from household
and commercial use wash down into bodies of water, causing
considerable plant damage. Detergents have a high phosphate
content, which causes phosphate enrichment in the water.
Phosphates enter plants through roots or surface absorption,
resulting in plant growth retardation, root elongation, carbon
dioxide fixation, photosynthesis, cation uptake, pollen
germination and pollen tube growth, destruction of
chlorophylls and cell membranes, and denaturation of
proteins, which inhibit enzymes in various metabolic
processes.
Chemicals from fertilizers, pesticides, insecticides,
herbicides, and other agricultural chemicals that are applied
to crops in excess are washed away with rainwater as runoff,
then penetrate the soil, and eventually end up in water bodies.
Eutrophication is caused by fertilizer chemicals causing
nutrient enrichment. Ammonium from fertilizers is acidic by
nature, leading water to become acidic. Pesticides,
herbicides, and insecticides, on the other hand, alter the pH of
water bodies. The most prevalent side effect of these
chemicals is a decrease in photosynthetic rate.
Some of them may decouple oxidative phosphorylation or
inhibit the enzyme nitrate reductase. Because of their limited
solubility in water, these compounds have a high absorption
and bioaccumulation capacity in macrophytic plants.

vi. Industrial wastes have the following effects: Industries'
effluents contain a variety of biological and inorganic waste
materials. Fly ash forms a thick floating blanket over the
water, preventing light from penetrating deeper layers of
water bodies. Fly ash raises the alkalinity of water and
reduces the uptake of vital bases, causing aquatic plants to
die. The pH of water is changed by liquid organic effluents,
and the specific toxicity effects on aquatic plants vary based
on their chemical makeup. There may be synergistic,
additive, or antagonistic interactions amongst metals in terms
of their effects on plants, but these interactions are
diminished in hard and buffered freshwater bodies.
vii. Silt deposition effects: Silt deposition in water bodies happens
as a result of erosion bringing silt-laden water and flooding.
It raises water turbidity and inhibits light penetration in deep
water, resulting in a decrease in the number of submerged
plants. Siltation prevents aquatic plants from growing. The
reduction in surface exchange of gases and nutrients has an
impact on phytoplankton abundance. Plants that are resistant
of turbidity are many, followed by intermediate and least
tolerant species. Polygonum, Sagittaria, and other plants are
seen to grow in dominance.
Oil pollution from oil tankers and storage containers limits
oxygenation of water and depletes the oxygen content of
water bodies by limiting light transmission, restricting
plankton growth and photosynthesis in macrophytes.

caused by human activities, it is referred to as "culture
eutrophication," in which the rate of nutrient enrichment is
substantially accelerated. In the mid-twentieth century,
eutrophication was identified as a pollution problem in North
American lakes and reservoirs (Rohde, 1969). In order to
thrive, plants must consume nutrients from the surrounding
environment. Nitrogen and phosphorus, in particular,
increase photosynthesis, which promotes growth. It's for this
reason why they're commonly found in plant fertilizers.
When nitrogen and phosphorus-rich fertilizers are dumped
into streams, the nutrient-rich waters often lead to algal
blooms and eutrophication. As a result, oxygen levels drop,
causing fish to suffocate and die.
xi. Effects of phytotoxicity on plants: Chemical contaminants
can be absorbed by plants through their roots when they
accumulate in aquatic or terrestrial environments. Toxic
chemicals poison plants, which are known as phytotoxicity.
Poor growth, withering seedlings, and dead spots on leaves
are all signs of phytotoxicity in plants. Mercury poisoning,
which is commonly associated with fish, can also impact
aquatic plants, as mercury compounds accumulate in the
roots and bodies of plants, resulting in bioaccumulation. As
animals consume polluted food, mercury levels rise up the
food chain.
X.

viii. The effects of thermal pollution: The release of hot water
from thermal power plants into water bodies has a negative
impact on aquatic life. Because of the high temperature, it
limits the activity of aerobic decomposers due to oxygen
depletion. The availability of nutrients in aquatic bodies is
jeopardized as organic matter decomposition slows.
Increased temperature inhibits enzyme activity in aquatic
plants, resulting in a reduction in photosynthesis rate.
Because of the rising temperature of water bodies as a result
of thermal pollution, primary production and variety of
aquatic plant species are declining.
x. Effect of nutrient enrichment: Nutrient enrichment in aquatic
water bodies causes eutrophication, which is a process in
which water bodies get an excess of inorganic nutrients,
particularly N and P, which stimulates excessive plant and
algae development. Eutrophication can occur naturally in
some freshwater environments as part of the normal
succession process. However, when nutrient enrichment is

1.

2.
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WATER POLLUTION CONTROL

Temporal and spatial variations in rainfall, uneven
geographic distribution of surface water resources, persistent
droughts, overuse of ground water and contamination,
drainage and Stalinization, and water quality problems due to
treated, partially treated, and untreated wastewater from
urban settlements, industrial establishments, and runoff from
irrigation sectors are among the key challenges to better
management of water quality in India (CPCB Report, 2013).
The following are some of the control measures:
The Ganga Action Plan and the National River Action Plan
are being implemented to address the job of municipal
wastewater trapping, diversion, and treatment.
Due to a lack of sanitation facilities in most sections of the
country, waste water from residential sources is rarely
handled. This waste water, which contains a high organic
pollution load, makes its way into surface and groundwater

3.

4.

5.

6.

7.
8.
9.

courses near human settlements, from which additional water
is collected for usage. The treatment systems should be
installed with significant cost.
As a result of rising industrialization and urbanization, water
demand for energy and industrial usage is expected to climb
to almost 18% (191 bcm) of total demand in 2025. (CPCB
Report, 2013). Poor environmental management systems
have resulted in the discharge of highly hazardous and
organic wastewater, particularly in businesses such as
thermal power plants, chemicals, metals and minerals, leather
processing, and sugar mills. As a result, the surface and
groundwater sources from which water is obtained for
irrigation and domestic use have been contaminated. The
enforcement of legislation governing the discharge of
industrial wastewater and the extraction of groundwater
needs to be significantly enhanced, and additional incentives
for waste water reuse and recycling are needed.
Water and power for irrigation are subsidized in the
agriculture sector for political purposes. This results in
inefficient flood irrigation rather than the use of more
efficient practices like sprinkler and drip irrigation. Water
conservation should be encouraged through improved
irrigation, agricultural patterns, and farming techniques.
Water quality management in India is governed by the Water
(Prevention and Control of Pollution) Act, 1974, as revised in
1988. The primary goal of this Act is to protect and restore
the health of national aquatic resources by preventing and
controlling pollution. The Water (Prevention and Control of
Pollution) Cess Act was enacted in 1977 to establish a levy
and collection system for a cess on water utilized by persons
engaged in certain types of industrial activity.
The Central Pollution Control Board (CPCB) has created a
network of aquatic resource monitoring stations around the
country. In India, water quality monitoring and management
are regulated at the state/union territory level. There are 28
states and 6 union territories covered by the network (CPCB
Report, 2013). Water quality monitoring is thus an absolute
requirement for determining the level of water body
maintenance and restoration.
The washing of garments and laundry beside the riverbank
should be prohibited.
To prevent pollution at the source, industries should establish
Effluent Treatment Plants (ETP).
Sewage Treatment Plants (STPs) that clean up sewage
effluents are required in all towns and cities.

10. Improper use of fertilizers, herbicides, and pesticides in
agriculture should be eliminated, and organic farming
methods should be adopted. Cropping techniques in the
riparian zone should be prohibited in order to protect the
riparian vegetation.
11. Religious rituals that contaminate river water by pouring
brightly colored idol paints using hazardous synthetic
chemicals should be prohibited.
12. To prevent the loss of the water table, rain water collection
should be undertaken.
13. The first step in preventing water contamination is to raise
public awareness about the issue. As a result, the necessity of
water and pollution protection measures should be
emphasized as part of a public awareness and education
campaign.
14. The polluter pays principle should be implemented so that the
polluters bear the brunt of the expense of pollution. Finally,
the polluter pays approach should be designed to deter people
from polluting and to encourage them to act responsibly
toward the environment.
15. Because riparian vegetation serves multiple functions, the
community should play a regulatory role to prevent people
from felling and clearing riparian forest zones for road
construction, agricultural practices, recreational and tourism,
sand mining, quarrying, and clay mining, among other things.
XI.
1.

2.
3.

4.
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Abstract— The amount of waste has been steadily
percent. Modern western waste management systems
increasing due to the increasing human population and
have rebuilt recycling rates over the last few years.
urbanization. Waste materials are generated from
Modern waste management systems, which many
manufacturing processes, industries and municipal solid
developing country cities aspire to, are all
wastes (MSW). The increasing awareness about the
characterized by high recycling rates of clean, source
environment has tremendously contributed to the concerns
separated materials.
related with disposal of the generated wastes. This paper
A waste management concept including the following
presents a detailed review about waste and waste
goals:
management options over various case studies at which
1. Reduction of total amount of waste by reduction and
different institutions/communities have taken efforts to
successfully manage their waste for some positive
recycling of refuse.
environmental benefits. The paper summarized the solid
2. Recycling and re-introduction of suitable groups of
waste management practices, strategies, processes and
substances into production cycles as secondary raw
methods used to manage the Municipal solid waste.
material or energy carrier.
Keywords - Waste management; Waste to energy; Disposal
3. Re-introduction of biological waste into the natural
methods, Municipal solid waste, Municipal Solid Waste
cycle.
(management and handling) rules,

I.

4. Best-possible reduction of residual waste quantities,
which are to be disposed on “suitable” landfills.
5. Flexible concept concerning fluctuations in waste
quantities and the composition of domestic waste.
6. New developments in the field of waste management
must be included into the system Large quantities of
this waste cannot be eliminated. However, the
environmental impact can be reduced by making more
sustainable use of this waste. This is known as the
“Waste Hierarchy”. The waste hierarchy refers to the
"3 Rs" reduce, reuse and recycle, which classify waste
management strategies according to their desirability
in terms of waste minimization. The hierarchy of
disposal options, which categorizes environmental
impacts into six levels, from low to high; namely,
reduce, reuse, recycle, compost, incinerate and landfill.
The waste hierarchy remains the cornerstone of most
waste minimization strategies. The aim of the waste
hierarchy is to extract the maximum practical benefits
from products and to generate the minimum amount of
waste.

INTRODUCTION.

Waste management is one of the major environmental
concerns in the world. Human activities and changes in
lifestyles and consumption patterns have resulted in an
increase in solid waste generation rates. Waste
management is also carried out to recover resources
from it. Waste management can involve solid, liquid,
gaseous or radioactive substances, with different
methods and fields of expertise for each. A typical
waste management system comprises collection,
transportation, pre-treatment, and processing,
segregation and final abatement of residues. Various
types of waste can be collected separately. Early
researcher mentioned as the waste management is one
of the public infrastructures that are based on a specific
type of physical infrastructure to provide the goods or
services, and in this respect it resembles power
generation ie, the electricity, natural gas, and water
sector. Waste management practices differ for
developed and developing nations, for urban and rural
areas, and for residential and industrial, producers.
Management for non-hazardous residential and
institutional waste in metropolitan areas is usually the
responsibility of local government authorities, while
management for non-hazardous commercial and
industrial waste is usually the responsibility of the
generator. When recycling began to be recognized as
essential for both environmental and resource
management reasons, recycling rates for household
wastes in most cities were in the low single figures by

Waste Generation Characteristics
From the above table we can see that the composition of
paper varies from 1.0% to 6.0%. The maximum quantity
of paper is picked up the people for the use of packaging
or fuel purposes so a less amount goes to dumping site.
The leather, rubber and plastic contents are also less.
These values are less due to recycling of these
constituents.
Source of waste
Percentage %
Paper
4
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Textile
Leather
Plastic
Metal
Glass
Compostable stable
matter

waste is then covered with the construction and
demolition waste of 2 feet depth.
4. Current Practices
The Municipal Corporation of cities is taking steps to
convert the open dumping site into the sanitary landfill
with specifications given in schedule 3 of Municipal
Solid Waste Management and Handling Rules, 2000.
Steps have already been taken by capping 30acre area of
the landfill. Apart from this the leachate treatment and
gas extraction plants and monitoring wells are also
planted.

2
6.5
4.9
30

A. Waste Storage and Collection
Waste collection and storage are inter related and most
important functional elements of municipal solid waste
management. Every city has their own collection and
storage points. Door collectors dumped the waste after
segregation.
B. Waste Transportation
The municipal solid waste collected from the dustbins
and collection points is transported to the processing and
disposal sites using a variety of vehicles.
C. Waste Recovery and recycling
Recovery and recycling of waste is an important
component of integrated solid waste management as it
decreases the load of waste going to the dumping site or
for incineration.
D. Waste Processing
Best possible benefits can be achieved with a proper
waste processing unit.
E. Waste Disposal
The ultimate fate of the waste is to be dumped at
appropriate dumping site.
The three basic steps being followed are:
1. Dumping
Dumping is the major and final step of municipal solid
waste management. Vehicles fully loaded with the waste
are brought to the site for disposal of waste. These
vehicles include tractors trolleys, open trucks, dumper
placers etc.
2. EM Solution
The treatment of garbage at the dumping ground with
Effective Micro Organism Solution (E.M Solution). The
Main Constituents of this Solution are actinomycetes
(Photo Synthetic Bacteria) and Yeast. A 1000L spraying
solution contains 20L EM solution with 30L Molasses
and the rest 950 L is water. It takes 3-4 days for the
preparation of the Solution. The said treatment is helpful
in the acceleration of decomposition process of the
garbage, reduction in the volume of gas discharge with
the result that foul smell has substantially minimized and
minimization of larva of flies & mosquitoes, reduction in
suspended dust particles, reduction in the volume of
waste and fermentation period.
3. Leveling
For leveling of the waste bulldozers or heavy vehicles are
used which helps to compact the waste. After
compaction, oil and grease is sprayed on the land. The

II.

WASTE
WATER
METHODS

MANAGEMENT

Classification and assignment of different waste
materials to classes cannot be easily achieved by
conventional parameters. Some new techniques have
been proposed and developed by researchers. Nowadays
not all the wastes are classified under the same classical
category, requiring the same procedure of elimination.
Especially in the industries in which the types of wastes
are so varied it is very difficult and impractical to set up
and operate a different management system for different
types of wastes .Thus has emerged the necessity of a,
management system which would eliminate all types of
wastes.
Waste Segregation
Waste is not all the same. It has different characteristics
according to which it can be divided accordingly:
• Recyclable
• Organic
• Toxic
• Reusable e.g. plastic bottles, polythene bags while
recyclable waste is dry in nature, the organic kind is wet
and 100% biodegradable. Hence, bacterial action is faster
in the latter. If waste is segregated, it is easier to handle,
does not cause much pollution and
can be reused, recycled or decomposed.
• The CDC (Centre for Development Communication)
model of waste management is based on the principle of
segregating waste and treating it according to its
characteristics. Waste should be segregated at the place
or source of origin. In order to realize this concept CDC,
implements the following approach:
• Educating the community about waste characteristics
and the consequences of inappropriate waste dumping
• Collecting the waste in a segregated manner every day
• Using specially designed multi-chambered rickshaws
for garbage collection
Selected waste treatment processes
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Waste
Stream
Combustibl
e Wastes

NonCombustibl
e Waste
Partially
combustible
waste
streams

designed and well-managed landfill can be a hygienic and
relatively inexpensive method of disposing of waste
materials. Older, poorly- designed or poorly-managed
landfills can create a number of adverse environmental
impacts such as wind-blown litter, attraction of vermin
(especially, noxious little animals or insects, collectively,
as squirrels, rats, mice, flies, lice, bugs, etc), and
generation of liquid leachate. Landfill leachates contain a
large number of compounds, some of which can be
expected to create a threat to health and nature if released
into the natural environment. Compounds detected
include halogenated aliphatic compounds, benzene and
alkylated benzenes, phenol and alkylated phenols,
ethoxylates, polycyclic aromatic compounds, phthalic
esters, chlorinated benzenes, chlorinated phenols, PCB,
chlorinated dioxins and chlorinated furans, bromated
flame- retardants, pesticides, organic tin methyl mercury
and heavy metals. Today’s landfills are very different
from the open dumps of the past. For one thing, new
landfills are situated where clay deposits and other land
features act as natural buffers between the landfills and
the surrounding environment. Second, the bottom and
sides of modern landfills are lined with layers of clay or
plastic to keep the liquid waste, called leachate, from
escaping into the soil. Deposited waste is normally
compacted to increase its density and stability, and
covered to prevent attracting vermin (Fig. 1). Another
common by product of landfills is gases. Landfill gas is a
renewable energy source. Methane (CH4) and carbon
dioxide (CO2) are major gases, forming from the
anaerobic degradation of degradable domestic solid
wastes. Landfill gases generally contain 45-60% CH4
and 40-60% CO2 [10]. These gases can create odour
problems, kill surface vegetation, and is a greenhouse gas
(GHG). Some of these compounds may cause corrosion
or other damage to engines if they are not removed from
the
gas
before
utilization.

Waste disposal methods
Roaster incineration Fluid bed
incineration Pyrolysis-incineration
Pyrolysis-gasification Separationcomposting-incineration (Wet and
dry) separation-digesting-incineration
Separation-digesting-pyrolysis
Separation-digesting-gasification
Separation-digesting-incineration in a
cement plant Selective separationincineration
Landfill

Wood: ((i)Pyrolysis and coincineration in a coal power plant
(ii)Pyrolysis and co-incineration in a
powdered coal power plant
(iii)Incineration in a fluid bed furnace
Gasification)
Plastic:((i)Gasification (ii)Feedstock
Recycling)
Organic waste:((i)Composting
(ii)Anaerobic Digestion )

2.1. Disposal methods
An integrated approach is required in an attempt to
manage such large quantities of a diverse, contaminated
mixture of wastes in an energy efficient and
environmentally benign manner. This would require
examining critically various steps in the life of the wastes
such as the raw materials for their manufacture, the
manufacturing processes, design and fabrication of the
finished products, possible reuse of those items, and the
proper disposal of the wastes, in totality. Such an
integrated waste management concept comprises:
(i) source reduction;
(ii) reuse;
(iii) recycling;
(iv) landfill and gas-to energy
(v) waste-to energy conversion.
2.1.1. Landfill
A landfill is designed to inhibit degradation to protect the
environment from harmful contamination. Deprived of
air and water, even organic wastes like paper and grass
clippings degrade very slowly in a landfill. Municipal
Solid Waste Landfills (MSWLs) are places where
heterogeneous mixtures of municipal and industrial
wastes are disposed. Mechanical properties of MSW such
as strength and compressibility depend on composition of
waste, mechanical properties of components of the
material deposited, water content and decomposition.
Disposing of waste in a landfill involves burying waste to
dispose of it, and this remains a common practice in most
countries. Landfills were often established in disused
quarries, mining voids or borrow pits. A properly-

(Fig.1) 4
III.
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BIO-RENEWABLE GASEOUS FUELS

Liquid (bio-ethanol and bio-diesel) and gaseous (biogas
and bio-hydrogen) biofuels have become more attractive
recently because of its environmental benefits. In recent
years, many studies have investigated the economic and
environmental impacts of the biofuels, especially
bioethanol and biodiesel. Liquid biofuels are important
because they replace petroleum fuels. There are many
benefits for the environment, economy and consumers in
using biofuels. Bio-fuels production costs can vary widely
by feedstock, conversion process, scale of production and
region. Bio-fuels production costs can vary widely by
feedstock, conversion process, scale of production and
region. On an energy basis, ethanol is currently more
expensive to produce than gasoline in all regions
considered. Biogas can be obtained from several sources.
It is obtained from decomposing organic material .Biogas
is composed by methane (CH4), carbon dioxide (CO2),
air, ammonia, carbon monoxide, hydrogen, sulfur gases,
nitrogen and oxygen. Among its components, methane is
the most important one, particularly for the combustion
process in vehicle engines. CH4 and CO2 make up around
90% of the gas volume produced. The main constituents
of landfill gas are methane and carbon dioxide, both of
which are major contributors to global warming. Because
of the widely varying nature of the contents of landfill sites
the constituents of landfill gases vary widely. Landfill
leachate treatment has received significant attention in
recent years, especially in municipal areas. The generation
of municipal solid wastes (MSW) has increased in parallel
to rapid industrialization. Approximately 16% of all
discarded MSW is incinerated the remainder is disposedoff in landfills. Effective management of these wastes has
become a major social and environmental concern.
Disposal of MSW in sanitary landfills is usually associated
with soil, surface water and groundwater contamination
when the landfill is not properly constructed. The flow rate
and composition of leachate vary from site to site,
seasonally at each site and depending on the age of the
landfill. Young leachate normally contains high amounts
of volatile fatty acid. MSW statistics and management
practices including waste recovery and recycling
initiatives have been evaluated. The organic MSW was
chemically and biologically characterized, in order to
study its behaviour during anaerobic digestion, and its pH,
biogas production, alkalinity, and volatile fatty acid
production was determined. Anaerobic digestion of the
organic food fraction of MSW, on its own or co-digested
with primary sewage sludge, produces high quality biogas,
suitable as renewable energy. The processing of MSW
(landfill, incineration, aerobic composting) secures many
advantages and limitations. The greenhouse gas emissions
can be reduced by the uncontrolled releasing of methane
from improperly disposed organic waste in a large landfill.

Component
Paper waste
Food waste
Plastic matter
Metal
Glass
Textile
Wood
Leather and
rubber
Miscellaneous

Upper limit
33.2
18.3
7.8
7.3
8.6
2.0
1.8
0.6
1.2

Lower limit
50.7
21.2
11.2
10.5
10.2
2.8
2.9
1.0
1.8

Typical analysis of raw landfill gas
Component
Methane
Carbon-di-oxide
Nitrogen
Oxygen
Heavier
hydrocarbons
Hydrogen
sulphide
Complex
organics
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Chemical
formula
CH4
CO2
N2
O2
CnH2n+2

Content

H2S

40-100 ppm

-

1000-2000 ppm

40-60 (% by vol)
20-40 (% by vol)
2-20 (% by vol)
<1
<1

can be classified as aerobic, anaerobic and anoxic
processes which are widely used for the removal of
biodegradable compounds. Biological treatment of
landfill leachate usually results in low nutrient removals
because of high chemical oxygen demand COD), high
ammonium-N content and the presence of toxic
compounds such as heavy metals. Landfill leachate
obtained from the solid waste landfill area contained high
COD and ammonium ions which resulted in low COD
and ammonium removals by direct biological treatment.
Several anaerobic and aerobic treatment systems have
been studied in landfill leachate. Leachate contain nonbiodegradable substrates which are not removed by
biological treatment alone and an increase of leachate
input may cause reduction in substrate removal. Raw
landfill leachate was subjected to pre-treatment by
coagulation-flocculation and air stripping of ammonia
before biological treatment. In order to improve
biological treatment ability of the leachate, coagulationflocculation and air stripping of ammonia were used as
pre-treatment. Natural zeolite and bentonite can be
utilized as a novel landfill liner material
3. 1. Bio-gas technology
Anaerobic digestion (AD) is the conversion of organic
material directly to a gas, termed biogas, a mixture of
mainly methane and carbon dioxide with small quantities
of other gases such as hydrogen sulphide. Methane is the
major component of the biogas used in many homes for
cooking and heating. The biogas has a chemical
composition close to that of natural gas, the bio-digester,

or a biogas plant, is a physical structure used to provide
an anaerobic condition which stimulates various
chemical. and microbiological reactions resulting in the
decomposition of input slurries and the production of
biogas—mainly methane.
Biogas can be used after appropriate gas clean-up as a
fuel for engines, gas turbines, fuel cells, boilers, industrial
heaters, other processes, or for the manufacturing of
chemicals. Before landfilling, treatment or stabilisation
of biodegradable materials can be accomplished by a
combination of anaerobic digestion followed by aerobic
composting.
The same types of anaerobic bacteria that produced
natural gas also produce methane today. Anaerobic
bacteria are some of the oldest forms of life on earth.
They evolved before the photosynthesis of green plants
released large quantities of oxygen into the atmosphere.
Anaerobic bacteria break down or digest organic material
in the absence of oxygen and produce biogas as a waste
product. The first methane digester plant was built at a
leper colony in Bombay, India, in 1859. Most of the
biogas plants utilise animal dung or sewage. Anaerobic
digestion is a commercially proven technology and is
widely used for treating high moisture content organic
wastes including +80%–90% moisture. Biogas can be
used directly in spark ignition gas engines (SIGEs) and
gas turbines. Used as a fuel in SIGE to produce electricity
only, the overall conversion efficiency from biomass to
electricity
is
about
10%–16%.

freezing to about 344 K. Respiration refers to those
biochemical processes in which organisms oxidise
organic matter and extract the stored chemical energy
needed for growth and reproduction. Respiration patterns
may be subdivided into two major groups, based on the
nature of the ultimate election acceptor. Under aerobic
conditions, the pyruvate is oxidised to CO2 and H2O via
the tri-carboxylic acid or Krebs cycle and the electron
transport system. The net yield for glycolysis followed by
complete oxidation is 38 moles ATP per mole glucose,
although there is evidence that the yield for bacteria is 16
moles ATP per mole glucose. Thus, 673 kcal are liberated
per mole glucose, much of which is stored as ATP.
3. 1. 2. Anaerobic conversion processes
Anaerobic digestion (AD) is a bacterial fermentation
process that is sometimes employed in wastewater
treatment for sludge degradation and stabilization. This is
also the 6
Digestion is a term usually applied to anaerobic mixed
bacterial culture systems employed in many wastewater
treatment facilities for sludge degradation and
stabilization. Anaerobic digestion is also becoming more
widely used in on-farm animal manure management
systems, and is the principal process occurring in landfills
that creates landfill gas (LFG). Anaerobic digestion
operates without free oxygen and results in a fuel gas
called biogas containing mostly methane (CH4) and
carbon dioxide (CO2), but frequently carrying impurities
such as moisture, hydrogen sulphide (H2S), and
particulate matter. The AD is known to occur over a wide
temperature range from 10 to 71 degree C. Anaerobic
digestion requires attention to the nutritional needs and
the maintenance of reasonable temperatures for the
facultative and methanogenic bacteria degrading the
waste substrates. The carbon/nitrogen (C/N) ratio of the
feedstock is especially important. Biogas can be used
after appropriate gas cleanup as a fuel for engines, gas
turbines, fuel cells, boilers, industrial heaters, other
processes, and the manufacturing of chemicals.
Anaerobic digestion is also being explored as a route for
direct conversion to hydrogen. For anaerobic systems,
methane gas is an important product. Depending on the
type and nature of the biological components, different
yields can be obtained for different biodegradable wastes.
For pure cellulose, for example, the biogas product is 50
% methane and 50 % carbon dioxide. Mixed waste
feedstocks yield biogas with methane concentrations of
40-60 % (by volume). Fats and oils can yield biogas with
70 % methane content. Anaerobic digestion functions
over a wide temperature range from the so-called
psychrophilic temperature near 283 K to extreme
thermophilic temperatures above 344 K. The temperature
of the reaction has a very strong influence on the
anaerobic activity, but there are two optimal temperature

(Fig. 3) Schematic of biogas plant utilizing cow dung:
1. Compost storage, 2. Pump, 3. Internal heater, 4.
Digester, 5. Combustor, 6-8. Power generator.
3. 1. 1. Aerobic conversion processes
Aerobic conversion includes most commercial
composting and activated sludge wastewater treatment
processes. Aerobic conversion uses air or oxygen to
support the metabolism of the aerobic microorganisms
degrading the substrate. Nutritional considerations are
also important to the proper functioning of aerobic
processes. Aerobic processes operate at much higher
reaction rates than anaerobic processes and produce more
cell mass, but generally do not produce useful fuel gases.
Aerobic decomposition can occur from as low as near
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ranges in which microbial activity and biogas production
rate are highest, the so called mesophilic and
thermophilic ranges. The mesophilic regime is associated
with temperatures of about 308 K, the thermophilic
regime of about 328 K. Operation at thermophilic
temperature allows for shorter retention time and a higher
biogas production rate, however, maintaining the high
temperature generally requires an outside heat source
because anaerobic bacteria do not generate sufficient
heat. Aerobic composting can achieve relatively high
temperatures (up to 344 K) without heat addition because
reaction rates for aerobic systems are much higher than
those for anaerobic systems. If heat is not conducted
away from the hot center of a compost pile, then
thermochemical reactions can initiate which can lead to
spontaneous combustion if sufficient oxygen reaches the
hot areas. Managed compost operations use aeration to
provide oxygen to the bacteria but also to transport heat
out of the pile. The anaerobic digestion of lignocellulosic
waste occurs in a three-step process often termed
hydrolysis, acetogenesis, and methanogenesis, as shown
schematically in Figure ES-5. The molecular structure of
the biodegradable portion of the waste that contains
proteins and carbohydrates is first broken down through
hydrolysis. The lipids are converted to volatile fatty acids
and amino acids. Carbohydrates and proteins are
hydrolyzed to sugars and amino acids. In acetogenesis,
acid forming bacteria use these by-products to generate
intermediary products such as propionate and butyrate.
Further microbial action results in the degradation of
these intermediary products into hydrogen and acetate.
Methanogenic bacteria consume the hydrogen and
acetate to produce methane and carbon dioxide.
Under anaerobic conditions, various pathways exist for
pyruvate metabolism which serve to re-oxidize the
reduced hydrogen carriers formed during glycolysis. The
ultimate acceptor builds up as a waste product in the
culture medium. The end products of the pathways are:
(1) CO2, ATP, and acetate;
(2) CO2 and ethanol;
(3) H2 and CO2;
(4) CO2 and 2,3-butylene glycol;
(5) CO2, H2, acetone, ATP, and butanol;
(6) succinate; and
(7) lactate.
The pathway that occurs depends on the microorganism
cultivated and the culture.
Bio-gas processing
A methane digester system, commonly referred to as an
AD is a device that promotes the decomposition of
manure or digestion of the organics in manure to simple
organics and gaseous biogas products. There are three
types of continuous digesters: vertical tank systems,
horizontal tank or plug-flow systems, and multiple tank

systems. Proper design, operation, and maintenance of
continuous digesters produce a steady and predictable
supply of usable biogas. Biogas, a clean and renewable
form of energy could very well substitute (especially in
the rural sector) for conventional sources of energy (fossil
fuels, oil, etc.) which are causing ecological–
environmental problems and at the same time depleting
at a faster rate. Biogas is a modern form of bioenergy that
is derived from the anaerobic digestion of organic matter,
such as manure, sewage sludge, municipal solid waste,
biodegradable waste and agricultural slurry under
anaerobic conditions.
The anaerobic digestion process occurs in the following
four basic steps:
(1) hydrolysis,
(2) acidogenesis,
(3) acetogenesis,
and (4) methanogenesis.
A simplified model of anaerobic digestion process,
showing the main steps, is shown in Fig. 4 .
3. 2. Incineration
Incineration is a disposal method that involves
combustion of waste material. Incineration and other high
temperature waste treatment systems are sometimes
described as "thermal treatment". Incinerators convert
waste materials into heat, gas, steam, and ash. A typical
incinerator processes wastes that have been collected as
input material, and achieves its goal, i.e., treatment of
waste material and as secondary benefit recovers heat
energy from the combustion process.
Incineration is carried out both on a small scale by
individuals and on a large scale by industry. It is used to
dispose of solid, liquid and gaseous waste. It is
recognized as a practical method of disposing of certain
hazardous waste materials (such as biological medical
waste). Incineration is a controversial method of waste
disposal, due to issues such as emission of gaseous
pollutants. Solid waste incineration generates solid
residues, such as bottom ash and air pollution control
residues. Besides a high content of inorganic compounds,
incineration residues also contain abundant carbon
compounds deriving from incomplete combustion,
unburned organic matter and carbon compounds formed
during the incineration process. In addition, the
incineration of fossil carbon results in minor emissions of
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CO2.

Fig(4): simplified conversion processes in anaerobic
digestion.
Waste-to-energy (WTE) or energy-from-waste (EFW) is
broad terms for facilities that burn waste in a furnace or
boiler to generate heat, steam and/or electricity.
Combustion in an incinerator is not always perfect and
there have been concerns about micro-pollutants in
gaseous emissions from incinerator stacks. Particular
concern has focused on some very persistent organics
such as Dioxins which may be created within the
incinerator and which may have serious environmental
consequences in the area immediately around the
incinerator.
IV. CONCLUSION
The promotion of a high quality waste management
system not only enhances social, economic and
environmental efficiency, and promotes sustainable
development, but can also help resolve the dual crisis of
resource shortages and environmental deterioration. Poor
management of waste may result in serious
environmental problems such as an unpleasant odour and
the risk of explosion in landfill areas, as well as
groundwater contamination because of leachate
percolation. Unsuitable waste management practices also
result in the loss of resources and energy, which could be
recycled and produced from a large part of the solid
waste. Solid waste knowledge is hard won and too easily
lost.
Today we are facing three critical problems:
(1) high fuel prices,
(2) climatic changes,
(3) environmental pollution.
Renewable energy is a promising alternative solution
because it is clean and environmentally safe . Waste and
recycling management plans should be developed for any
construction project prior to the start of work in order to
sustain environmental,
economic,
and
social
development principles.
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ABSTRACT: Natural river sand takes millions of years for its
formation and is not renewable. As a substitute to natural sand,
artificial sand is used as a replacement. In this paper the
performance of concrete is assured by partially replacing the
natural sand with marble dust and Coarse aggregate by kota
stone chips which is a waste product of building construction
material. The experimental study is carried out for compressive
strength of concrete by partially replacing artificial sand by
marble dust and coarse aggregate as kota stone chips. Tests over
carried out on cubes to studies the mechanical properties of
concrete using, marble dust and kota stone chips and compare
with normal concrete. Natural sand and coarse aggregate were
Replaced with some percentages. Test results showed a nominal
increasing strength and durability properties of concrete by the
addition of waste marble dust and kota stone chips as a partial
replacement of natural sand and coarse aggregate

different concrete mixes and was tested in terms of
workability and compressive strength test. The slump test
result shows that as the percentage of RMWA increases. the
workability increases due to the smooth surface of recycled
marble waste aggregate. From the compressive strength test
results it was concluded that as the percentage of RMWA
increases the strength significantly decreases. The reason for
the reduction of compressive strength was the smooth
surface of RMWA which results in the weak bond.

Keywords— Building waste material, marble dust, kota chip

I.
INTRODUCTION
The waste material engendered in the open areas can cause
hazardous environmental complications. Hence, utilization
of these waste materials in the construction industry can be a
solution to prevent these problems. In the process of cutting
and polishing of natural stones a large amount of stone dust
are
generated.
Stone
wastes
generated
from
marble/granite/kota stone lays a great impact on both the
environment and humans. Thus, stone industries producing
large amount of stone waste are responsible for generating
many environmental issues. Production of cement and its
use has rapidly increased, which has increased utilization of
supplementary materials on regular basis in the form of
solid segment.

Fig. 1 Marble crush

B. Kota Stone Chips
Kota stone is a fine grained variety of lime stone quarried at
kota district , rajasthan , India . Kota stone industry
generates both solid waste and stone slurry. During the
process of cutting, in that original stone waste mask is lost
by 25-30% in the form of dust
The study concerns mainly on the possible use of stone
waste in construction industry, which would reduce both
environmental impacts and the production cost. Concrete
works in the construction industry are particularly important
as it is not only responsible for consuming natural resources
and energy but also its capacity to absorb other industrial
waste. The main objective of this investigation is to increase
the compressive strength of concrete blocks and decrease
the cost of concrete blocks by replacing aggregates with the
Kota stone chips.

A. Marble Dust
The waste generated from the marble industries during the
process of cutting and polishing of marble stone is
increasing day by day all over the world. So, the reuse of the
marble waste is necessary because this marble waste results
in the accumulation of landfills, environmental and pollution
problems. These problems can be reduced by considering
the marble waste as a non-primary aggregate in structural
concrete. This research describes the feasibility of using
marble waste in concrete production by partial replacement
of coarse aggregate. The aim of the research is to replace the
recycled marble waste aggregate (RMWA) by weight of
natural aggregate according to the range of 0%, 20%, 40%,
60% and 80%. The investigation was carried out on

Fig. 2 Kota Stone Chips
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II.

METHODOLOGY

IV.

A total of four series of concrete specimens including the
control specimen were prepared in order to examine the
effect of substituting marble dustand kota stone chips (0, 20,
40 and 60% by weight) in place of sand to investigate the
basic strength properties of concrete.
Ordinary Portland cement (OPC), grade 53 confirming to IS
8112:1989 was used throughout the investigation. The
marble dust obtained as an industrial byproduct directly
from the deposits of marble factories is used as a sand
replacement material.
The coarse aggregate used in this investigation have a
maximum size of 20 mm with grading confirming to IS383-1970. The natural river sand passing through 4.75mm
sieves is used throughout the process.
The design of concrete mix is done as per guidelines of IS
10262: 2009 with a grade of M30 concrete. The mixing of
concrete is done using a standard mechanical mixer. The
mixing is to be done for two minutes for all the ingredients
to feed inside the mixer.
Compaction of all the specimen was done by using shake
table vibrator. The top surface of concrete is leveled and
finished smooth. After six hours, the specimen detail and
date of concreting will be specified on top surface to
identify it properly.
III.

RESULT AND DISCUSSION

Casting of cube having size 150mm×150mm×150mm
concrete blocks specimen with ordinary Portland cement
and Fine aggregate and course aggregate partially replaced
by marble dust and kota chips accordingly at 0%, 20%,
40%, 60%. Level is cast individually during casting the
blocks are made in hand press machine. After making the
specimens are removed from mould and subjected to water
curing for 7, 14, 28 days. After curing the specimen are
tested for compressive strength using compression testing
machine of 2000KN capacities. The compression test is
carried out on specimens at the end of 7 days, 14days, and
28days of curing.
During entire process i.e. from casting of cube to testing of
cube following conditions were observed
• As proportion of replacement
increases the
workability of concrete decreases
• Nature of failure of cube during testing was like
disintegration of concrete i.e cube breaks into
small, loose particles.
• Cracking pattern of cube during testing was radial.
• As the proportion of replacement of increases
compressive strength of block decreases.
Various Solid concrete block mix proportions for 10 blocks
per batch is shown in following table

MATERIAL USED

Cement: Ordinary Portland cement of 53 grades is used.

Table 3 Mix Proportions of Solid Concrete Blocks

Table No. 1 Physical Properties of Cement

Test conducted
Specific gravity

Solid
Concrete
Block
Mixes

Result

Cement
(Kg)

Fine
Aggregate

Coarse
Aggregate

Marble
Dust

(Kg)

(Kg)

(Kg)

Kota
Stone
Chips
(Kg)

3.15
0%

20

30.20

58.80

-

-

20%

20

24.16

47.04

6.04

11.76

40%

20

18.12

35.28

12.08

23.52

Aggregate: Natural Sand as fine aggregate and coarse 60%
aggregate of 20mm size is used.

20

12.08

23.52

18.12

35.28

Standard Consistency, %

38

Initial setting time, min.

35

Fineness, %

2

Table No. 2 Physical Properties of Aggregate

Test conducted

Result

Specific Gravity of Fine Aggregate

2.95

Specific Gravity of coarse Aggregate

2.86

Water: Ordinary potable water was used for mixing.
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Table 4 Compressive Strength of Cube
V.
Partial
Replacement

Compressive
(N/mm2)

(Marble Dust &
Kota
Stone
Chips)

7 Days

14
Days

28
Days

0%

22.44

29.06

30.13

20%

20.04

25.02

26.17

40%

10.75

14.13

16.80

60%

8.84

11.33

13.06
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Strength

After testing concrete blocks it is observed that compressive
strength of block slightly decreases up to a certain limit, as
the proportion of replacement increases the strength of block
decreases accordingly.

Fig. 3 Comparison of Compressive Strength of Different batches
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Abstract - The Indian Railways is all eager to expand railway
connectivity in Arunachal Pradesh, and is planning to make
all efforts to turn this into a reality. Development of
Bhalukpong -Tawang railway line will prove to be useful
from a security point of view besides accelerating
socio-economic development of the people. Jammu and
Kashmir (J&K) is termed as “Paradise on Earth” which is the
most popular tourist destination of the world. Ladakh, also
known as, “Moon on Earth” with its naked peaks and barren
lands is a famous destination for adventure tourism, known
across the world. Bilaspur-Manali-Leh will reduce the
distance between Delhi to Leh from the present 40 hours to
20 hours. The new railway brings a significant reduction in
transport costs and is projected to facilitate increased
movements of goods. J&K tourism will get capable of not only
earning credibility back to the economy but also could be
helpful in accelerating economic growth in the short to
medium term by generating revenues and employment
opportunities.
Keywords: DEM, Geological hazard map, Electrification, BRO,
LAC.

●

I. INTRODUCTION
Indian Railways' ambitious Bilaspur-Manali-Leh line
along the India-China border, is touted to be the world's
highest rail track. After its completion Taglang La will
become the highest railway station in the world at a height
of 5,359 metres above sea level.
This new rail line will not only increase tourism but will
also help the armed forces. It might prove to be significant
for Ladakh's development as well. The Railway Ministry
has proposed for the project to be declared a national
project.
The Railways should use aircraft-like pressurised coaches
in trains for the Bilaspur-Manali-Leh line along the India
China border, which will be the world's highest rail track,
so that passengers do not have breathing difficulties on
board.
Tawang is a centre of Buddhist culture and religion. Its
proximity to the north-eastern border and LAC (line of
actual control) adds additional strategic significance to this
region. The glorious beauty of Tawang is ever so slightly
surmounted by the treacherous and challenging journey to
this destination. Accessibility to Tawang from mainland
Arunachal Pradesh is essential given its strategic character.
● India’s North-East, especially important regions
like Tawang, face major infrastructural problems,
including bad roads, according to CMDE RS
Vasan, director of the Chennai Centre for China
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●

●

So, it is very important to develop a strategic road
network to accelerate the development of the
Bhalukpong- Tawang rail corridor.
Making an electric railway network which will
reduce the stress of pollution for corresponding
areas and provide a clean environment condition
to maintain ecological balance.
Attracting private sectors to invest in projects.

II. PURPOSE AND SCOPE
BRO still employs manual labour at these high altitudes
despite the many advances in technology. Private sector
participation in these road projects is completely absent,
albeit possessing the means (technology, manpower and
experience) to deliver
these challenging projects.
Reluctance to bid for these projects can be attributed to
unattractive returns and difficult working conditions.
Hence BRO is burdened with construction and even partly
maintenance with limited resources and backward
technology. Road transports necessary construction
equipments, manpower, construction materials and goods
required to lay down railway tracks thereby first aimed to
provide good connectivity of roads and approaches at the
corresponding area.
Motivations:
● Despite the strategic significance of the corridor
leading to Bomdila, Selapass, Tawang and Bumla
Pass, the state of the road infrastructure is
deplorable. Accessibility to food, proper
sanitation, waste disposal and more importantly
transport and logistics are some of the key
concerns which motivates us to build a strong
road network for
easement of railway
construction.
● Kokan railways electrification motivates us to
develop electric locomotive railway tracks for Leh
and Tawang region. Electrification of Kokan
railway is in progress at an estimated cost of ₹8
billion, and in February 2021, a test train ran on
the line for the first time using electric power.
Electrification will be completed on the full line
by July 2021.
● The Qinghai-Tibet railway which uses the world's
first pressurised coaches. Running for over
1,956km from Xining, capital of China’s Qinghai
province to Lhasa, through some of the planet’s
harshest natural conditions, it is an impressive
catalogue of world records. With its highest point
at an altitude of 5,072m – 200m or more above
the Peruvian railway, further it motivates the use
of pressurised coaches to reduce breathing
problems and provide air comfort to passenger’s.
III. STRATEGY AND PLANNING
●

●

Providing a steady and reliable signalling and
communication system over such a long distance
in such a harsh environment presented its own
problems, not least in terms of guaranteeing the
continuity of electrical supply.
To meet this need, an assistant solar power supply
system or hydropower plant should be established.
It found that Arunachal Pradesh, Jammu and
Kashmir is one of states with high potentials for
hydropower
generation. This offers a huge
opportunity to the state when the requirement for
the energy is increasing at very high speed in
India and demand for electricity is expected to
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●

●

rise because of a positive policy response to
electric locomotives.
The thin air at this altitude made construction
difficult, although special
oxygen facilities
should provide for the workforce, and poses a
challenge for passengers too. Aircraft cabins are
pressurised because the air is very thin at the
altitude planes fly. To prevent complications, the
cabins of many aircraft should be adjusted to near
sea-level pressure, which makes breathing almost
the same as at sea level.
Before embarking, a passenger health registration
card must be filled in – requiring travellers to read
and sign a high altitude travel disclaimer.
IV. DESIGN

A. Rangapara is an existing railway junction of
north-east railway corridor near Bhalukpong,
Bhalukpong station is closed permanently now
but there exists a railway route here. Railway line
from Bhalukpong to Tawang will be 198 km of
which 177 km will be underground tunnels with
very little disturbance to the ecology. This shows
that around 80% of rail lines will pass through
tunnels. Construction of tunnels requires heavy
machines that should be transported on the site if
there exist good road networks. Optimised
network should be prepared for which we need to
look for local parameters like DEM, Drainage
map, Geological hazard map, and also need to
design 3- dimensional criteria to find the best
route.
B. DEM gives detail of how slope and aspect of area
is changing, drainage map gives detail about river
and existing teams, geological hazard map gives
detail of folds, faults and dykes; these all
contribute to finding the best possible route.
Public safety and national safety is a major aspect
involved when we consider such projects.
C. There are a number of threats to public safety and
national security in the physical world that do not
emanate from the cyber domain but which could
be mitigated
or even eliminated through
deployment of appropriate technologies. There
are several important facets of public safety, the
most important of which is the maintenance of
law and order. Technological interventions could
be extremely beneficial in maintaining general
law and order.
D. Also, public safety from animals should be taken
into consideration. Public safety networks, which
basically pertain to proper communication and
sharing of information between different agencies
charged with the responsibility of ensuring public
safety, therefore assume critical importance.
E. Climate study should also be taken into
consideration as these two areas have a wide
aggressive environment and weather conditions.

V. IMPLEMENTATION AND EXPECTED
OUTCOMES
While tunnelling operations we may come up with
numerous technical problems due to poor geological
condition, logistics and climate problems so we need to
deploy several safeguards to such problems which will
ease project construction, safe
site condition and
ultimately cost of project. In order to save lives during
train collisions and accidents, technologies similar to
deployable airbags need to be developed. Given the age of
our country’s transportation infrastructure, technologies
for sensing and predicting bridge and tunnel collapse
would also be extremely important. Use of technology to
predict crowd behaviour and identify miscreants in
crowded areas would enhance public security.
A sound policy should be devised to exploit the potential
in the sectors of strength. The development of potential
sectors such as horticulture, handloom and handicrafts,
biotechnology, tourism and information technology will
have strong inter linkages with the rest of the sectors. In a
nutshell, sound policy and good governance can lead the
state of Jammu and Kashmir to a faster development path.
• Mitigation Measures:
While interacting with villagers about the project area, it is
found that they are very well conversant with the utility
and positive impact of the new railway project. They were
also expecting adequate compensation of loss of their
assets during the process of land acquisition. Government
authorities have
organised the interaction with the
villagers and their representatives like Gram Panchayat,
Revenue Officials etc. before taking up the process of land
acquisition. The local development of the area shall bring
about growth as well as economic development due to
construction of this new railway line. Such new railway
line projects will
play the most powerful role in
connecting residents of the area and creating awareness.
It will reduce the distance between Delhi to Leh from the
present 40 hours to 20 hours. Tourism holds a strategic
place in J&K economy by providing economic benefits
like Employment, Foreign
Exchange, Infrastructure
development and development of local industries like
Handicrafts and Handlooms which has placed J&K always
in the limelight at the national as well as international
level. It is estimated that almost 50-60% of the total
population of J&K is directly and/or indirectly engaged in
tourism related activities. Tourism contributes about 15%
to State Gross Domestic Product.
VI. FUTURE SCOPE
Once this railway line is developed, we can find easy
accessibility to reach in the interior part of the J&K
state.Further approaches and new railway line combining
to this line will provide a new railway corridor for the
state which will increase the potential in tourism, economy
and other sectors.
Considering the economic base and natural conditions in
J&K, there are many sectors which could offer huge
opportunities to the investors. Those sectors include
hydropower
generation,
transportation,
tourism,
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pharmaceuticals, biotechnology, information technology,
horticulture, sericulture, dairy products, food processing
and real estate etc. But to make these into attractive
investment opportunities, there is need for policy response
from the government as the Article 370 and 35A along
with continued disturbance have already cost the growth
and development of the state economy (Kiran, 2019)
however the government has already repealed Article 370.
This may open gates of opportunities if there is proper
policy response from the government.
VII. LIMITATIONS
Uncertain hazard conditions like land sliding, cloud
bursting, avalanches can create trouble during construction
phase or complete stoppage of a project. To overcome this
condition each site should be geologically investigated and
equipped to manage such hazards. Additionally, the effect
of climate change in climate should also be considered
with the use of projected climate data from climate
models.
Attracting investors is a challenging task in such a project
due to low and long-term returns. Therefore,
the
government needs to provide some leverage or any other
attractive benefits such that they can start to invest without
hesitation.
VIII. CONCLUSION
The monitoring of implementation as well as disbursal of
the amount of compensation to the land owners shall be an
effective tool to mitigate the grievances of the land
owners. There is no doubt in the overall perspective that
the Bhanupali-Bilaspur Beri New Railway Line Project
would provide connectivity of the region with the National
Railway Network. In addition, it will give a boost for
tourism, industrial development and general awareness in
the project area. As a state with unique features and a
strategic location, the speedy development of Jammu and
Kashmir needs an integrated approach. The top priority of
the government should be to create a secure environment
by improving the law-and-order situation in the state. State
finance should also receive proper attention in order to
ensure better fiscal management.
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Likewise Building development burns-through 40% of the
crude stone, rock, and sand utilized around the world every
year, and 25% of the crude lumber. From the ecological
effect viewpoint, the structure area has a critical impact on
the whole climate [6]. Private structures address an enormous
level of the fabricated climate, and the determinations of
materials and designs are vital for the overall manageability.
Impressive drives have been done by the research local area
around the world, to discover elective maintainable structure
materials and low innovation strategies, which result in a
more supportable also, reasonable development holding fast
to the solace guidelines required today.

Abstract— Materials are the fundamental parts of
structures development. Substance, physical and mechanical
Properties of materials just as a suitable plan are responsible
of the structure mechanical strength. The plan of green
structures should consequently start with the choice and
utilization of eco- accommodating materials with related or
better elements than conventional structure materials. Building
materials are typically choose through utilitarian, specialized
and
monetary
prerequisites.
Notwithstanding,
with
maintainability as a urgent issue somewhat recently, the
structure area, straightforwardly or by implication causing a
significant piece of the yearly natural disintegration, can take
up the commitment to add to practical advancement by finding
all the more earth harmless techniques for development and
building. Among the headings for arrangements is to be found
in new material applications, reusing and reuse, manageable
creation of items or utilization of green assets, Careful choice
of ecofriendly supportable structure materials might be the
quickest way for manufacturers to begin incorporating
practical plan ideas in structures. Customarily, cost has been
the essential thought when looking at related materials or
materials chose for comparable reason. All things considered,
the cost of a structure component connotes only the assembling
also, transportation costs, not friendly or ecological expenses.
Significant drives have been done by the examination local
area around the world, to find elective manageable structure
materials and low innovation methods, which result in a more
feasible and reasonable development following the solace
guidelines required today. Accepting green structure materials
is a decent choice to meet to this goal. Accordingly, Selection of
development materials that have least natural weights is
valuable in the feasible advancement of a country. The
motivation behind this paper is to feature how manageable
structure material can contribute to diminish the effect of
ecological debasement, and produce solid structures which can
be maintainable to the inhabitant just as our current
circumstance.
Keywords—Construction Industry ,
Sustainable Building, Sustainable Materials

Green

Embracing green structure materials is an amazing way
to deal with meet this objective. Choice of development
materials which have least ecological weights is valuable in
the supportable improvement of a country. Along these lines,
building related commitment to natural issues is huge and
along these lines fundamental. Choosing ecologically best
building items is a brilliant technique to help a structures
ecological execution. While there is clearly a prompt
requirement for new advances to improve the utilization of
low- sway building materials, it is additionally a fact that
there are a few advancements or frameworks, right now
being used [7, 8, 9]. Numerous have begun from a prior
flood of supportable lodging activism and advancement,
incited by the 1970s natural development [8-10], and
afterward supported by the power for better energy
productive structures [10]. their system has been alluded to
as compelling in spreading thoughts regarding best practice
to committed green backers, developers and people looking
for an elective method for deciding the material-choice
measure, not very many such frameworks are accessible that
help the powerful and considerable utilization of
neighborhood and reused building materials in the plan
dynamic period of a structure [8, 9]. The target of the review
is to conceivable investigate and feature how supportable
structure material can add to diminish the effect of ecological
debasement, and make sound structures which can be
economical to the tenant just as our regular climate.

Building

I. INTRODUCTION
Structures enormously affect the climate, utilizing around
40% of normal assets separated in industrialized countries
[1], burning-through practically 70% of power and 12% of
consumable water [2], and delivering somewhere in the
range of 45% and 65% of the waste arranged in our landfills
[3]. Furthermore, they are answerable for a gigantic measure
of hurtful outflows, representing 30% of ozone harming
substances, because of their activity, and an extra 18%
incited by implication by material. abuse and transportation
[3-4]. All the while, the awful nature of indoor conditions
might bring about wellbeing issues to representatives in
places of business, consequently, decreasing productivity [5].

II. ADVANCEMENT OF GREEN BUILDING
To alleviate the impact of structures along their life
cycle, Green Building (GB) has turned into another
structure reasoning, pushing the use of something else
harmless to the ecosystem materials, the execution of
methodologies to save assets and lower squander
utilization, and the improvement of indoor natural quality,
among others [11, 12]. This may lead to natural, monetary,
financial, and social benefits. For example, reserve funds
in activity and upkeep costs in GBs can be acknowledged
through the establishment of high-effectiveness light and
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protection systems[13] or through an appropriate material
determination measure that considers, for instance, the
light rooftop reflection[11,14,].

frameworks so that a totally economical arrangement can be
accomplished. This can be helped by a consciousness of the
quickly developing cluster of materials promptly
accessible for construct structures, walled in areas and
frameworks. Finally, concerning the finish of lifetime of a
structure, there should be amazingly cautious thought for
the handling of the materials. This ought to be thought of
already during the plan phase of any structure, where
composites that are difficult to deal with are limited.
Materials ought to be utilized that can be right away reused
without the need to remanufacture them. In the event that
they can't be promptly reused, they can be recuperated as
unrefined components. In the event that they ought to be
reused, they ought to be used at a similar degree of value,
along these lines annihilating any down cycling or waste.

Other essential benefits of GBs identified with indoor
natural quality headways are the decrease on wellbeing
costs and the expansion on representatives' efficiency [13,
15, 16] through their seen fulfillment towards workspaces
[17]. Besides, elusive advantages, like the structure and
developer's generosity, and saw added esteem should
likewise be considered [13, 18, 19] just in light of the fact
that they could guide the choices of financial backers and
future proprietors [15, 19]. In spite of their exhibited
benefits, GBs are not yet viewed as appealing tasks since
most manufacturers relate green elements with costly
advancements that increment cost (e.g., photo voltaic
boards, dark water reuse systems)[20,21]. By and by,
cautious plan measure what's more, a complete material
choice strategy, rather than a raised interest in innovation,
might be adequate to achieve ideal ecological targets at a
lower cost. Truly, some examination upholds the deficient
distinction between the normal venture cost per square
foot for certain GBs, like scholastic structures, research
facilities, public venues, and mobile consideration offices,
and that of non-green structures with similar attributes
[20].

B. MATERIAL SELECTION
The use of steady, appealing, and ecologically mindful
structure materials is a vital element of any elite structure
exertion. The use of regular and sound materials adds to the
prosperity of the tenants and to a sensation of association
with the abundance of the normal world. Many structure
materials have impressive natural impacts from toxin
discharges, living space annihilation, and consumption of
regular assets. This will occur during extraction and
procurement of unrefined components, creation and
fabricating cycles, and transportation. Moreover, some
development materials might hurt human wellbeing by
uncovering laborers and building tenants to poisonous and
perilous
synthetic
compounds.
Subsequently,
acknowledgment and choice of ecologically ideal materials
for use in development exercises at pre structure stage
present an freedom to limit such ecological and human
wellbeing impacts. Choosing naturally alluring materials
with limited natural effects is for the most part
accomplished through the course of asset preservation and
determination of non-poisonous materials. The assets used
to make development materials influence the climate by
draining normal assets, utilizing energy, and delivering
poisons to the land, water, and air. Materials which contain
aggravating, foul, unsafe, or harmful components
unfavorably sway human by and large wellbeing all
through gassing of unstable parts or direct contact. Ideally,
materials choices can be made dependent on a thorough
evaluation of natural weights all through the whole of the
item or material. This interaction, alluded to as ecological
life-cycle appraisal, is seldom practical for most structure
acquirement choices. It is conceivable, nonetheless, to
apply life cycle thinking to assess what is thought about the
ecological presentation of items what's more, make savvy
choices.

Additionally, GBs give better profits over the long
haul [13, 15, 16] recuperating up to multiple times the
green premium through the acknowledgment of expected
advantages [16]. The accomplishments of a GB will rely
upon the quality and viability of the introduced green
frameworks. Along these lines, the market requests a
typical way to deal with recognize GBs from customary
structures using standard, straightforward, objective, and
evident proportions of green that will guarantee that the
base green prerequisites have been accomplished.
A. BUILDING MATERIALS ISSUE
The material test for structures for the most part
takes different structures. As expressed, the dim energy and
emanations should be respected, and the creation of building
materials includes the utilization of all the more high worth
energy and assets in correlation with building activities.
There are too natural issues with the results of material
utilized in structures, and there are constraints on the
extraction of assets utilized in various structure fixings. One
ought to furthermore consider the framework used to help
the fabricated climate.
There are bunches of mechanical advances that should
be completed to determine the confusions of asset
consumption, erosion, contamination, toughness, life
expectancy, and so on identified with building materials.
Right off the bat, new development should be built all the
more economically so it not simply lessens negative parts
of development and activities, yet that it essential lifts
building life expectancy, which can be completed by killing
plan highlights that will be quickly obsolete. Likewise
completely required variables with insignificant life
expectancies ought to be intended for reuse or unrefined
substance recuperation. This should be achieved taking all
things together angles via cautiously separating the
intricacy of the incorporating into its parts, and grasping
practically any compromises among coordinated

III. SUSTAINABLE BUILDING MATERIALS LIFE
CYCLES
Assessment of building items, from the get-together of
natural substances to their definitive removal, gives a
superior impression of the drawn out expenses of materials.
These costs are paid not simply by the customer, yet in
addition by the proprietor, the inhabitants, and the climate.
The standards of Life Cycle Design offer fundamental rules
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for the choice of building materials. Each period of the
producing measure, from social occasion unrefined
substances, assembling, dissemination, and establishment, to
extreme reuse or removal is reviewed for its ecological sway.
A material's life cycle could be efficient into three phases,
Pre-Building, Building, and Post Building [22]. These stages
equal the existence cycle stages of the actual structure. The
evaluation of building materials' ecological effect at each
stage empowers a money saving advantage investigation
over the lifetime of a structure, rather than simply a
bookkeeping of starting development costs.

scarce landfill space. The adaptive recycle of a present
structure sustains the energy that went into its materials and
construction. The energy embodied in the construction of
the building alone and the manufacture of these materials
will be wasted if these resources are not effectively utilized.

A. PRE-BUILDING STAGE
The Pre-Building Stage clarifies the creation and
conveyance cycle of a material up to, yet excluding, the
place of establishment. This comprises of discovering crude
materials in nature just as extricating, fabricating, bundling,
and transportation to a structure site. This specific stage has
the most chance of making ecological annihilation. Knowing
the ecological impacts in the pre- building stage will bring
about the shrewd determination of building materials.
Natural substance acquisition strategies, the assembling
system itself, furthermore, the separation from the assembling
area to the building site all have natural ramifications. An
comprehension of the start of building materials is essential
to a comprehension of their aggregate natural sway when
shown in the kind of a structure [22].

IV.PARTS OF SUSTAINABLE BUILDING
MATERIALS
For the most part, cost has for quite some time been the
essential thought when surveying related materials or
materials chose for comparable capacity. In the interim
Experts chose three classes of measures, as per the material
life cycle, which can be utilized in considering the
ecological manageability of building materials. The
presences of a couple of these parts in building materials
permit it to turn out to be ecologically practical. A
portion of the parts of supportable structure material
generally known are recorded in table 1 underneath.

B. BUILDING STAGE
The Building Stage alludes to a structure material's
valuable life. This stage begins at the mark of the material's
get together into a design, includes the upkeep and fix of
the material, and goes all around the lifetime of the material
inside or as a component of the structure. The material
squander produced on a structure building site can be
impressive. The determination of building materials with
respect to limited development waste, and waste that can
be reused is pivotal on this phase of the structure life cycle.
Long haul openness to explicit structure materials.
Might be unsafe to the general strength of a structure's
inhabitants. Notwithstanding an expanding familiarity with
the ecological medical conditions in regards to openness to
a number of items, there is little concentration as a general
rule school on picking materials dependent on their
potential for out gassing unsafe synthetics, requesting
customary support with such synthetics, or requiring
customary substitutions that propagate the openness cycle.
C. POST-BUILDING PHASE
The Post-Building Stage refers to the building materials
when their performance in a building has run out. At this
stage, a material could possibly be recycled in its entirety,
have its elements reused back into other goods, or perhaps
be thrown away. From the perception of the designer,
perhaps the minimum measured and least recognized stage
of the building life-cycle occurs when the building or
material’s useful life has been exhausted. The demolition of
buildings and clearance of the resulting waste has a
substantial environmental cost. Degradable materials may
generate harmful waste, alone or even in mixture with
many other materials. Inert materials consume gradually

.
V. STANDARDS OF SUSTAINABLE BUILDING
DESIGN
In the CIB report on plan 21 on maintainable
development, expresses that various countries have their
own distinctive technique and needs in regards to standard
of maintainable development [22]. The report also
recommends that the essential focal point of economic
development and plan in all-inclusive methodology is
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VI. CONCLUSION

biological effect on the climate. Fisher laid out five
standards of maintainable plan in which economical building
material had been energetically suggested [23].

Reasonable structure materials by definition are materials
which are locally made and sourced which diminishes
transportation expenses and CO2 outflows, they could
comprise of reused materials, they have a lower ecological
impact, they are thermally successful, they need less energy
than regular materials, they make utilization of sustainable
assets, they are lower in destructive outflows and they are
financially supportable. A feasible structure material should
be utilized appropriately and relevantly locally improvement.
The utilization of supportable structure materials not simply
limits transport costs, carbon outflows, and as a rule
materials costs, it likewise offers work and abilities
advancement openings for local area individuals.

A. SOLID INSIDE CLIMATE
All potential means are to be required to guarantee that
materials and building frameworks don't transmit harmful
substances and gasses into the inside environment. Extra
measures are to be taken to clean and revive inside air with
filtration and planting.
B. ENERGY PRODUCTIVITY
All potential means are to be required to guarantee that
the building's utilization of energy is insignificant. Cooling,
warming, what's more, lighting frameworks are to utilize
technique and items that preserve or dispose of energy use.

Maintainability as an elective rule for building materials
are for the most part picked through useful, specialized and
efficient determinations. All things considered, with
maintainability as a urgent test previously many years,
especially in created countries, the natural heap of building
materials moreover become a more huge prerequisite. The
development area, straightforwardly or maybe in a
roundabout way making a considerable piece of the yearly
ecological obliteration, may take up the commitment to
advance supportable improvement by discovering all the
more ecologically kind ways to deal with development and
building. Among the bearings for arrangements is to be seen
in new material applications, reusing and reuse, supportable
assembling of items, or then again utilization of green assets.

C. ECOLOGICALLY BENIGN MATERIALS
All possible measures are to be taken to use building
materials and products that minimize destruction of the
global environment.
D. ENVIRONMENTAL FORM
All possible measures to be taken to relate the form and
plan of the design to the site, the region, and the climate.
Measures are to be taken to relate the form of building to a
harmonious relationship between the inhabitant and nature
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E. GOOD DESIGN
All potential means are to be required to accomplish an
productive, dependable, and exquisite relationship of
utilization regions, course, building structure, mechanical
frameworks and development innovation. Furthermore, Kim
and Rigdon [24] feature about three significant standards on
supportable plan which are displayed in figure 2, as the
obvious truth, this standards manage a financial
supportability, a useful maintainability, an ecological
supportability, a social also, human supportability.
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UHI effect. Many scholars around the world
conducted deeply research on the characteristics
of UHI effect, reaching that UHI effect has close
relationship with pollution due to urban heat
release, vegetation coverage, population density
and weather conditions. Meanwhile, the intensity
and graph of UHI effect will be increasingly
serious with the on-going urbanization. It is
studied that UHI affect 4.2°C and 11.0°C. UHI
effect in many modern cities, as well as the
average temperature difference on the outskirt
reaches 4.3°C from 19th -20th. the most important
factors affected on urban climate due to energy
balance center of urban surface, regulating and
each and every time controlling various
ecological processes. In case led to the
constantly increasing of surface temperature,
definitely resulting in altering of urban resource
and energy flow. More important part of heat
island effect, the structure and function of heat
island effect will also change, affected on urban
resident’s health. HI effect has received great
feedback from area of meteorologists, due to the
complexity of the research object.
Taking Pune industrial park as a research
case, this article based on urban thermal
environment in summer based on digital
technology, the purposed to provide theoretical
reference for the future planning and spatial
arrangement. In that case, Computational Fluid
Dynamics (CFD) technology is introduced into
numerical experiment, computerized and analysis
research to discuss urban thermal environment
under the influence of climatic environment.

Abstract: The purpose of this work is to study the
impact of an island, cover on some area and
distribution atmospheric pollutants over the
Maharashtra region. Urban heat island (UHI)
effect is a kind of heat accumulation phenomenon
within urban area due to urban construction and
human activities. The increase of temperature of
land surface caused by Heat Island effect will
definitely influence material flow and energy flow
in urban ecological systems, as well as their
structure and functions, exerting a series of
ecological and environmental effects on urban
climates, urban hydrologic situations, soil
properties, atmospheric environment, material
cycles, energy metabolism and residents' health.
Through the improvement of energy efficiency,
urban landscape optimization, green roof
construction, high reflectivity material utilization
and green land cultivation, UHI effects could be
significantly mitigated. Based on remote sensing
technology and numerical simulation methods,
research on the ecological and environmental
effects of UHI has been multi-scaled conducted,
providing
theoretical
reference
for
the
improvement of urban ecological environment and
realization of urban sustainable development.
Keywords: Remote sensing, Numerical technology;
urban heat island effects; urban environment
I. INTRODUCTION
Heat island effect is widely recognized as a heat
accumulation phenomenon, which is the most
obvious characteristic of urban climate caused by
urban construction and human being activities. In
19th-20th century, when studying on urban climate
in foreign university measured and discussed on
1.
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II.OBJECTIVE
To find out effect of temperature and how to

Figure 1. Heat island Effect
overcome pollution of Pune city
2. To determine Urban Heat Island effect and
estimate the pollution of Pune city.
3. To mitigate Urban Heat Island and climate
change in newly developing areas of Pune city.
4. To develop a source apportionment of the gases
emissions.
5. To understand the effects of these microclimatic
changes on outdoor human thermal comfort.
6. To map the sources of pollution emissions.
III. LITRATURE REVIEW
A. Effect of urban heat island
Apart from the temperature influences, the welfare
and health of inhabitants could also be affected by
local heat waves. More than 800 people died
during the heat wave in Chicago in 1995. The hot
summer in 2003 in Europe also caused 15,000
deaths due to heat related illness in Paris.
B. Empirical energy balance model.
Kanda9 (2007) had reviewed the urban heat island
publications in the past decade. He classified
urban canyon model into two categories. The first
one was to make use of resistance network
analogy.
C. Erell’s model
Erell and Williamson100 (2006) developed a
canyon temperature model based on energy
balance equations. Weather data obtained from
nearby metrological station can be used in the
model to predict the canyon effect in a canyon
with similar meso-scale climate conditions. The
model simulates the urban canyon effect on radiant
exchange, energy stored in ground and building
surfaces.
D. Factors affecting urban heat island
Oke (1978) defined urban boundary layer in his
book as “a local to meso-scale phenomenon whose
characteristics are governed by the nature of the
general urban surface” and urban canopy layer as
“Beneath roof-level and produced by micro-scale
process operating in the street between buildings”.

Voogt (2004) further defined three types of urban heat
island: canopy layer heat island, boundary layer heat
island and surface heat island. The definition of canopy
layer, boundary layer will be explained later in many
factors affect the urban heat island.
E. Literature review on energy exchange models
Solar energy reaches the earth as short wave radiation
during the day. Part of this solar energy is absorbed by
the earth’s surface and building envelopes. The rest of the
solar energy is reflected to the atmosphere. Some of this
reflected energy would be reflected downward as long
wave radiation by the cloud. At night-time, there is no
incoming short wave radiation, however, heat energy
absorbed by the earth and building during day is released
as long wave radiation to the “cold” sky. The difference
in thermal properties and canyon geometry of urban and
rural areas may result in a difference in the heat releasing
process contributing to the urban heat island effect75.
IV. PROBLEM STATEMENT, IDENTIFICATION
AND RESEARCH QUESTION
Day to day increased temperature as well as reduce night
time cooling due air pollution with heat island can
affected on human health.
How to over-come pollution and heat or temperature of
city.
4.1. Study Area
The carbon inventory has been undertaken for the Pune
area. All key urban activities taking place within the
administrative boundaries of Pune Corporation have been
considered while estimating the carbon emissions.
Although cantonment area is out of the Pune area, the
cantonment areas are an integral part of Pune city urban
infrastructure. The urban services like sewage treatment
and solid waste collection in cantonment area are
provided by the PMC. Also MSEDCL supplies electricity
to households in cantonment area. Hence, the data
collected and per-capita calculation for emissions
includes population of cantonment area
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and N2O. The sources of emissions at the city
level can be segmented into emissions from
energy usage (fossil fuel) and waste generation.
The nature of emission profile from both these
activities is very different.
4.4 Carbon inventory of energy consumption
The carbon inventory of energy consumption in
the end use form of electricity or petroleum
products focuses on CO 2 emissions only. It does
not include CH4 and N2 O emissions due to energy
consumption. In a recently conducted study by
TERI on estimating the carbon footprint of urban
energy use, it was observed that the CH4 and N2 O
emissions released due to urban energy
consumption activities, are insignificant compared
to CO2 emissions. As per this study, the share of
CH4 and N2 O in the per capita CO 2 equivalent
emissions from urban energy use in Jaipur city
was less than 4%. IPCC (guidelines 2006) also
states that CO2 emissions account typically for
95% of the energy sector emissions with CH4 and
N2 O responsible for the balance.
4.5 Petrol, CNG, and Auto LPG sold at petrol
pumps are used for transportation sector only
It is assumed that the petrol, CNG, and Auto LPG
sold at fuel stations (petrol pumps) are used for the
transport sector only. There may be cases that
some part of these fuels sold at fuel stations is
used for purposes other than transport. However, it
is felt that the share of this fuel will be very small
and hence it is assumed that 100% of petrol, CNG,
and Auto LPG sold at fue transport sector only.

4.2 Study Scope
It is chosen for the inventory of Pune, i.e., emissions
released at the point of use within the city, as well as,
emissions released outside the city boundaries, but
related to energy consumed within the city. The
inventory includes carbon emissions from vehicles,
energy consumption, and municipal waste disposal
sites, and sewage treatment. That there may be a few
other activities within the city apart from energy
consumption, waste disposal sites and sewage
transport by pipelines that may contribute to carbon
emissions, the contribution of these activities is
understood to be very small. These small activities
may include use of coal for tandoors in hotels, use of
fire wood by population Below Poverty Line. The
sources of carbon emissions mapped while developing
the carbon inventory for Pune city is presented.

Figure 2: Sources of emissions for Pune city
As per IPCC and ICLEI recommendations, these
estimates are much higher than for emissions from
other sources, i.e., residential, commercial sectors,
they should be read separately. The embodied carbon
in consumption of goods and services which is present
on account of their production/delivery is not
accounted in the carbon inventory, to avoid any
double counting. It is understood that if the goods are
being produced within the city limits, the carbon
emissions due to their production and delivery, will be
reflected in emissions of manufacturing and
transportation sectors of the city. If goods are being
produced outside the city, their carbon impact will be
accounted in the inventory of their place of production
and not in the Pune city inventory.
4.3 Greenhouse gases included for assessment
As defined by the IPCC, a GHG is a gas in the
atmosphere that absorbs and emits radiation
within the thermal infrared range and this
process is the fundamental cause of the
greenhouse effect. The primary GHGs arising
due to anthropogenic activities are CO2, CH4,

V. RESULT AND DISCUSSION
A. Meteorology Condition Analysis Pune
It is essential to research the simulation conditions
before the numerical simulation hot summer and
cold winter climate zone with characteristics of
high temperature and high humidity in summer.
Due to higher relative humidity, sweat within
human bodies is hard to be discharged causing bad
thermal comfort in summer.
The basic meteorological parameters including
annual mean temperature, solar radiation, thermal
comfort has been achieved occurs in May, the
highest temperature occurs in June, the mean
highest temperature occurs in Jul with 28°C.
Therefore, the July with highest mean temperature
is selected as the simulation month. The wind
direction, wind frequency and wind speed
distribution in noon in July, Pune mainly
experiences wind speed of 39 km/h and
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temperature 28°C. .

Figure 3 Heat Analysis

Figure 4 Annual temperature analysis
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Table 1 Metrological data
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Table 2.Temperature humidity and pressure index

B. Factors of UHI Effect
Atmospheric
environmental
meteorological
parameters, such as temperature, humidity, air
flow and radiation, determine the outside
are used to evaluate weather adaptability, in which
THI is the most widely adopted with the definition as
follows.
THI= T- (0.55 – 0.0055H) X (T-14.5)
Where T means the maximum temperature, H means
relative humidity.
THI is used to identify the un-comforts level of
human body towards hot and cold environment. When
the index is between 15°C and 20°C, it is thought as
the most comfortable environment. While humidity
index is less than 15, the water evaporation will bring
heat from the skin, people will feel cold; while the
humidity index is larger than 20°C, people will feel
hot and sweat. It is researched that UHI effect in
urban center is more severe than that in outskirt. In
hot summer, high temperature will make people
unpleasant, resulting in the reduction of living quality
as well as working productivity. UHI effect would
make urban pollution more severe, affecting citizens’
health. Research has found that citizens living in
urban areas with UHI effect suffer digestive system
disease. Annual temperature analysis climatic
situation. In general, thermal and humidity index
(THI)

C. Analysis
Through the numerical simulation, the
temperature, wind speed, air age and solar
radiation distribution of Pune have been obtained
under typical conditions in the noon in July.
Based on comprehensive comparison, the
relationship between urban planning and urban
climate in Pune has been concluded. Wind
distribution of Pune has been obviously seen
under the influence of wind. In summer, the
urban
center
experiences
the
highest
temperature, while the municipal sub center
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suffers relatively lower. The temperature in
downtown is clearly higher than that of
surrounding areas, forming the distinctive UHI
effect. In the main urban center, temperature
decrease along with the level of urban zones.
The temperature in rivers and lakes is relatively
lower than other areas, thanks to the water
evaporation and ventilated corridor. The wind
speed over main city and it is easy to investigate
wind distribution. Due to the influence of urban
texture, although wind direction keeps constant
when flowing over urban area, wind speed
reduces greatly. wind speed at outskirt is
relatively higher with shorter air age, indicating
wind stands for a short time around urban areas.
However, wind in central urban area is blocked
by surrounding building, showing a lower wind
speed and longer air age.
Meanwhile, obvious wind shade area has been
observed at the backward of urban center, and air
age is relatively short in some streets with the
same direction as wind. In addition, through the
above comparison, wind over the city has been
affected by urban texture, although it has not
been influenced by lower buildings. It shows that
wind speed decreases and air age increases,
whereas the influence will decrease along with
height. Through numerical simulation, it is
concluded that UHI effect is caused by both the
change of underlying surface and less
ventilation. However, with the improvement of
ventilation situation, overall temperature of
urban area with UHI effect shows a trend of
decrease.
Compared with the field test results, at the same
time, it is affected by longer solar radiation and
poorer air flow. All these factors have been
accumulated to generate UHI effect. Around
urban rivers, rivers as well as large grassland,
UHI effect has been alleviated, thanks to the
climatic regulation effects of water and
vegetation.

functions. In summer, urban rivers and lakes
are the main sources to reduce temperature in
City. Areas adjacent to water zone with
convenient traffic is beneficial to commercial
activities and climatic improvement. Building
high-rise residential buildings could save land,
changing the traditional narrow roadway.
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VI. CONCLUSIONS
In this case rivers and lakes could improve heat
transporting process and bring fresh air, so as
to balance urban temperature, just as the role of
river and lake system. In addition, rivers and
lakes could also separate urban thermal fields,
reducing thermal radiation. Rivers is a most
important part of urban area, are expected to be
closely combined into cities and play various
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Abstract— Now-a-days there is growing concerned about
transportation as well as the key factor is pollution created by
private vehicular traffic. The paper examines a feasible path for
public transportation with the help of “Bus Rapid Transit
system”. Objective of particular study is to make a reliable
public transportation system which will help in reduction of
private transport as well as to reduce the pollution created by it.
The study includes Bus rapid System Corridor in the city of
Pune. It defines the feasible route for BRTS and BRT
operations, routing and scheduling.
The study gives a comparative overview of design of BRT
corridor in metropolitan city. The primary concerned is about
to collect data and to design the specific corridor so I would
help in public transport, mobility and Reduction in pollution
due to private vehicle. It has been proven that Bus Rapid transit
System could help in reduction of air pollution up-to 30%.
While designing a transportation system our main motive was
to focus on Environmentally friendly system. So according to
that we have suggest for E-buses which will helps to achieve
0% carbon emission as well as saving of fossil fuels. The paper
provides a platform to influence new environmentally friendly
transportation system which will help sustainability of nature.

to 170.4 sq. km by merging 18 new villages. The

comprehensive plan for the 170.41 sq. km area extended area
is still in the draft stage. Presently N-S highway (New Pune
Mumbai National Highway) is carrying up to 100,000
passenger trips/dir./day whilst Old Pune Mumbai highway
road which connects Lohgaon and Kharadi is carries up to
75,000 passenger trips/dir./day, Similarly Pune-Nasik
Highway (NH-50) through Bhosari and Chakan has flowed
up to 50,000 passenger trip/dir./day and the areas near Aundh
Road and Kalewadi, Old PCMC Area and Chikhali are from
25,000 passenger trip/Dir./Day.

II. PUBLIC TRANSPORTATION SYSTEM:
Pimpri-Chinchwad Municipal Transport (PCMT) was
started as an independent agency under the aegis of then
Pimpri-Chinchwad Municipal Council and later PimpriChinchwad Municipal Corporation in 1974. The transport
committee, set up under section 25 of the Bombay Provincial
Municipal Corporation Act, 1949, manages PCMT. A
chapter of the BPMC Act contains detailed provisions
regarding the operations of the undertaking. A general Units
manager from the IAS cadre and officers from State Civil
Services manages the administration of the undertaking.
PCMT owns a central workshop and three depots. The fleet
size of PCMT, as of 31st March 2005 is 212 i.e., 21 buses
per lakh population against a norm of 37 buses per lakh
population. Of these, only 130 buses are on the road on a daily
basis. Since 1989, PCMT has been allowed to ply buses to
cater to the needs of the city and its peri-urban inhabitants up
to 20 km. beyond the municipal limits. Accordingly, PCMT
is now operating on 65 routes. While the Pune Municipal
Transport (PMT) plies 165 buses (of 130 buses on-road) in
the PMC area. The load factor of PCMT ranges from 37% to
70% with an average of 51%. In fair season, the load factor
goes up to 60% on average. The present fuel consumption is
yielding 3.25 km/litre for PCMT buses. Better management
and scientific operations would however yield an average of
3.75 / 4.00 km /litre of fuel and can bring in savings of Rs.
600 lakhs annually. While the city and the suburbs have
expanded more than two folds, the fleet size of PCMT has not
increased in a corresponding manner. The number of PCMT
buses on road has continued to be stagnant over the past 14
years.

Keywords— Bus Rapid Transit, Sustainable, Corridor,
Reducing pollution, Feasible Route, Public Transport

Master plan for Bus Rapid Transit system meets the
mobility requirements of Pimpri Chinchwad Municipal
Corporation (PCMC) area in 2036. It recommends a total
open BRT system network of 111.79 km, Aundh Ravet
road as a pilot corridor for Rs. 310.8 crores. This includes
the cost of civil infrastructure. The operation of the busses
will be carried out by PCMTL which has been recently
formed after the merger of PCMT+PMT to form a new
entity to run bus system on the combined PMC, PCMC
municipalities.
I. GENERAL
PCMC covers an area of 170.4 sq. km. This has N-S and EW corridors connecting various origins and destinations in
the area. 65% of the trips are from PMC to PCMC & from
PCMC to PMC showing a strong intercity dependence of the
two municipalities. N-S corridors link PMC/Mumbai and EW corridors are mostly intracity demand caterers. The
average speeds vary from 24 km/hr. on N-S corridors
including the Mumbai Pune highway to about 38km/hr. on
the outskirts of the PCMC area. The population density of PCMC
region is expected to rise from 5902 person/sq. km to 19027
person/sq.km by the end of the year 2031. These projections have
been based upon the observations that 60% of population growth, on
account of migration in search of employment opportunities and in
1997, PCMC jurisdictional urban area increased from 86.04 sq. km
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III. ABOUT BRTS:

V. WHY BRT?
The existing developments and proposed land use indicate
high potential for growth in the city. This is creating pressure
on the basic infrastructure facilities in Pimpri-Chinchwad.
The Pimpri-Chinchwad Municipal Corporation (PCMC) is
working towards improving basic facilities for its citizens and
taking up large and ambitious projects towards this. Urban
transport is one such sector that is being addressed.
The public transportation system in Pimpri-Chinchwad has
not been able to provide the best services to its citizens. This
has led to a steep increase in private ownership of vehicles,
especially motorized two-wheelers. Poor connectivity and
poor frequency of public transport have also encouraged large
size auto-rickshaws (seven-seaters) to ply along the main
corridors in the city, which has led to a thriving para-transit
mode of transport. These factors are leading to congestion of
roads in the city. To have an efficient public transport system,
it has become necessary to also have a physical infrastructure
with high levels of service.

Present road traffic characteristic (demand/supply) reveals
that PCMC needs a robust transportation system, with a mass
transit option that can secure the present and future demand.
Bus Rapid Transport (BRT) System has been found suitable
because of the following characteristics:
1. Current and future demand on main arterial (N-S and EW corridors are mostly around 20,000 -30,000. BRT
system can easily meet this demand.
2. Average trip length of 6.88 km excluding walk trips. In
the proposed open BRT systems buses run close to home
and destination requires fewer transfers.
3. Variation in the demand for the three corridors is ranging
between 15,000-50,000 passenger trips/day/direction for
a shorter length of the corridor. This can be easily
managed by creating some new alternative routes and
with the proposed open BRT system.
4. BRT incorporates NMV inclusive planning as in the case
of PCMC where the bicycle has a modal share of 19%.
Expected to increase by 1% by 2026.
5. Infrastructural cost around 10 times less than other opts.
IV. OBJECTIVES:
1. Bus Rapid Transit (BRT) systems have gained popularity
worldwide as a cost-effective alternative to far more
expensive urban rail investments. High-quality bus-based
systems also better serve the low-density settlement
patterns of many suburban markets and small-to-medium
size cities due to the inherent flexibility advantages of
rubber-tyre systems – the same vehicle that provides
speedy line-haul services on a dedicated bus lane or
busway can morph into a feeder vehicle, collecting and
distributing customers on local streets. This report
reviews experiences with designing and implementing
BRT systems worldwide. BRT is first defined across a
spectrum of service qualities and costs. Global trends are
next reviewed, highlighting cities and regions of the
world with the most extensive and advanced systems.
Relationships between urban densities and BRT costeffectiveness are noted. System designs and operations –
in terms of running ways, rolling stock, route
configurations, stations, fare collections, and the like – are
then reviewed. This is followed by a comparison of
BRT’s cost and performance relative to urban rail transit
systems. Information on the cost-effectiveness of heavyrail, light-rail and BRT systems relative to urban densities
are also compared. The report then turns to efforts among
a handful of cities to proactively promote transit-oriented
development (TOD) near BRT stations and along
corridors. This is followed by discussions on the
institutional arrangements that have been introduced to
effectively manage BRT services. The report closes with
discussions on BRT’s likely future given global growth
projections and other pressing policy agendas in the
foreseeable future.

Cross Section of BRTS
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Due to the large clientele of low-income, transitdependent users, fare evasion remains a problem with
many BRT systems in developing cities. Santiago’s
BRT system, Transantiago, averages a fare evasion
rate of 27.7 per cent. The switch, from a highly
atomized privately operated system of mostly rundown minibuses and converted lorries to a formal
public system designed as a hybrid of mixed-traffic
and dedicated-lane BRT in 2007, was followed by a
steady deterioration of services. In fear of contractors
abandoning services, Chile’s government opted to pay
operators on the basis of expected, rather than actual,
demand. With revenues guaranteed, operators shrank
their fleets and sometimes even ignored waiting
passengers. Many Santiaguinos associate bad BRT
service with the right to avoid fare payment. Rampant
fare evasion has been the main contributor to the
system’s growing deficit.

BRT OPERATIONS, ROUTING AND SCHEDULING
A. MAIN TYPES OF BRT OPERATIONS:
The three main types of BRT operations and vehicle routing
are:
(1) trunk-only, also called closed systems;
(2) trunk-feeder; and
(3) direct-service, also called open systems.
Among exclusive-lane systems, around a dozen operate
as trunk-only systems, with BRT buses operating only
along dedicated running-ways. Among the largest BRT
exclusive-lane systems, trunk-only, closed systems are
found in Jakarta, Ahmedabad, Beijing, Xiamen and
Istanbul. Of course, all of these systems have regular
buses and sometimes minibuses that feed into stations
however they are not part of the BRT system and are
operated instead by different (mostly private) operators.
In Latin America, trunk-feeder systems are common,
featuring BRT buses that operate mainly on the trunk line,
but occasionally leave the busway and functioning as a
neighbourhood distributor at one end of the route. More
commonly, however, smaller buses featuring a different
colour scheme and operated by the BRT company of
feeder services. Trunk-feeder BRT operations are today
found in Bogotá, Curitiba, Mexico City, Leon, Lima and
Quito. Bogotá’s green-colour midi-buses, for example,
provide free connections between mostly informal
housing settlements and TransMilenio’s terminal stations.

Fare collection procedure at BRTS station
C. LOCATION:
As we conducted survey of Sanghvi Phata situated in
Pune. The Sanghvi Phata Junction is 3-arm
intersection presently operated by Signalized
intersection. The surrounding area near Sanghvi Phata
junction is barren land. The corridor is used by daily
commuters of Pune outskirts from Mumbai side.
P

S

BRT operation

Sanghvi

B. FARE COLLECTION AND ENFORCEMENT:
M

Most BRT systems charge a flat fare. A survey of 31
high-end BRT systems worldwide showed that only 3
had distance-based or zonal fares; the rest had flat ones
(CHINABRT. ORG). BRT fares are often more
affordable than what informal or quasi-private
operators charge. Bogotá’s fare of around one US
dollar is good for an entire day. Despite fairly
affordable fares, Latin American BRT systems are
least dependent on operating subsidies. Their higher
ridership productivity levels, discussed earlier, likely
accounts combination of affordable fares and low
subsidies.

Sanghvi Phata, Pune

Pre-board fare collection and fare verification are most
widely found among BRT systems in Latin America,
Asia and France. U.S. and European BRT systems rely
predominantly on pre-paid ticketing with a barrierfree, proof-of-purchase inspection.
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Map of BRTS feeder route

technology, wherein an onboard GPS receiver
determines the bus position and transmits the
information to the control center. AVL systems can be
augmented by geographical information systems (GIS)
on control center computers that display the location of
the vehicles on route map grids.
Computer-aided dispatching and advanced
communications -- are systems that enable transit
dispatchers, in combination with AVL systems, to
maintain bus system efficiency by performing service
restoration activities and communicating instructions
to and receiving messages from drivers. Service
restoration activities include such operations as
adjusting dwell times at bus stops or transfer points,
adjusting vehicle headways, rerouting vehicles, adding
buses to routes, and dispatching new vehicles to
replace disabled vehicles. Communications can be
received in buses via radiotelephones, cellular
telephones, or mobile display terminals.
Precision docking at bus stops -- uses sensors on
buses and on the roadside to indicate the exact place
where the bus should stop. Bus doors opening at the
same location each time make it possible for
passengers to be in position for immediate boarding
once a bus has stopped, shortening dwell time.

VI. NEW TECHNOLOGY IN BUS RAPID TRANSIT:
New Intelligent Transportation Systems (ITS) or
Advanced Public Transportation Systems (APTS)
applications could contribute to improved bus service
and increased bus operating speeds. Some ITS and
APTS applications that a Bus Rapid Transit system
might employ are described below, but this list is by
no means exhaustive:

Warning systems -- are beginning to appear on the
market to assist the bus driver in several safety areas:
collision avoidance, pedestrian proximity warning,
attentive driver monitoring and warning, intersection
collision avoidance, and low tire friction warning.
Safety improvements can help any bus system
increase its reliability and efficiency by reducing the
likelihood of accidents and incidents.

“Smart” card fare collection methods -- use readand-write technology to store dollar value on a
microprocessor chip inside a plastic card. As
passengers board a bus, the card reader determines the
card’s value, debits the appropriate amount for the bus
ride, and writes the balance back onto the card, all
within a fraction of a second. There are two types of
card readers, the proximity reader which can read cards
held a few inches away, and the contact reader which
requires physical contact with a card. Under
development are systems that will be able to read cards
carried in passengers’ pockets, wallets and purses.
Cashless systems such as “smart” cards speed up the
fare collection process and eliminate expensive cash
handling operations at transit agencies.

VII. THIS IS HOW PCMC WILL MAKE ITS BRTS
SYSTEM SAFE:
With questions raised over the commuter's safety
issues on the upcoming Nigdi-Dapodi BRTS route,
the civic administration has proposed to install
various safety and security measures on the
recommendations of the safety audit prepared by
IIT-B.
The Nigdi-Dapodi has speed lanes passing
between the up-down BRTS lanes, which raises
various issues regarding passenger safety as well as
vehicle drivers crossing the BRTS route while
entering/exiting speed lanes.
Deputy engineer of the BRTS department,
PCMC, Vijay Bhojne said, "With the Nigdi-Dapodi
BRTS route, we are dealing with a different
situation as speed lanes are running between the two
up-down BRTS lanes. So we also have to think
about the entry-exit points of this speed lane." He
said that they are not only making access to BRTS
bus stops safer for all passengers, but are also
resolving issues affecting people with mobility
disabilities. On the 13kms Nigdi-Dapodi BRTS
stretch, Bhojne said there are 18 bus stops (9 on each
side). "The gap between each bus stop is not more
than 400mtrs and every 4 minutes there will be a bus
at the stop. To make our BRTS route safe and secure
we also need equal support from citizens, to make it

“Smart” cards can also be programmed for distancebased pricing by recording where a passenger enters a
transit system and debiting the appropriate amount
from the card balance according to the point where the
passenger exits the system, regardless of the number of
internal transfers.
Automatic vehicle location (AVL) systems -- enable
transit agencies to track their vehicles in real-time and
provide them with information for making timely
schedule adjustments and equipment substitutions.
AVL systems are computer-based vehicle tracking
systems that measure the actual real-time position of
each vehicle, and relay the information to a central
location. The measurement and relay techniques vary,
but the most common are: signpost and odometer,
wherein a receiver on a bus detects signals sent by
signposts along the bus route and transmits the identity
of the signpost and the odometer reading to the control
Center; and Global Positioning Satellite (GPS)
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successful," he said. Bhojne said that the plans are
to make the Nigdi-Dapodi BRTS route a perfect
model. He said that each bus stop will be having an
automatic ticketing machine and buses will be
without a conductor.

be disrupted as buses use their signal priority to
travel uninterrupted through intersections. Further,
mobility on alternate routes may deteriorate, as
drivers seek ways to avoid roads with exclusive bus
lanes. One of the challenges of implementing an
exclusive bus lane would be to minimize this
disruption.

MEASURES FOR SAFE AND & EASY ACCESS TO BRTS STOPS
•
•
•
•
•
•
•
•
•
•
•
•

access pathway to bus stops with down-slope
ramps and railings
access pathway fitted with tactile tiles for blind
people
sensory tags for safe opening/closing doors on
buses
Service van stationed at three points on the route in
cases of emergency
raised pedestrian crossing for getting across service
& BRTS lanes
pedestrian crossings illumined with white strips
lamps to illuminate white strips on crossings in the
night
separate signals for BRTS and service lane for
pedestrian crossings
rumble strips to lessen vehicles speeds on service &
BRTS lanes
convex mirrors near the underpass bus stop
speed table for pedestrian crossings
signs for pedestrian crossings

4.

Safety Features
IX. FUTURE SCOPE
The world today is in need of environmental transportation
system. If the given system has been implanted on given
location that would be easy to follow same system throughout
India as well as the world. The future research is needed to
determine construction of Eco-friendly corridor for BRT,
Design of renewable energy resources for E-buses.
Renewable Energy resources includes Solar Energy farms,
Wind Energy farms and hydro-power Energy. It will help in
production of renewable energy resources fight against
carbon emission, regulating traffic and engaging more usage
of conventional resources.

VIII. EFFECTS OF BUS RAPID TRANSIT
Successful Bus Rapid Transit systems can be expected to
produce improvements in bus service, operations, and
ridership, and to affect traffic congestion and air quality:
1. Bus speeds and schedule adherence: Perhaps the
most fundamental effect of a Bus Rapid Transit
system, travel times would likely improve due to the
lack of impediments to bus movement along
exclusive bus lanes. Bus speeds would be expected
to improve not only in absolute terms but also
relative to the automobile traffic that parallels the
exclusive lanes.
2.

Ridership: Ridership would likely increase due to
improved bus speeds and schedule adherence.
Customers who use buses infrequently might ride
more often, and some automobile users might
convert to transit. A visible improvement in bus
speeds might be noticeable to drivers of other
vehicles, presenting a positive image of transit as an
alternative to driving.

3.

Other traffic: If the creation of exclusive bus lanes
reduces the number of lanes available for other
traffic, then in the short term the possibility of
increased congestion on the roadways is raised.
Traffic flow on cross streets and turning traffic may

Air quality: Long term, as ridership increases and
the overall level of general-purpose traffic
decreases, urban areas may experience improved air
quality due to reduced emissions from automobiles.

X.

CONCLUSION:

The results show that: Overall, the planning and design
aspects of pilot BRTS corridor at Pune and PCMC are
satisfactory. Through this study we find out the few safety
issues for vehicles as well as pedestrians and we have given
effective solutions to improve the performance with
minimum disruption to the flow of BRTS buses. The
improvement measures suggested are easy to implement and
low cost in nature which could be completed without
difficulty The study reveals that no major demolition,
construction is warranted at this stage of auditing. The
improvement measures suggested are easy to implement and
low cost in nature which could be completed without
difficulty. At last, we could Conclude that this BRT study
will be helps in reduction of air pollution as well as it will
help to strengthen public transportation system in City.
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Abstract—Road transportation is undoubtedly the lifeline of
the nation and its development is a crucial concern. The
traditional bituminous pavements and their needs for
continuous maintenance and rehabilitation coupled with
frequent repairs, points towards the scope for cement concrete
pavements.Concrete is weak in tension and has a brittle
character. The concept of using fibers to improve the
characteristics of construction materials is very old.Concrete
is presently the most widely used manufactured
construction material in the world. This superiority of
concrete over other construction materials is due to its
high compressive strength along with other advantages
such as water resistance, low maintenance cost, ease in
mouldability to required size and shape, low cost, less
energy input in manufacture, and so on. However, lower tensile
strength and brittle behaviour are considered as the major
disadvantage of this material. Reinforcement concrete is the
best way to prevent the cracking of concrete subjected to
tensile stress. Reinforcement concrete using discrete fibres,
randomly arranged, is an acceptable solution to improve the
ductility of concrete. Addition of fibres in concrete affects
most of the properties both in wet and set stages. By
reviewing many of the recent literature on fibre reinforcement
concrete, it is very clear that its structural performance is
superior to non-fibrous reinforcement concrete structures.
These enhancements in material properties have paved the
way for more research in this area to explore its
advancement
into
unused areas. Experimental results
quantitatively reveal its improvement in various parameters
like tensile strength, flexural strength, toughness, ductility,
resistance to corrosion, resistance to cyclic and dynamic
loads, cracking resistance, etc which highlight its better
material behaviour. . Addition of fibers to concrete makes it a
homogeneous and isotropic material. When concrete cracks,
the randomly oriented fibers start functioning, arrest crack
formation and propagation, and thus improve strength and
ductility. The failure modes of fiber reinforced concrete (FRC)
are either bond failure between fiber and matrix or material
failure. There are several advantages of cement concrete
pavements over bituminous pavements. Potential benefits from
fibres in concrete are improved crack control and the
possibility of more slender structures.
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I. INTRODUCTION
During the past decades the concrete construction field has
experienced a growing interest in the ad-vantages fibre
reinforcement has to offer. Between the different fibres
available, e.g. steel, synthetic, glass, and natural fibres, the
steel fibre is probably the most investigated and most
commonly used. Fibre reinforcement today is mainly used
in applications such as industrial floors, overlays, and
sprayed con-crete, although other application areas exist.
Some of the potential benefits of fibres in concrete are improved crack control and the possibility of designing more
slender structures. However, the extent of the crack control
depends to a large extent on the type and amount of fibres
added.
From a durability point of view it is essential to con-trol the
cracking process and, moreover, being able to predict crack
widths and crack pattern as well as to design a structure that
exhibits the desired behaviour. This behaviour, of course,
depends on a number of different factors such as structural
type and size, type of concrete and amount and type of
reinforcement, and, not at least, the casting procedure. In
general, to achieve crack control, large amounts of
conventional reinforcement are needed, especially in
structures where only very small crack widths (w≤ 0.1 mm)
are allowed. Negative effects from large amounts of reinforcement are that: structural dimensions often need to be
larger than what is needed for load bear-ing capacity in
order to make space for all the steel; the heavy labour
placing it; and also difficulties with pouring the concrete
past the tightly placed rein-forcement bars of the steel cage.
By using fibres in combination with or instead of the
conventional rein-forcement, these drawbacks may be
reduced or even completely avoided.
Fibre reinforced concrete (FRC) is a cement based
composite material reinforced with discrete, usually
randomly distributed, fibres. The objective with add-ing
fibres to a concrete mix is to bridge discrete cracks and
thereby providing for increased control of the fracture
process and also to increase the fracture energy (i.e. yields a
more ductile behaviour). The ma-terial behaviour of
concrete showed a tremendous improvement in the various
parameters like tensile strength, flexural strength, toughness,

Keywords— Fiber Reinforced Concrete (FRC), composite,
strength, durability, toughness, structural performance,
transportation, development, material.
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ductility, resistance to corrosion, resistance to cyclic and dynamic loads, cracking resistance, etc due to the ad-dition of
steel fibres.cracking resistance, etc due to the addition of
steel fibres.

life, inclusion of fibers in reinforced cement concrete (RCC)
results in pavement thickness reduction. Savings in material
and construction costs compensate for the additional cost of
fibers. In the given examples, improvement in first crack
strength due to the presence of fibers was not considered.
Fiber content may be lowered depending on the type of
fiber.[2]. Fibre reinforced concrete (FRC) can be used
advantageously over normal concrete pave-ment. Polymeric
fibers such as polyester or polypro-pylene are being used
due to their cost effective as well as corrosion resistance.
Plastic fiber reinforced concrete (PFRC) requires specific
design considera-tions and construction procedures to obtain
optimum performance. The higher initial cost by 15-20% is
counterbalanced by the reduction in maintenance and
rehabilitation operations, making Plastic fiber rein-forced
concrete (PFRC) cheaper than flexible pave-ment by 3035%. In a fast developing and vast coun-try like India, road
networks ensure mobility of re-sources, communication and
in turn contribute to growth and development. Resistance to
change though however small disturbs our society, hence we
are always reluctant to accept even the best. Its high time
that we overcome the resistance and reach for the peaks.
PFRC opens a new hope to developing and globalizing the
quality and reshaping the face of the “True Indian
Roads”.[3]

From a structural point of view, concrete is assumed to be a
no-tension material with some softening post-peak
behaviour in compression due essentially to the limited
transverse strain capability of the ma-terial. This
characteristic influences the structural performances of
reinforcement concrete structures because the mechanical
behaviour of concrete is essentially brittle. The negative
effects of the brittle behaviour of the material can be
reduced by improv-ing the post-peak behaviour of the
concrete with the addition of fibres. Moreover, good
structural design demands high quality experimental data
and reliable modeling of the mechanical properties of the
con-stituent materials and hence all the factors that af-fect
and enhance the material properties have to be clearly
analyzed and noted. Thus it is very essential that the steel
fibres should be added only in optimum quantity based on
the area of application in order to improve the structural
strength of concrete. The failure modes of fiber rein-forced
concrete (FRC) are either bond failure between fiber and
matrix or material failure.

The studies emphasize that fiber reinforcement in a cement
bound road base has the potential to improve performance
by improving fatigue life of the base and improved
resistance to reflective cracking of the as-phalt. The studies
also establish that the properties of hardened Steel fibre
reinforced concrete (SFRCC), such as flexural strength, are
remarkably better than those of conventional reinforced
cement concrete (RCC). Thus, the use of steel fiber for
effective pave-ment construction can be suggested
positively.[4]

II. LITERATURE SURVEY
A literature survey revealing the current state of re-search
for fiber reinforced concrete (FRC) has been carried out as a
part of this licentiate work.It was found that Plastic fiber
reinforced concrete (PFRC) can be used advantageously
over normal concrete pavement. Polymeric fibres such as
polyester or poly-propylene are being used due to their cost
effective as well as corrosion resistance. Plastic fiber reinforced concrete (PFRC) requires specific design considerations and construction procedures to obtain optimum
performance. The higher initial cost by 15-20% is
counterbalanced by the reduction in mainte-nance and
rehabilitation operations, making Plastic fiber reinforced
concrete (PFRC) cheaper than flexible pavement by 3035%. In a fast developing and vast country like India,
roadnet works ensure mobility of resources, communication
and in turn contribute to growth and development.
Resistance to change, though however small, disturbs our
society; hence we are always reluctant to accept even the
best. It’s high time that we overcome the resistance and
reach for the peaks. Plastic fiber reinforced concrete (PFRC)
opens a new hope to developing and globalizing the quality
and reshaping the face of the “True Indian Roads.[1].

Steel fibre reinforced concrete (SFRC) has been stud-ied
and used as an alternative material to take ad-vantages of
their workability and economic benefits over traditional
reinforced concrete (RC). In this pa-per, a design study was
conducted to replace original-ly designed reinforced
concrete (RC) shaft lining using Steel fibre reinforced
concrete (SFRC) in terms of ge-otechnical engineering.
Several geological and struc-tural design reports used in
original lining designs were utilised, and theoretical and
experimental ap-proaches were used to determine Steel fibre
rein-forced concrete (SFRC) designs corresponding to the
original reinforced concrete (RC). The axial load and
bending moment of the shaft lining were derived us-ing
Canadian concrete design codes CSA A23.3 com-bined with
RILEM TC-162 TDF, and several analytical solutions with
uniform and nonuniform loading cases were adopted for the
evaluation of Steel fibre rein-forced concrete (SFRC) shaft
lining performance. In addition, a numerical analysis model
developed for Georgian Bay shale with swelling behaviour
was used to determine if the proposed installation timing of
the shaft lining is appropriate, and to evaluate the long-term
stability of the shaft lining. According to the structural
analysis, reinforced concrete (RC) with 20 M@300-radial
and 15 M@300-vertical steel bars are characterised by an
extremely high axial load and bending moment capacity of
approximately 6100 kN/m and 880 kNm/m, respectively.

The existence of post-cracking strength and pseudo-ductility
of reinforced cement concrete (RCC) result-ing from the
inclusion of steel fiber reinforcement is shown. All fibers
tested indicated that postcracking performance is directly
proportional to fiber content. This study was iimited to one
length of steel fiber; longer and 68 thicker fibers should be
included for a more complete coverage of the costperformance ratio. The performance of field cores was
better than that of equivalent laboratory-fabricated samples
be-cause fiber presence does not disturb the consolida-tion
efforts of both paver and roller. Based on im-proved fatigue
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The SFRC showed a relatively low bending moment with
370 kNm/m, while showing a high axial force corresponding to the RC with 5800 kN/m. The calculated hoop thrust
and bending moment under both uniform and non-uniform
loading cases were within the capacity of the Steel fibre
reinforced concrete (SFRC) lining, and thus it is estimated
that an alternative design of a circular shaft, using Steel
fibre reinforced concrete (SFRC), possesses sufficient loadbearing resistance. Therefore, it has been demonstrated that
the Steel fibre reinforced concrete (SFRC) lining poses an
excel-lent alternative to steel bars in conventional reinforced concrete (RC) for use as circular shaft struc-tures,
with both improved construction efficiency and structural
capacity. Numerical analysis using the “swello” constitutive
model, coded in FLAC 2D finite difference program, was
performed to evaluate whether the proposed timing of the
shaft lining is ap-propriate, and estimate the long-term
stability. Ac-cording to the results of the numerical analysis,
the shaft lining installed at the proposed timing is ex-pected
to be structurally stable in the long-term, and furthermore, it
could be considered that the installa-tion time can be
reduced by up to 20 days. Therefore, it can be concluded
that the SFRC lining, installed 70 days after excavation, can
sufficiently withstand the long-term ground swelling
behaviour and can reduce the construction schedule by
reducing the delays due to TDD. The construction cost
could also decrease by reducing the waiting time for the
shaft lining installa-tion.[5]

Polypropylene Fiber Reinforced Concrete:Polypropylene fiber reinforced concrete is al-so known as
polypropene or PP. It is a syn-thetic fiber, transformed from
propylene, and used in a variety of applications. These
fibers are usually used in concrete to control crack-ing due
to plastic shrinkage and drying shrink-age. They also reduce
the permeability of concrete and thus reduce the bleeding of
wa-ter. Polypropylene fiber belongs to the group of
polyolefins and is partially crystalline and non-polar. It has
similar properties as poly-ethylene, but it is harder and more
heat re-sistant. It is a white rugged material with high
chemical resistance. Polypropylene is manu-factured from
propylene gas in the presence of a catalyst such as titanium
chloride. Poly-propylene fiber displays good heat-insulating
properties and is highly resistant to acids, al-kalies, and
organic solvents.

III. TYPE OF FIBER-REINFORCED CONCRETE

Fig No.2:- Polypropylene Fiber Reinforced
Concrete

Steel Fiber Reinforced Concrete:Steel fiber is a metal reinforcement. A certain amount of
steel fiber in concrete can cause qualitative changes in
concrete’s physical property. It can greatly increase
resistance to cracking, impact, fatigue, and bending, tenacity, durability, and others. For improving long-term
behavior, enhancing strength, toughness, and stress
resistance, SFRC is be-ing used in structures such as
flooring, hous-ing, precast, bridges, tunneling, heavy-duty
pavement, and mining. The types of steel fi-bers are defined
by ASTM A820 are, Type I: cold-drawn wire, Type II; cut
sheet, Type III: melt-extracted, Type IV: mill cut and Type
V: modified cold-drawn wire.

Glass Fiber Reinforced Concrete:Glass fiber reinforced concrete is a material consisting of
numerous extremely fine fibers of glass. Glass fiber has
roughly comparable mechanical properties to other fibers
such as polymers and carbon fiber. Although not as rigid as
carbon fiber, it is much cheaper and significantly less brittle
when used in compo-sites. Glass fibers are therefore used as
a re-inforcing agent for many polymer products; to form a
very strong and relatively light-weight fiber-reinforced
polymer (FRP) com-posite material called glass-reinforced
plastic (GRP), also popularly known as “fiberglass”. This
material contains little or no air or gas, is denser, and is a
much poorer thermal insula-tor than is glass wool.

Fig No.3:- Glass Fiber Reinforced Concrete
Fig No.1:-Steel Fiber Reinforced Concrete
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Polyester Fiber:Polyester fibers are used in fiber-reinforced concrete for
industrial and warehouse floors, pavements and overlays
and precast products. Polyester micro- and macro-fibers are
used in concrete to provide superior resistance to the
formation of plastic shrinkage cracks versus welded wire
fabric and to enhance toughness and the ability to deliver
structural capacity when properly designed, respectively.
Polyester mi-cro- and macro-fibers are used in concrete to
provide superior resistance to the formation of plastic
shrink-age cracks versus welded wire fabric and to enhance
toughness and the ability to deliver structural capacity when
properly designed, respectively.

Fig No.5:- Carbon Fiber

Macro Synthetic Fiber:Macro synthetic fibers are made from a blend of pol-ymers
and were originally developed to provide an alternative to
steel fibers in some applications. Initial-ly, they were
identified as a potential alternative to steel fibers in sprayed
concrete, but increasing re-search and development showed
that they had a role to play in the design and construction of
ground-supported slabs and a wide range of other applications. They are particularly suitable for providing nominal
reinforcement in aggressive environments, such as marine
and coastal structures, as they do not suffer the problems of
staining and spalling that can result from the corrosion of
steel. Besides, because they are non-conducting, they have
been used in tram and light railway developments.
Fig No.4:- Polyesters Fiber
Carbon Fiber:Carbon fibers are fibers about 5–10 micrometers in diameter
and composed mostly of carbon at-oms. Carbon fibers have
several advantages in-cluding high stiffness, high tensile
strength, low weight, high chemical resistance, hightemperature tolerance and low thermal expan-sion. Carbon
fibers are usually combined with other materials to form a
composite. When im-pregnated with a plastic resin and
baked it forms carbon-fiber-reinforced polymer (often
referred to as carbon fiber) which has a very high strengthto-weight ratio, and is extremely rigid although somewhat
brittle. Carbon fibers are also compo-sited with other
materials, such as graphite, to form reinforced carbon
composites, which have a very high heat tolerance. Carbon
fibers are also composited with other materials, such as
graph-ite, to form reinforced carbon composites, which have
a very high heat tolerance.

Fig No.6:- Macro Synthetic Fiber
Micro Synthetic Fiber:-

Carbon fibers are industrially produced fibers which are
refined in such a way that they consist almost exclusively of
carbon. They are microscopically small and about eight
times thinner than a human hair. In order to make them
usable for various applications, 1000 to 60000 filaments are
combined into a multifilament yarn (roving), which is
wound onto a spool.

Micro-synthetic fibers provide superior resistance to the
formation of plastic shrinkage cracks ver-sus welded wire
reinforcement, they are unable to provide any resistance to
further crack width openings caused by drying shrinkage,
structural load or other forms of stress. However, these
products should be regularly specified in any type of
concrete to improve cracking resistance, spall protection,
freeze-thaw durability and improve the homogeneity of
concrete during placement.
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Cellulose Fiber:Cellulose fibers are made with ethers or esters of cellulose,
which can be obtained from the bark, wood or leaves of
plants, or other plant-based material. In addition to cellulose,
the fibers may also contain hemicellulose and lignin, with
differ-ent percentages of these components altering the
mechanical properties of the fibers. The main applications of
cellulose fibers are in the textile industry, as chemical filters,
and as fiber-reinforcement composites, due to their similar
properties to engineered fibers, being another option for
biocomposites and polymer compo-sites.

Fig No.7:- Micro Synthetic Fiber

Natural Fiber:The natural fiber is directly obtainable from an animal,
vegetable, or mineral source and convert-ible into nonwoven
fabrics such as felt or paper or, after spinning into yarns, into
woven cloth. A natural fiber may be further defined as an agglomeration of cells in which the diameter is neg-ligible in
comparison with the length. Although nature abounds in
fibrous materials, especially cellulosic types such as cotton,
wood, grains, and straw. The use of natural fibers in making
con-crete is recommended since several types of these fibers
are available locally and are plentiful. The idea of using such
fibers to improve the strength and durability of brittle
materials is not new; for example, straw and horsehair are
used to make bricks and plaster. Natural fibers are suitable
for reinforcing concrete and are easily available in
developing countries. The natural fi-ber is directly obtainable
from an animal, vegeta-ble, or mineral source and
convertible into nonwoven fabrics such as felt or paper or,
after spinning into yarns, into woven cloth.

Fig No.9:- Cellulose Fiber
IV. ADVANTAGES
1.

Fibers reinforced concrete may be useful where
high tensile strength and reduced cracking are
desirable or when conventional reinforcement
cannot be placed.

2.

It improves the impact strength of concrete, limits
the crack growth and leads to a greater strain
capacity of the composite material.

3. For industrial projects, macro-synthetic fibers
are used to improve concrete’s durability.
Made from synthetic materials, these fibers are
long and thick in size and may be used as a
replacement for bar or fabric reinforcement.
4. Adding fibers to the concrete will improve its
freeze-thaw resistance and help keep the
concrete strong and attractive for extended
periods.
5. Improve mix cohesion, improving pumpability
over long distances.
6. Increase resistance to plastic shrinkage during
curing.
7. Minimizes steel reinforcement requirements.
8. Controls the crack widths tightly, thus
improving durability.
9. Reduces segregation and bleed-water.
10. FRC, toughness is about 10 to 40 times that of
plain concrete.

Fig No.8:- Natural Fiber
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VI. CONCLUSION

11. The addition of fibers increases fatigue
strength.
12. Fibers increase the shear capacity of
reinforced concrete beams.

Durability to aesthetics fiber-reinforced concrete can add
benefits to your project. Fiber-reinforced concrete has been
rapidly growing throughout the building industry since
contractors and homeowners started to recognize its many
benefits. Fibre Rein-forced Concrete is gaining an increasing
in-terest among the concrete community for the reduced
construction time and labor costs. Besides cost issues, quality
matters are of paramount importance for construc-tion and
fiber-reinforced concrete also ful-fills these requirements.

13. Fibre-reinforced concrete has more tensile strength
when compared to non-reinforced concrete.
14. It increases the concrete’s durability.
15. It reduces crack growth and increases impact
strength.

At present, FRC is specified especially when repair and
increased durability is required for many non-conventional
structures or concrete subjected to special conditions. The
main role of fibers is to control crack-ing due to plastic
shrinkage and drying shrinkage, providing additional energy
ab-sorption capability. It has also been reported that fibers
may improve the static flexural strength of concrete as well
as its impact strength, tensile strength, ductility and flex-ural
toughness. Many modern reinforced concrete structure
contain a wide range of reinforcing materials, made of either
steel, polymers or alternative composite materi-als; they may
or may not be combined with traditional steel reinforcement.
The final composite will have a particular failure mechanism,
which depends on the combina-tion of the employed
materials. Needless to say, these new design techniques are
re-quired to ensure the long-term durability of these special
concretes. The successful ex-perimental and theoretical
methods will cer-tainly be used in future concrete R&D
activ-itie.

16. Fibre-reinforced concrete improves resistance
against freezing and thawing.
17. Reinforcing concrete with fibre increases fatigue
strength.
18. Rain might expose the fibres.
19. Fibres randomly orient in the concrete and could
result in poor quality concrete, if not uniform.
20. Reinforced concrete is about 10% to 15% costlier
than non-reinforced concrete.

V. DISADVANTAGES
1.

Steel fibres will not float on the surface of a
properly finished slab, however, rain damaged slabs
allow both aggregate and fibres to be exposed and
will present as aesthetically poor whilst maintaining
structural soundness.

2.

Fibres are capable of substituting reinforcement in
all structural elements (including primary
reinforcement), however, within each element there
will be a point where the fibre alternative’s cost
saving and design economies are diminished.

3.

Strict control of concrete wastage must be
monitored in order to keep it at a minimum. Wasted
concrete means wasted fibres.

4.

Fiber may sometime stick up out of the surface,
rains allows fiber to be exposed.

5.

Fiber randomly orient in concrete and maybe
concentrated at few places which cause poor quality
of concrete.

6.

Fiber increase the cost of concrete by 10% to 15%.

7.

The addition of fibers increases the specific gravity
of concrete which may result in heavier concrete in
some fibers.

8.

Fiber in concrete reduce the workability.
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1) INTRODUCTION
Abstract—Technology in AR can influence workers to
learn actively and can motivate them, leading to an effective
process of learning. Previous research has identified the
problem that technology will create a passive learning process
if the technology used does not promote critical thinking,
meaning-making or metacognition. Since its introduction,
augmented reality (AR) has been shown to have good potential
in making the working process more active, effective and
meaningful. This is because its advanced technology enables
users to interact with virtual and real-time applications and
brings the natural experiences to the user. In addition, the
merging of AR with maintenance has recently attracted
research attention because of its ability to allow workers to be
immersed in realistic experiences. Therefore, this concept
paper reviews the research that has been conducted on AR. The
review describes the application of AR in a number of fields of
learning including Medicine, Chemistry, Mathematics, Physics,
Geography, Biology, Astronomy and History. This paper also
discusses the advantages of AR compared to traditional
technology (such as e-learning and courseware) andtraditional
teaching methods (chalk and talk and traditional books). The
review of the results of the research shows that, overall, AR
technologies have a positive potential and advantages that can
be adapted in maintenance. The review also indicates the
limitations of AR which could be addressed in future research.

Keywords—Augmented reality ,ARCORE
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Augmented Reality is a field of computer science that
involves combining three dimensional virtual worlds; the
physical world and an interactive one. The technology is still
in its early phase however, the potential of AR technologies
will grow fast and it can be applied in so many fields not only
in engineering , medical and construction but also in
education . Augmented Reality augments the real world with
artificial information and adds electronic data from a
cyberspace on the physical space
Technology has become embedded in education and the
results indicate a positive impact on learning and teaching
styles. Lessons that are supported by technology will lead to
more innovative forms of teaching and learning. This is
because the use of technology involves real-world problems,
current informational resources, simulations of concepts, and
communication with professionals in the field. In addition,
learning using technology is believed to complement the
traditional forms of teaching and learning . the use of a
variety of media applications to explain concepts increased
the understanding and
supported greater collaboration between students.
Augmented reality (AR) is a new technology that has
emerged with potential for application in education.
While a lot of research has been conducted on AR, few
studies have been conducted in the education field. The
number of studies on AR is growing due to the effectiveness
of this technology in recent years. AR has been used in
different fields in education. In particular, AR provides an
efficient way to represent a model that needs visualization
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AR also supports the seamless interaction between the real
and virtual environments and allows a tangible interface
metaphor to be used for object manipulation
2) PROBLEM STATEMENT
An interactive learning allows the user to participate in the
learning environment. However, due to the enhancement of
the learning environment, the conventional way of learning
does not satisfy the students and the learning activity starts to
experience boredom. It is because the interaction between the
learning tools and students is limited to static stuff such as
text. It seems hard for students to visualize and they will
easily fail to focus. Augmented Reality is a term for a live
direct or an indirect view of a physical, real-world
environment. Learning using Augmented Reality enhanced
the view and experience of learning. The learning interactive
application using Augmented Reality concept will add in
multimedia elements such as pictures, graphics, sounds,
animations, etc. It is used to enrich the learning environment
and to let the students be fully involved in the learning
activity. Students can move around and see the virtual object
or animation from different views as the Augmented Reality
system performs alignment of the real and virtual cameras
automatically
• Multi-user, specifically closely coupled (collaborative),
AR theory, and interaction. • Responsive, multi-platform
AR content that adjusts functionality, interaction input, and
display • The use of AR in social, educational contexts such
as the more formal classroom and informal educational
institutions such as museums. • Suggested learning theories
that may provide for more complete reflections of how
learning happens in social learning spaces, with greater
consideration of how the embodied, social, and spatial
environments affect learning.

3) METHODS

METHODS ESSENTIAL FOR CREATION OF AR:
Enables: motion tracking for AR Accelerometer: measures
acceleration, which is change in speed divided by
time.Simply put, it’s the measure of change in
velocity.Acceleration forces can be static/continuous—like
gravity—or dynamic, such as movement or
vibrations.Gyroscope: measures and/or maintains
orientation and angular velocity. When you change the
rotation of your phone while using an AR experience, the
gyroscope measures that rotation and

322

ARCore ensures that the digital assets respond
correctly.Phone Camera: with mobile AR, your phone camera
supplies a live feed of the surrounding real world upon which
AR content is overlaid. In addition to the camera itself,
ARCore-capable phones like the Google Pixel rely on
complementary technologies like machine learning, complex
image processing, and computer vision to produce highquality images and spatial maps for mobile AR. Enables:
location-based AR
Magnetometer: gives smartphones a simple orientation
related to the Earth's magnetic field. Because of the
magnetometer, your phone always knows which direction is
North, allowing it to auto-rotate digital maps depending oN
your physical orientation. This device is key to
location-based AR apps.GPS: a global navigation satellite
system that provides geolocation and time information to a
GPS receiver, like in your smartphone. For ARCore-capable
smartphones, this device helps enable location-based
ARapps.Enables: view of real world with AR
Display: the display on your smartphone is important for
crisp imagery and displaying 3D rendered assets. For
instance, Google Pixel XL’s display specification
is a 5.5" AMOLED QHD (2560 x 1440) 534ppi display,
which means that the phone can display 534 pixels per
inch—making for rich, vivid images.
In order to seem real, an AR object has to act like its
equivalent in the real world. Immersion is the sense that
digital objects belong in the real world.Breaking immersion
means that the sense of realism has been
broken; in AR this is usually by an object behaving in a way
that does not match our expectations.Placing is when the
tracking of a digital object is fixed, or anchored, to a certain
point in the real world.Scaling is when a placed AR object
changes size and/or dimension relative to the AR device's
position. For example, when a user moves away or towards
an AR object, it feels like the object is getting larger or smaller
depending on the distance of the phone in relation to the
object. AR objects further away from the phone look smaller
and objects that are closer look larger. This should mimic the
depth perception of human eyes.Occlusion occurswhen one
object blocks another object from view.AR software and
hardware need to maintain “context awareness” by tracking
the physical objects in any given space and understanding
their relationships to each other -i.e. which ones are taller, shorter, further away, etc.There are
two basic ways to track the position and orientation of a
device or user: outside-in tracking and inside-out
tracking.Outside-in tracking uses external cameras or
sensors to detect motion and track positioning. This method
offers more precision tracking, but a drawback is the
external sensors lower the portability.Inside-out tracking
uses cameras or sensors located within the device itself to
track its position in the real world space. This method
requires more hardware in the AR device, but offers more
portability.On the AR headset side, the Microsoft HoloLens
is a device that uses inside-out tracking.
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4) DEVELOPMENT TOOLS

Advanced 3D design tools like Maya, Zbrush, Blender, and
3ds Max are powerful professional tools. Google’s Poly can
be a good starting resource for building your first ARCore
experience.
Poly by Google is a repository of 3D assets that can be
quickly downloaded and used in your ARCore experience.
Google's Poly is a 3D asset library that lets you quickly find
3D objects and scenes for use in your apps, and it was built
from the ground up with AR
Here are the 3 best augmented reality SDK’

An augmented reality SDK (software development kit) is
the core technological software engine that powers the
development and creation of new AR apps and experiences.
The role of the AR SDK is to perform the non-trivial task of
fusing digital content and information with the real world.
The capabilities of the SDK will ultimately underpin the
features and functionality within your AR application, so it’s
essential to choose the correct platform based on the
requirements of your project.
The AR SDK is responsible for many components of the
applications, which are currently available, including content
rendering, AR tracking, and scene recognition. Content
rendering relates to the digital information and 3D objects
that can be overlaid on top of the real world, tracking
represents the ‘eyes of the application,’ and the scene
recognition element acts as the central nervous systemof the
application. Each AR SDK will be equipped with its own
unique properties that will enable AR developers to
recognize, render, and track the application in the most
optimal manner possible.

2.) ARCore

1.)
ARKit
In 2017, Apple released iOS 11, and the subsequent launch of
ARKit witnessed arguably the most seismic event in the
history of augmented reality technology. ARKit is a unique
framework that enables brands and developers to design and
create unparalleled experiences for compatible iPhone and
iPad devices (compatible Phones and iPads must be equipped

understands the difference between a floor and a table, it
knows to place a bottle of wine on the table, rather than the
floor). If you’re in the process of developing an AR
application using ARKit, we created a guide on the key
elements you need to consider.
Developers and businesses can create applications using

with an A9 processor or above). The ARKit SDK functions in
the same way as most AR SDK’s function, by enabling digital
information and 3D objects to be blended with the real world
but offers largely unparalleled accessibility in terms of the
number of existing devices that it supports.
ARKit can be run on any device equipped with an Apple A9,
A10, or A11 processor and utilizes VIO (Visual Inertial
Odometry) to track the surrounding environment with seamless
levels of accuracy. VIO enables the ARKit to combine Core
Motion data with camera sensor data and provides the ability
to develop applications that can detect horizontal planes (floors
and tables) and vertical planes (walls). This enables the ARKit
to accurately understand the dynamics and make-up of a
particular scene and provides the ability to place 3D objects and
overlay digital information in acontextually relevant way (for
example, because ARKit

ARKit and associated optimizations via third-party 3D engines
such as Unity, Unreal Engine, and SceneKit.
ARCore is Google’s proprietary augmented reality SDK.
Similar to ARKit, it enables brands and developers to get AR
apps up and running on compatible Google smartphones and
tablets. One of the most notable features of ARCore is that it
also supports iOS-enabled devices and gives developers
unparalleled access to users across both platforms. ARCore
possesses three significant features that enable developers to
merge the real world with the virtual:
ARCore integrates virtual content with the real world as seen
through your phone's camera and shown on your phone's
display with technologies like motion tracking,
environmental understanding, and light estimation. Motion
tracking uses your phone's camera, internal mobile-centric,
immersive AR experiences. The Vuforia SDK

323

MULTICON W ICAMCE 2022

gyroscope, and accelerometer to estimate its pose in 3D
space in real time. Environmental understanding is the
process by which ARCore “recognizes” objects in your
environment and uses that information to properly place
and orient digital objects. This allows the phoneto detect
the size and location of flat horizontal surfaces like the
ground or a coffee table. Light
estimation in ARCore is a process that uses the phone’s
cameras to determine how to realistically match the
lighting of digital objects to the real world’s lighting,
making them more
believable within the augmented scene.
Feature points are visually distinct features in your
environment, like the edge of a chair, a light switch on a
wall, the corner of a rug, or anything else that is likely to
stay visible Vuforia provides API’s (application
programming interfaces) and leverages computer vision
technology to identify and track image targets and 3D
objects in real-time. This functionality enables businesses
and AR development agencies to orient andplace virtual
objects, including 3D models and other content, in
relation to the real-world environment. 3D models and
digital information can then be overlaid on top of the realworld scene and viewed in relation to the environment via
an AR-enabled smartphone or tablet.The Vuforia
augmented reality SDK is capable of supporting a wide
variety of 3D and 2D targets, including 3D multi-target
configurations, marker less image targets, and fiducial
markers referred to as a ‘VuMark.’ Some of the additional
features in the Vuforia SDK include localized occlusion
detection using virtual buttons, the capacity to develop
and calibrate target sets at runtime, and runtime target
image selection and consistently placed iN your
environment. Concurrent odometry and mapping (COM)
is a motion tracking process for ARCore, and tracks the
smartphone’s location in relation to its surrounding
world. Plane finding is the smartphone-specific process
by which ARCore determines where surfaces are in your
environment and uses those surfaces to place and orient
digital objects. ARCore looks for clusters of feature
points that appear to lie on common horizontal or vertical
surfaces, like tables or walls, and makes these surfaces
available to your app as planes. ARCore can also
determine each plane's boundary and make that
information available to your app. You can use this
information to place virtual objects resting on flat
surfaces. Anchors “hold” the objects in their specified
location after a user has placed them. Motion tracking is
not perfect. As you walk around, error, referred to as
drift, may accumulate, and the device's pose may not
reflect where you actually are. Anchors allow the
underlying system to correct that error by indicating
which
points
are
important.
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3.) Vuforia
Vuforia is an augmented reality SDK that enables
businesses and app developers to quickly spin-up
high fidelity, in Java, C++ and Objective C++, and
.NET via an extension of the Unity game engine.
With this in mind, Vuforia SDK is capable of
supporting both native development for iOS and
Android and the development of AR apps and
prototypes in Unity that can easily be ported across
both platforms. This represents a great option for
businesses and brands seeking to develop apps that
cover both iOS and Android whilst minimizing
commercial and technical risk. This means AR apps
can be developed seamlessly for the widest possible
number of target mobile devices in the shortest
possible time scale.
5) CONCLUSION
This review of the research conducted in several fields
in maintenance shows that AR technology has the
potential to be further developed in Maintenance. This
is because the advantages and beneficial uses of AR
features are able to engage working in learning
processes and help improve their visualization skills.
The features can also help experts to explain well and
make the workers easily understand what they are
taught. The use of AR technology has also received
positive feedback from participants who have shown
their interest in using AR in their learning processes.
These good responses are important because they
indicate the willingness of workers to actively engage in
their studies through AR tools. AR technology is still
new in maintenance, thus there are still some
limitations. However, the review of the research
indicates that most of the limitations are related to
technical issues. Such limitations can be overcome over
time as researchon the integration of AR in maintenance
is replicated and improved. When the potential of AR
technologies is more fully explored, the beneficial
functions of AR can begin to be used widely in all fields
of maintenance and the efficiency of the learning
process will be improved.
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Abstract— Majority of the profession in India majorly
depends on the agricultural sector. High labor and hard
work are the conventional ways of planting rice. The
mechanized way of rice plantation with machines is
inexpensive & user-friendly. Despite having superiority
over the conventional machine, the approval rate for
mechanized plantation machines is quite low because of
high investment at the beginning stages & likewise due to
lack of awareness to the farmers. For the rice planter, the
field must be leveled with no still water on the field since it
makes floating hills in the water. The entry, exit, and travel
for the machine in the field must be smooth. The
maintenance cost of the planter is pretty expensive, so poor
farmers may find it difficult to acquire. Satisfying the
entire growing population of India is a big challenge. The
mechanization of the paddy division may have a higher
yield, but it can generate unemployed people due to loss of
work. The basic objective of this project is to bring
automation to the farming sector. A two-row paddy planter
is quick and the productivity of crops can be effectively
increased. Better quality and more in quantity crops can
be produced by this method. The saplings are well spaced
and are placed in the soil very quickly as compared to the
manual method and hence the overall productivity
increases. The labor requirement is less as a result overall
cost is minimized. The planter can be upgraded by the
farmers if needed from the local workshops.
Keywords—Technical, Rice Planting,
mechanism, human effort reduction
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the form of many initiatives in which the farmers are
made aware of the different farming techniques.The
farming groups are using the same methods and
apparatus for ages. As time changes and things are
required to change as well to advance the techniques and
types of equipment.
These are the general five steps used by the farmers up
till now: Ploughing, Seed Sowing, Irrigating,
Harvesting, Threshing. Many farmers are carrying out
the cultivating process and rice production in an oldfashioned way. Providing the newer method to cultivate
rice will result in many advantages:
I.
Better quality.
II.
Less labor required .
III.
Saves a lot of time.
IV.
Cost-saving.

bar
Rice Production Graph

INTRODUCTION:
The world consumes almost 50-60% of rice in their
everyday meal. Most of the rice is produced and
consumed by the Asian region. India contributes almost
71% which is first in the production of rice. The average
rice production in India is said to be 2.2 tonnes per
hectare. A climatic condition such as temperature and
humidity plays a vital role in rice production. Its
contribution to the GDP is now extending one-sixth of
the total. The Indian Government has also taken steps in

Objectives:
1.
2.
3.
4.
5.
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Resolve health problems such as arthritis and back
pain.
Cut off the production and labor cost.
Introduce automation extensively in the field of
farming.
Easy to use and transportable equipment.
No requirement of skilled labor to operate the
machine.
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6.
7.
8.
9.

Less indulgence of manpower and more influence
of machines.
Achieving vertical positioning of the paddy.
Securely placing them in the mud.
The soil condition must not affect the machine.

Theory:
The rice cultivation is mostly done using the traditional
method of transplanting in India. The transplanting
method consumes labor and the cost of the labor
insertion increases the cost of production of rice upto
50% in share. Manual puddling the rice paddy in the
mud is a tedious and labour intensive task. Bringing
automation has increased the productivity of rice and
has lowered the cost of labor in the farming sector.
Globalization and migration has genuinely affected the
process of paddy cultivation as there is shortage of
labour. These factors are responsible for the emergence
of mechanized form of farming. Hence there is a
significant demand in the rice planter machine in these
years which also opens up the market to provide the
customers with an efficient automated machine. The
source of power for Rice planting machine can be an
engine or a tiller.

Wheel

Tray:
It is used for storing the young rice paddy which was
grown previously. From here the Picking arm collects the
paddy to plant it to the ground. The tray has to be inclined
to let the Picking arm pick one paddy at a time to place it
in the mud.

Rice cultivation chart

Parts Description:

Tray

Wheels:
A wheel is best described as a circular component or
object that can rotate on an axle along. The wheel is one
of the six simple machines. It is responsible for the
transportation of the entire transplanter. It allows the
machine to move smoothly over the fields.
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Connecting Rod

Tray Assembly
Picking Arm:
The picking arm is the moving link of the mechanism and
it is further connected to two other links. It picks the
paddy from the tray and places it vertically in the field.
Rather than being straight like other links, this link is
curved having a radius of 100 mm.

Picking Arm Assembly

Bevel Gears:
The type of bevel gears used here is straight bevel gears.
These gears have axes intersecting perpendicular to each
other, at the toothed face. They are used to transfer power
from the power carrying shaft to the translational plate
mechanism which is perpendicular to the driving shaft.

Picking Arm
Links:
A four-bar mechanism is used to give proper motion to the
picking arm. A crank and a connecting arm is used. The
crank completes full revolution and the connecting rod
follows an arc.

Bevel Pinion

Crank
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Ball Bearings:
The ball bearings use metallic balls to maintain the
division between the surface bearings. The main objective
of the ball bearing is to reduce the rotational friction and
support axial and radial load on the link in a way.

Roller Chain:
The Roller chain is a chain drive extensively used for
transmission of mechanical power from one gear to other
which are separated by a distance. It consists of an inner
plate, outer plate, bush, roller, and pin.

Sprocket:
Bevel Gear

Spur Gears:

The sprocket is a toothed gear which meshes along with
the roller chain for power transmission. It is generally
used in tracked vehicles. Here the sprockets used have 50
and 15 teeths.

The axis of the gears are parallel to each other and one
gear has a higher number of teeth than the other. The gear
ratio is said to be 5:1.

Gear

Assembly

Materials Used:
Mild steel:
Pinion

The mild steel or low carbon steel generally contains 0.05
to 0.25% of carbon and it is malleable and ductile in
nature. It has a wide range of applications since it is
cheap. It can be cold worked and is used for making
various parts in automobiles, food can etc.
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Mild Steel

Rice Consumption Graph

Aluminium:
Aluminum is a low-weight metal, and when exposed to air
it readily forms a thin oxide layer which provides it good
corrosion resistance. It has a wide application in the fields
of aviation when mixed with copper, manganese, and
magnesium. In this project, we have used it in the making
of covering parts.

Design Considerations:
Location of the field:
If the field is located far away from the machine then it
will be difficult for the farmers to transport the machine to
the field. Hence the rice planter must be easier to
transport.
Type of field:
The field has hilly terrains which test the robustness of the
machine and its build quality in all. Also, the machine
must work irrespective of the type of quality of the soil.
Suppose an Eight-row transplanter is used on a hilly
terrain in such a case to move the rice transplanter from
one plot to another becomes difficult.

Aluminium

Size of farm:
Whether the farm is large or small the rice planter should
be compatible to work in any size of farm. Thus, the rows
in the plot must always be greater as compared to the rows
of the transplanter.

Planing:
Resistance to corrosion:
As the field is muddy and moist which can corrode the
base plate, picking arm and the wheel. Hence the
longevity of the machine is important.

Design of Gear and Bearings:
𝐺𝑒𝑎𝑟 𝑁 = 60
𝑃𝑖𝑛𝑖𝑜𝑛 𝑛 = 20
𝐴𝑑𝑑𝑒𝑛𝑑𝑢𝑚 𝑚 = 1. 5
𝑃𝑖𝑡𝑐ℎ 𝑐𝑜𝑛𝑒 𝑎𝑛𝑔𝑙𝑒 𝑜𝑓 𝑔𝑒𝑎𝑟 𝑡𝑎𝑛 θ
θ

𝐺

= 71. 56

𝐺

= 60 ÷ 20 = 3

0

𝑃𝑖𝑡𝑐ℎ 𝑐𝑜𝑛𝑒 𝑎𝑛𝑔𝑙𝑒 𝑜𝑓 𝑔𝑒𝑎𝑟 𝑃 = 90

0

− θ

𝐺

= 18. 435

𝑃𝑖𝑡𝑐ℎ 𝑐𝑜𝑛𝑒 𝑟𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝑔𝑒𝑎𝑟 𝑎𝑛𝑑 𝑝𝑖𝑛𝑖𝑜𝑛 = 𝑚/2 ×
𝐴𝑑𝑑𝑒𝑛𝑑𝑢𝑚 𝑎𝑛𝑔𝑙𝑒 𝑡𝑎𝑛(α) = 𝑚/𝑟 = 0. 0316𝑚𝑚
α = 1. 81
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𝐷𝑒𝑛𝑑𝑢𝑚 = 1. 7355𝑚𝑚
𝐷𝑒𝑛𝑑𝑢𝑚 𝑎𝑛𝑔𝑙𝑒 𝑡𝑎𝑛(β) = 𝐷𝑒𝑛𝑑𝑢𝑚/𝑅 = 0. 0366

The slider-crank mechanism is said to be an inversion of a
4 bar linkage mechanism. It consists of three revolvers and
one prismatic joint. There are two types of slider-crank
mechanisms; 1. Inline type in which the hinged joint is in
line with the piston-cylinder link. 2. Offset type is one in
which the hinged joint is not inline or it is at an offset to
the piston-cylinder link.

0

β = 2. 096
𝑊ℎ𝑜𝑙𝑒 𝑑𝑒𝑝𝑡ℎ 𝑜𝑓 𝑙𝑎𝑟𝑔𝑒 𝑒𝑛𝑑 𝑜𝑓 𝑡𝑜𝑜𝑡ℎ = 3. 23𝑚𝑚
𝐹𝑎𝑐𝑒 𝑊𝑖𝑑𝑡ℎ = 15𝑚𝑚
𝐶𝑜𝑛𝑒 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 47. 43𝑚𝑚
𝑃𝑖𝑡𝑐ℎ 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝐺𝑒𝑎𝑟: 90𝑚𝑚
𝑃𝑖𝑡𝑐ℎ 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑝𝑖𝑛𝑖𝑜𝑛: 30𝑚𝑚
𝐷𝑒𝑝𝑡ℎ 𝑜𝑓 𝑐𝑢𝑡 = 3. 24 𝑚𝑚
𝑇𝑜𝑜𝑡ℎ 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 𝑎𝑡 𝑝𝑖𝑡𝑐ℎ 𝑙𝑖𝑛𝑒 = 2. 3562 𝑚𝑚
𝐶𝑢𝑡𝑡𝑖𝑛𝑔 𝑎𝑛𝑔𝑙𝑒 𝑜𝑓 𝑔𝑒𝑎𝑟 = θ
𝐹𝑜𝑟𝑐𝑒 𝑎𝑛𝑔𝑙𝑒 𝑜𝑓 𝑔𝑒𝑎𝑟 = θ

𝐺
𝐺

− β = 69. 464

+ α = 73. 37

𝐶𝑢𝑡𝑡𝑖𝑛𝑔 𝑎𝑛𝑔𝑙𝑒 𝑜𝑓 𝑝𝑖𝑛𝑖𝑜𝑛 = Φ

𝑃

= θ

0

– β = 16. 34

0

𝑂𝑢𝑡𝑒𝑟 𝐶𝑜𝑛𝑒 𝐴𝑛𝑔𝑙𝑒 𝑜𝑓 𝐺𝑒𝑎𝑟 = 73. 37

0

𝑂𝑢𝑡𝑒𝑟 𝐶𝑜𝑛𝑒 𝐴𝑛𝑔𝑙𝑒 𝑜𝑓 𝑃𝑖𝑛𝑖𝑜𝑛 = 20. 2
𝑅𝑜𝑜𝑡 𝐶𝑜𝑛𝑒 𝐴𝑛𝑔𝑙𝑒 𝑜𝑓 𝐺𝑒𝑎𝑟 = 69. 47

𝑃

0

Whitworth Mechanism

0

Comparison:
0

𝑅𝑜𝑜𝑡 𝐶𝑜𝑛𝑒 𝐴𝑛𝑔𝑙𝑒 𝑜𝑓 𝑃𝑖𝑛𝑖𝑜𝑛 = 16. 34
𝑂𝑢𝑡𝑠𝑖𝑑𝑒 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑃𝑖𝑛𝑖𝑜𝑛 = 32. 84𝑚𝑚
𝑂𝑢𝑡𝑒𝑟 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝐺𝑒𝑎𝑟 = 90. 95𝑚𝑚
𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑜𝑓 𝑃𝑖𝑛𝑖𝑜𝑛: 35𝑚𝑚 𝐷𝑖𝑎 × 40𝑚𝑚 𝑀𝑖𝑙𝑑
𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑓𝑜𝑟 𝐺𝑒𝑎𝑟: 95𝑚𝑚 𝐷𝑖𝑎 × 40𝑚𝑚 𝑀𝑖𝑙𝑑

1.

At present, there are manual rice planters that are
obtainable in the market at the cost of ₹10,000.

2.

Automated rice planters are available at the cost of
₹28,000 to ₹35,000.

3.

Most of the rice planters are 6 to 8-row planters
used for huge plots, which are quite huge in size so

Making of Machine:

it becomes difficult to transport and change plots

The four-bar linkage, also called a four-bar, is the simplest
free and closed chain linkage. It contains four bodies,
known as bars or links, joined in a loop by four joints. In
this project, we have used a crank-rocker mechanism in
which the shortest arm rotates at 360 degrees and is
hinged to the frame.

for smaller fields.
4.

So looking at the current situation we have
designed a two-row rice planter that can be
powered by a tiller or can be animated using cattle.

5.

The available machines have parts that are not
standardized and only the selling companies
manufacture them.

6.

In our case, the parts used are more comfortable to
manufacture by the local workshop.

7.

The design created is much simpler to understand
and is cheaper than the available machines.

8.

As of the Made in India initiative the product
stands against Made in China.

Four Bar Chain

331

MULTICON W ICAMCE 2022

Cost Analysis:
Sr.
No.

Description

Quantity

Amount(₹)

1

MS sheet 1-2 mm
₹70/kg

2 kg

140

2

Aluminium sheet 3
mm ₹290/kg

5 kg

1450

3

Chain drive 1500

1.5 m

1200

4

Aluminium shafts
₹250/kg

5 kg

1250

5

Bevel gear

2 pcs

655

6

Ball bearings ₹500/pc

6 pcs

3000

7

Nut bolt 4mm

-

600

8

Petrol engine

1 pc

10000

9

Labour cost

-

5000

SWOT Analysis

Future Scope:
The future scopes are as follows:
1.

2.

TOTAL

3.

The rice planter can be upgraded to a six row or
eight row rice planter by adding consecutive trays
and picking arms.
The Automation of the planter is possible by
adding up an eugene or permanently attaching it to
a tiller with some modification within the
mechanisms.
It can be used for other crops in the future.

Conclusion:
1.

The rice planter will increase the productivity of
the crops for the farmer.

2.

The excessive cost due to labor will not occur.

3.

Farmers won't face health issues in the future due
to the usage of these machines.

4.

There may be cases of unemployment for some
laborers due to replacement of manual methods by
mechanized methods but can be easily handled by
the government.

23295

Expected Outcomes:
1. The time consumed is optimized due to the
implementation of the rice planter.
2. The cost of labor is less as compared to manual
rice planting and is more productive,

References:
3. The health issues faced by the farmers, such as
backache and joint pain will not exist.
4. The compatibility and transportation of the
machine are easy and efficient as it is a two-row
rice planter.
5. The sapling will be well placed and the number of
seedlings per sq. meter will be constant.
6. The cost of the machine is less.
7.

Standardized spare parts can be availed or
manufactured from nearby local workshops.
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be taken into consideration in a wide range of ways, to
eliminate complex manual methods. Inventory systems
tell us the needs of the company and how efficiently any
action can be taken related to inventory to minimize the
loss using software. Inventory management system
software is a necessary and valuable tool for all firms
that deal with inventory. It tracks the movement of stock
in and out, keeps record of inventory levels for all items
and stock, give access to sales data and analytics, and
helps businesses to take necessary precaution.

Abstract— Inventory management system is most
helpful to many business owners, as these systems allow
many industries or shops to keep the records of their
products in very efficient manner. If inventory is not
maintained properly it may lead to severe loss to companies.
A good Inventory Management System will alert the retailer
when it is time to reorder. Inventory Management System is
also an important means of automatically tracking large
shipments. For example, if a business orders ten pairs of
socks for retail resale, but only receives nine pairs, this will
be obvious upon inspecting the contents of the package, and
error is not likely. On the other hand, say a wholesaler
orders 100,000 pairs of socks and 10,000 are missing.
Manually counting each pair of socks is likely to result in
error. An automated Inventory Management System helps
to minimize the risk of error. In retail stores, an Inventory
Management System also helps track theft of retail
merchandise, providing valuable information about store
profits and the need for theft-prevention systems.
Automated Inventory Management System work by
scanning a barcode either on the item. A barcode scanner is
used to read the barcode, and the information encoded by
the barcode is read by the machine. This information is then
tracked by a central computer system. For example, a
purchase order may contain a list of items to be pulled for
packing and shipping. The Inventory Management System
can serve a variety of functions in this case. It can help a
worker locate the items on the order list in the warehouse, it
can encode shipping information like tracking numbers and
delivery addresses, and it can remove these purchased items
from the inventory tally to keep an accurate count of instock items. All of this data works in tandem to provide
businesses with real-time inventory tracking information.
Inventory Management System make it simple to locate and
analyse inventory information in real-time with a simple
database search.

In comparison between large and small companies
larger organizations with more physical space, whereas
goods directly go in inventory in small companies. On
the other hand, if business is a wholesale distributor, the
goods may be finished products rather than raw
materials or components. The finished goods may be
returned to stock areas where they are stored previously
to shipment, or they may be shipped directly to
customers. Inventory management uses a variety of data
to keep track of the goods as they move through the
process, including lot numbers, serial numbers, cost of
goods, quantity of goods and the dates when they move
through the process. Stock Management a technique by
which a relation is provided with the products and
enterprises that it needs to complete its goals of
purchasing, stockpiling and development of materials.
Inventory administration frameworks are key to how
organizations track and control inventories. This work
can be categorized as time consuming job and need high
accuracy when placing the proper materials with its
quantity. Moreover the project scalability itself will
increase the risk so is the processing time hence can
make us loose the control when there is a lot of revision,
like drop and insert, that being made. This is very first
time we are going to make an interdisciplinary project in
an using automation which can ease many manual
works. Motive of this project is to define and construct
the automation requirement for efficient running
process in companies.

I. INTRODUCTION
Inventory management system includes multiple
steps of advancement, procedure and technologies for
managing and controlling inventories. This system can

1.2 Background
2
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Industries which are growing at very great speed
are require very proper management of time.
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Increasing from time to time in order to meet the
demand from consumers is what makes company
running. Industries make wide range of goods and
provide to wholesaler or supplier called the end-user.
Thus, Industries are required a good management of
inventory level in order to meet the demand of the
customers. The traditional way to keep their sales and
inventory details is in spreadsheets which are not
effective anymore when the industries are operating at
multiscale level. This is because more items will be
made available in a larger quantity, thus tracking the
sales made with inventory level in the shop would be
complicated and time consuming. Thus, this project will
provide solution to small scale industries are still using
traditional way in keeping their inventory data by
creating inventory system. Sales and Inventory
Management System is a computer- based system that
provides the shop structure for maintaining and
controlling goods to be stocked. The approach of Sales
and Inventory Management System is commonly used
to avoid product overstock or outrages with integration
of simple automated system.

the storage of stock, controlling the amount of product for
sale, and order fulfilment.
Naturally, your company’s precise inventory
management meaning will vary based on the types of
products you sell and the channels you sell them through.
But as long as those basic ingredients are present, you’ll
have a solid foundation to build upon.

2. Literature survey and proposed work
Inventory is one of the important departments that
must be well managed in order to ensure daily business
activities run smoothly. We are currently working as an
intern B.E.M.C.O and analysing data driven process
happening in the industry. The industry is not advanced
with automated inventory management system and the
tedious process still goes on with manual calculations
and storing the data in excel. A lot of hard copies of bills
have been keep for each goods and for each supplier
which consume a lot time and not effective for future
references. In addition, due to poor sales and inventory
management, B.E.M.CO also face problem in
identifying the quantity sold for each items per day and
available inventory level of the items. Previous
inventory management also does not provide any means
in detection of object storage location and left of stocks.
Failure to identify the location of certain products and
inaccuracy in measurements certain products causes the
industry to incur losses on those items. As current
system used just acts as calculated to calculate the total
amount of each customer purchases and does not any
database link with it, the system does not have the
capability of generating report on point of sales at the
end of the day. Hence, there is no proper guideline in
making reports. The simple report which is about the
total sales of the day is determined based on amount of
money in the cashier deck does not provide any input for
the owner to make the right decision regarding the
business operation. In case of error in accuracy of
product quantity or in cases of material loss the owner
cannot detect it as the current system does not have
database to store the total in and out flow of material.
Our system will be based on excel driven data which
will have basic user interface so that the user.

2.2 Importance
Inventory management refers to a business's process for
keeping track of everything it owns, from materials to
equipment to products. Businesses use inventory
management software not only to account for everything and
conduct inventory costing but also to assist with creating work
orders and producing other documentation important to the
functioning of the business. It helps a business avoid the costs
or lost revenue that come with overstocking or running out of
supplies. For very small businesses, a spreadsheet may be
enough to track inventory, but most businesses benefit from
having more advanced software because of the importance
and complexity of warehouse inventory management
•

Summary
The Inventory management system that will be
developed will be a combination of database that
enable data storage and retrieving of each
transactions and data about inventory of each items
in the store, manage the product releases and
storage and summarize point of sales.

We will collect each pieces of data from B.E.M.CO by
segregating the collected data we can easily create different
masters of each product. Further we will provide proper
identification to different products on our system after
which will be ready for output based on logic built in the
system.

This efficient process would generate a faster
accurate result of work with less time and effort.
As the concept of Sales and Inventory
Management System is to reduce paper works and
ineffective ways of managing inventory, this
system is expected to assist in making the right
decision in the process of managing inventory and
beneficial for the sales. As a part of your supply
chain, inventory management includes aspects
such as controlling and overseeing purchases —
from suppliers as well as customers — maintaining

1. Software requirement:
i. Microsoft Excel
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ii.

Visual basic OR Visual studio.net

iii.

SQL

iv.

Operating system windows

v.

Front end Visual basic

vi.

Back end SQL data base

Track product record of every product
• Make an predictions about
depletingitems
• Give a total value of stock
• Generate a email of daily work
3 Coding

2.1

Objectives and scope
As the available existing system provides limited
functions to the user, thus this project will contain
enhanced and more flexible functions to the store.

In this we will study about the software design &
description. Designing is the most important phase of
software development. It requires a careful planning
and thinking on the part of the system designer.
Designing software means to plan how the various
parts of the software are going to achieve the desired
goal.

The objectives include:
A. To provide function to manage goods in the
store more efficiently.
Basic functions such as search, delete, add,
update, corrections for data management will be
made available.

3.

Typically, an inventory system has four basic
elements: products, purchases, orders, and suppliers.
Each element must be tracked based on its location,
SKU, and quantity. Current inventory, or products on
hand, is updated by tracking incoming shipments and
outgoing orders. Order alerts can be set to trigger
when inventory levels fall below custom-defined
minimum levels. Execute the script using a MySQL
tool such as MySQL Workbench. This will create a new
database named Inventory Manager as well as the
tables needed for this tutorial. We will use a data grid
component by php Grid to handle all internal
database CRUD (Create, Remove, Update, and
Delete) operations.

B. Filling system in managing all transactions
and documents that are relevant as the aid in
the stock trackingroutines.
C. To automatically pop up for order
placing
D. Remaining inventory and clearance
activities
E. To generate receipt with proper format for
customer references
F. To reduce time and cost to control andmanage
inventory
G. Total stock value
Analysis and planning

4.

Result and discussion
The project has successfully addressed the
stated problem and achieved the objective in
providing the successfully inventory system. In this
system the chaos created due to the lack of
technology is solved using an automated system.

The industry requirement is for creating backup inventory
in a short amount of time and with great efficiency led us
to develop a computerization solution based on a desktop.
We currently believe that this is predicated on a solution.
However, based on the lesson learned, it may require
some improvement in the future, thus it is the new
request from the industry. This built software system will
include a database that stores and retrieves product data at
any given time as well as information about the inventory
of each product in the industry, which manages product
release and storage, and summarizes the point of sale. This
would result in quicker relocation of items in the industry
and their past and future details. Because the goal of an
Inventory Management System is to decrease paperwork
and inefficient inventory management.

Second of all, The system will monitor job
issuedto the products and updated daily to the
system.

5.

Conclusion
In the present work the various steps involved in
the Software Engineering process like feasibility
study, Requirement analysis, System Designing &
Documentation, coding & implementation, System
Testing, delivering, maintenance were implemented
in developing software package for inventory
management. It provides the easy, fast, accurate
and efficient system for the user. In this system the
record of the each request details are preserved
along with their transaction related to them. The
system is also made secured as all the updating and
transaction can be done by the authorized person.
The main purpose of present work is to give all
details about the Items transaction in the Inventory
such as , Item issuing, Items receiving, & Report
generation about the stock statement, Issue
Register, & receive register were successfully
developed.

methods, it is expected that this system will
aid in making the best inventory management
decisions possible.
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Abstract—
Recently with the growing population and
energy needs, we have to find an alternative
source of renewable energy and that energy
source should not cause pollution and other
environmental hazards. Solar energy tree is the
best form of innovation, requiring very little space
to produce energy efficiently. It is much better
than the traditional solar PV system in the viewing
area and works very well. So this is going to be a

great option and should be used. The sun tree is a
synthetic structure that looks like a Tree. As the
demand for land increases, more and more trees
are being cut down and buildings are being built.
If this happens for another 50 to 60 years we need
to pay for air to breathe. So by using the process
of electrolysis we separate oxygen from the stress
water.

Fig 1 Ansys model of solar tree
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INTRODUCTION
NEED OF THE PROJECT
Our project is in the hands of nature. As normal
energy sources quickly become depleted everyone is
looking to unconventional Energy sources.

➢
Oxygen tree is an evolutionary concept
of urban light that represents complete
symbiosis between the original design and
the advanced technology associated with eco.
Solar Tree opens up new opportunities for
urban lighting because it meets today's most
pressing environmental, social, cultural and
aesthetic needs. The ability to integrate new
designs and advanced technologies, as well as
greater sensitivity to environmental concerns
make Artemide an ideal vehicle for the
development of this project built by Ross
Lovegrove, in partnership with Sharp Solar,
the world's leading producer of solar cells.

The solar tree sounds like the perfect solution for our
future energy needs. The sun always sends energy to
the earth and all we have to do is hold it and use it.
The sun tree is nothing but an artificial tree with
photo-voltaic cells arranged in the form of a
Fibonacci series instead of leaves. The amount of
energy produced by this plant exceeds that of the
normal flat series of solar cells. Solar energy is
widely available and is considered a simple and
clean way to tap renewable energy.

Tree Stands for

T=TREE GENERATING
➢
After some trial and error they realize
that the Solar Panel will not be enough to
power the Tree, thus adding a second option
to the artificial tree. The tree pods will be
fitted with hammocks and saws that will help
empower the tools. When we humans start
saving trees we will not need these artificial
trees to produce oxygen.

R=RENEWABLE
E=ENERGY and
E=ELECTRICITY

Trees act as natural lungs. They take in CO2
emissions from the air and use those gases to become
active during the photosynthesis process. The effect
of photosynthesis is oxygen. Over the course of a
year, a single plant can absorb 13 pounds [13 kg] of
CO2 emissions. The loss of trees in the cities has had
dire consequences. Heavy levels of CO2 emissions
in cities create thick smoke and affect the country's
natural environment. These concentrated levels of
CO2 gases create a hostile environment for trees and
plants, making it difficult for them to grow properly.

➢
But still we will need these artificial trees
to produce Oxygen as people have started to
build very tall buildings and as we go up the
level of Oxygen is gradually decreasing and
one will need these artificial trees to produce
Oxygen on the 100th floor Apartment or 50th
floor. Apartment.
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➢
As the world's population continues to
grow, air pollution and air quality are a major
issue in many countries around the world. Air
pollutants can lead to respiratory infections in
humans and animals, produce acid rain, and
deplete the ozone layer. Actions such as

assembling cars, reducing the use of fossil
fuels, and simply turning off the light when
you leave the room are all ways to reduce
harmful CO2 levels in ouratmosphere. There is
also a natural sourceof harmful CO2 emissions
and that source
is
trees.

CONSTRUCTION DIAGRAM

ELECTROLYSIS OF
WATER

SOLAR PANEL

HYDROGE

OXYGEN

LED
ILUMINATION

ANODE

BATTERY

CATHODE

FRAME
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➢ Anode (oxidation): 2 H2O(l) → O2(g) + 4

ANALYSIS OF ELECTROLYSIS

H+(aq) + 4e−
➢ The same half reaction can also be measured
with the base as listed below. Not every half
of the reaction should balance with acid or
base.

Many

prefer

the lubrication

or

reduction of water listed here. Adding a
partial reaction should both be measured with
acid or base.
➢ Cathode (reduction): 2 H2O(l) + 2e− →
H2(g) + 2 OH-(aq)

Equations

➢ Anode (oxidation): 4 OH- (aq) → O2(g) + 2

➢ In water in a cathode with a negative charge,

H2O(l) + 4 e−

a decomposition reaction occurs, when
electrons (e-) from the cathode are supplied

➢ Combining either half reaction pair yields the

with hydrogen cations to form hydrogen gas

same overall decomposition of water into

(the acid reaction component):

oxygen and hydrogen:

➢ Reduction at cathode: 2 H+(aq) + 2e− →

➢ Overall reaction: 2 H2O(l) → 2 H2(g) +

H2(g)

O2(g)

➢ In a well-installed anode, an oxidation
reaction occurs, which produces oxygen gas
and supplies electrons to the anode to
complete the cycle:
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Malcolm Sergeant, Worked in water treatment
industry for 40+ years
1 litre of water weights 1 kilo and when electrolysed
will produce hydrogen and oxygen as described by
the
following
equation
2 H2O(l) → 2 H2(g) + O2(g)
in atomic weight terms 36.0012kg of water with give
4.0032kg of hydrogen and 31.998kg of oxygen
so a single kilo you will get 4.0032/36.0012 or
111.19gm of hydrogen and 31.998/36.0012 or
888.81gm of oxygen

ADVANTAGES
➢ Pollution free oxygen generation.
➢ Additional power is use to glow light in
garden and parking place.
➢ Hydrogen is use as fuel in other application.

APPLICATIONS

➢ https://www.cseindia.org/india-s-first-solarpower-tree-8032
➢ https://web.archive.org/web/201101051027
03/http://www.artemide.us/pdfs/solartree. pdf

➢ Private gardens
➢ Applicable on Airports
➢ On Coastlines

➢ https://www.cmeri.res.in/technology/solarartifact

➢ Applicable on Highways
CONCLUSION
Thus the amount of hydrogen molecules
produced is twice the number of oxygen
molecules. Assuming that the temperature is
equal to the pressure of both gases, the
hydrogen gas produced is twice the amount
of oxygen the gas produced. The number of
electrons pumped into water doubles the
number of hydrogen molecules produced and
four times the number of oxygen molecules
produced.

REFERENCES
IF WATER IS SPLIT INTO HYDROGEN
ANDOXYGEN, HOW MUCH OF EACH
GAS IS PRODUCED PER LITER OF
WATER PROCESSED
http://live.psu.edu/story/55172#nw1
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Abstract - The present study is a proposition of an advanced
suspension system which is intended to be of great use in the field of
autonomous or manned exploration primarily on extra-terrestrial
ventures. This new approach to suspension systems is completely
electronic and uses negative feedback to stabilize the chassis. This
research article attempts to let the reader analyze and understand
the design process for the whole suspension system, including link
design, dimensioning, electronic component selection and finally the
embedded C code to attain the desired result. The reasons for
choosing these parameters are well addressed in the work.
After studying a number of suspension systems, we noted down a few
observations which pose as liabilities to an ideal active suspension
mechanism. When talking about active suspension systems, they are
expensive and require a lot of processing power. Purely kinematic
based suspension systems are not precise enough, thus they need to
be controlled with the help of electronics and computers. The
suspension systems which can overcome large bumps are not reliable
enough and fail to maintain a perfectly horizontal chassis. We
realized that with the help of a control system, an active suspension
can realize an improved design compromise among different
vibration modes of the vehicle.
We designed various link mechanisms and then selected the most
appropriate or optimum design for more load transfer & response.
Algorithms which can provide real time stability solutions are to be
developed and coded. The prototyping of the design would be a
crucial part of the eventual project plan. Through rigorous testing
and experimentation, we can achieve a near perfect suspension
system.

terrains at a comparatively lower expense. We have decided to go
with an independent, centrally controlled suspension system
which relies on individual movements of the wheels to avoid the
roll instability. A centrally controlled suspension means that the
“brain”, that is, the microcontroller installed, controls the
movements of the wheels depending upon the input parameters.
We plan to introduce a simple yet cutting-edge robotic suspension
system that can be made by modifying a 4 bar link mechanism to
maintain a nearly horizontal chassis over considerable forms of
undulating terrains. The suspension movement is controlled by an
IMU (Inertial Measurement Unit) which relays attitude
information to the microcontroller which processes this data and
relays instructions to the system of servo motors, which helps in
controlling and moving the link mechanism to attain a perfectly
horizontal chassis. In addition to extraterrestrial expeditions, there
has been a surge in military, energy production projects which
demand a suspension system which is not sophisticated but at the
same time, effective. Most suspension systems can absorb shock
and protect a robot from most terrains but what they can’t do is
maintain a horizontal chassis for a variety of terrains. With the
help of electronics and simple mechanics, smarter, lighter,
effective and economical solutions for a larger spectrum of
systems can be achieved.

I. INTRODUCTION
With planetary exploration becoming a major aim of all the
Superpowers in the world, newer innovative and effective designs
are wanted to travel on unknown terrains with safety assured.
Unseen and unexplored terrains pose a great threat to vehicles
movement and its components. There are many designs which are
currently being researched upon and many simple yet very
effective solutions like the “Rocker-Bogie Mechanism” which
have surpassed all complications and have become the almost
ideal solution for planetary exploration. Despite such mechanisms,
there still exists the dream of fluid-like movement on rough
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II. PROBLEM DEFINITION
An ideal suspension system would be one which is the most
efficient and relatively cheaper. When working on a project, the
first thing to keep in mind is the cost which is to be kept minimal
without hampering its effectiveness. The extant suspension
systems used for extraterrestrial rovers are too expensive to be
used for other purposes. Their design, operation and maintenance
is complicated and thus we have come up with a remedy to this
problem. In order to cope up with these problems, the mechanism
we aim to achieve would be feasible to build at a reasonable
expense. It can have diverse applications considering its simpler
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and more accessible design thus being available. The expensive
suspension mechanisms based on MR fluids, pneumatics and
hydraulics can be replaced by microcontroller based suspension
systems which are more convenient to operate and maintain.
Rather than having different suspension mechanisms for their
respective purposes, we could aim to achieve a system that could
persist and thrive in almost any condition.

Employs the use of
sensors to detect
movement of wheels and
creates counter forces.
Ruled out because of
cost.

4.

Karl
Iagnemma,
Adam
Rzepniewski
and Steven
Dubowsky

Control of
Robotic
Vehicles with
Actively
Articulated
Suspensions
in Rough
Terrain

A new mechanism to
overcome roll stability
has made us think about
simple approach. Shifting
of centre of mass also a
possible option.

5.

Kazuo Tani,
Osamu
Matsumoto,
Shuuji Kajita,
Nobumasa
Shirai

Kazuo Tani,
Osamu
Matsumoto,
Shuuji Kajita,
Nobumasa
Shirai

A multi-functioning bot
with 3 different
mechanisms has made us
think over a mechanism
which can perform
multiple tasks including
climbing stairs.

III. OBJECTIVE
The motive of this research initiation is to understand mechanical
design and its advantages over present suspension system in order
to find suitability to implement it in conventional loading vehicles
to enhance their efficiency and also cut down the maintenance
related expenses of conventional suspension system Our main
purpose is to develop an innovative and smart electronically
controlled suspension system which always stabilizes the chassis
to keep it almost horizontal, with a very small degree of error. The
robot must be able to go over both smooth undulating surfaces and
sharp obstacles. The design we aim for is intended to
revolutionize the of robotic suspension systems as it results in
perfect stabilization and is relatively cheaper when compared to
its competitors which include monitored hydraulics and MR fluids.
Also, unlike other complex suspension mechanisms, this one
would be having a simpler design. This can help reduce costs
in space exploration missions, defense missions and nuclear
waste disposal operations. The prototype would also comprise
of features which could aid in sharp obstacle climbing.

IV. LITERATURE REVIEW

Sr.
No
.

1.

2.

3.

Author

Title

Reference

Yuxin Zhanga,
Xinjie Zhanga,
Min Zhana,
Konghui Guoa,
Fuquan Zhaoc,
Zongwei Liu

Study on a
novel
hydraulic
pumping
regenerative
suspension
for vehicles

Hydraulic actuators
werechosen as a way to
absorb shock but ruled
out due its cost. Also,
thepaper took a more
energyoriented view.

iROBOT

Advanced
Suspension
for Improved
Mobility

Use of a chain
couplewith spring
allows us to develop a
mechanism which has
better response to
sharperangles and
higher impact
resistance.

BMW

Dynamic
Drive

Conclusion of literature review:
After studying a number of suspension systems, we noted down a
few observations which pose as liabilities to an ideal mechanism.
When talking about active suspension systems, they are expensive
and require a lot of processing power. The suspension systems
involving hydraulics, pneumatics and linear actuators are very
expensive as the components are very costly. Purely kinematic
based suspension systems are not precise enough, thus they need
to be controlled with the help of electronics and computers. The
suspension systems which can overcome large bumps are not
reliable enough and fail to maintain a perfectly horizontal chassis.

V. METHODOLOGY
A. Research :
We started off by looking into the various suspension systems
that are currently used following which a detailed study of the
evolution of suspension mechanisms was done in order to
know how each of them worked. The basic working principle
of each system was studied individually followed by the
analysis of the flaws in each of them. After assessing the
resources, we filtered out the information which could be put
to use and drafted out a plan comprising of everything we had.
B. Design:
Next off was designing an appropriate mechanism for the links.
After some research on links, we came up with three types of

A highly advanced
system in
production.
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links suitable for our project, namely, a laid back bent link
(Figure ‘a’) with one degree of freedom arm, a three tyre
chain supported wheel(Figure ‘b’)and a modified parallel four
bar linkage(Figure ‘c’). While the three tyre chain supported
was too complex a design and required higher torque servos,
the laid back link design seemed ideal for the purpose but was
rejected solely due to the fact the all the force on the link will
directly act on the servo which could harm it. Upon
discussions, the various pros and cons of the designs were
weighed upon and based on these discussions the design with
the right amount of robustness and effectiveness was chosen,
that is, the modified parallel four bar linkage made of. The
chassis should be large enough to fit two servo motors and
hence we need to heed to the requirements.

Tools Required
1) Solidworks
2) ANSYS
3) OpenGL
4) Arduino UNO
5) 3-D Printing
6) Laser Cutting
7) Glue Gun
Materials Required
8) IMU unit
9) Arduino UNO Microcontroller
10) Servo Motors
11) Dc motors

C. Control:
An IMU controlled system was opted since it was convenient
to program and use. The main reason for the selection was
because it gives the absolute angular orientation of the chassis
at any given point with the use of gyroscopes, accelerometers
and magnetometers. Along with this, servo motors providing
torque proportional to our requirements and suitable rubber
wheelss were chosen. A microcontroller which was easy to use
and readily available on Arduino Uno was selected. Following
this, we would later have to come up with a suitable program
to control the servo motors using the IMU which in turn would
control the links and indirectly monitoring and maneuvering
the wheels.

12) Rubber wheels
13) ABS thermoplastic polymer
14) Hardwood
15) Strong Adhesive
16) Nuts and Screws
17) Sandpaper
18) Remote Controller

VI. CONCLUSION

D. Modeling:
We then moved on to the simulation of our model in the
Solidworks software. Initially, we modeled the individual links,
the chassis, the motors and the tyres and finally assembled
them all. Following the modeling and assembling of the
prototype on solidworks, we planned to use the ANSYS
software for static structural analysis to see how much
deflection and how much stress is developed on application of
different amount of forces to find out the payload carrying
capacity of the links.

The primary goal of achieving a robotic suspension system which
maintains a nearly horizontal chassis through a variety of terrains
can be satisfied. Based on the robot that we would fabricate, it
can successfully go over a smooth bump or climb a stair up to a
certain length. It would be a modification and an improvement on
previously existing suspension systems and hence be more
effective. This suspension system can be implemented on various
kinds of wheeled bots like the ones which have robotic arms or
other modifications and can result in an even more versatile robot
vehicle. This can help by being put to use in relief vehicles and
bringing relief to people stuck in earthquakes or war zones or
provide an economical alternative for suspension systems on
extraterrestrial rovers.
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Abstract—Th India produces an enormous of grains every
year. For several years we didn’t have the right storage
system because of which a large amount of grains was
wasted. But when the storage system was improved the
waste was cut down to some extent. But a new problem
aroused that's these grains cannot be stored for a far
period of time because of which a decent amount of grains
gets wasted. One of the main causes of this problem was the
moisture content of the grains before storage. To tackle
this problem, we designed a dryer that might help to keep
up the moisture content of the grains before storage. The
tray dryer is widely utilized in agricultural drying due
to its simple design and capability to dry products at high
volume. The moisture is reduced to such an extent that the
grains can be stored for a long period of time. The main
objectives of this study were to enhance the planning of an
existing electric crop dryer with a view to optimizing its
efficiency. The results of the improvements carried out on
the design of this dryer show that maintenance cost is
reduced, since the fan is the only moving part which may
rarely be faulty, drying time of grains was reduced,
operation of the dryer does not require any specialization,
the dryer is safer to operate, the energy required for
loading and unloading has reduced since the trays provided
are removable. Higher production rates and quality of
grains are achieved because drying temperature and air
velocity can be regulated.
Keywords— dryer, grains, storage, moisture, heater, fan

I. INTRODUCTION
India is that the second-largest producer of food grains
globally. India grows many sorts of cereals and pulses that
are largely consumed locally and even exported. The grain
like basmati is world famous additionally.
As per 3rd Advance Estimates, the estimated production of
major crops during 2016-17 is as under:
rice=109.15 million tons
wheat=97.44 million tons
maize=26.14million tons
pulses=22.40 million tons
In India an honest amount of agricultural products are
wasted mainly due to lack of infrastructure for proper
storage and process of handling grains to chop back this
wastage level and fulfil the increasing demand for grains
and their processed forms, we wish an accurate processing
method for drying grains, and their storage. Among the
assorted causes of losses, the foremost important one is
improper drying before storage. The preservation of

agricultural produce by drying could be along-established
technique. Sun drying within the open, on mud-plastered or
concrete floors, is that the conventional method of drying
grain and also cash crops like chilies, and plantation and
horticultural crops. The drying time required within the
open sun for these crops ranges from 5 to 45 days depending
upon the crop to be dried. A second important reason for not
using dryer sis their high initial costs. Most of the
commercially available dryers are designed to suit the wants
of the processing industry and their output capacity is
therefore far above the requirements of people, or maybe of
farmer groups. An awareness of availability of dryers and of
their use and advantages in drying food stuff for better
storage and marketing is lacking among crop growers.
.
II. RECENT DEVELOPMENT OF DRYERS
A. Tray Dryer:
A Tray dryer is a convectional drying equipment with
enclosed insulated chambers and trays placed on top of each
other in a trolley. The driers are used in processes where
drying and heating are a crucial part of the industrial
manufacturing process such as in the food products,
pharmaceutical, dye stuff, chemicals and agricultural
products..
B. Band Dryer:
The band dryer is the typical continuous convection
heat transfer type of dryer, which has been improved and
modified over many years.
This is a hot air type of dryer, where the materials are
placed on a band conveyor (steel or perforated plate,
etc.) and are dried by hot air as they move through the
drying chamber.
In general, the band dryer forcibly passes hot air
through the gaps in the material layers to dry the
material.
C. Rotary Dryer:
Rotary dryers work by tumbling material in a rotating
drum in the presence of a drying air. They can also be
indirectly heated to avoid direct contact between the
material and processing medium. The drum is
positioned at a slight horizontal slope to allow gravity
to assist in moving material through the drum.
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B. Importance of Grain Drying
After threshing, the moisture content of grains
remains generally higher than the desired for safe

D. Fluidized Bed Dryer:

storage of grains (13-14%). Drying is the
phase of the post-harvest system during
which the product is rapidly dried until it
reaches the “safe-moisture” level. The aim of
drying is to lower the moisture content of
the grain for safe storage and further
processing.
• If you wait too long before drying the grain,
• if you don't dry the grain long enough, or
• if you dry the grain in a poor way,

In Fluidized dryer the particles are fluidized by air or
gas in a boiling bed unit. The average time a particle stays
in a bed is usually between 30and 60s. If fine particles
are present, there may be considerable solids carried
over with the exit gas, and cyclones and bag filters are
needed for their recovery.
III. FOOD PRESERVATION
Although it's undeniably important to extend the key
yield of major crops in many developing countries, an
excellent greater increase within the amount of food
available for human consumption might be realized by
using the appropriate food preservation methods. Most
foods are preserved through canning, smoking, freezing,
fermentation, use of chemical additives, sun drying, and
dehydration.

thequality ofthe grainwilldecreasefast.
C. The Drying Curve

In using a number of these methods, consideration is
given to:
·
Cost of labor
·
Cost of energy
·
Effects of the method on food quality
·
Minimum time storage
Sun-drying happens to be the most cost-effective
method of preserving food. Will be} because solar power
is employed and facilities can be basically manufactured
and maintained from materials that are locally available and
within the economic reach of individuals. However, the
foremost constraint with the sun drying is the occasional
disruption of drying by weather and climaticchanges.
Drying a product/food properly gives it a much better
maximum storage period with little loss within the quality
of the food compared to any of the above- mentioned
preservation methods. Thus, there's the necessity for a
mechanical dryer capable to dry effectively.

D. Methodolgy
The agriculture product dryer will comprise sensors, a
microcontroller, heating elements, fan, duct and pipes.

A. Grain Drying
Grains are harvested when the moisture content is
high so that it can be stored properly. Thus, drying may be a
necessity. an outsized amount of moisture must be far
from wet grain to confirm that safe moisture content is
achieved. this can reduce the speed of bacterial and fungal
activity on the grains. The length of time during which
grain will be safely stored varies with the moisture content
of the crop. The moisture contents for different grains are
shown in the Table 1.

•

LM35 sensor:
LM35 could be a temperature sensor that outputs
an analog signal which is proportional to the
instantaneous temperature. The output voltage can
easily be interpreted to get a temperature reading
in Celsius. The advantage of LM35 over
thermistor is it doesn't require any external
calibration

•

AT89S52 Microcontroller:
AT89S52 microcontroller is the microcontroller
which will be used in the project for controlling the
sensors and other devices and also the process
followed
Fan:
Fan draws enough air from the encompassing and
discharge it towards the heating chamber from
which heated air is further discharged towards the
drying chamber in a very properly distributed
manner.

•
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•

Heater:
Heater is fixed for heating air which will be flowed
inside the cabinet.

•

materials.
Safety

B. Selection of Materials
The materials used for the construction of the
dryer were such that could make it to be easily
maintained, repaired, and obtained at relatively lower
costs. The metallic materials used to build the
equipment enable it to withstand heat, vibration,
humid air, fatigue and stress without failure during
operation. All the metallic parts were painted to
prevent corrosion. Some of the materials used to
build the component parts of the dryer include:
•

Mild steel: It was used to construct the frame
because it has great strength and can be
easilywelded.

•

Galvanized sheet metal: This was chosen
because of its toughness and ability to
conduct and radiate heat. It was used to
fabricate the heat exchanger and control
panel cover.

•

Fibre glass: It is a poor conductor of heat
and was chosen for lagging the body of
the cabinet. Hence, heat loss from the
cabinet can be greatly minimized.

•

Wire mesh: It was used to make the
drying trays. The mesh allowed
heated air to pass through the
materials to be dried.

C. Figures and Tables
IV. DESIGN
The improvement on the existing crop dryer was carried
out on the basis of the problems identified during its initial
performance evaluation.
A. Design Considerations for the Improved Crop Dryer
Some factors were considered in the design
modification of the crop dryer in order to produce high
quality and large quantity of products to be dried. The
factors considered are as follows;
•
•
•
•
•
•
•

The availability and cost of materials
required (relatively cheaper than imported
ones),
Ease of operation
The drying equipment is a batch type
Can be operated by one person
Size and weight of the machine
Ease of Maintenance
Temperature and air velocity can
be regulated, capability to use the
dryer to dry different crop

The door was placed on the front side to
facilitate loading and unloading the trays as simple as
possible. The door's length and width were measured
to be 0.95 and 0.895 m, respectively, with a surface
area of 0.850 m2. As illustrated in Figure 4, the
diffuser (shaped like a frustum) was connected to the
cabinet and affixed to the blower air output. The
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∆T = Temperature Difference between dried
samples and initial temperature of Dryer

bottom and top dimensions were 0.12 m × 0.10 m
and 0.25 m x 0.13 m, respectively, in length and
width. The diffuser assisted in spreading the hot air
from the exchanger to the drying products, ensuring
that all of them were exposed to the hot air at the
same time. The cabinet's top was fashioned like a
frustum to speed up the removal of humid air that
could cause condensation from the dryer.

d)

h = heat transfer coefficient

The cabinet stand is made of mild steel and
measures 0.97 m x 0.915 m in length and width, with
a height of 0.32 m. This raises the cabinet above
ground level, which helps to prevent deterioration
and pest infestation. The mild steel wire mesh tray
frames and bodies were used to support the weight of
the samples and guarantee optimum aeration of the
drying materials. Each tray was 0.85 m long, 0.80 m
broad, and 0.015 m high, with a volume of 0.0102
m3, totaling 0.0408 m3. The 0.09 m uniform space
between trays was allowed to reduce condensation
and facilitate the drying product's vaporization
process.

K = thermal conductivity
d = diameter of the heat exchanger
h = 6.607 kW/m2oC
A = surface area of the heat exchanger
TB = temperature of hot air in the blower
The quantity of heat that could be lost through the
blower in the process was calculated as:
qL = KATBE/ðk
qL = Quantity of heat lost
K = Thermal Conductivity of Mild steel
A = Surface area of the blower
ðk = constant

a) Amount of moisture removed
The amount of moisture removed from the sample,
(MR) in kg was evaluated using equation.
M = M (Q – Q )/(100-Q )
R

W

1

2

Heat transfer rate
Qht = ℎATB
where;

e)

Rate of Mass Transfer
The mass transfer rate Qmtr in kgm3/s2 was determined
(1 100– Q2
by u sing equation

2

QMtr = Mc At(Hr1 − Hr2)q2

where;
Mw= mass of wet sample or the dryer capacity per batch,
kg
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Q2 = final moisture content based on experimental
results, %

CONCLUSION

Md = Mw- MR = mass of dried sample, kg
India produces about 150 million tons of food grains each
year. Production has been steadily increasing because of
advancement in production technology, but losses have
remained static at 10%. This suggests that the loss of food
grains is additionally increasing with the rise in food
production. The most reason for this is often improper
storage, and a median of 6% out of a complete 10% loss
takes place during the storage of food grains.

Md= Mw- MR
b) Volume of air to effect Drying
Qa = MR / (Hr1 – Hr2)
Va = Qa/ya
where;
Qa= quantity of heat to effect drying (kg)

The varied are described during this paper by which we
are to minimize the loss of food grains. Large-scale
structures like silos, and organizationally maintained
structures also are explained. Employment of dryers and
scientific storage practices, if followed, can reduce the loss
by about 6% and this may save Rs 13500 million ($A1350
million) per annum, and make available a further 9 million
heaps of grain to feed the people.

Va= volume of air to effect drying (m3)
Hr1 and Hr2= are initial and final humidity ratios in
kg/kg dry air respectively
ya= the density of air in kg m-3
c) Quantity of Heat required to remove moisture
content
The quantity of heat (Qt) required to remove
moisture content.
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Abstract— Solar

power energy from the sun is
converted in to thermal or electrical energy
which is the cleanest and most abundant
energy resource The USA has the richest
solar sources in the world, solar energy plays
an important part in drying food products
solar water and air heater, solar cookers,
irrigation street lights and some home
appliances. In Indian farm the cutting
operations are mainly performed by hand.
Now a days the use of mechanized cutting
instruments powered by fossil fuels can also
be seen in some places in mechanized cutting
methods, the operating & fuel costs of the
machine exceeds the budget of a common
farmer. To overcome this drawback we can
use renewable, non-conventional energy
source like solar energy as it is available in
nature in this project solar energy is used
which is non- conventional renewable energy
source which is freely available to reduce the
overall costs of cutting operation. The
mechanisms used are so simple the machine
is lightweight & compact. Most importantly
can be easily availed by the farmers.

•

INTRODUCTION

In the country like India where the main
source of income is agriculture. Needs to
concentrate in some aspects like how to
increase productivity and profit, how to
reduce cost and how to solve and ease the
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problems of workers. To overcome this new
manually operated cutter is fabricated for cutting
of multiple types of crop during harvesting and
named as “Multi Crop Cutter”. It possesses four
criterion ease in manufacturing, ease in handling,
low cost and light weight. There are some
procedures involved in fabrication of this device
such as fabricating prototypes, material &
component selection, etc. Today, India ranks
second among other countries across the globe in
farm output. Agriculture and allied sectors like
forestry and fisheries accounted for 13.7% of the
GDP in 2013, about 50% of the workforce. The
economic contribution of agriculture to India's
GDP is steadily decreasing with the country's
broad-based economic growth. Still, agriculture is
a demographically broad economic sector and
plays a important role in the overall socioeconomic fabric of India. According to WHO,Slow
agricultural growth is an interest for policymakers
as two-thirds of India’s people depend on rural
employment for a living.
The agricultural practices which are currently
employed are neither economically nor
environmentally sustainable and India's yields
for
many
agricultural
material
are
comparatively low. Improperly maintained
irrigation systems and almost universal lack of
good extension services are among the factors
responsible. Farmers' access to markets is
hampered by poor roads, rudimentary market
infrastructure, and excessive regulation.
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OBJECTIVES

To manufacture a Multi-crop cutter operated
on solar power for the ease of cutting crops
at higher rate.
To simplify the complex drivingmechanisms
used in earlier projects and giving it simple
and high working capability.To carry out the
complex crop harvesting easily without
emission. To achieve crop harvesting at
cheaper side, and learning how to different
parts of crop cutters and achieve its optimum
working.
Thus, the objective of the project is to create
portable, low cost mini harvester which will
be user friendly.

SOLAR PANEL

Battery

SCOPE OF HYBRID SOLAR TRICYCLE
•

To convert the solar energy to the
electrical energy by using solar cells, then
converting this electrical energy to
mechanical energy by using dc motor to
run the

The system consists of solar panel , charging
controller ,battery , dc motors ,& harvesting
blades The solar panel delivers an output of 12
volts and 40 watts of power to the charging unit
. The charging unit is used to strengthen the the
signal from the solar panel , the charging unit
delivers signal which charges the battery.
According to the charged unit the DC motor
operates, such that harvesting blades works.
Whenthe sun rays are falling on the solar panel
electricity will be generated through the solar
cells and stored in the battery There is no
operating costs and maintenance costs as it is
using solar energy and no pollution problem.
Its working principle is very easy and
economical for the farmers.

SOLAR POWERED CROP CUTTER.
•

The cutter has great scope in Indian
farming

•

It is efficient and useful then other
crop cutters present in the market.

•

Low initial costs thus affordable by
Indian farmers.

WORKING

.

working diagram of solar crop cutter
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•

ADVANTAGES

•

Solar energy creates absolutely no
pollution. This is perhaps the most
important advantage that makes solar
energy so much more practical than oil.
Oil burning releases harmful greenhouses
gases, carcinogens and carbon dioxide
into our precious air.
2.
Solar energy is a completely
renewable resource. This means that even
when we cannot make use of the sun‘s
power because of nighttime orcloudy and
stormy days, we can always rely on the sun
showing up the very next day as a constant
and consistent power source.
3.
Solar panels and solar lighting may
seem quite expensive when you first
purchase it, but in the long run you will find
yourself saving quite a great deal of money.
After all, it does not cost anything to
harness the power of the sun. Unfortunately,
paying for oil isan expensive prospect and
the cost is still rising consistently. Why pay
for expensive energywhen you can harness
it freely?
4.
Solar powered panels and products
are typically extremely easy to install.
Wires, cords and power sources are not
needed at all, making this an easy prospect
toemploy.
5.
Solar power technology is improving
consistently over time, as people begin to
understand all of the benefits offered by this
incredible technology. As our oil reserves
decline, it is important for us to turn to
alternative sources for energy
1.

1.
2.
3.
4.
5.

6.

DISADVANTAGES

Initial purchase price is high.
Storage batteries will need to be
replaced after about 3-5 years.
Can't carry more than one passenger.
Slow speed comparing with other
ways of transportation
Although solar energy is an
unlimited resource, it is not always
available when it‘s needed—the
sun must be shining.
As with all electric vehicles, lethal
levels of electricity may be present
in the battery pack, so it should be
treated with caution and respect
APPLICATION

• It can be used to harvest the
agricultural field.
• It can be used to remove
the unwanted crops or grass.
• It can be used in small farms where
productivity is more.
• It can be used in farms
where there is no availability of labor.
CONCLUSION

By doing all the study it is clear that
the crop Cutter and collecting
machine is very easy to construct and
it’s working is also very simple and
cheap. This machine is able to run
effortlessly thus using this machine
efforts of farmers can be reduced. The
cost of this machine considerably less
as compare to manual grass cutter.
The success of this machine depends
on how the farmers use this machine.
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Abstract—We propose a Solar energy based water
purification system with the utmost use of technology, for the
welfare of the people living in the rural area and barely using
any technical equipments. Solar energy based products are
always encouraged as the energy is non-conventional and
renewable. The sound use of energy will lead to the sure
betterment of human life. We have tried our best to modify the
traditional water purification system by using the latest versions
of the technology.

•
•
•

Use advanced technologies to make an efficient
system.
Use naturally available resources to reduce cost.
Make operation of the system free of cost.
Use IOT systems to track real time data and get an
alert if quality of water diminishes.

THEORY:

Keywords—Technical, solar energy, modify human lives,
water purification.

Water purification is the process of removing undesirable
chemicals, biological contaminants, suspended solids, and
gases from water. The goal is to produce water fit for
specific purposes. Most water is purified and disinfected for
human consumption (drinking water), but water purification
may also be carried out for a variety of other purposes,
including medical, pharmacological, chemical, and
industrial applications. The methods used include physical
processes such as filtration, sedimentation, and distillation;
biological processes such as slow sand filters or biologically
active
carbon;
chemical
processes
such
as flocculation and chlorination; and the use of
electromagnetic radiation such as ultraviolet light. Water
purification may reduce the concentration of particulate
matter
including
suspended particles, parasites, bacteria, algae, viruses,
and fungi as well as reduce the concentration of a range of
dissolved and particulate matter. The standards for
drinking water quality are typically set by governments or
by international standards. These standards usually include
minimum and maximum concentrations of contaminants,
depending on the intended use of the water.

INTRODUCTION:
The water problem is the most faced natural calamity in the
world and purification Is the very subset of that problem.
Only 3% of the total water on the earth is drinkable and
hence it's a big challenge ahead in future to purify the other
97% of water to make it suitable for use. Hence scientists
are finding new techniques for the purification of water.
Traditional water purification systems do exist but they are
not economical and are remote. One such system is the solar
water purification system. Solar purification is flexible and
can be modified in many ways to make it more effective. It
is a green project as there is no emission of any pollutants
nor there is the use of any conventional resources for the
same. It is carried out by the SOID process followed by
chemical and mechanical filtration. The project is tried to
make as much as versatile and economical and mobile.

PROBLEM DEFINITION:
The need for water purification systems in rural and urban
areas is increasing. Providing access to clean drinking water
to everyone. Energy consumption of an electrical system
drastically increases operation costs. So, a Solar Energy
based system to save operation cost. To ensure smooth
functioning and good quality output through an IOT system
with a feedback mechanism.

Visual inspection cannot determine if water is of appropriate
quality. Simple procedures such as boiling or the use of a
household activated carbon filter are not sufficient for
treating all possible contaminants that may be present in
water from an unknown source. Even natural spring water –
considered safe for all practical purposes in the 19th century
– must now be tested before determining what kind of
treatment, if any, is needed. Chemical and microbiological
analysis, while expensive, is the only way to obtain the
information necessary for deciding on the appropriate
method of purification.

OBJECTIVES:
•
•

PARTH SANKHE
Mechanical Dept (Student)
Thakur College of Engineering and
Technology
Mumbai, India
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To make clean drinking water available.
Make use of Green Energy to reduce the carbon
footprint.

According to a 2007 World Health Organization (WHO)
report, 1.1 billion people lack access to an improved
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drinking water supply; 88% of the 4 billion annual cases
of diarrheal disease are attributed to unsafe water and
inadequate sanitation and hygiene, while 1.8 million people
die from the diarrheal disease each year. The WHO
estimates that 94% of these diarrheal disease cases are
preventable through modifications to the environment,
including access to safe water. Simple techniques for
treating water at home, such as chlorination, filters, and
solar disinfection and for storing it in safe containers could
save a huge number of lives each year. Reducing deaths
from waterborne diseases is a major public health goal in
developing countries.

be inorganic such as clay and silt or organic such
as algae, bacteria, viruses, protozoa and natural organic
matter. Inorganic and organic particles contribute to
the turbidity and color of the water. The addition of
inorganic coagulants such as aluminium sulfate (or alum) or
iron (III) salts such as iron(III) chloride cause several
simultaneous chemical and physical interactions on and
among the particles. Within seconds, negative charges on
the particles are neutralized by inorganic coagulants. Also,
within seconds, metal hydroxide precipitates of the iron and
aluminium ions begin to form. These precipitates combine
into larger particles under natural processes such as
Brownian motion and through induced mixing which is
sometimes referred to as flocculation. Amorphous metal
hydroxides are known as "floc".

WATER TREATMENT:
The goals of the treatment are to remove unwanted
constituents in the water and to make it safe to drink or fit
for a specific purpose in industry or medical applications.
Widely varied techniques are available to remove
contaminants like fine solids, micro-organisms and some
dissolved inorganic and organic materials, or environmental
persistent pharmaceutical pollutants. The choice of method
will depend on the quality of the water being treated, the
cost of the treatment process and the quality standards
expected of the processed water.

SEDIMENTATION:
Waters exiting the flocculation basin may enter
the sedimentation basin, also called a clarifier or settling
basin. It is a large tank with low water velocities, allowing
floc to settle to the bottom. The sedimentation basin is best
located close to the flocculation basin so the transit between
the two processes does not permit settlement or floc break
up. Sedimentation basins may be rectangular, where water
flows from end to end or circular where flow is from the
centre outward. Sedimentation basin outflow is typically
over a weir so only a thin top layer of water—that furthest
from the sludge—exits. In 1904, Allen Hazen showed that
the efficiency of a sedimentation process was a function of
the particle settling velocity, the flow through the tank and
the surface area of the tank. Sedimentation tanks are
typically designed within a range of overflow rates of 0.5 to
1.0 gallons per minute per square foot (or 1.25 to 2.5 litres
per square meter per hour). In general, sedimentation basin
efficiency is not a function of detention time or depth of the
basin. Although, basin depth must be sufficient so that water
currents do not disturb the sludge and settled particle
interactions are promoted. As particle concentrations in the
settled water increase near the sludge surface on the bottom
of the tank, settling velocities can increase due to collisions
and agglomeration of particles. Typical detention times for
sedimentation vary from 1.5 to 4 hours and basin depths
vary from 10 to 15 feet (3 to 4.5 meters).

Ph ADJUSTMENT:
Pure
water
has
a pH close
to
7
(neither alkaline nor acidic). Seawater can have pH values
that range from 7.5 to 8.4 (moderately alkaline). Freshwater
can have widely ranging pH values depending on the
geology of the drainage basin or aquifer and the influence of
contaminant inputs (acid rain). Lime addition increases the
calcium ion concentration, thus raising the water hardness.
For highly acidic waters, forced draft detoxifies can be an
effective way to raise the pH, by stripping dissolved carbon
dioxide from the water. Making the water alkaline
helps coagulation and flocculation processes
work
effectively and also helps to minimize the risk of lead being
dissolved from lead pipes and from lead solder in pipe
fittings. Sufficient alkalinity also reduces the corrosiveness
of water to iron pipes. Acid (carbonic acid, hydrochloric
acid or sulfuric acid) may be added to alkaline waters in
some circumstances to lower the pH.

Carbon filters:
Carbon filters work with the aid of using adsorption,
wherein pollutants present in the fluids to be dealt with are
trapped by the porous structure of the carbon substrate.
Granulated Activated Carbon (GAC) is the most commonly
used substrate. This substrate is manufactured from many
carbon granules, which are already very porous. As a result,
the substrate has a huge surface area for activation inside
which contaminants may be trapped. Activated carbon is
commonly utilized in air and water filters thanks to its
extensively large surface area. One gram of activated carbon
can provide up to 3000 m2 of activation surface.
Specifications:
Dimensions: 270x60 mm
Weight: 400
Grams
GAC weight: 186 Grams
Filtration: 0.5-50 microns
Impurities: dust, dirt, rust, chlorine, nitrites, organic

COAGULATION AND FLOCCULATION:
One of the first steps in most conventional water
purification processes is the addition of chemicals to assist
in the removal of particles suspended in water. Particles can
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organisms in the storage and distribution systems. Possible
pathogens
include viruses, bacteria,
including Salmonella, Cholera, Campylobacter and Shigella,
and protozoa,
including Giardia
lamblia and
other cryptosporidia. After the introduction of any chemical
disinfecting agent, the water is usually held in temporary
storage – often called a contact tank or clear well – to allow
the disinfecting action to complete.

compounds, improves color and odour.
Maximum water force: 1GPM
Maximum Pressure: 125 Psi
Service life: 3000-5000 Gallons

WATER CHLORINATION:
The most common disinfection method involves some form
of chlorine or
its
compounds
such
as chloramines or chlorine dioxide. Chlorine
is
a
strong oxidant that rapidly kills many harmful microorganisms. Because chlorine is a toxic gas, there is a danger
of a release associated with its use. This problem is avoided
by the use of sodium hypochlorite, which is a relatively
inexpensive solution used in household bleach that releases
free chlorine when dissolved in water. Chlorine solutions
can be generated on-site by electrolyzing common salt
solutions. A solid form, calcium hypochlorite, releases
chlorine on contact with water. Handling the solid, however,
requires more routine human contact through opening bags
and pouring than the use of gas cylinders or bleach, which
are more easily automated. The generation of liquid sodium
hypochlorite is inexpensive and also safer than the use of
gas or solid chlorine. Chlorine levels up to 4 milligrams per
litre (4 parts per million) are considered safe in drinking
water. The use of chloramines is becoming more common as
a disinfectant. Although chloramines are not as strong an
oxidant, it provides a longer-lasting residual than free
chlorine because of its lower redox potential compared to
free chlorine. It also does not readily form THMs or
haloacetic acids (disinfection byproducts).

SLOW SAND FILTER:
Slow sand filters may be used where there is sufficient land
and space, as the water flows very slowly through the filters.
These filters rely on biological treatment processes for their
action rather than physical filtration. They are carefully
constructed using graded layers of sand, with the coarsest
sand, along with some gravel, at the bottom and finest sand
at the top. Drains at the base convey treated water away for
disinfection. Filtration depends on the development of a thin
biological layer, called the zoogleal layer or Schmutzdecke,
on the surface of the filter. An effective slow sand filter may
remain in service for many weeks or even months, if the
pretreatment is well designed, and produces water with a
very low available nutrient level which physical methods of
treatment rarely achieve. Very low nutrient levels allow
water to be safely sent through distribution systems with
very low disinfectant levels, thereby reducing consumer
irritation over offensive levels of chlorine and chlorine byproducts.

OZONE DISINFECTION:
Ozone is an unstable molecule that readily gives up one
atom of oxygen providing a powerful oxidizing agent which
is toxic to most waterborne organisms. It is a very strong,
broad spectrum disinfectant that is widely used in Europe
and in a few municipalities in the United States and Canada.
Ozone disinfection, or ozonation, is an effective method to
inactivate harmful protozoa that form cysts. It also works
well against almost all other pathogens. Ozone is made by
passing oxygen through ultraviolet light or a "cold"
electrical discharge. To use ozone as a disinfectant, it must
be created on-site and added to the water by bubble contact.
Some of the advantages of ozone include the production of
fewer dangerous by-products and the absence of taste and
odour problems (in comparison to chlorination). No residual
ozone is left in the water. In the absence of a residual
disinfectant in the water, chlorine or chloramines may be
added throughout a distribution system to remove any
potential pathogens in the distribution piping.

DISINFECTION:
Disinfection is accomplished both by filtering out harmful
micro-organisms and by adding disinfectant chemicals.
Water is disinfected to kill any pathogens which pass
through the filters and to provide a residual dose of
disinfectant to kill or inactivate potentially harmful micro-

ULTRAVIOLET DISINFECTION:
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Ultraviolet light (UV) is very effective at inactivating cysts,
in low turbidity water. UV light's disinfection effectiveness
decreases as turbidity increases,
a result of
the absorption, scattering, and shadowing caused by the
suspended solids. The main disadvantage to the use of UV
radiation is that, like ozone treatment, it leaves no residual
disinfectant in the water; therefore, it is sometimes
necessary to add a residual disinfectant after the primary
disinfection process.

A solar water purifier consists of a solar panel, battery,
heating coil, filtering column, pump and several water
vessels (storage tanks). It may come up with some
accessories like inverter, controller, water tap, wheels for
mobility etc, depending upon the cost of the project.

WORKING:
The design is made for aiming for an optimal costing of the
project with less maintenance cost in future. The initial cost
may vary to the factors like availability of space, water
requirement, input water take quantity etc.

Solar
power is
the conversion
of
energy from sunlight into electricity,
either
directly
using photovoltaic (PV), indirectly using concentrated solar
power, or a combination. Concentrated solar power systems
use lenses or mirrors and solar tracking systems to focus a
large area of sunlight into a small beam. Photovoltaic
cells convert light into
an electric
current using
the photovoltaic effect. Photovoltaics were initially solely
used as a source of electricity for small and medium-sized
applications, from the calculator powered by a single solar
cell to remote homes powered by an off-grid rooftop PV
system. Commercial concentrated solar power plants were
first developed in the 1980s. As the cost of solar electricity
has fallen, the number of grid-connected solar PV
systems has grown into the
millions and
utilityscale photovoltaic power stations with hundreds of
megawatts are being built. Solar PV is rapidly becoming an
inexpensive, low-carbon technology to harness renewable
energy from the Sun. The current largest photovoltaic power
station in the world is the Pavagada Solar Park, India with a
generation capacity of 2050 MW.

SOLAR PANEL:
The tilt of the panels is important because your panels will
produce a maximum of energy when the sun is directly
perpendicular to them. During the spring the best angle is
45°, and during the summer when the sun is high in the sky,
it's best to have a low tilt at 20°. The aim is to produce more
heat in the winter and less heat in the summer. Example: In
Marseille, for conventional thermal energy, 4m² of panels
are necessary for a typical home’s hot water needs (200 L at
45 ° C) and the best inclination of the panels is between 50°
and 55°. This inclination does not correspond to maximum
sunshine, but because there is a surplus of production in the
summer, it is better to optimize the angle for the winter.
The more the area of the solar panel, the more is the rate of
heat transfer acquired (Q 𝖺Area). The supports of the solar
panel are made to hold the solar panel and in the case of
pipe built along with the solar panel, they are also designed
to hold the flowing water. The water is taken as Uniform
Distributed Load (UDL).

The basic idea behind the working is a waterfall-like
structure of the machine itself. With the help of solar
energy, water will be sucked through a pile with the help of
a motor. The aim is to have a range of at least 2-3 Km. this
way application of the system increases.
Starting from the top the system will comprise of a
mechanical filtration system for the screen of suspended
wastes and dust particles. It trickles down to the secondary
sedimentation stage, where sedimentation and coagulation
will take place and sediments will be separated. The next
and last stage is chemical filtration where chlorides and
ultraviolet filtration will take place.

DESIGN OF SWP:
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•

Improves the microbiological quality of drinking
water

•

Does not change the taste of water,

•

Is applicable at the household level,

•

Is simple in application,

•

Relies on local resources and renewable energy,

•

Is replicable with low investment costs Relevant

PUMPING SYSTEM:
The system requires a way to pump water from the primary
holding tank into the solar water purification stage.
Purchasing a pump is a possible choice, but that increases
the overall price of the system and needs the power to
operate which could increase the number of required solar
panels. With this consideration, building a hand pump was
more appealing for cost-benefit reasons and still completes
the same job as a mechanical pump.

Public water supply systems in developing countries
often fail to provide water safe for consumption. SODIS
provides individual users with a simple method that can be
applied at the household level under their control and
responsibility. Consequently, the use of SODIS reduces
deforestation, a major environmental problem in most
developing countries, and SODIS decreases air pollution
created by burning conventional energy sources. SODIS
reduces the need for traditional energy sources such as
firewood and kerosene/gas. SODIS is easy to understand.
Everybody can afford SODIS, as the only resources required
are sunlight, which is cost-free and plastic bottles.

FILTERING SYSTEM:
The first layer consists of gravel to filter out impurities that
are visible, the second layer consists of sand which filters
out smaller impurities and the third which is the last layer
consists of activated charcoal which has a huge internal
surface area, packed with nooks and crannies that attract and
trap chemical impurities through a process called
absorption.

PROTOTYPING:
The prototyping phase was a bit difficult for us as we had
lockdown imposed due to COVID-19.
We choose a Hybrid Plant solar system for the project which
uses both solar energy as well as battery backup produced
by the solar energy itself.
Consideration of the working conditions:
1) SWP is operated where solar energy is available for
at least 8-10 hours per day.
2) Water is taken from a large reservoir(tank).
Pump:

ADVANTAGES:
It is well documented that solar energy can be an effective
means of cleaning contaminated water. This is because
ultraviolet (UV) light destroys the formation of DNA
linkages in microorganisms, thereby preventing them from
reproducing and thus rendering them harmless. The World
Health Organization lists solar disinfection in clear bottles by
the combined action of UV radiation, as well as thermal
disinfection (pasteurization) in opaque vessels with sunlight
from solar cookers or reflectors and combination systems
employing chemical coagulation-flocculation as some of the
most promising and accessible technologies for household
water treatment. Solar energy treats water contaminated with
bacteria, viruses, protozoa and worms safe to drink.

For initial consideration, we didn't require a high-end pump
for the project. So we choose the Stookin DC 12V 60W
High-Pressure Water Pump. The flow rate of 5 L/min. was
adequate and overall, the pump didn't take much of the
space.
Solar Panel:
As per the requirement of the pump i.e. (60W, 12V), we
selected the UTL Solar PV Panel 60 Watt/12 Volt
(Polycrystalline). We also choose a battery backup for the
project which could be charged up when the SWP is not in
use. This will also help to run the project in the absence of
sunlight.

Water contaminated with non-biological agents such as
toxic chemicals or heavy metals require additional steps to
make the water safe to drink. It is a simple water treatment
method using solar radiation (UV-A light and temperature)
to destroy pathogenic bacteria and viruses present in the
water. Its efficiency to kill Protozoa is dependent on the
water temperature reached during solar exposure and on the
climatic and weather conditions.
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Filters:
Sediment Filter:
Depth Filter Cartridges
Depth filters are commonly seen as wound string, spun, or “meltblown” cartridges that trap particles of larger size on the surface
and smaller particles under the surface down to the center core.
They work best when a variety of particle sizes are being
filtered. Depth filters remove more sediment and hold more
sediment in general, without losing pressure, than a surface filter
cartridge.

Carbon Filters:
WHAT IS ACTIVATED CARBON?
Activated carbon (also called activated charcoal, activated
coal or active carbon) is a very useful adsorbent. Due to
their high surface area, pore structure (micro, meso and
macro), and high degree of surface reactivity, activated
carbon can be used to purify, dechlorinate, deodorize and
decolorize both liquid and vapor applications. Moreover,
activated carbons are economical adsorbents for many
industries such as water purification, food grade products,
cosmetology, automotive applications, industrial gas
purification, petroleum and precious metal recovery mainly
for gold. The base materials for activated carbons are
coconut shell, coal or wood.
APPLICATION OF ACTIVATED CARBON
Different types of activated carbon are suited for various
specialized applications.

Filtration Unit:
Chemical Filtration was required to make the water
drinkable. Ceramic Water Filtration with activated carbon
provided the necessary Filtration followed by UV light for
sterilization and ionizing resin.
Water is taken from a large reservoir (tank in case of
domestic house purpose). The pump is driven by the energy
produced from the solar panel. A Lithium battery stores the
extra energy developed by the solar panel when it is not in
use, thereby creating a backup source.
The water is further passed to the filtration unit. At the end
of the filtration unit, we obtain clean drinkable water. The
flow rate obtain varies from 4-5 L/min.
We have planned to adopt a different approach too for the
same project after the termination of lockdown and when we
could perform the project physically.
For improvement, we are planning to provide a solar panel
with more transferable energy (say 100W) and use part of
the energy to produce boiled water and eliminate some
filtration components.

•
•
•
•
•

Granulated activated carbon
Pelletized activated carbon
Powdered activated carbon
Impregnated activated carbon
Catalytic activated carbon

Each grade and size of activated carbon is application
specific. Selecting the correct activated carbon product and
mesh size depends on the application and contaminants you
plan to remove.

Design:

Typical applications are:
•
Removal of volatile organic compounds such as
Benzene, TCE, and PCE.
•
Hydrogen Sulfide (HS) and removal of waste gases
•
Impregnated activated carbon used as a bacteria
inhibitor in drinking water filters
•
Removal of taste and odor causing compounds
such as MIB and geosmin
•
Recovery of gold
•
Removal of chlorine and chloramine
Designing a proper activated carbon filtration system with
enough contact time, pressure drop, and vessel size is
important. Also, activated carbon’s physical and chemical
characteristics play an important role in removing
contaminants effectively. Therefore, material testing is
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essential and ASTM test methods such as butane activity,
surface area, density, and water content (moisture) can be
carried out to find the best suitable material for your
application.

Coal based activated carbon is available in four different
types of base material - bituminous, sub bituminous,
anthracite, & lignite, consisting of micro, meso and macro
pore structures. This unique pore distribution makes coal
based activated carbon ideal to remove small to large
molecular structures. Typical applications include but not
limited to odor control in liquid & vapor phase applications,
improve taste in liquids, liquid decolorization and
purification of wastewater & potable water. Coal base
carbon is also available in granular, extruded (Pelletized),
and powder forms.

Different types of activated carbon are suited for various
specialized applications
•
•
•
•
•

Granulated activated carbon dechlorinates water,
adsorbs organic material and produces a chemicalreducing environment
Granulated activated carbon impregnated with
silver salts inhibits the growth of bacteria
Catalytic activated carbon removes chloramines
from drinking water
Pelletized
(or
extruded)
activated
carbon effectively dechlorinates and removes
chemicals
Powdered activated carbon is used to eliminate
trace synthetic chemicals and taste and odor
causing chemicals, and for chemical spills or algal
blooms

APPLICATIONS:
•
•
•
•
•
•
•

TYPES OF ACTIVATED CARBON
1.

COCONUT SHELL ACTIVATED CARBON

3.

Coconut shell activated carbon has a very high hardness and
is more abrasion resistant than any other type. It is a totally
natural, environmentally friendly product, that has a very
small carbon foot print, since it is derived from coconut
shells. As most of its pore structure consists of micropores
(more than 80%), coconut shell carbon can efficiently
absorb impurities with micropore molecular structure, such
as those present in drinking water. In addition, because of its
high abrasion resistance and exceptional chemical and
physical characteristics, only coconut shell activated carbon
can support applications such as recovery of gold and other
precious metals.

Portable water purification
Wastewater treatment
Industrial air purification
Purification of food and beverage
Medical and pharmaceutical uses
Automotive uses
Chemical purification
WOOD BASED ACTIVATED CARBON

Wood based activated carbon is produced from selected
types of wood and sawdust. This type of carbon is produced
by either steam or phosphoric acid activation. Most pores in
wood based carbon are in the meso and macro pore region
which is ideal for decolorization of liquids and water. Wood
base carbon is primarily used in surface water and
wastewater filters to remove organic impurities and to
effectively remove larger molecular structures like MIB (2Methylisoborneol) and Geosmin. Wood base phosphoric
acid activation can yield carbon with a very high surface
area, ranging from 1500-2500 m2/g. The product is
available in granular, pelletized, or powder forms.

APPLICATIONS:
•
•
•
•
•
•

Portable water purification
Wastewater purification
Gold absorption from gold solution (precious metal
recovery)
Organic impurity removal in food and beverage
applications
Medical use
Catalyst support

APPLICATIONS:
•
•
•
•
•
4.

2.

COAL BASED ACTIVATED CARBON
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Surface and wastewater treatment
Food and beverage decolorization
Pharmaceutical industry
Purification and decolorization of edible oil
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Catalytic carbon is a class of activated carbon used to
remove chloramines and hydrogen sulfide from drinking
water.
It has all the adsorptive characteristics of conventional
activated carbons, as well as the ability to promote chemical
reactions.

on the internal surfaces of its pores. This greatly enhances
the carbon’s adsorptive capacity through a synergism
between the chemicals and the carbon and provides a costeffective way to remove impurities from gas streams which
would otherwise not be possible.

WHAT ARE CHLORAMINES?
Chloramines are added to water as an alternative to chlorine.
They inhibit the formation of carcinogenic trihalomethanes
(THMs) caused by the interaction of chlorine with organic
plant materials.

WATER TREATMENT
Because of its antimicrobial/antiseptic properties, silverimpregnated carbon is an effective adsorbent for purification
in earth-bound domestic and other water systems.

CATALYTIC CARBON IS NOT IMPREGNATED
WITH CAUSTIC CHEMICALS
Because catalytic carbons have no impregnates, you won’t
have to worry about reduced organic odor capacity or the
higher bed fire potential of the impregnated carbons.
Catalytic carbon is created by altering the surface structure
of activated carbon. It is modified by gas processing at high
temperatures to change the electronic structure and create
the highest level of catalytic activity on carbon for reducing
chloramine and H2S in water. This added catalytic
functionality is much greater than that found in traditional
activated carbons. Catalytic carbon is an economical
solution to treat H2S levels as high as 20 to 30 ppm.
Catalytic carbon converts adsorbed H2S into sulfuric acid
and sulfurous acid which are water soluble, so carbon
systems can be regenerated with water washing to restore
H2S capacity for less frequent physical change-outs.
THE BENEFITS OF USING CATALYTIC CARBON:

GAS PURIFICATION
Impregnated activated carbon is used to treat flue gases in
coal-fired generation plants and other air pollution control
applications. Carbon can be specifically impregnated for
removal of acid gases, ammonia and amines, aldehydes,
radio-active iodine, mercury and inorganic gases such as
arsine and phosphine. Carbon impregnated with metal-oxide
targets inorganic gases including HCN, H2S, phosphine and
arsine.

TYPES OF SEDIMENT FILTER CARTRIDGE IN
PIPING SYSTEMS:
Based on their filtration mechanism, sediment filters can be
described as either surface, depth, or adsorptive sediment
filters.

•
More effective than conventional carbons; catalytic
activity promotes a variety of chemical reactions
•
Faster chemical reaction means less carbon and
smaller equipment
•
Non-Impregnated carbon eliminates worries about
exothermic reaction, ignition temperature and toxic disposal
•
On-site regeneration lowers operating costs and
extends service life
•
Can be recycled and reused through thermal
reactivation

1) Surface Sediment Filters
These filters are usually made of some thin, permeable
material, such as cloth, and trap sediment on the surface as
the fluid passes through. They are recommended when
dealing with evenly sized sediment. Because the filtration
occurs on the surface, these filters are easier to clean. That
is, getting rid of the trapped sediment so that it can continue
to filter with ease. In certain cases, it can also be unclogged
by shaking or some other means to dislodge the trapped
sediment. The bag filter is a surface filter.

5. IMPREGNATED ACTIVATED CARBON
Carbon Activated makes a variety of coconut shell-based,
impregnated activated carbon, in standard and custom sizes,
for applications where non-treated carbon may not be
effective.
Surface impregnation chemically modifies activated carbon
through a fine distribution of chemicals and metal particles

2) Depth Sediment Filters
Depth sediment filters work by forcing the liquid to pass
through several layers of the filter material in order to
eliminate debris. As the fluid passes through these layers of
filter material, the filter traps increasingly smaller particles.
By design, depth filters are meant to be disposable, for while
the top layer of filter material may seem easy to clean, and
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may seem so after a rinse. It is not possible to remove the
finer particles trapped further within the filter.
NTU=3000 ............... For Volt <= 2.5
3) Adsorptive Sediment Filters
Adsorption is the process by which a compound or particle
is attached to another by chemical attraction. And, that is
exactly how these filters work. Adsorbents, the compounds
used to bind unwanted impurities from the fluid, have
inordinately large surface areas peppered with binding sites
that adhere to the impurities. A pound of activated carbon,
the best-known adsorbent, has an estimated surface area of
40 hectares. Once these binding surfaces are used up, the
filter must be replaced. Adsorptive filters are best for
removing volatile organic compounds and can be
engineered to filter out other compounds and chemicals.
They are usually used in multi-stage systems, installed after
depth filters which trap compounds that would, otherwise,
and needlessly, use up precious binding sites on them.
Examples include granular activated carbon filter and
carbon block filters. Zeolite and activated alumina are also
used as adsorptive filters.

The LEDs in the circuit are used for indication of the state of
water.
The Arduino is made to connect to Wi-Fi before any code
execution. After a successful connection, the sensor begins to
send the values to the Arduino. Due to fluctuations in voltage
values, we take at least 8 values of voltages and use the mean
of the same. Using this mean value, the corresponding mean
NTU is calculated.
Now this NTU is compared with the standards given by
World Health Organization (WHO). If the NTU is between 1
to 5, the water is safe to consume. But if the NTU is out of
these limits, then the board will begin to send an alert to the
customer or manufacturer. A server connection will initiate
which would link the PHP file on the server.
Now in this PHP file which sits in the webserver would
contain the details that link the receiver's mail, subject, body
text etc. Using the mail function of PHP, the mail is sent to
the required address. As for this project application we used
Googie Host Free Web servers.

IoT Integration:
By integrating Arduino Wemos with a turbidity sensor, it is
possible to constantly track water quality. We are using this
system to ensure the purity of water and to obtain an
immediate response if the standards are not met.

Arduino Code:
Wemos D1 mini code :
#include <ArduinoWiFiServer.h>
#include
<BearSSLHelpers.h>
#include
<CertStoreBearSSL.h>
#include
<ESP8266WiFi.h>
#include
<ESP8266WiFiAP.h>
#include <ESP8266WiFiGeneric.h>
#include <ESP8266WiFiGratuitous.h>
#include
<ESP8266WiFiMulti.h>
#include
<ESP8266WiFiScan.h>
#include
<ESP8266WiFiSTA.h>
#include
<ESP8266WiFiType.h>
#include <WiFiClient.h>
#include
<WiFiClientSecure.h>
#include <WiFiClientSecureBearSSL.h>
#include <WiFiServer.h>
#include
<WiFiServerSecure.h>
#include <WiFiServerSecureBearSSL.h>
#include <WiFiUdp.h>

Circuit Diagram

Construction and Working:
The connections are made as shown in the circuit diagram.
The SEN0189 sensor is used to detect the NTU of the output
water of the filter, thereby determining the quality of the
output water. It uses light to detect suspended particles in
water by measuring the light transmittance and scattering
rate, which changes with the amount of total suspended
solids (TSS) in water. As the TTS increases, the liquid
turbidity level increases. Turbidity sensors are used to
measure water quality in rivers and streams, wastewater and
effluent measurements, control instrumentation for settling
ponds, sediment transport research and laboratory
measurements. This analogue sensor generates a voltage
value when placed in testing. The relationship between NTU
and is given as follows :

#include <Wire.h>
#include <LiquidCrystal_I2C.h>
//https://github.com/fdebrabander/Arduino-LiquidCrystalI2C-library

const char* ssid = "HomeWifi"; // SSID of local
network
const char* password = "Tanay-Tarfe@37"; // Password on
network
WiFiClientclient;
char servername[] = "tubitysendemail.appezech.ma"; //

NTU=(-1120.4*x^2)+(5742.3*x)-4353.8….For Volt > 2.5
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remote server we will connect to

}
float round_to_dp( floatin_value, int decimal_place )
{
float multiplier = powf( 10.0f, decimal_place );
in_value = roundf( in_value * multiplier ) / multiplier;
return in_value;
}
void sendAlert() {
if (client.connect(servername, 80)) { //starts client
connection,
checks
for
connection
Serial.println("connected");
client.println("GET /index.php"); //Link or call the php file
client.println("Host:
tubitysendemail.appezech.ma");
client.println("Connection: close"); //close 1.1 persistent
connection
client.println(); //end of get request
}
else {
Serial.println("connection failed"); //error message if no
client connect
Serial.println();
}
}

int sensorPin = A0;
float volt;
float ntu;
const int LED_GREEN = 2;
const int LED_RED = 4;
void setup()
{
delay(2000);
Serial.begin(115200);
Serial.println("Connecting");
WiFi.begin(ssid, password);
while (WiFi.status() != WL_CONNECTED) {
delay(100);
}
pinMode(LED_GREEN, OUTPUT); //Green - Safe
indication
pinMode(LED_RED, OUTPUT); //RED - LED for
immediate Replacement/Unpure water indication
Serial.begin(9600);
}

PHP Server Code:

void loop()
{

<?php
$text ="THe water quality from the water filter has begun to
decrease in quality. Please contact the service centre for
candle cleaning or replacement";

volt = 0;
for (int i = 0; i< 800; i++)
{
volt += ((float)analogRead(sensorPin) / 1023) * 5;
}
volt = volt / 800;
volt = round_to_dp(volt, 2);
if (volt < 2.5) {
ntu = 3000;
} else {
ntu = (-1120.4 * (volt * volt)) + (5742.3 * volt) - 4353.8;
}
if (ntu> 5 &&ntu< 1) {
//NTU quality should be between 1 to 5 for drinkable
water

$customer_email = "customeremail@provider.com";
$subject ="Your Filter is loosing water quality";
//send email
mail($customer_email, $subject, $text);
?>
//$email = "serveremail@provider.com";

sendAlert();
//Led
indications
digitalWrite(LED_GREEN, LOW);
digitalWrite(LED_YELLOW, LOW);
digitalWrite(LED_RED, HIGH);
}
else {
digitalWrite(LED_YELLOW, LOW);
digitalWrite(LED_RED,
LOW);
digitalWrite(LED_GREEN, HIGH);
}
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connected conventional energy suppliers. The capacity of
those suppliers alone, nearly 8 GW in conventional terms,
corresponds to solar equivalent generation capacity potential
of 25 to 30 GW. Due to implementation challenges,
however, it's unlikely that all of this potential will be
realized by 2016. Grid parity will be an inflexion point,
leading to two major shifts in the solar market. First, thanks
to favourable project economics, grid-connected capacity
will rise at a much faster rate than before, and second,
regulations and policy measures will be refined to promote
off-grid generation. According to one estimate, the
combination of electricity demand growth, fossil fuel cost
and availability challenges, and supportive environmental
regulations could increase solar power capacity to more than
50 GW by 2022. The market will see a significant change
after 2016. Lower solar costs combined with rising prices of
grid power will convince off-takers (including distribution
companies, private firms using open access, and firms
putting up their own captive capacity) that solar power is
economically viable. This shift will signal the start of the
growth phase, during which grid-connected solar capacity
will rise rapidly to about 35 GW by 2020 as developers
build capacity to meet both RPO requirements and demand
from off-takers seeking cost-efficient alternatives to
conventional power.
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Abstract— The Indian sub-continent adventures frequent
flooding, earthquakes and landslides. During the days of
danger, aircraft which may land and begin on plain facilitates
the disaster agencies in locating, abetting and clearing the
affected people. For this reason, development of a STOL that is
short- takeoff and dock aircraft are hourly an optimal answer.
This report provides a conceptualization of a STOL model that
meets the necessity of the country. The ambition of this report
is to baptize a STOL aircraft which may board the necessity of
Indian disaster relief aircraft. This aircraft design is formed to
run on STOL grounded technology describing a passenger
aircraft, for transporting a colony of passengers who are stuck
in natural disaster places. The report involves the planning of a
STOL aircraft, with an accommodation of 10 seater delivering
the amenities and so the asked comfort degree that a commuter
aircraft is augured to supply while incorporating the planning
specifications and performance parameters of an extended
range military airliner. The aircraft allows for average range
transport aircraft with better edge and reduced energy
consumption. to gauge back runway distance, a arithmetic of
takeoff and dock ground roll has been taken out. All the
parameters considered are taken in account in calculating the
will aerodynamic values.
Keywords—STOL, disaster management, aircraft, design, wings,
balsa wood.

I. INTRODUCTION
A short take-off and landing aircraft (STOL aircraft) may
be a fixed-wing aircraft that's ready to begin and land from a
brief runway. Use of STOL tends to permit aircraft to hold a
bigger payload compared to vertical take-off and landing
(VTOL), while still only requiring a brief runway. the
planning , having an aircraft mainly trusted its wing
configuration, estimation and selection. All the aircraft
components must be considered in airfoil shape including
from wing to rudder, elevators. But within the case of STOL,
we should always prefer NACA 6 series for getting sufficient
thickness to chord ratio and therefore the most prominent
thing is that the payload that's about what percentage
passengers the aircraft can carry alongside other stuffs. So,
it's required to possess a ten seater aircraft which may
accommodate payload for an STOL aircraft. it's also
important to stay in mind that the range is to be sufficient as
normally a passenger aircraft do have. So, the range should
come around 3000-3500 km permanently providence given
to the passengers. Coming to the choice , the foremost
preferred is turboprop, it's because for brief distance takeoff
turboprops are more fuel efficient than jets. Here the
propeller are often feathered to attenuate embroil the event of
breakdown , which isn't possible for jet or turbofan engines.
Here we had placed engine above the wing and a T-tail
ischosen for reducing the interference disturbance of airflow
to the elevators. The mastering of design has got to affect

weight estimation, wing and empennage selection, fuselage
design, engine selection and range calculation. For STOL
characteristic, the necessity of high lift devices are more. it's
because for STOL aircraft, we'd like high lift at short runway.
II. OVERVIEW
A. Background:
A STOL airplane, STOL fully short takeoff and landing, any
of several fixed-wing aircraft capable of beginning and landing
on runways considerably shorter than those needed by
conventional aircraft. Most aircraft of this sort require a runway
no quite 150 meters (500 feet) long, which is about
10 times shorter than the typical runway. STOL‘s were developed
to satisfy the requirements exemplified by bush or wilderness
flying, where steep climb and approach angles and low landing
speed are more important than high cruising speeds. These
capabilities are provided by a mixture of aerodynamic devices,
like the augmentor wing, which was introduced during the first
1960s. It consists of full span slats at the vanguard of the wing and
full span double-slotted flaps at the edge . Manipulation of those
devices and an air passage system allows use of air turbulence
and prop wash for added lift and drag. The first version of the
fashionable STOL was test-flown in 1954 by the U.S. Navy.
Since then, the STOL has been adopted by the soldiers of the us
and Great Britain for combat operations. it's also been used for
short-distance commercial flights in Canada and a number ofother
other countries since the first 1970s.
B. Objectivesand Scope:
The main aim of the project is to help the armed forces ofIndia
in humanitarian assistance and disaster relief (HADR) operations.
Our STOL aircraft will be designed such a way that can be landed
even in rural places and will be useful for providing essential
food, water to the civilians stuck in disaster places. The powerful
engines of the AN-32 aircraft have high vibration levels and are
‗noisy‘ to fly over long durations, which could get tiring and
induce fatigue. In addition to this, the AN-32 aircraft doesn‘t have
features of short take-off and landing. Urgent need of a new
induction that can carry a better payload, is quieter, and flies
longer range with modern avionics, sensors, navigation and
related equipment. The objectives of this work are:
• The evaluation of the aircraft parameters
• The design synthesis of the aircraft
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•

The coding of the design synthesis and its interfacing
with an optimization code
• The optimization of the aircraft
• The comparison of the design with existing aircraft
designs

truss structure constructed of wood, steel, or aluminum
tubing.

III. DESIGN
The typical aircraft design process often includes four
major phases: conceptual design, preliminary design, detail
design, and test and evaluation.
A. Conceptual Design
As the name implies, aircraft conceptual design phase is
when the aircraft is still at its concept level. At this stage,
general design requirements are entered into the process to
generate a satisfactory configuration. The summary of
activities within this conceptual design phase is shown in
Figure.

Fig. no. 7 Fuselage

2. Wing Design:
To be practical, a STOL aircraft must be able to fly at
very low speeds, yet it must also offer acceptable crosscountry (cruise) performance. The next big challenge is to
design a wing with a high lift coefficient so that the wing
area is as small as possible, while take-off / landing speeds
are as low as possible. Relatively short wings make the
aircraft easier to taxi, especially when operating in an offairport environment with obstructions, and requires less
space for hangaring, while being easier to build, and stronger
(less weight and wing span to support). The stall of the wing
occurs at the highest lift coefficient on an airfoil, when the
airflow can no longer go around the airfoil‘s nose (leading
edge) and separates from the upper wing surface. To delay
the stall to a higher lift coefficient, many airplanes are
equipped with flaps (on the wing trailing edge), and a few
designs use slats (on the wing leading edge) to further lower
the stall speed. The following diagram illustrates the use of
flaps and leading-edge slats to increase a wing‘s lift
coefficient.

Fig.no.1 Summary of activities for design
The mission of the STOL is to evacuate people and drop
humanitarian packages during disaster relief. Both mission
statements are represented as simple diagram in Figure 3.
The static and dynamic payloads of the STOL can be varied
depending on the user‘s requirements or the mission profile.
The static payload of the STOL is generally the passengers
that are carried onboard depending on the mission
requirement.
Dynamic payload of the STOL varies from medicine, food
packages, location beacons for humanitarian and rescue
missions.

Fig no. 9 AOA

Aircraft Design Components:
1.

Fuselage:

The fuselage is the central body of an airplane and is
designed to accommodate the crew, passengers, and cargo. It
also provides the structural connection for the wings and tail
assembly. Older types of aircraft design utilized an open

3. Empennage
The empennage includes the entire tail group and consists
of fixed surfaces, such as the vertical stabilizer and the
horizontal stabilizer. The movable surfaces include the
rudder, the elevator, and one or more trim tabs.
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4. Landing Gear:

and Breadth (as per our choice). Vertical TVC(answer should be little more). Do calculation for
elevator and rudder. According to required deflection
entire horizontal can be used as elevator if necessary.

The landing gear is the principal support of the airplane
when parked, taxiing, taking off, or landing. The most
common type of landing gear consists of wheels, but
airplanes can also be equipped with floats for water
operations or skis for landing on snow. Wheeled landing gear
consists of three wheels—two main wheels and a third wheel
positioned either at the front or rear of the airplane. Landing
gear with a rear mounted wheel is called conventional
landing gear.

• Step 7: Select a suitable landing gear to sustain
impact shocks of takeoff and landingUse either SI
(MKS) or CGS as primary units. (SI units are
encouraged.) English units may be used as secondary
units (in parentheses). An exception would be the use
of English units as identifiers in trade, such as ―3.5inch disk drive‖.

5. Power plant:

Parameters:

The power plant usually includes both the engine and the
propeller. The primary function of the engine is to provide
the power to turn the propeller. It also generates electrical
power, provides a vacuum source for some flight
instruments, and in most single-engine airplanes, provides a
source of heat for the pilot and passengers. [Figure 3-13] The
engine is covered by a cowling, or a nacelle, which are both
types of covered housing. The purpose of the cowling or
nacelle is to streamline the flow of air around the engine and
to help cool the engine by ducting air around the cylinders.
B. Preliminary Design
Methodology:
Before starting with the actual research work it is
necessary to check that the initial parameters like take-off
distance, payload weight and most importantly defining
mission. The design of the aircraft depends upon the
calculations and specifications we need in our aircraft to
satisfy the demands.
• Step 1: Assumption of empty weight and payload
weight. Finalizing initial parameters and calculating
take-off equation.
• Step 2: Starting with the most important part of
aircraft the wing design. Selecting Aerofoil from
online tool site as per requirement. CL value should
be 𝖸 and CD value should be 𝗍. Stalling angle, Angle
of Attack and efficiency of CD/CL is take into
account.
• Step 3: Checking on planform(cord) on lift how
much weight it can pull. Making a Python code
(formulas of takeoff) to check how much payload it
can lift based on takeoff distance. Start to design
ailerons and select servo for deflection.
• Step 4: Selecting Velocity and Thrust. Taking Thrust
values from ecalc online site. Calculating Dynamic
Thrust Equation and exit velocity value is export on
excel to see the graph. Assumption of the value at
which the aircraft will take off. Exit Velocity is 𝗍□=
Air Velocity (Assume)
• Step 5: Second most important part of the aircraft to
design is fuselage (Aerodynamic Structure).
Selecting the shape like Cylinder fit- Cylinder shape
or Concurrent shape. TMA - Tail Moment is to be
calculated. Finding the distance between CG and
MAC (Mean aerodynamic chord).
• Step 6: Calculating Inflight Moment and Take off
Equation. Fixing forces and solving it. Finding the
area by tail volume coefficient. Horizontal- Length
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Advantages for using Balsa as Material:
1) The wood of Balsa is light, making it the perfect wood
for model making.
2) This wood is lighter and can float in the water for
some time so that this wood is made using fishing lures.
3) Balsa tree naturally grows very fast. It completes the
length of 27 meters in 10-15 years so that more wood is
available in working time.
4) This wood is easily found in the form of blocks and
blocks at any store, whose price is not too much so that
everyone can take it.
5) It retains a lot of water, making it very strong.
6) Being a low density, it is quite easy to work with.
Balsa stains and finishes well.
V. RESULTS AND DISCUSSIONS
Aerodynamic device:

Design:

For the improvement of STOL characteristic rather than
using high thrust producing engine we can also improve the
performance by introducing different types of aerodynamic
devices. The aerodynamic device will help producing high
coefficient of lift for takeoff and drag producing components
which can reduce the landing ground roll.
Vortex generator:
These vortex like spoilers are the vortex generators which
acts as additional drag inducing devices, which helps in
takeoff and landing operation.
Flaps:

IV. MATERIAL ANALYSIS
Balsa tree is very soft and lightweight as well as it is coarse.
The density of Balsa wood is around 160 kg / m. The weight
of Balsa is light but it is very strong. So balsa is a very
popular material for model building.
Density

Around 160 kg/m3

Hardness

67 lbF (300 N)

Toughness

Low – up to 15 Nm

Maximum
Crushing Strength

4.9- 17.6

Color

White, yellow, pale
straw, light brown

Durability(inground)

In-Ground

Tree Size:

60-90 ft (18-28 m) tall, 3-4 ft
(1-1.2 m) trunk diameter

Elastic Modulus:

538,000 lbf/in2 (3.71 GPa)

The wing is having large flaps to to increase the
camberness for gaining better pressure variation on top and
bottom of the airfoil. This will produce high lift during
operation and hence the takeoff run will be decreased.
Slats:
The wing is having slats running to the entire length. It
will also increases the camberness and improving lift
coefficient. It can produce more drag when the engine power
is reduced during the landing.
Pods:
Our designed aircraft is having 6 pods at the lower
surface of the wing which will reduce the velocity of air
stream passing down to the wing by increased skin friction. It
will produce more pressure difference over the wing, also it
will give better stream flow.
Winglets:
The winglets placed on the wing tip which will reduce
the drag induced due to the vortex generated at the tip of
wing. by reducing this induced drag the performance
parameters for better STOL can be achieved.
VI. CONCLUSION
In our report the preliminary design of a 10 seater aircraft
with STOL technology is partially designed successfully
and the various primary design considerations and
performance are calculated. The obtained design values are
not necessarily a definite reflection of the airplane's true and
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conceptualized design, but the basic outlay of development
obtained with correct considerations.
The design till date report stays true to the desired
considerations of a STOL relief aircraft can provide high
fuel efficiency and is best in commercial and military
airlines service for the current knowledge. There is no such
ideal design which can give full on total performance, while
it always looking to achieve optimum performance.
The challenges we faced at various phases of the report
made clear the fact that experience plays a vital role in
successful design of any aircraft or aircraft component. A lot
of efforts have been put into this report and as much as we
have worked, we have learnt in turn.
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Abstract: In the recent times, the world of biomedical engineering has been advancing drastically, with more advanced and effective
bionic arms and prosthetic arms been manufactured. However, the cost of producing these are too high, making it hard for
people to afford it. In this paper, we discuss two approaches namely, EMG (Electromyography) and EEG
(Electroencephalography) which can be used to manufacture a bionic arm, which is cost effective am highly efficient with
low processing time and offers better comfort and aesthetic to the user. The aim of this paper, is to discuss the data processing
along with the features of EMG and EEG and select the mechanism best suited for our objectives and project.
Keywords: - EMG (Electromyography), EEG (Electroencephalography), bionic arm, surface electrodes, actuators.
In a bionic arm, impulses are recorded from the user’s
muscles and used to provide movement. Special sensors
detect naturally generated electric signals and translate
them into intuitive and proportional bionic hand movement
when a person puts on their bionic arm and flexes muscles
in their residual limb right below their elbow.

Introduction: World Health Organization (WHO), in its latest studies
stated that about 15% of the world’s population suffers
from some kind of disability, most of which cannot bear
the expenses of health care. In the recent times, the number
of amputees and limb dysfunction humans has been
increasing. 30% of over 10 million amputees in the world
are arm amputees. Prosthesis refers to the process in which
an organ or part of the body is replaced by an
electromechanical or biomechanical device.

A prosthetic arm that uses myoelectric signals is referred
to as Myoelectric Prosthetic arm. It can make use of EMG
signals as even after amputation, the neuro-muscular
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Input unit
The signal from the muscles can be obtained using
surface / gel (skin) electrodes. Before sampling
with an analogue to digital converter, signals must
be boosted with a bio-signal amplifier. EMG data
can be gathered in a variety of ways. To sample
and
process
EMG
data,
a
microcontroller/development board with an
analogue to digital converter (at least 10-bit) can
be utilized. Arduino boards, Espressif (ESP32),
and STM32 development boards are some of the
proposed development boards.

system stays intact. The residual signals are used, and with
proper processing, they are sufficient to control the arm's
movement.
An EEG bionic arm is one that operates by the brain
commands, which are collected through an
electroencephalography (EEG) headset, which is fitted
with smart sensors and actuators that give feedback about
the surroundings and the objects in contact. The arm's
regular hand functions, quick reflexes, and smooth
movements are all provided by this network.
EMG
Electromyography (EMG) is a medical technique for
determining how muscles react to nerve stimulation. When
muscle cells are electrically or neurologically engaged, an
electromyograph monitors the electric potential created by
these cells. Because they allow accessible and noninvasive access to physiological processes that generate
muscle contraction, electromyographic (EMG) data
recorded at the skin surface have been utilized to operate
upper limb prosthetic devices. Motor neurons carry
messages from the motor cortex through the spinal cord
(optional) to muscles in the affected region. Contraction
and relaxation of muscles are response to these impulses.
Muscle contraction causes the creation of electrical
activity. Electromyography is a method of measuring the
electrical currents generated during neuromuscular
actions.

Processing unit
The signal acquisition and processing unit, which
is the first module, pre-processes the EMG signal
to decrease noise artefacts and/or boost spectrum
components that hold critical data for data
analysis. Furthermore, it identifies the start of
movement and activates all subsequent modules.
The measured EMG signal is analyzed during the
feature extraction step to highlight the key
structures in the data while discarding noise and
irrelevant data. To make the task of the classifier
easier, it is sometimes necessary to reduce the
dimensionality. Because of its time- variant
nature, the learning modules are utilized to adapt
the gadget to the EMG signals generated by the
users.
Electromechanical unit
To be processed, displayed, and stored, bio
potential signals obtained from the human body
must be enhanced. The major component of the
amplifiers utilized for this purpose are operational
amplifiers. Because the amplitudes of the signals
to be amplified are so small (1 mV - 10 mV), it's
critical that they're amplified without noise.
Normal amplifiers can be utilized because the
surface electrodes have impedances of

Data processing
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perceptron are another name for feed forward neural
networks (MLPs). MLPs can only transfer data in
one direction: forward. The network contains no loops,
cycles, or feedback routes. To calculate the loss and train
the algorithm, it uses back propagation with several
optimization strategies. On the dataset, feed-forward
neural networks with various parameters and 5-fold
cross-validation were used. Repetitive training and
testing with different algorithms, as well as testing
different parameters, are required to determine the
best suited algorithm and optimum algorithm parameters.
To discover the best parameters, hyper parameter
optimization approaches like grid search or random
search can be utilized. Over fitting' is one of the most
common issues that might emerge during training. When
the classifier model fits the training data perfectly, this
is known as over fitting.

roughly 200–5000. However, because needletype electrodes have smaller surfaces, their
impedance increases by up to 1 M.
Interface unit
Actuators,
servo
motors,
tendon-driven
mechanisms, and sensors make up the interface
unit. Actuators are responsible for triggering the
myoelectric arm in line with the EMG, which
transmits information from the brain. The sensors
do the opposite. They detect and relay
information from the outside world to the brain.

Neural control
Artificial Neural Networks (ANN)
Artificial neural networks strive to imitate biological
neurons' signaling activities. An inputlayer, at least
one hidden layer, and an output
layer make up an ANN. Each layer has its own set of
nodes (neurons), each with its own set of weights and
thresholds. The activations of the relevant nodes are
determined by thresholds. When activated, nodes
provide data to the neural network's next layer (IBM,
2020). ANNs, like traditional
machine
learning
algorithms,
use training data to enhance accuracy.
Multi-layered

Challenges
Limb position variation
In everyday life, limb posture changes when doing
a different action. The effects of upper- limb
amputation can be detected in residual muscle
(positioned in a prosthetic socket), which
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real-time prosthesis use. Deep learning (a machine learning
method based on ANN) could be one solution to the feature
extraction challenge. As a result, additional deep learning
research in pattern recognition-based prosthesis control is
needed.

is where the EMG signal is captured.
Additionally, different limb postures cause
variations in gravitational force, which causes
target muscles to be displaced. These factors
affect the EMG-PR control of prosthetic
performance by causing variations in EMG signal
patterns

An intelligent adaptive prosthesis system should be
created and deployed rather than relying on existing
recommended training. An intelligent EMG-PR system
must be able to appropriately depict a data stream in realtime. It demonstrates one way to address the gap in the
prosthesis market. As a result of these advancements,
users' expectations can be met, and gadget acceptance for
everyday use can rise.

EMG interferences
External interferences, changes in electrode
impedance, muscle exhaustion, and electrode
displacement, among other things, cause
transitory variations in EMG. During practical
use, these variations produced by long- and
short-term fluctuations in the acquisition
environment degraded the device's clinical
vitality and hindered its users' adoption.

The prosthetic device should be made of low-cost
materials so that it is accessible to all amputees.
The signals can be extracted utilizing ultrasound imaging,
force myography (FMG), TMR, and an implantable
myoelectric sensor to develop intuition.

Comfort
The elbow may be harmed by the socket, a part
off the upper limb prosthesis (a function of the
residual joint). The patient may have pain, sores,
and blisters if the socket does not fit properly.
These prostheses will feel hefty and burdensome to
wear. Even prostheses with well-designed sockets
might suffer from heat, perspiration, and chafing.

EEG
Electroencephalography (EEG) is an electrophysiological
monitoring technique that records electrical activity on the
scalp and has been demonstrated to reflect the
macroscopic activity of the brain's surface layer beneath.
The cortex of the brain generates minute electrical
voltages. EEG doesn’t comprehend the thoughts, but
rather informs us about the general state of the users.
The user's brain activity can be detected using EEG
sensors (attention and meditation). An EEG bionic arm
uses an electroencephalography sensor to collect data,
which is then processed by microcontrollers to allow
various actuations to be done by the bionic arm's
actuators.

Appearance
The majority of upper-limb prosthesis that have
been produced do not have a natural appearance.
Furthermore, the user may find theprosthesis to be
inconvenient to wear. The user is still unable to
consistently control numerous degrees of freedom
at the same time.

Future scope
The foundation of traditional EMG-based pattern
recognition control is feature extraction. Issues with
feature extraction should be addressed in order to reach
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be sent to the arm's mechatronics system. This
device was configured to discriminate between a
variety of mental states that represented various
levels of "meditation" and "focus." Every mental
state was recorded and encoded to reflect a set of
tasks that the arm should complete.

Electro mechanical unit
This device was developed and constructed using a
variety of lightweight, high-strength materials that
can withstand high impacts as well as fragile parts.
It included servos that could handle stall torque of
up to 800 oz. - in. These servos are put at strategic
locations to reduce hardware and simplify
complex movements. This design also included a
microcontroller to create an interface between the
Mechanical Unit and the Processing Unit. It can
also be programmed to do a series of specified
movements, allowing the arm to mimic the
behaviour of a genuine hand.

Data processing

Input unit
An array of powerful EEG sensors collected brain
waves in this equipment, which communicated
with a Signal Processing Unit using low-power
and secure Bluetooth technology. This gadget
features a 2048 Hz internal sampling rate and 14
sensors that are placed according to the worldwide
10-20 System to cover the most important areas of
the brain. This enables for the most comprehensive
and efficient surveillance ofbrain activity.

Interface unit – smart sensor network
A network of smart sensors, including
temperature, skin pressure, and ultrasonic
proximity sensors, as well as accelerometers,
potentiometers, strain gauges, and gyroscopes,
make up this device. This unit's major features
enable the arm to interact with and adapt to its
surroundings. Furthermore, to deliver directions
to the arm and provide feedback to the patient, bidirectional communication was required.
Custom communication protocols and networking
techniques were required for this integrated
network of sensors and actuators, allowing for
smooth interaction and control between the arm
and the patient.

Processing unit
The EEG data from the input unit were collected
and processed on the Processing Unit, a small
wearable device. The processing activity is
divided into two parts: a pattern recognition
section that recognises various brain behaviours
acquired by the input unit, and a command
section that generates a series of commands to
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same. Closing the eyes is also said to reduce brain activity
because the parts of the brain which process the images
captured while the eyes are open are turned off. Apart from
the above states, the device can also identify if the user
blinks. A nervous mind state can increase the frequency of
blinks. The blink detection can be used as a binary system,
for instance, a single blink can be used to toggle between
the on/off state of a device giving individuals with special
needs a simple way to communicate. The intensity of the
attention and meditation states can be identified via output
values which range from 0 to 100 respectively stating min
and max intensity, the same also applies for blink
intensity. A certain amount of noise is unavoidable in the
normal usage of MindWave mobile. . Think gear
components deliver their digital data as an asynchronous
serial stream of bytes. Data Values from a ThinkGear
module are delivered to an arbitrary receiver via
ThinkGear packets (Microprocessor).

Neural control
Mindwave Mobile from NeuroSky, an EEG headset is
used for safely measuring the brain waves (alpha wave,
beta wave, etc.) and transferring the data via Bluetooth
wirelessly to communicate with the microcontroller. For
interfacing with users’ brain waves, NeuroSky’s
Mindwave mobile is provided with Thinkgear technology.
Mindwave mobile can measure attention and meditation
levels and detect eye blink. It includes the sensor that
touches the forehead, the contact, and reference points
located on the ear pad. It also contains an onboard chip that
provides the data to applications in digital forms.
Both the raw brainwaves and their intensity are measured
on the electronic chip provided in the headband. Beta
brainwaves are produced in higher quantity when the user
is mentally active. That is when the brain is used to focus,
concentrate or execute some particular task. The attention
level of the user must be high. Alternatively when the user
is calm then usual alpha brainwaves are produced.
Meditation helps for the
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Signal quality
The signal quality provided by these novel
systems is critical in determining their scientific
appropriateness and evaluating cost-benefit
trade-offs. Despite the widespread use of this
technology, signal quality information is
frequently lacking. Nonetheless, we present a
summary of recent findings concerning the
validity and reliability of mobile EEG data.
Selection of electrode density
Low-density systems may be more efficient.
Higher-density systems may enable more versatile
applications across paradigms/analyses, as well as
increased sensitivity to collect numerous brain
inputs in different positions/orientations. Lowerdensity systems may have advantages in some
cases, such as faster set-ups with less preparation
in a big group of newborns. It needs to be seen
whether the longevity of current research-grade
transportable devices, as well as the maintenance
requirements, outweigh the cost of a regular EEG
lab. The associated costs, on the other hand, are
anticipated to diminish over time.
Comfort issue
The ability of available systems to tailor to the
varied
cognitive,
sensory,
and
motor
characteristics of neurodevelopmental populations
varies substantially. Due to design concerns such
as electrode size, fixed lengths, and stiff structures,
some consumer-oriented devices — designed
largely for everyday usage – can create position
mistakes. Furthermore, dry EEG can be
unpleasant. Dry electrodes can become tangled
with long/thick hair because they apply pressure to
ensure direct contact with the scalp. Dry systems,
at least in their current state, are consequently
unsuitable for long-term

Challenges
Biometrics based on EEG are a viable alternative to
conventional techniques of person recognition that offer a
high level of security. Several studies have found that
EEG-based identity and authentication systems can
provide excellent recognition accuracy and long-term
reliability; however, many of these systems were tested
under artificial settings. We will discuss a variety of
problems that must be addressed in order to increase
usability and practicability in the next section.
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disorder comparisons in effective neurodevelopmental
research designs to reveal causative directions and
discover converging/diverging neurodevelopmental
pathways. Mobile EEG could be seamlessly integrated
into research centers, fostering interdisciplinary
collaborations in psychopathology research, such as
combining neuroscience with epidemiology/genetics, and
data collection in non-western samples around theworld to
expand the study of sociocultural factors in developmental
neuroscience.

data collecting. Non-contact EEG seems
promising, although it is not yet widely available.

Operations
The majority of prior EEG studies were carried
out in labs with participants participating just once
or twice. However, most biometrics systems are
employed in a completely different way in
practice. Over the course of several years, the
system is frequently visited on a daily basis. As a
result, enticing users is dependent on system
dependability (covered in the next sections), as
well as device and protocol simplicity of use.
Furthermore,
the
system's
universality
necessitates that protocols be simple to implement
and apply to all users, even those with physical
impairments. Devices that need long or difficult
setup must be avoided in auseful system.

The measurement of brain activity under innovative
paradigms where participants' movements are allowed is an
intriguing and unique possibility. Novel paradigms have
great promise for improving knowledge of atypical
cognitive and emotional processes. EEG has begun to be
used in realistic interactions in dyads or even several
persons at the same time, a process described as 'hyper
scanning.' Mobile EEG devices may make it easier to
adapt such paradigms to neurodevelopmental groups and
real-world situations.

Future scope
As a functional brain method, EEG has a long history of
superior practicality and flexibility in children and
individuals of all ages and abilities, and it appears that the
same is true for mobile EEG, as evidenced by a recentcase
study investigating auditory brain responses in a
minimally-verbal child with cerebral palsy. The cognitive,
sensory, and/or motor sensitivities that characterize certain
neurodevelopmental disorders might be better
accommodated by mobile EEG. Mobile EEG provides a
solution to these problems by allowing for the collection of
high-quality EEG data using testing methods that are as
adaptable as possible.

Comparison
The electroencephalogram (EEG) and electromyogram
(EMG) are both electrical signals that may be collected at
the skin's surface with the use of surface electrodes.
Except for differences in necessary amplification and
filter settings, the equipment utilized to gather the
signals is comparable for the two.

Amplitude
Frequency

EMG
5mV
upto 10,000Hz

EEG
100mV
0-100Hz

The electrical activity of contracting muscles immediately
under the surface causes the electromyogram (EMG) to be
generated at the body surface. The amplitude of an EMG
signal can be as high as five millivolts, with a frequency
content of up to 10,000 Hz.

Large-scale research might be aided by mobile EEG.
Longitudinal and/or genetically informative components
(e.g., twin/family studies) are combined with cross-
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Specifications table:-

Gain
Range
Bandwidth
Consumption
Input impedance
CMRR

EMG
1009
±1.64mV
25-480Hz
~0.17mA
7.5GOhm
86dB

EEG
40000
±37.5µV
0.8-49Hz
~3mA
>100GOhm
100dB

Results and discussions
The electroencephalogram (EEG) is a continuous
oscillating electrical activity produced at the surface of the
scalp by nerve cell activity in the brain. The EEG has a
frequency range of 0.5 Hz to 100 Hz and an amplitude of
about 100 microvolts. Examining the energy in the EEG in
four frequency ranges can be used to determine the status
of brain activity: beta (13 - 30 Hz), alpha (8 - 13
Hz), theta (4 - 7 Hz), and delta (4 - 7 Hz) (below 3.5 Hz.).

For stroke rehabilitation, brain-computer interfaces have
been proposed. Electroencephalography (EEG)-derived
motor cortex activity can activate external devices that
give congruent sensory input. Many stroke patients,
however, acquire residual muscle control (EMG:
electromyography) as a result of spontaneous recovery and
therapy, thus EEG may not be required as a control signal.
Using both intercorellation and intracorellation of
multimodal data Signal distortion is significantly reduced,
especially at high compression levels. Improves the
accuracy of categorizing and labelling EEG and EMG data
collected and categorized according to the volunteer's
feelings.
To employ physiological data analysis in rehabilitation
devices, the processing must be done in real time, ensure
near to natural movement onset assistance, give high
mobility, and be done by tiny systems that can be
incorporated within the device.
Signal segregation in the EEG processing unit necessitates
a habitual reaction from the user, but signal segregation in
the EMG processing unit has a drawback in the form of
signal transmission latency, which may be mitigated by the
ossointegration process, but it is time consuming and
expensive.
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Conclusion/research outcome
According to above comparative research, EEG and EMG
signals that are produced during movement are required to
understand the association between the brain and muscles
depending on the presence of movement intention. As a
result, we predict that identifying the movement intentions
of stroke patients using EEG and EMG signals linked to
movement, depending on the site of onset and degree of
motor paralysis, will increase rehabilitation efficacy.
Future studies that could classify patterns of the presence
of movement intention in real time or per trial using the
properties of corticomuscular connectivity would be
beneficial for the development of a user-led rehabilitation
system that provides feedback based on the patients' states
would be beneficial for the development of a user-led
rehabilitation system that provides feedback based on the
patients' states.
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Abstract— The efficiency of a photovoltaic cell is
directly related to the temperature of the photovoltaic cell.
The temperature of the solar cell should be decreased in
order to achieve the highest electrical efficiency of the
photovoltaic cell. The best way to get the greatest results
is to choose the right method and methodology, which
will increase the cell lifetime, increase its efficiency, and
accomplish a definite rise in the cell's performance while
lowering the risk of cell destruction. In this study, a
detailed evaluation of the ways for lowering cell
temperature is conducted, as well as a study of these
methods. The outcomes were focused on the costeffectiveness and electricity consumption. The study's
goal is to determine which ways are best for lowering the
temperature of the cell, as well as their benefits and
differences, as well as the benefits and drawbacks of each
strategy. The goal of the paper was to figure out which
strategies are both effective and simple to utilize for
lowering the temperature of the PV cell.

energy, directly into power without the use of a heat motor
or turning hardware. Because PV cells contain no moving
parts, they require less maintenance and have a long
lifespan. Solar energy can provide electrical andthermal
energy, but the most pressing demand is to generate
electricity and eliminate the need for fossil fuel power
plants, where electricity can be generated using
photovoltaic (PV) cells. Photovoltaic (PV) modules are a
type of solid-state cell that converts solar radiation, the
planet's most abundant source of energy, directly into
power without the use of a heat motor or turning hardware.
Because PV cells contain no moving parts, they require
less maintenance and have a long lifespan.

Energy is produced without any emissions and impact on
the environment or some other gases and its task is for all
intents and purposes quiet. Photovoltaic frameworks may
be built in virtually any scale, ranging from milliwatts to
megawatts, and the frameworks are unique in that extra
boards can be easily added to increase yield. Photovoltaic
frameworks are extremely durable and require little
Keywords—Photovoltaic cell temperature, Air cooling, Water maintenance. They can also be used as stand-alone
cooling, Phase change material (PCM), Closed loop pulsating frameworks. Photovoltaic cells are the most widely used
heat pipe (CLPHP) for PV.
because of their benefits, particularly the conversion of
solar energy to electrical energy without polluting the
I. INTRODUCTION
environment with waste gas emissions. However, these
cells are affected by a variety of environmental factors
As the world's population grows, so does the impact of such as temperature and solar radiation, soil, and other
increased fossil fuel emissions on the environment, factors that affect photovoltaic cell efficiency and
making the usage of renewable energy more necessary performance.
and prevalent. The applications of renewable energy are
numerous and diverse, but solar energy is the most widely
In addition to the power of solar radiation, cell temperature
used and significant due to its sustainability and
has a significant impact on photovoltaic cell efficiency.
availability. Solar energy has gotten a lot of attention Photovoltaic panels turn a portion of the sun's energy into
from researchers and studies, and it's been used in a lot electricity, while the remainder is converted to heat.
of places throughout the world. Solar energy can provide Where heat represents wasted energy from the front
electrical and thermal energy, but the most pressing surface and the air gap in the back surface to the
demand is to generate electricity and eliminate the need surrounding environment via convection and radiation.
for fossil fuel power plants, where electricity can be This heat causes the photovoltaic cell's operating
generated using photovoltaic (PV) cells. Photovoltaic temperature to rise, lowering the cell's performance and
(PV) modules are a type of solid-state cell that converts electron transport qualities.
solar radiation, the planet's most abundant source of
383

Figure 1: Behavior of electrical efficiency and cell
temperature for a typical summer day.
The increase in the operating temperature of the
photovoltaic cell results in a decrease in the production of
photovoltaic panels. For example, crystalline silicon solar
cells have a typical power temperature coefficient of 0.5% for every 1ºC a rise in operating temperature.
Another study the efficiency of the photovoltaic cell
decreases by 0.5% when the cell surface temperature
increases one degree. photovoltaic cells are commonly
tested under standard settings (STC: 1000 W / m2, 25°
C temperature, and global 1.5 AM spectra). The solarPV
cell temperature is the main effect of the process of
converting solar energy into electrical energy in PV. The
production of electricity from photovoltaic cells is
directly affected by cell temperature, which confirmsthat
increasing the temperature of the photovoltaic cell
increases the current and lowers the voltage, confirming
that the production of electricity from photovoltaic cells
is directly affected by cell temperature. In most cases,
each 1°C increase in PV module temperature results in a
0.45 percent reduction in PV module efficiency for
crystalline silicon. A link exists between P-V
characteristics.
We can illustrate the operation of solar / photovoltaic
system When the solar radiation falls on the photovoltaic
cell and When through the P-N junction, the cell absorbs
the photon, and through the photonjunction becomes a
potential difference. A photovoltaic current (IPV) is
produced when the charging vectors flow. This current
corresponds to a diode called P-N thetemperature effect
on the photovoltaic cell can be calculated by using the
following mathematical equations.
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Sun-oriented PV modules, for the most part, absorbed
sunlight-based radiation but did not convert it to
electricity, instead aiming to produce heat and reduce
electrical proficiency. Despite the fact thatphotovoltaic
cell productivity varies from roughly 5% to 20%
depending on temperature and other factors, they
outperform other units such as wind and biomass in
terms of efficiency and performance. Since the
efficiency rate of photovoltaic cells is affected by cell
temperature, which drops from 0.25 percent to 0.5
percent for each degree depending on the type of
material used for the cell, Because of the substantial
drop in solar cell efficiency, which can range from 9%
to 12% at times, over 80% of the sunlight falling on
the ground is wasted. however, it is reflected or
converted to unwanted thermal energy, resulting in
energy loss. Because the warmth created causes a rise in
cell temperature, it has an impact on the cell's execution
and productivity. It is vital to work and thinkof solutions
that are feasible, easy, and applicable, and do not
demand extra maintenance, in order to make PV cells
more suited in alternative energy applications and
technologies. These solutions can address the issue of
increasing the temperature of the cell, hence improving
and enhancing the PV cell's efficiency and performance.
It is crucial to investigate all available strategies for
increasing solar cell efficiency, as well as the most
critical aspects that influence photovoltaic cell
performance. There have been previous studies and
useful work for many of the authors and researchers,
which will be presented in this paper to reduce board
temperature. Cooling of the PV boards is generally
done, which improves the electrical execution of the
module and reduces the warm burdens created in the
module.
This paper provides a detailed explanation of the most
important cooling techniques for photovoltaic cells
depending on the type of fluid used in the cooling of PV.
1. Studies that relate to use of air and water as
working fluid in cooling.
2. Studies that relate to the use of phasechanging materials.
3. Studies that relate to the use of closed loop
pulsating heat pipe.

ηe = ηpv [1 − βR (TC − TR) + γ log10 IPV]
Where: ηPV is the efficiency of the photovoltaic cell
which is calculated at standard conditions temperature;
TR (25° C). βR is the temperature coefficient of the
cell efficiency (usually 0.004-0.005/ °C); IPV is the
average hourly Radiation incident on the PV module at
nominal operating temperature; NT. TC is the
temperature of the PV module, and Υ is the radiation
intensity cell efficiency coefficient The equation above
is usually reduced by a value of ϒ is zero, and will be
the equation of calculating the effect of temperature on
the photovoltaic cell.

Depending on the latest research and researchers who
wrote about them and what their results from magazines
and scientific sources and then a table of all the
techniques and the difference between each technology
and its advantages and disadvantages.
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1- Studies that relate to use of air and water as
working fluid in cooling.
The use of air in cooling is common and beneficial dueto
its thermal properties. There has been a lot of researchinto
developing the technology for cooling photovoltaic cells
in the air, starting with free cooling, then forced cooling,
and so on, and the attempts and researches are still going
on to improve this technique and get the best heat transfer
convection coefficient possible. During by air cooling,
this approach is one of the most important strategies for
cooling photovoltaic cells by lowering the temperature of
the solar cell for the aim of boostingelectrical efficiency
through forced convection air circulation. The system is
composed in addition to the photovoltaic cell which that
installed on a steel duct to the air flow from it, as shown
in Fig. The air (which is the cooling fluid) is pushed
through the channel through a fan that consumption
energy from the photovoltaic cell and increasing its
energy consumption as it increases its speed, to increase
heat exchange and cooling the photovoltaic cell base. The
rate of heat transport is influenced by cell size. Heat
transfer to solar cell cooling via forced convection has
been studied extensively, and there have been various
research to improve cooling through the use of air
because air is abundant, has no influence on the
photovoltaic cell, and is cost-free. And among the
benefits of this techniqueare that it is simple, that it can
obtain air quickly and cheaply, and that it generally
produces satisfactory results, resulting in increased
efficiency, and that it can use hot air produced by the
cooling process in buildings within HVAC systems where
the air has low corrosion.
"Performance improvement of PV/T solar collectors
with natural air flow operation" was the subject of a
study. Air cooling is given to the photovoltaic PV
module, which is produced as a solar collector for the
PV / T air through natural flow, and two low-cost
Modification techniques are studied to promote the
transmission of heat to the air stream in the air duct in
this study. To optimize heat extraction from the unit,
thin metal sheets suspended in the center or fins
attached to the back wall of the airway were explored.
A computer model was constructed and confirmed
against experimental data gathered from externaltesting
campaigns for glazing. The PV / T versions have been
plated. The validation results demonstratean excellent
agreement between expected values and actual data,
allowing for an analytical examination of the air
performance of these PV/T collectors in respect to a
variety of design and operation parameters. Modified
systems perform better than standard systems and will
aid in the development of integrated performance
photovoltaic systems for natural ventilation applications
in buildings, both in terms of cooling and heating.

A previous study used air as a working fluid for cooling,
either naturally or artificially with the help of a fan, to
characterize the electrical behaviors of solar panels in
order to improve the design of PV installations on roofs
that ensure low operating temperatures, which will
correct and effect on the efficiency is produced by high
temperature, and up to the electrical power of the plate
convection forced higher obtained by natural convection.
Improvements in the photovoltaic cell reach to 15% in
electric power because the temperature lowered about
15°C and they are shown that the depth of the flow
channel under photovoltaic cells has great effect on
passive cooling as shown in fig (2).

Figure 2
PV was cooled by forced air, which was blown into a
rectangular duct on the rear of the cell by a researcher.
The results showed that when air passes over the back
of the cell, the temperature reduces by 11%, and when
air passes over the front of the cell, the temperature
drops by 10%. Cell efficiency is increasing at a rate of
3.7 percent every year. The effectiveness, order, and
number of fins mounted on the base of photovoltaic
cells, as well as their impact on the process of creating
turbulent air that transmits heat from the PV cell base,
were investigated. Fins are made of low-cost, easy-tomanufacture materials. The air was pushed throughtwo
10 watts of fans. The result of the CFD program showed
that increasing the number of fins leads to a significant
increase in thermal efficiency and a slight increase in
electrical efficiency.
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Water has a high heat transfer coefficient and has a high
capacity. Water-cooling technology is distinguished by
its high efficiency of cooling technology, which
improves the solar cell's conversion efficiency. It is
possible to use the hot water produced by the cooling
process in a variety of applications, but thedisadvantages
of this technology include the high costof building a
general system, the possibility of freezing coolant, the
high electrical energy consumption of the pump, and the
risk of system damage, leakage, andother defects. Water
cooling has evolved in a variety of ways, and it is possible
to describe some of the different types of forced watercooling techniques.
A centrifugal pump is used to push water through nozzles
spraying from the tank through the towing tube in the
Spray water cooling technique. The suction pipe has a
non-return valve and a filter to prevent big particles from
being absorbed and to safeguard the centrifugal pump.
After transferring the water filter tothe spray nozzles,
reduce the temperature of the photovoltaic cell by
spraying water on the cell as shown in fig (3). This
method is efficient because it reduces the proportion of
water used and increases electrical efficiency by spraying
water on the photovoltaic cell's surface, which lowers the
cell's temperature.
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by spraying water on photovoltaic cells. This can
significantly improve system efficiency, subsystem flow
rate, and pump flow rate when operating under various
heads. The water spray has been shown to boost the
optical system's performance. The heat from the front
surface of solar arrays can be removed in a water spray
across cells that absorbs heat created by the cells during
the day, reducing efficiency loss due to high
temperatures. This study makes use of a 225W water
pumping system with a water spray on Mahan.
Instead of utilizing water continually above PV, a
researcher used water spray technology to cool the
photovoltaic cell, and the performance of this technique
was tested. The electrical efficiency of the cell increased
by 17% from 8 a.m. to 5 p.m. in the summer, without
taking into account the pump's force. After the procedure,
the water pump system should be reset to ensure ongoing
output. The flow of water on the PV surface. Electrical
productivity increased by 26% as a result of the study.
A prior study used water to cool PV cells by spraying
them with water. The goal of this research is to cut down
on the amount of water needed in PV cell cooling [38].
For the solar cell, a cooling model based on water spray
was created. When the temperature reaches 35 °C, the
cooling process is complete. According to the findings of
this study, the solar cell produces the most power when it
is cooled to 45 degrees Celsius. He was successful in
calculating the maximum. The temperature at which
cooling by spraying should begin to improve total power
output (45 °C), as determined by the PV panel.
Note that the system needs at least X minutes to complete
the cooling procedure as shown in fig (4).

Figure 3
There are many studies and researchers who have
discussed the cooling of photovoltaic cells by using
water spraying technology. According to research, the
ability of Improving the performance of thephotovoltaic
pumping system was investigated [36]. This is done by
spraying water over photovoltaic cells. Results are
compared with conventional systems. The experimental
results show that cell energy is increased

Figure 4
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EXPERIMENTAL SETUP
1 – PV MODULE, 2 – TANK, 3 – PUMP, 4 – FILTER, 5 –
NOZZLE, 6 – DRAIN PIPE.
A researcher [39] describes an experimental approach
of water spray technology for improving photovoltaic
(PV) efficiency. Net energy savings are improved. Solar
energy's electrical efficiency should be improved.
Active water, panels working in less-than- ideal
conditions. The cooling system was developed ontop of
the PV spray group (Pump) cool water in frontof the
painting surface to remove heat away from the plate,
keep it cool, and maintain it within prescribed
temperatures. On the PV array, the technique of forced
water spraying and cooling with a steady water flow
rate. The design and implementation of the surface has
been completed. PV efficiency is directly related to the
pace at which the temperature of the plate surface drops.
Simultaneously, the hot water produced is extremely
valuable for homes, buildings, and other structures,
such as water heating systems, particularly in remote
places. The PV group's electrical performance was
investigated. In the middle of theday, the cooling rate
of the plate surface is 5 minutes =
4. The PV classes' electrical performance was also
investigated. Finally, the economic outcomes, which are
accomplished by raising the power supply by 7 watts
per degree during the day.
2- Studies that relate to the use of phase-changing
materials.
Other strategies, such as the utilization of phasechanging materials The most recent studies for PV
coolers present development of PV cell cooling
techniques, so it is necessary to discover aspects that
have not been focused on by most papers and
researchers, as well as the impact of each technique to
achieve the best results that contribute to the
development of photovoltaic cells, and a review of the
possibility of cooling with phase changing technology
(PCM) and its ability to reduce the temperature of the
photovoltaic cell.as shown in fig(5).
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The use of phase-change materials (PCM) with other
cooling technologies lowers the temperature of the cell,
lowering the cost of PV production projects while
increasing their performance, according to research on
photovoltaic cooling approaches. The amount of
research on cooling technology with change phase
(PCM) materials is limited, but we will focus on the
most significant aspect that provides information to the
subject, and these investigations were conducted in
practice and through numerical simulations. This
technique can maintain a low cell temperature of 25– 30
°C for an extended period of time and does not increase
the temperature even after a long period of time and also
reduce the consumption of electricity and does not need
to maintenance and modification and work silently
without noise and can used
\ The thermal energy contained within the material
undergoes a transformation as these materials retain
thermal energy for a longer period of time. However, the
initial cost of processing materials shift phase is
extremely high, and it is characterized by a lack of
stability over time, as well as limited thermal
conductivity, making it difficult to discharge and
disperse thermal energy. A researcher conducted a study
and simulation to analyses the Navier-Stokes equations
by modifying the buoyancy term to zero when the PCM
solid is formed by adding the term force at velocity with
the boundary condition transit convection and
conduction at the same time, and solving the problem
using a finite element programmed on a fixed grid. The
goal of this research was to keep the temperature of the
photovoltaic cell near the ocean by adding a non-pure
phase changematerial, SP/PCM, to the cell's base at the
back. The results revealed that the presence of this
change-phase material SP/PCM kept the cell
temperature below 40
°C for 80 minutes when exposed to solar light.
The heat stored in the variable phase material, which is
absorbed from the solar cell, is utilized to heat the water
through pipes flowing through the variable phase material,
which has a melting point of 22.4 ° C. The results showed
that cell performance with the change phase, material
(PCM) has doubled for two times compared to the cell
without (PCM), and waste heat for the cell's base is
available significantly to heat the water more than twice as
much as the cell without the substance.
A researcher employs Petroleum jelly as a phase change
material PCM to cool a photovoltaic cell, absorbingheat
from the cell base to cool the cell and comparing it to a
cell that does not have Petroleum jelly PCM. The result
shown is by using the

Figure 5: Integration of PCM layer on backside
of PV module for cooling.
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The result shown is by using the pure PCM can decrease
the temperature of pv 6.5 °C with an average of 2.7 °C
and then increase the electrical efficiency by an average
of 5 % and by using the combined PCM can decrease
temperature of pv 6.3°C with an average of
5.6 °C and then increase the electrical efficiency by an
average of 10%. Andit is a modern technology that is
in use and researches the use of nanotechnology to cool
photovoltaic cells. A previous researcher used
nanotechnology to cool the photovoltaic cell. A dynamic
test and analysis of several different nanotubes was
carried out to confirm their effect on improving heat
transfer from the base of the cell and reducing the
temperature by practical methods and simulation. The
fluid that has been tested is water, and Al2O3-zno-H2 is
mixed with Nan fluid Ethylene glycol as shown in fig
()The ratio of nanoparticles was 0.05% by weight Al2O3
With particle size of 5nm The zno 0.05 has a wavy ratio
and particle size of 10-30 nm the results showed that
compared to water As the absorption medium and
Nanofluid mentioned, the thermal efficiency increase
and the overall efficiency of the system Was recorded
for the final absorption scenario, although the
concentrations of nanoparticles were considered Is
relatively low and there is an increase in ambient
temperature and for 0.05% by weight of the molecular
mass of nanoparticles, the average increase in total
efficiency was 4.1% Energy efficiency was 4.6%
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oscillatory motion of the fluid. The fluid evaporates in
the evaporator portion and is pushed back into a liquid in
the condenser section. PHP is either a closed loop or an
open loop programming language.
It is a closed one when the tubes join with each other
in an end-to-end fashion. It's an open loop if there's no
end to end or disconnected ends. PHP is capable of
working in both scenarios. The inner diameter of the
tube, the quantity of heat supplied at the evaporator
section, the working fluid and its qualities, the fill ratio,
the number of turns in the PHP, and the orientation or
inclination angle of PHP, among other factors, all have
a significant impact on PHP's performance. PHP's
behaviors is complex due to the nonequilibrium nature
of its process and the growth and collapse of bubbles in
distinct tubes. The boiling and condensation
mechanisms of the liquid in the tube, as well as the
formation and bursting of Taylor bubbles throughout
PHP's operation, had an impact on its performance.
According to the data, a pulsing heat pipe (PHP) is used
in this study. The PHP has a 4 mm inner diameterand is
constructed of quartz. Figure 6 depicts the PHP's
dimensions schematically. The PHP had a total length
of 150 mm and was separated into three parts:
condenser, adiabatic, and evaporator, each measuring
30, 60, and 50 mm in length. PV panels must be
installed in such a way that the sun irradiation is parallel
to them. They discovered that the optimum performance
was obtained in the 20–40 inclination angle range, with
the highest radiation in the 30- inclination angle range.
Furthermore, they stated that the PHP had the optimum
thermal performance at a 40% filling ratio. Therefore,
in this work, the thermal resistances in 40% filling ratio
at the tilt angle of 300.

Figure 6: Illustration of Nanofluid with some distilled
water droplets 2O3-ZnO using Nanyl Glycol
Nanofluid.
3- Studies that relate to the use of closed loop
pulsating heat pipe.
A PHP is a heat pipe that is bent into loops with
capillary diameters. Working fluid was partially
injected into the tubes. The evaporator, adiabatic, and
condenser are the three major components of PHP. The
difference in temperature between the evaporator (hot
end) and the condenser section (cold end) causes the
fluid to flow through the tubes.
PHP instability due to unstable pressure Liquid plugs
and vapour bubbles disperse the fluid. As the heat
transfer rises, the performance improves due to the
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Figure 7
In this situation, forced convection is used in the
CLPHP's condenser portion to enhance the heat
transfer coefficient and, as a result, lower the PV
panel's temperature. The cooling water flow rate is
estimated to be 7.5 g/s. To keep the head loss of these
two situations comparable, this mass flow rate is
assumed to be the same as the flow rate of the cooling
water in the next scenario. At each solar radiation, the
temperature of the cooling water was considered to be
the same as the ambient temperature. The obtained
spatially average temperatures in this situation are
calculated to be 293.85, 310.26, and 326.62 K for 350,
564, and 1235 W/m2 solar radiation, respectively. The
obtained electrical powers in this scenario are 0.65,
0.89, and 1.58 W, for the mentioned radiations,
respectively. Along with the electrical gain, the
temperature of the cooling water increases by about
0.19, 0.48, and 0.79 K at each solar radiation,
respectively. Utilizing this water in a parallel heat
recovery heat exchanger increases the total efficiency
and exergy gain of the system.
The temperature difference between the evaporator and
condenser sections affects the PHP's performance. The
greater the temperature difference between the evaporator
and condenser sections of the PHP, the faster bubbles
form and collapse, increasing the pressure differential
between these two areas. The increased pressure gradient
accelerates the bulk motion of the working two-phase
flow, increasing convective heat transfer, which is the
primary heat transfer process within the PHP. As a result,
lowering the temperature of the CLPHP's condenser
section using forced water flow lowers the PHP's thermal
resistance.
DISCUSSIO
N
Depending on the type of material utilized to lower the
temperature, a detailed review of cooling strategies was
undertaken. As a result, it's critical to characterize and
clarify the outcomes. The benefits and drawbacks of each
method were thoroughly explained in the sections
preceding each technique. For the purpose of benefiting
future researchers working in the field of solar cell
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cooling in proportion to the technique, which will reduce the
temperature of the cell and raise the efficiency of
electricity. We believe that investing the heat created by the
cooling process in simple residential applications isthe
greatest option. - The heat sink advancement is incredible
and profitable, but the furious air makes the heat sink
temperamental. Cooling by used air strategies, including
compelled air stream, are astoundinglysuitable especially for
good climatic conditions, and the heat sink advancement is
incredible and profitable, but the furious air makes the heat
sink temperamental. Regardless, waste heat can be utilized
to improve the cell's electrical capability.
1 - The use of water for cell cooling systems in all

courses by constrained water stream and flooding of
the cell with water, showering, and so on, to a significant
increase in electrical proficiency because ofthe adequacy
of water temperature decrease, but it must change the
stream rate as the temperature changes, and the
association must be maintained on a continuous basis.
2 - Due to the high assimilation qualities of phase change

materials, their use in photovoltaic cell cooling can lower
cell temperature and increase celleffectiveness, and it can
conserve the warmth generated by the cooling method
for use in multiple applications. However, a number of
issues raised inthis research have reduced the use of this
method, including the fact that these chemicals will not
perform well in high-temperature and high-cool
environments.
3 – When the CLPHP is used as an active coolingsystem,

the PV panel temperature is reduced by 10.4, 12.4, and
22.2°, respectively, and the improvement rate is
increased by 11.8 percent, 12.5 percent, and
35.3 percent for 350, 564, and 1235 W/m2 irradiations.
Because PHP performs better at higher thermal power,
increasing solar irradiation improves the effectiveness of
the CLPHP cooling system.
CONCLUSION
A thorough literature assessment of the various cooling
strategies utilized in the cooling of photovoltaic cells was
conducted in this research. The usage of graphics, tables,
comparisons, and mathematical calculations in the
subject of cell cooling was based on contemporary
literature studies and scientific research. The most
popular and successful cooling solution for increasing
cell efficiency (electric and thermal) at the lowest cost
and with the least amount of energy usage and the cell's
temperature is lowered as quickly as possible, with the
goal of extending the cell's life, preventing cell death,
and maximizing its efficiency. The following is a
summary of the various refrigeration techniques that are
commonly employed in solar cell cooling, which was
compiled by analysing a range of recent studies and
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literature on the subject. The simplest and most readily
available approach that does not necessitate continual
maintenance and does not cause damage to sections of
the system that use air for solar cell cooling.
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I. ABSTRACT
The scope of this paper is to review different types of
sustainable water harvesting methods from the atmospheric
fogs and dew. In this paper, we report upon the water
collection performance of various fog collectors around the
world. We also review technical aspects of fog collector
feasibility studies and the efficiency improvements. Modern
fog harvesting innovations are often bioinspired technology.
Fog harvesting technology is obviously limited by global fog
occurrence. In contrast, dew water harvester is available
everywhere but requires a cooled condensing surface. In this
review, the dew water collection systems is divided into
three categories: i) dew water harvesting using radiative
cooling surface, ii) solar-regenerated desiccant system and
iii) active condensation technology. The key target in all
these approaches is the development of an atmospheric water
collector that can produce water regardless of the humidity
level, geographical location, low in cost and can be made
using local materials.

controlling circuit. Atmospheric Water Generator is a device
that can convert atmospheric moisture directly into usable
and even drinkable water. It is such a device which uses the
principle of latent heat to convert molecules of water vapor
into water droplets. It has been introduced a bit before,
though it is not very common in India and some other
countries. It has a great application standing on such age of
technology where we all are running behind renewable
sources. This paper also describes the experimental results
and the system’s performance.
IV. DESIGN
Since our project contains components that are readily
available in the market, as far as the engineering standards
are concerned, they are dependent on the manufacturers
producing such components. However, below is the list of
components with their grade/ standards enlisted.

II. INTRODUCTION
Many people in the world do not have access to clean fresh
water. Also, drought has plagued many regions in the world,
devastating crops and brought societies to the brink of
collapse (Such as the severe drought in the city of Cape
Town in South Africa right now). The UN has projected that
the demand for fresh water will exceed the supply by 40%,
so it is time for engineers to step in and find sustainable
solution to the water crisis. Our project is trying to address
the water shortage problem. Huge amount of water vapor is
present in humid atmosphere, especially in Al Khobar where
the humidity reaches high percentage, so it is imperative to
design atmospheric water extraction and collection system.
We will use solar cells and thermoelectric materials to
design innovative, simple and inexpensive atmospheric
water generator. This water generator could be used in
homes to provide people with fresh water or can be used in
farms for irrigation purposes.
III. METHODOLOGY
The paper presents the method to develop a water
condensation system based on thermoelectric cooler. The
system consists of cooling elements, heat exchange unit and
air circulation unit. A solar cell panel unit with a relevant
high current output drives the cooling elements through a

• Peltier Thermoelectric Cooler
Since our project is aimed towards domestic usage and
purposes, we have decided to use a Peltier Thermoelectric
cooler which actually has some very good thermodynamic
properties when it comes to cooling a chamber in a very
effective manner using a little as 12 volts D.C source. Also,
since it is available in many sizes from the market, we
managed to choose two small ones which cover an area of
about 0.16 square centimeters.

391

MULTICON W ICAMCE 2022
• Fans
In order to properly cool down the humid atmospheric air,
we have to make a use of an electric fan which also easily
available in the market. This fan will be mounted on the
outer side of the galvanized steel (where the water will be
condensed and stored in a reservoir) and uses a power
source of 12 volts to be successfully and effectively
functional.
• Aluminum heat sink
The Aluminum heat sink we agreed on using was utter
based to successfully accomplish the proper insulation of
heat and heat transfer to support the objective of our
experiment in order to make it effective enough to work
properly. Moreover, it was rendered in such a way that no
humidity rests on the walls of it and trickles down in the
container for water collection.
• Galvanized steel
We ensure to use galvanized steel in order to corrosion and
help with fabrication our prototype in such a way that it
completely does the purpose of what we are using it for.
Furthermore, since galvanized steel is readily available in
the market, we were able to use it with minor fabrications to
accommodate as an anchor and a stand to hold our prototype
at a vertical angle to allow water to trickle down the
mechanism and into the water reservoir.

air conditioners i.e. on the principle of cooling through
evaporation. The Atmospheric water generator works by
converting atmospheric air to pressurized air using a
Compressor and then this air is then passed through
Condenser pipes which decreases its temperature to dew
point. The air condenses to liquid and is passed through a
filtration system and it is then stored in a tank. The major
aim or objective of our project is to provide safe and clean
drinking water to those areas which are facing water shortage
problems or where water transportation through regular
means is expensive (especially rural areas). Our project
hopes to reduce this problem by providing an atmospheric
water generator that will run via bicycle-gear arrangement or
stand-alone renewable source of energy i.e. either solar or
wind.

V. SPECIFICATION

Ue = (P∆T)/100 𝑤
where Ue = unit energy per letter
(KJ/L)
P = power consumption
(W)
∆T = time in second
W= water productivity
(L/day)
❖ To find the dew point temperature(Td)
Td = T - ((100 - RH)/5)
where T = ambient temperature,
RH = the relative humidity
POWER( TIME(SEC/D
WATER(LITRE/
Ue(KJ/
W)
AY)
DAY)
L)
86400
0.5
373248
216
86400
1
186624
216
86400
1.5
124416
216
86400
2
93312
216
86400
2.5
74649.
216
6

Sr No.

Materials

Quantity

1
2

Large Heat Sink
Thermoelectric
Cooler (Peltier)
Small Fans With
Sink
Battery(12V)
Thermal Paste
Extension Wire
Reservoir
Filter
Galvanized Steel

3
3

Size(in
Cm)
4x4

4

10x10

1
2

-

3
4
5
6
7
8
9

1
1
-

8x8
30X40

VI. WORKING

VII. CALCULATIONS
Power of the System
To find the Power of the system:
➢ P=IV
……………(where I is the current, V is the
voltage)
= (12 x 6) x 3
P= 216 W
System Analysis
Unit of energy required per litre of water is given by,

VIII. APPLICATIONS

An Atmospheric Water Generator is an appliance that
employs dehumidification/condensing technology that
extracts water from the humidity in the air. The water is then
filtered and purified through several filters including carbon,
and reverse osmosis, and UV sterilization lights. The result is
pure drinking water from the air. An Atmospheric Water
Generator Works on the same principle as a refrigerators and
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In terms of sustainability, many projects are looked in its
application in the real world which would test the
dependability and durability of a concerned system.
Similarly, our project serves to be remarkable in these
aspects because water is a necessity of life and availability of
clean water can be consumed in a lot of different aspects;
• The air water generator can be used to generate clean
drinking water by attaching a filtration unit to it.
• The air water generator can be used at an industrial
scale also, such as any Industrial City, it can be used at a
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larger scale to generate enough amount of water to meet the
needs of the workers for drinking and domestic usage.
• These water generators can also be placed in sectors
such as Industrial, Residential and Commercial where water
can be used to good use.
IX. FUTURE SCOPE

Since it is still in a prototype stage, there are is lot
of room for improvements. One of which is, to
properly optimize the system which facilitate the
production of water in case of conditions where
humidity can be decreased too low. Secondly,
there should also be a need to properly insulate the
heat sink to avoid leakage of current and heat
which will eventually improve the efficiency of
the whole system. Also, there would be a need of
heat sink wall modification to avoid resting on it
and instead is passed straight towards the water
container
X. CONCLUSION

In a nutshell, our project has been a very big
challenge especially considering that there has
been previous done already in the past but with a
lot of budget in the bank. However, we are
challenging ourselves to do the same but with the
least amount of budget being spent on our system
because we are aiming for the majority who do not
have financial means to afford such big systems
which can generate water from atmosphere. But,
all things considered, we as a group are trying to
achieve the unachievable in the given time frame.
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Abstract: The continuously increasing demand for vehicle
body structure often requires the combination of
dissimilar metals with different thickness to reduce the
body weight. The resistance spot welding of dissimilar
metals is challenging due to differences in physical,
chemical and mechanical properties. This research work
is an overview to understand the influence of weld process
parameters on weld strength and quality, the researcher is
focus on weldability of dissimilar metal steel attracts more
and more attention withthe increasing usage of various
types of stainless steel. In this paper, a review of research
works done on spot welding on the most used variety of
stainless steel. The areas chosen for most of theresearchers
in the past have been found as similar metal sheets,
dissimilar metal sheets, mathematical modelling, finite
element analysis, characterization of resistance spot welds
and failure mode analysis. The influence of three major
areas such as mechanical, electrical and thermal coupled
with the ever growing demand for stainless steel as a
manufacturing material provides ample scope for fresh
researchers for in depth studies in this field.
Key words Resistance spot welding, welded joint, low
carbon steel, austenitic stainless steel, parameters
optimization,characterization and failure analysis,
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automobile's primary construction material. On the other
hand, resistance spot welding (RSW) is a widely used and
essential welding process in automotive manufacturing
because it is economical, fast and robust to part tolerance
variations. The RSW of steel, which has been extensively
investigates the RSW of these lightweight metal sheets as
indispensable.
Many researchers have contributed to improving the weld
quality and strength by conducting experiments based on
application,

materials,

significance

parameters,

characterizations and defects in spot welding for different
thickness. Some of the prominent publications and their
contributions to the fabrication of metal sheet structures are
listed below.
1.1

Application of spot welding

As we know that RSW process is used primarily for welding
two or more metal sheets together by applying pressure and
heat from an electric current to the weld area. Hamidinejad et
al., [7] studied the RSW process of galvanized interstitial free

1. INTRODUCTION

steel sheets and galvanized bake hard enable steel sheets,

In the automotive industries, weight reduction is strongly

used in the manufacturing of car bodies. They have modeled

demanded energy and natural resource savings also too

and optimized the factors influencing the quality of the joint

economy. Due to low density and significant mechanical

parameters. H. Eisazadeh et al., [8] develop spot-welding

properties, a lightweight metal such as aluminum alloys and

technique is very useful for the assemblies of multiple parts

magnesium alloys has been adopted. They are expected to

basically, the weld quality and nugget size are greatly

be extensively used to replace steel, which is partially the

influenced the strength. P.A. Dhawale et al., [9] given
regression equation are produced
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for the estimation of strength. Taguchi optimization of factors

and tensile shear load of joints. D. K. Aidun et al., [39]

used to identify the effective factors and their impact on the

studied the effects of welding parameters on the strength of

strength A.K. Lakshminarayanan et al., [10] finddwell time

aluminum alloy 6061-T6 joint have investigated the

is instrumental for the frictional spot welding of low carbon

optimization design of RSW parameters. Gean A. et al., [42]

automotive steels. M. Piccini et al., [11] conclude friction

stated the influence of porosity on the static and fatigue

stir spot welding joints are produced on aluminum and steel

strength of aluminum alloy joints. These experiments

joints. The process is optimized to make the process more

provided useful information to understand the performance

robust for various applications in automotive. A.H. Plaine at

of the magnesium alloys joint and aluminum alloys joint and

al., [12] done the experiment on study of aluminum AA6181-

revealed that enormously high welding current. 2.5 to 3times

T4 and titanium Ti-6Al-4V is spot welded by the friction

the current of welding steel is required in these alloys' RSW

technique for the response surface optimization [13-15] is

process due to their high electrical and thermal conductivity.

followed and it is reported that rotational speed is highly

However, an enormously high welding current would cause

influential in better joint preparation. Develop lightweight

two

structures to address demand, a multi-materials composite

problems.

Firstly,

electrode

tips

wear:

The

electrode/sheet interfaces' resistance is partially due to an

structure with steels and light metals, having the feature of

oxide coating on the base metal sheet's surface, mainly

reducing weight and saving cost as well as enhancing product

aluminum alloy. The oxide acts as an insulator at the

functionality was pursued. Oliveira JP & Pardal G, Ganguly

electrode sheet interfaces and creates problems for the RSW

et al., [16, 17] proposed in different industry fields due to the

process. When the current is applied, it seeks the path of least

feature of excellent corrosion resistance, lightweight,
strength-to- weight ratio, reliable mechanical properties, and
high specific strength at elevated temperatures.

resistance, where the oxide has been broken up. This leads to
uneven current distribution and excessive localized current
density, resulting in uneven heating. Due to local melting at

The effect and optimization of welding parameters on the

the interface and alloying results, surface discontinuities

tensile shear strength of RSW process, and the results give

because accelerated electrode surface deterioration. A higher

the optimum parameters to weld using Taguchitechnique

welding current would intensify the electrode tip erosion

and the microstructure and mechanical properties in

[43].

dissimilar austenitic/super duplex stainless steel joint. The
effect of double-layer shielding and five other process

Therefore, it would be practical to weld the lightweight metal

parameters such as welding voltage, current, primary

such as aluminum alloy and magnesium alloys under the

shielding gas type, its flow rate, and filler material, during

welding condition of low welding current using RSW

dissimilar combinations of austenitic stainless steel, AISI

machines with low rated capacity. Summary of the similar

316L, and super duplex stainless steel (UNS S32750) by

metals joint RSW with cover plates investigated the effects

continuous current and pulsed current gas tungsten arc

of welding parameters on the tensile shear strength of the

welding using ER2553 and ERNiCrMo-3 fillers.

joint and the shape characteristic of a nugget. To better

1.2

understand the resistance spot weldability, these lightweight

Resistance spot welding for Similar Material

The most common application of spot welding is in the

metals provide some foundational information for improving

automobile manufacturing industry, where it is used almost

the lightweight metal joints' mechanical properties. Identified

universally to weld the sheet metal to form a car. J B Sun et

pore formation mechanism during resistance spot welding of

al., [36] studied the microstructures and mechanical

these lightweight metal sheets to remedy this problem.

properties of magnesium ally joints. Z D Zang et al., [37]
have find the effect of welding time on the microstructure
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1.3

A. Aravinthan et al., [49] studied Analysis of Spot- weld

Resistance spot welding for Dissimilar Materials The

need for joints between dissimilar materials

Growth on Mild and Stainless Steel. This paper investigated

often arises in the industries, especially automotive

spot weld nuggets’ growth in mild steel, stainless steel, and

industries, because good joints between dissimilar materials

dissimilar steels, all with a 1 mm thickness. The investigation

enable multi-material design methodologies and low-cost

concludes the hardness of the welded zone is greater than the

fabrication processes. From this point of view, material

hardness of the unwelded zone for all three joints. The

supply, steels, and lightweight materials such as aluminum

increase in hardness between the unwelded zone and the

alloys, magnesium alloys and titanium alloys are the most

welded zone was more significant in mild steel than stainless

important construction materials. Therefore, the sound

steel because of the better thermal conductivity and lower

joining techniques among them are indispensable. However,

electrical resistance. The increase in current or weld time

these dissimilar materials joining have some difficulties in

does not influence the increase in hardness distribution in the

the welding process because of the massive difference in

welded region. It fluctuated without a relationship. The

physical and thermal properties and brittle reaction products

strength of the mixed weld (mild steel and stainless steel) is

at the welding interface. They were divided into severaltypes

like the strength of pure mild steel welds. The nugget

according to their characteristic.

diameter in stainless steel is more significant than the
diameter of nugget in mild steel for the same current and weld

Ladislav Kolarik et al.,[47] studied Resistance spot Welding

time because stainless steel still has lower thermal

of Dissimilar Steels. This paper presents an analysis of

conductivity and higher electricalresistance than mild steel.

resistance spot welds' properties between low carbon steel

The heat imbalance in the dissimilar joints caused the

and austenitic CrNi stainless steel. Thethickness of welded

asymmetrical shape of weld nuggets. Mild steel seemed to

dissimilar materials was 2 mm. The welding parameters'

have the highest nugget growth rate compared to the other

influence on the weld metal size has been evaluated; the weld

two types of joints.

metal size increases with welding current increase. The HAZ
of the low carbon steel sheet was broader than the HAZ of

A.M. Pereira et al., [50] studied the behavior of resistance

austenitic stainless steel. This is related to the higher thermal

spot welds done on aluminum sheets welded at different

conductivity of DC 01 steel. The structure of low carbon steel

welding

is fully ferritic. The hardness increased in the fusion zone.

examinations and hardness evaluations were carried out to

J.B. Shamsul et al.,

determine the influence of welding parameters on the welds'

[48] in this study, austenitic stainless steel type 304 was

quality. The welded joints were subjected to static tensile

welded by resistance spot welding. The relationship of

shear tests in order to determine their strength and failure

nugget diameter and the welding current was investigated.

mode. They observed that a single lap spot welded joint's

Hardness distribution along the welding zone was also

shear strength is a complex phenomenon, which depends on

investigated. Austenitic stainless steel, AISI-304, is an

many factors, like, welding parameters and base material

essential commercial alloy due to its excellent corrosion

properties. These factors control the microstructure and size

resistance, high strength, good ductility, and toughness. In

of weld nugget, which determine the welds' mechanical

this study, two steel plates were placed as a lap joint and spot-

behavior. In general, an increase in weld current coarsens

welded using varied welding current. The results show that

the weld nugget's microstructure, the heat-affected zone, and

increasing the welding current increased nugget size. The

affects the weld hardness is also significantly influenced by

nugget size does not influence the hardness distribution.

the base materials composition. They also observed a

Besides, increasing welding current does not increase the

significant increase in the failure load in static lap tests

hardness distribution.

determined in welds done with the increasing weld current

parameters

was

examined.

Microstructural

and weld time. With the augmentation of the nugget
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diameter beyond a critical nugget diameter, the failure

and numerical welding parameters to evaluate hybrid spot

changes from interfacial mode to pullout mode. A simple

welded and bonded single lap joints in comparison with the

analytical model was proposed to predict the critical nugget

purely spot welded and bonded joints. Thakur A.G. et al.,

size to obtain pull out failures in under matched welds in heat

[80] proposed a systematic approach to determine the effect

treatable aluminum alloys.

of process parameters like pressure time and current on
tensile shear strength of resistance weld joint of austenitic

D. Subramanian et al., [51] studied voltage, current and force

stainless steel AISI 304. Bharath P. et al., [81, 82] developed

usage for predicting the weld nuggets' size and strength in

an ANOVA technique to identify the influence of the welding

real-time. They described a promising technique for the

speed, welding current, electrode, and root gap on the

estimation of nugget size and weld strength through

strength of the material and concluded that the speed is most

experimentation. Author developed three types of models

influencing factor to get highest bend strength and current is

for perdition of nugget diameter. The predicted nugget

the most influencing factor to get higher tensile strength also

diameter results using different models where compared and

done modeling. Shafee S. Naik et al., [83]reported process

found that the linear best fit models found to be better result

parameter optimization to improve the spot weld quality. In

as compared to other model. Ahmet Hasanbasoglu et al.,

addition to that, experimental studies were conducted under

[52] studied the influence of primary welding process

varying force of electrode, welding current flow, and time

parameters on micro hardness and tensile shear load- bearing

duration. Ugur Esme et al., [84] investigated the effect and

capacity of dissimilar welds. Weldability of MSASS steels

optimization of welding parameters on the tensile shear

had been studied by keeping constant electrode force and

strength of RSW process, and the results give the optimum

peak current and at constant welding time. The influences of

parameters to weld using Taguchi technique. Bhattacharya A.

peak weld current on surface roughness, weld size, strength

et al., [85] studied the effect of double- layer shielding and

and ductility were evaluated. It was found that the tensile

five other process parameters such as welding voltage,

shear load-bearing capacity of welded materials increases

current, primary shielding gas type, its flow rate, and filler

with an increasing peak weld current due to the enlargement

material, during dissimilar gas metal arc welding (GMAW)

of nugget size.

between austenitic and duplex stainless steels.

M. Vural et al., [53] studied the effect of welding nugget

Neystani R. et al., [94] find the effects of parameters

diameter on the fatigue strength of resistance spot welded

concluded that preheat current was the most effective

joints of ASS and galvanized steel sheet. They measured the

parameter on the RSW followed by cooling time. Valera J. et

nugget diameter and crack length after fatigue tests. Y. Cho

al., [95] determined the effects of heating cycle, electrode tip

et al., [54] reveals how welding parameters and abnormal

diameter and welding current on TSS of AISI 316L and 2205

process conditions affect the quality of aluminum resistance

Duplex joints. Mansor et al., [96] studied the micro-RSW of

spot welding. Through the analysis, mathematical models

stainless steel 316L and Ti-6Al-4V with various process

were established, based on which the influences of welding

parameters, also given designed a special geometry for the

parameters on the weld lobes andweld size were discussed.

electrode in the welding tests. Anijdan S.
M. et al., [97] find the current density has the most

1.4

Effect of process parameters

considerable effect on the strength of the joints followed by

The critical parameters associated with a process and thereby

holding time after welding. Welding current had the greatest

determining the optimal settings for these process parameters

effect on the nugget size of RSW joints. In addition, their

for enhanced performance and capability. Campilho R. et

results proved that increase in weld current and weld time,

al., [79] studied the experimental

also decreasing the electrode force led to the highest
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amounts of nugget size and joint strength. They also

al.,

concluded that the increase in nugget size resulted in

[114] find the performance of the structure consequently

higher amounts of joint strength

depends not only on the mechanical properties of the
sheets

P. Chigurupati et al. [102] find that the nugget size
to be welded but also on the mechanical behaviors of the

increases with the weld current, as the Joule heating

joints. Ma Y. et al., [189] studied the deformation and

formula, the welding current has the greatest effect on the

failure behaviors of nugget, heat affected zone (HAZ), and

generation of heat at the faying surfaces. A. K. Pandey et

corona bond in the RSW process of JSC980YL steel with

al.,

the aim of a novel mini-peel test. Artificial neural networks

[103] Suggest, a higher weld current generates more heat

have attracted the attention of several investigators in

and forms a bigger weld nugget. M. Pouranvari et al.,

numerous fields of industry and engineering. Simplicity,

[104] concludes hardness profile for the high weld current

extensive capacity, and high-speed processing are the main

martensite formation in the weld nugget is attributed to the

advantages of utilizing neural networks in comparison with

high cooling rate of the spot weld process due to the

conventional approaches. On the other hand, fuzzy logic

presence of water cooled copper electrodes and their

system (FIS) is an accurate alternative to process modeling,

quenching effect. C. Ma et al., [105] suggest that due to

especially for systems where mathematical modeling is

the high content of alloying elements in the steel and high

verycomplex or even not possible [190, 191]. Using fuzzy

cooling rate, the hardness of weld nugget is higher than

logic, the relationship between input and output variables

that of the base metal. A much higher hardness in the weld

can be provided for very complex systems. This method,

nugget is apparently attributed to the formation of

using a combination of qualitative variables and

martensite. A. Moarrefzadeh et al., [106] says that

mathematicaloperators, provides a more accurate decision-

volume or amount of weld heat transferred to the exact

asking process.This method has been used successfully to

welding spot is actuated by the resistance against the

predict the behavior of many complex engineering

movement of electrodes and the applied energy. U. Esme

processes.

et al., [107] suggest that chosen factors is employed to get
the idealconditions and most effective process parameters.

Rimantas Didžiokas et al., [197] studied the impact of the

A.K. Pattanaik et al., [108] report that the welding current

internal welding defects on the strength of joints,

and its intensity is highly influential process parameter for

depending on the area of sporadic voids, slag intrusions

spot welding of aluminum alloys for automotive

and the field of discontinuities. The mathematical

applications. The spot welded joint strength is largely

relationships between the strength of the welded joint and

depending upon thewelding current and applied pressure,

defected area were concluded, in presence of all three

has been developed in order to predict the nugget size and

defects, the distanceof the defects from the weld surface

investigate the various effects of welding parameters

was measured. It is deduced that the defects nearer to the

1.5

surface reduce the strength of the welded joint more than

Characterizations

and

weld

Defects

Characterizations and defects is mainly focus on

those noticed in deeper layers. Young Gon et al., [199]

structure, properties, and performance relationships. It
also

study, the fatigue characteristics of a tensile shear

includes weld bonding, effect of welding parameters on

welding parameters that occur in the surface crack of

joint quality, main metallurgical defects in spot welds, and

welds on Zn-coated steel. Finally, a controlled spot

electrode degradation. Thomson E et al., [113] refer this

welding condition was suggested to prevent surface

book to study thousands of welded spots are required to

cracks. Christopher Paulraj et al., [200] develop a model

complete the building of an assembly. Dancette S. et

can evolve and improve over time by considering data

specimen during spot welding was investigated with the
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from previous phases and history data of the spot welding

6.

cycle. The optimized defect prediction methodology in

current and weld time increments until the expulsion limit

spot welding reduces the defects and predicted sample for

occurs

testing which reduces the rework and increase the

7.

productivity. Nachimani Charde et al., [201] investigate

poor weld produces an interfacial fracture (IF); the

reveals similar and dissimilar thicknesses:

medium weld produces tear form one side (PF); and a

pertaining

to

macrograph

orientation,

Tensile forces have proportional relationship with

The common three failure modes were seen as the

electrode

good weld produces button pullout or tear from both sides

indentation and the weld growth and subsequently found

(TF).The welding current and weld time increments have

the symmetrical weld bead geometry despite thicknesses.

resulted diameters increment at the welded zones.

B. Pollard et al., [202] conclude that due to higher carbon

8.

and alloy content, the resistivity of the low alloy steel was

Estimated cooling rate from the nugget edge to

nuggetCentre decreased from an order of magnitude 107

higher than that of low carbon steel and lower weld

to 10⁴ Kelvin/sec.

currents. Spot welds exhibited adequate ductility and, in
It has been observed that, most of the research works done

comparison with spot welds in low carbon steel, had twice

on spot welding of stainless steel are on austenitic

the tensile shear strength and similar impact and fatigue

stainless steel. With the other varieties of stainless steel

properties.
2

also finding more and more applications in rail and

CONCLUSION

automobile industries, more in depth studies of spot

In the foregoing sections, many of the research works

welding of those varieties on different aspects mentioned

carried out on resistance spot welding of dissimilar Steels

above, assumes a lotof significance.

have been presented. Several aspects on Application of
spot

welding,

Resistance

spot

welding

for

3
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aircraft to a height of 300 feet. It was powered by a
PVarray on the wings. (The U.S. Air Force funded
the development of these aircraft with the hope of
using them as spy planes.) The first totally
solarpowered car was built in 1977. It was small,
lightweight, and cost relatively little. Experimental
SPV‘s, equipped with advanced technology, have
been built with the backing of major auto
manufacturers, including General Motors, Ford, and
Honda.
There several types of tricycle that can be chosen
such as paddle tricycle, motorized tricycle and
electric tricycle. But there are some weaknesses
about that type of tricycle. To overcome the
weakness this project will develop a better
tricycle. Because of India is located in the topic of
Capricorn area, this project will make used the
energy of the sun that rarely used in India to
generate the tricycle.
As what had been mention earlier, there are
several types of tricycle that can be categories that
is paddle tricycle, motorized tricycle, and electric
tricycle. The weakness of the tricycle make people
do not like to used tricycle. First, paddle tricycle
needs a lot of energy to paddle the tricycle. The
user will surely be tired after used the tricycle.
This will not suitable for student to use to go to
the class because they will be tired when they are
in the class and will lost their concentration while
hearing the lecture. Next, motorize tricycle that
used fuel as it prime mover. The tricycle use fuel
that is costly. As a student, their allowance is
limited and only can be used for their study
material and for their food to survive at the
campus. Besides that, motorize tricycle will make
pollution that can be very bad for our environment
especially in this period that global warming
happen to the earth. Lastly, electric tricycle that
generate by battery can be only be sufficient for
about an hour. The user needs to find power
supply to recharge the battery or else they need to

Abstract— Solar plays a vital role in our day to day

life. In this paper it is discussed that how solar
tricycle will help to reduce the effort of handicapped
person. All the designs specification considered
after analyzing the problems from the handicapped
person. Comfort of the person in the tricycle is an
important and we have given importance to it. The
main content of the tricycle is Solar PV panel,
Brushless PMDC motor, Charge controller and
battery. This paper will discuss about the main idea
of this project and to get a larger picture on what is
the problem in the current technologies, what that I
want to achieve in this project and the area that will
cover on this project. This paper is divided into
some categories that are project background to
describe the reasons to do this project, problem
statement to inform about the problem or weakness
of the existing technology, objective to make sure
what actually this project must achieve and scope of
this project to specify what will be used in this
project.

Keywords—Solar
Powered
Automation, Tricycle.
I.

INTRODUCTION

Electric vehicles, which use 100% electric power,
use electric motors instead of an internal
combustion engine to provide motive force.
Solarpowered vehicles (SPVs) use photovoltaic
(PV) cells to convert sunlight into electricity. The
electricity goes either directly to an electric motor
powering the vehicle, or to a special storage battery.
PV cells produce electricity only when the sun is
shining. Without sunlight, a solar powered car
depends on electricity stored in its batteries.
Since the 1970s, inventors, government, and
industry have helped to develop solar-powered cars,
boats, bicycles, and even airplanes. In 1974, two
brothers, Robert and Roland Boucher, flew an
extremely lightweight, remote-controlled, pilotless
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paddle the tricycle that used more energy compare
to the normal tricycle because of the weight.
II.

OBJECTIVES

To overcome the problem and the weakness, this
project need to do some research and studying to
develop better technology. To make it success there
are several thing that we need to know such as what
will be the prime mover, how to stored it and the
advantages of this new vehicle. In that case, these
are the list of the objective to be conduct before
continue to proceed on this project: To develop a
vehicle that use renewable energy, environmentally
friendly and cheap. To develop an electrical
tricycle that can charge the battery when it is not in
used. To develop low speed tricycle, but for a
longer distance.

Brushless DC motor mounted on wheel

Idea comes in our mind. Basically in India
tricycle mostly used only the
handicapped person. But in foreign country tricycle
as
the handicapped person is used as well as the non
handicapped person is used.

Battery

IV.

Scope of Hybrid solar tricycle To convert the
solar energy to the electrical energy by using solar
cells, then Converting this electrical energy to
mechanical energy by using dc motor to run the
tricycle beside the human paddling.
To find the alternative of fuel.
To maintain the ecological balance. To
form the economical tricycle.
There is a need for a green energy.
III.

WORKING

Solar panels transfer energy to 12 volt deep
cell batteries located on the bike's frame just below
the chair. From there, a small brushless dc motor
between the front wheel hubs powers the bike. The
whole system is on a continuous feedback loop,
enabling the bike to partially recharge while in use
thus extending the bike's range. A dc motor located
in front wheel is controlled by the speed controller
and throttle. The rider can switch from pedal power
to solar power easily, and when not in use, the solar
panels continue to recharge the batteries. The
motor's maximum is 250 w.

SPECIFICATION

Solar panel: 12 volt, 75 W= 2Nos. Motor:,
brushless dc motor, 24 volt, Maximum load current
is. Power rating is 250 W, 300rpm. Battery: 12 V- 2
Nos.
Charging time: 6 hr
Maximum speed: 33 km/hr
Frame: Steel in parts with high strength
requirements.
Wheels: Front 20 x 1.75. Rear 23 x 2.00. Tyres:
Front 23 x 2.50. Rear 20 x 2.00 / 2.25 moped
strength.
Size: Length 2.3 M. Width - 1.2 M. Weight:
Chassis 98 Kg. Load Capacity: 90 kg
Handlebars: Maxims Design.

working diagram of solar tricycle
V.

ADVANTAGES

1. Solar energy creates absolutely no pollution.
This is perhaps the most important advantage
that makes solar energy so much more
practical than oil. Oil burning releases
harmful
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5.

greenhouses gases, carcinogens and carbon dioxide into
our precious air.
2. Solar energy is a completely renewable resource.
This means that even when we cannot make use of
the sun‘s power because of nighttime or cloudy and
stormy days, we can always rely on the sun showing
up the very next day as a constant and consistent
power source.
3. Solar panels and solar lighting may seem quite
expensive when you first purchase it, but in the long
run you will find yourself saving quite a great deal of
money. After all, it does not cost anything to harness
the power of the sun. Unfortunately, paying for oil is
an expensive prospect and the cost is still rising
consistently. Why pay for expensive energy when you
can harness it freely?
4. Solar powered panels and products are typically
extremely easy to install. Wires, cords and power
sources are not needed at all, making this an easy
prospect to employ.
5. Solar power technology is improving consistently
over time, as people begin to understand all of the
benefits offered by this incredible technology. As our
oil reserves decline, it is important for us to turn to
alternative sources for energy.

Draws attention to the practical.

VIII.
CONCLUSION
We can say our project can be a success
considering the changes we had to make in the
spring once we actually found out how the hybrid
solar tricycle was for. We can achieve our five aims,
and we believe that we have a system that will be
effective in providing mobility for persons who
have disabilities. One of the major lessons we have
learned is that designing an appropriate technology
is a huge challenge. Appropriate is more than just
availability for replication, it considers longevity,
reliability, and efficiency.
IX.
LIMITATION
Initial purchase price is high. Storagebatteries will need
to be replaced after about 3-5 years.
Can't tricycle more than one passenger. Slow speed
comparing with other ways oftransportation.
Although solar energy is an unlimited resource, it is not
always available when it‘s needed—the sun must be
shining.
SPV's that have a built-on PV array differ from
conventional vehicles (and most electric vehicles) in
size, weight, and shape. The tricycle must be efficiently
designed. Lightweight structural materials, such as
aluminum or lightweight composites, and low friction
components improve performance. They are usually
built to tricycle very little – only one or one people.
Some SPV‘s use no batteries; others use lightweight
silver-zinc batteries. These batteries are expensive and
need to be recycled after only a few charging cycles.
Nickel-metal-hydride batteries may last up to 100,000
miles, but significantly increase the weight of the
vehicle. (Lithium ion battery use is possible, but very
expensive.) A large amount ofsurface area is needed on
the tricycle to be used solely for solar power PV cells.
State-of-the-art PV cells are only about 20 percent
efficient.
The primary safety concern with the development of a
prototype vehicle, or vehicle altered by hobbyists – as
the majority of SPVs are – is that of design and an
ability to adequately test the vehicle. If meant for road
use, the final design must be road worthy. Proper
attention must be paid to all aspects of vehicle design,
including steering, suspension, breaks, protection for
the driver, proper seatbelts and seating, properly
secured motors and batteries, and adequate chassis
strength and durability. All prototypes and modified
vehicles must be properly tested before operating onroad. As with all electric vehicles, lethal levels of
electricity may be present in the

VI. DISADVANTAGES
1. Initial purchase price is high.
2. Storage batteries will need to be replaced after
about 3-5 years.
3. Can't carry more than one passenger.
4. Slow speed comparing with other ways of
transportation
5. Although solar energy is an unlimited resource, it
is not always available when it‘s needed—the sun
must be shining.
6. As with all electric vehicles, lethal levels of
electricity may be present in the battery pack, so it
should be treated with caution and respect
VII.
APPLICATION
1. Travel for free with the power of the sun.
2. Provides free, 'green' transportation for short
distances (<10 miles), thus it must never plug into
a wall socket, or emit anypollutants.
3. Charges while at work.
4. Is cheap, simple, and low maintenance.

406

MULTICONE W ICAMCE 2022
battery pack, so it should be treated with caution
and respect.

X.
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country, they are unable to supply the power
according to the demand. For an alternate method to
generate electricity there are number of methods by
which electricity can be produced, out of such
methods footstep energy generation can be an
effective method to generate electricity. It is clear,
safe, and free, does not pollute the environment and
thus will be an extremely viable alternative in the
days to come. As there is a tremendous increase in
the crowd, the load applied on the foot steps by the
people, it generates nonstop energy, which can be
stored and utilized to energize the street lights. Here
the concept is to convert the mechanical energy in

Abstract— Man has needed and used energy at an
increasing rate for his sustenance and wellbeing ever
since he came on the earth a few million years ago.
Due to this a lot of energy resources have been
exhausted and wasted. Proposal for the utilization of
waste energy of foot power with human locomotion is
very much relevant and important for highly populated
countries like India and China where the roads,
railway stations, bus stands, temples, etc. are all over
crowded and millions of people move around the clock.
Here in this project Non-conventional energy using
foot step is converting mechanical energy into the
electrical energy. A mechanical arrangement is made.
That is rack and pinion gear mechanism. In this
project the conversion of the force energy in to
electrical energy. The control mechanism carries the,
unidirectional current controller and lead acid dc
rechargeable battery and an inverter is used to drive
AC/DC loads. The battery is connected to the inverter.
This inverter is used to convert the DC to the A.C. This
A.C voltage is used to activate the loads. We are using
conventional battery charging unit also for giving
supply to the circuitry. This project uses regulated,
power supply.

I.

EASE OF USE

Proposal for the utilization of waste energy of foot
power with human locomotion is very much to
electric energy. Man has needed and used energy at
an increasing rate for his sustenance and wellbeing
ever since he came on the earth a few million years
ago. Primitive man required energy primarily in the
form of food. He derived this by eating plants or
animals, which he hunted. With the passage of time,
man started to cultivate land for agriculture. He
added a new dimension to the use of energy by
domesticating and training animals towork for him.
With further demand for energy, manbegan to use
the wind for sailing ships and for driving windmills,
and the force of falling water to turn water for sailing

INTRODUCTION
As the availability of conventional energy declines,
there is need to find alternate energy sources. All
most all the state electricity departments in our
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ships and for driving windmills, and the force of
falling water to turn water wheels. Till this time, it
would not be wrong to say that the sun was supplying
all the energy needs of man either directly or
indirectly and that man was using only renewable
sources of energy.

controversiesregarding energy use. Today, because
of the variety of energy choices and differing goals
of their advocates, defining some energy types as
"alternative" is highly controversial. In a general
sense, alternative energy as it is currently
conceived, is that which is produced or recovered
without the undesirable consequences inherent in
fossil fuel use, particularly high carbon dioxide
emissions, an important factor in global warming
range of jobs and is a simple, cheap, and convenient
source of energy. However, human kinetic energy
can be useful in a number of ways but it can also be
used to generate electricity based on different
approaches and many organizations are already
implementing human powered technologies to
generate electricity to power small electronic
appliances. The utilization of waste energy of foot
power with human motion is very important for
highly populated countries India and China where
the roads, railway stations, temples, etc. are all over
crowded and millions of people move around the
clock.

relevant and important for highly populated
countries like India and China where the roads,
railway stations, bus stands, temples, etc. are all
over crowded and millions of people move around
the clock. This whole human/bioenergy being
wasted if can be made possible for utilization it will
be great invention and crowd energy farms will be
very useful energy sources in crowded countries.
Walking across a crowd, then, will be a fun for idle
people who can improve their health by exercising
in such farms with earning.
The electrical energy generated at such farms will be
useful for nearby applications. However modern
technology has led to machines to enhance the use of
human-power in more efficient manner. In this
context, pedal power is an excellent source of energy
and has been in use since the nineteenth century
making use of the mostpowerful muscles in the body.
Ninety-five percent of the exertion put into pedal
power is converted into energy. Pedal power can be
applied to a wide

II.

PROBLEM STATEMENT

Some developing countries and newlyindustrialized countries have several hours of daily
power-cuts in almost all cities and villages because
the increase in demand for electricity exceeds the
increase in electric power generation. People in
these countries may use a power-inverter
(rechargeable batteries) or a diesel/petrol-run
electric generator at their homes during the
power- cut. The use of standby generators is
common in industrial and IT hubs. This ultimately

ALTERNATIVE ENERGY SOURCES

It is any energy source that is an alternative to fossil
fuel. These alternatives are intended to address
concerns about such fossil fuels. The nature of what
constitutes an alternative energy source has
changed considerably over time, as have
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increases theshortage of power.

EXISTING SYSTEM
Other people have developed piezo-electric
(mechanical-to-electrical) surfaces in the past, but
the Crowd Farm has the potential to redefine urban
space by adding a sense of fluidity and encouraging
people to activate spaces with their movement. The
Crowd Farm floor is composed of standard parts
that are easily replicated but it is expensive to
produce at this stage. This technology would
facilitate the future creation of new urban
landscapes athletic fields with a spectator area,
music halls, theatres, nightclubs and a large
gathering space for rallies, demonstrations and
celebrations, railway stations, bus stands, subways,
airports etc. Like Capable Of Harnessing Human
Locomotion For Electricity Generation Energy.
We are trying to utilize the wasted energyin a
useful way.

B

pinion shaft is connected to the supporter by end
bearing. The gearwheel arrangement is

C WORKING
The upper plate is mounted on two springs; the
weight impact is converted into electrical power
with proper control unit. The spring and rack &
pinion arrangement is fixed below the foot step
which is mounted on base. Spring system is used
for return mechanism of upper plate after release of
increased, so the footstep arrangement is used to
generate the electrical power in order to
compensatethe electric power demand. In this
arrangement the mechanical energy is converted
into electricalenergy. This section is constructed by
of rubber or other material which is placed within
the surface areas. This section is mainly placed in
the crowed areas. This footstep arrangement is
attached with spring section. Footstep section
consists of DC Generator Shaft battery
connected to the shaft which in turn is connected to
the DC generator. The DC generator is connected
tothe battery and the LEDs.

OBJECTIVES

By using Rack and Pinion arrangement we are
converting to and fro

load. The shaft along with pinion is supported by
end bearings. One end is connected with small
beltpulley system and on the other end a
flywheel is mounted. The dc generator is rotated
with the helpof this belt & pulley arrangement.
The terminal of DC generator is connected to
lightning LEDs

motion of the steps into rotational motion of
thedynamo.

COMPONENTS USED
The footstep arrangement is used to generate the
electric power. Now a day’s power demand is

WORKING PRINCIPLE: The complete diagram
ofthe footstep power generation is given below.
Only one step is inclined in certain small angle
which is used to generate the power. The pushing
power is converted into electrical energy by
proper driving
A. When force is applied on the plate by
virtue on stamping on the plate the force
spring gets compressed.
B. The rack here moves vertically down The
pinion meshed with the rack gear results

Springs
Foot – step
Gearwheel arrangement
Rack and Pinion section
The rack & pinion, spring arrangement is fixed at the
inclined step. The spring issued to return the inclined
step in same position by releasing the load. The
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in circular motion of the pinion gear.

torque, may still be substantial and so it is common
for there to be a reduction gear immediately before
this by either a gear or worm gear reduction. Rack
gears have a higher ratio, thus require a greater
driving torque, than screw actuators. A rack and
pinion mechanism is used to transform the rotary
motion in to linear motion and vice-versa. A
single gear, and pinion arrangement meshed with
a sliding toothed rank. Thiscombination is converts
rotary motion in to back and forth motion.
Windshield wipers in cars arepowered by rack and
pinion mechanism.

Fig 1: Cad Model of system

C. For one full compression the pinion
Moves 1 semicircle.
D. When the force applied on the plate
released the pinion reverses and moves
another semi-circle
E. The generator attached to the pinion
hence results in the sinusoidal waveform.

Fig 2: Rack and Pinion

Rack and Pinion working

Whenever force is applied on the plate that force is
converted to Electrical energy is used to drive DC
loads. And that minute voltage which is stored
inthe Lead Acid battery. The battery is connected
to the inverter. This 230 Volt A.C voltage is used
to activate the conveyor belt. A rack and pinion is
a type of linear actuator that comprises a pair of
gears which convert rotational motion into linear
motion. A circular gear called "the pinion" engages
teeth on a linear "gear" bar called "the rack";
rotational motion applied to the pinion causes the
rack to move relative to the pinion, thereby
translating the rotational motion of the pinion into
linear motion. Rack and pinion combinations are
often used as partof a simple linear actuator, where
the rotation of a shaft powered by hand or by a
motor is converted to linear motion. The rack
carries the full load of the actuator directly and so
the driving pinion is usuallysmall, so that the gear
ratio reduces the torque required. This force, thus

Fig 3: Spring

Fig 4: Bearing
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direct current applications that transport bulk power.
Inverters are commonly used to supply AC power
from DC sources such as solar panels or batteries.
There are two main types of inverter. The output of a
modified sine wave inverter is similar to a square
wave output except that the output goes to zero volts
for a time before switching positive or negative. It is
simple and low cost and is compatible with most

Fig 5: Spur gear

electronic devices, except for sensitive orspecialized
equipment, for example certain laser printers. A pure
sine wave inverter produces a nearly perfect sine
wave output (<3% total harmonic distortion) that is
essentially the same as utility-supplied grid power.
Thus it is compatible with all AC electronic devices.
Work done =196.2 x 0.05
Work done = 9.81, Power = 0.981/60
Power =0.1635
Power generated per an hour = 0.1635 = 588.6 watt
PRACTICAL POWER OUTPUT

Fig 6: Schematic diagram of proposed system

Power can be calculated in terms of obtained
voltage and current when the load is applied on the
footsteps. The readings are noted by using the
Multimeter.

A. DESIGN AND ANALYSIS
INVERTER

Let the weight applied by the body is 20kgs, then
the maximum displacement of the spring can be
noted as 0.05m

Power = Voltage Current.
Here, when the foot is depressed due to the applied
load on the footsteps the calculated power is as
follows.

Force =20 x 9.81=196.2N
An inverter is an electrical device that converts direct
current (DC) to alternating current (AC); the

For one step of 20kgs of load applied on the
footsteps, the generated voltage is 2.6V and the
average current produced is 12 milliamps. Power =
2.6 X 0.012 = 0.0312

converted AC can be at any required voltage and
frequency with the use of appropriate transformers,
switching, and control circuits. Solid-state inverters

Power generated per hour is 0.0312 X 3600 =112.3
Watts. Thus the obtained power for continuous load
applied on the footsteps for one hour is 112.3 watts.

have no moving parts and are used in a wide range of
applications, from small switching power supplies in
computers, to large electric utility high- voltage
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B.

energy can be tapped and used at a commonly used
floor step. The usage of steps in every building is
increasing day by day, since even every small
building has some floors. A large amount of energy
is wasted when we are stepping on the floors by the
dissipation of heat and friction, every time a man
steps up using stairs. There is great possibility of
tapping this energy and generating power by
making every staircase as a power generation unit.
“Electricity Generation from Footsteps; A
Regenerative Energy Resource” by Tom Jose V*,
Binoy Boban*, Sijo M T*. In these research paper
author manufactured a model made from stainless
steel, recycled car tires and recycled aluminum,
also includes a lamp embedded in the pavement
that lights up every time a step is converted into
energy (using only 5 percent of the generated
energy). The average square of pavement produces
about 2.1 watts of electricity. And according to
author, any one square of pavement in a high-foot
traffic area can see 50,000 steps a day. Based on
this data, only five units of pavement can be enough
to keep the lights on at a bus stop all night.
"Electricity Generation from Footsteps; A
Regenerative Energy Resource” by Tom Jose V,
Binoy Boban, Sijo M T. In these research paper
author manufactured a model made from stainless
steel, recycled car tires and recycled aluminium,
also includes a lamp embedded in the pavement
that lights up every time a step is converted into
energy (using only 5 percent of the generated
energy). The average square of pavement produces
about 2.1 watts of electricity. And according to
author, any one square of pavement in a high-foot
traffic area can see 50,000 steps a day.

APPLICATIONS

A. Foot Step Power generated can be used for
agricultural, home appliances and street
lighting Areas where it is applicable.
B. Railways and subways , temples, bus stand
and airport, music halls , auditorium, cinema
houses.
It can be used in Emergency power failure
because it doesn't depend on any external
factor. it depends on human resource which is
available at all time so it is most reliableat
time of emergency.
C. Same principle and mechanism can be
used in Speed breaker to generate high
amount ofelectricity because of more
vehicle weight which in turns used to glow
highway light and signals.
C. LITERATURE REVIEW
“Electrical Power Generation Using Foot Stepfor
Urban Area Energy Applications” by Joydev
Ghosh, Amit Saha, Samir Basak, Supratim Sen. In
this research paper authors used 80 volts and 40
mA from one coil have been generated from a
prototype model as first invention. The second
invention provides 95 volts and 50 mA from one
coil and this generated power can be used to light
LED array and to run DC fan after rectifying the
AC or can charge batteries. For high efficiency in
the axel of the second gear, they fitted a strong
magnet vertically, so that when the gear will rotate
due to human body weight the magnet also rotate.
The magnet is placed in a loop type copper coil.

B. FUTURE ADVANCEMENTS
Our After successful completion of phaseone of
prototype building we will combine foot step power
generation mechanism with Piezoelectric Sensor
and Distribution using RFID. This will lead to
increase in power output at minimum increase in
cost, This will give Double output with single
inputwhich is more efficient and cost saving.

When the magnet start rotating according to the
Faraday’s law of electromagnetic induction, there
will be induced emf in the coil.
“POWER GENERATION FROM STEPS” by
A.
Ramesh Raja R, Sherin
Mathew. This research paper attempts to show how
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The project work “Power generation by foot step” is
designed and developed successfully, for the
demonstration purpose a proto type module is
constructed with lower ratings of devices, & results
are found to be satisfactory. As it is a demo module
it cannot be used for real applications, but the
concept is near to the real working system, to make
it more realistic, higher rating power generator with
suitable gear mechanism is essential to produce
more energy. This concept falls under the subject of
nonconventional energy resources, out of the many
alternative energy resources one dependable source
is solar energy. Therefore, alternative cheapest
source is to generate electricity from foot step. This
technology proven here is the ultimate inexpensive
source of all known forms of energy. When it is
implemented practically, depending up on the size
& traffic flow, each foot step may produce tens of
kilowatts power every day, this power can be
utilized for many applications. One important
advantage of producing energy through this
technology is that it does not pollute the
environment. Hence this foot step can be altered
with this technology, there by all the street lights
belongs to a particular city can be energized.

D. This is a non-conventional system.
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Abstract— Carbon is a very light element with a density equal to 2.268 g/cm3. Carbon can exist in a variety of
crystalline forms. Our interest here is in the so-called graphitic structure wherein the carbon atoms are arranged in the
form of hexagonal layers. Another form of carbon is Buckminster Fullerene (or Bucky ball), with a molecular
composition of C60 or C70. One can also have carbon nanotubes, which are nothing but drawn out version of Bucky
balls. Carbon in the graphitic form is highly anisotropic, with a theoretical Young’s modulus in the layer plane being
equal to about 1,000 GPa, while that along the c-axis is equal to about 35 GPa. The graphite structure has a very dense
packing in the layer planes. the high-strength bond between carbon atoms in the layer plane results in an extremely
high modulus while the weak van der Waals-type bond between the neighboring layers results in a lower modulus in
that direction. Magneto Rheological Brake was designed with magneto rheological fluid based on silicon oil based fluid
composite. The composites possess a yield stress in a magnetic field which can be described at sufficiently high strain
rates by the Bingham relation τ = τy + η0γ˙, where τ is the shear stress perpendicular to the applied field, τy the
extrapolated yield stress, γ˙ the strain rate and η0 the plastic viscosity. Thus, a composite, particle concentration φ =
0.35, in a field 0.036 T with χ¯ = 0.96 has a yield stress τy of 26 Pa. The yield stresses obtained experimentally for
different φ and B0 correspond well to values predicted theoretically by Rosensweig using a determination of τy based
on a continuum concept of unsymmetrical stress that develops in the deformed but unyielded anisotropic medium. As
a family of smart functional hybrid materials, magnetic CNT/fe3O4 Composite Particles have attracted considerable
attention owing to their outstanding magnetism, dispersion stability When magnetic field is applied, it is assumed that
particle forms single chain in direction of magnetic field. This hybrid mixture of suspension gives improved yield stress
of magneto rheological fluid due to stronger chain formation process, which gives maximum braking torque. Volume
of brake was investigated in order to estimate size of brake. Then maximum torque to volume ratio for Magneto
Rheological Brake was calculated. In this way, brake was made compact and powerful by selecting proper torque to
volume ratio. Torque to volume ratio is compared with other brake configurations in literature in order to estimate
performance of Magneto Rheological Brake.

Keywords—Magneto Rheological Fluid, Polymer Composite Particles, Yield Stress, Nano fluid, braking torque

I. INTRODUCTION:

The application of traditional MR fluids has been
greatly restricted by the agglomeration and sedimentation
of soft magnetic particles dispersed in carrier fluids due
to the much higher density of soft magnetic particles
compared with that for carrier fluids [1] Total solid
content in solution is decided by large debris, suspended
matter, Dissolved matter and colloidal Matter. And
sedimentation stability of solution depends upon particle
density. Graphene is a monolayer of carbon atoms packed
into a dense honeycomb crystal structure that can be
viewed as an individual atomic plane extracted from
graphite, as unrolled single-wall carbon nanotubes.
Motion of iron particles is depending upon velocity of
disc but when magnetic field is applied, these particles
which are initially at random positions work as magnetic
dipoles and are polarized (magnetized), interact with each
other, and, due to spatial degrees of freedom, form
elongated aggregates in the silicon oil, which are aligned
along the magnetic lines of force when magnetic field is

applied.[4] These particles are line up such that total
potential energy is minimized and align like chain
structure. It can be seen that the magnetic particles change
from suspended state, chaining state, disordered column
state, to ordered column state corresponding to different
time. The resulting chain of particle restrict the movement
of fluid, perpendicular to the direction of flux effectively
increasing viscosity and forms semi solid state. To
destroy this state, it is necessary to apply mechanical
energy and hence to break or to yield chain like structure
whose hardness or rheology depends upon amplitude of
magnetic field. The Mechanical energy needed to yield
chain like structure of iron particles increases
proportional to applied magnetic field which results in
field dependent yield stress Magneto Rheological fluid
chains are broken up and milliseconds later the chains are
reformed, and as a result a Retarding or Braking torque as
a function of current is experienced at the rotor shaft. [5]
Fig.No.1.1 shows chain forming process at various times
in micro seconds from 0 to 1.68ms complete chains are
formed in magnetic field lines. Here it was decided to
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form magneto rheological fluid with silicon oil and
CNT/Fe3O4 particle suspensions which will form
Brownian motion in fluid with core and shell type of
structure were core is polymer and shell is iron oxide.[2]
Core is having very less density and surfactant is iron
oxide. The lengths of the CNT/Fe3O4 tube-like particles
are at the micron level, so the chains are strong. And the
diameters of the CNT/Fe3O4 tube-like particles are at the
nanometer level, which is advantageous for forming more
chains [3]Carbon is a very light element with a density
equal to 2.268 g/cm3 Carbon can exist in a variety of
crystalline forms. Another form of carbon is Buckminster
Fullerene (or Bucky ball), with a molecular composition
of C60 or C70. One can also have carbon nanotubes,
which are nothing but drawn out version of Bucky balls.
Carbon in the graphitic form is highly anisotropic, with a
theoretical Young’s modulus in the layer plane being
equal to about 1,000 GPa, while that along the c-axis is
equal to about 35 GPa. Our interest here is in the so-called
graphitic structure wherein the carbon atoms are arranged

MULTICON W ICAMCE 2022
in the form of hexagonal layers. The other well-known
form of carbon is the covalent diamond structure wherein
the carbon atoms are arranged in a three-dimensional
configuration with little structural flexibility. The
graphite structure has a very dense packing in the layer
planes. The lattice structure is shown more clearly with
only lattice planes. As we know, the bond strength
determines the modulus of a material. Thus, the highstrength bond between carbon atoms in the layer plane
results in an extremely high modulus while the weak van
der Waals-type bond between the neighboring layers
results in a lower modulus in that direction.
Consequently, almost all processing techniques of carbon
fiber have the goal of obtaining a very high degree of
preferred orientation of hexagonal planes along the fiber
axis. Nano Composites are composites that have one
component that has at least one diamension in the nm
range. Generally it will be reinforcement phase Here it is
Nano-tubes.

Fig.No1 Hexagonal Layered Structure of Graphene[4]

II. Hexagonal Layered Structure of
Graphene:

Fig.No1. Shows Hexagonal Layered structure of
Graphene where one layer is rolled into tubes. It
is expected that every Fe3O4 particles will be at

corner position of hexagon of graphene
structure. So when electric current is applied to
CNT tube the iron particles are aligned in
Magnetic field and expected to form single chain
in the direction of magnetic field.
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Fig.No.2 CNT Configuration with respect to Matrix

Fig.No.2 shows composite of matrix and aligned CNTs
perpendicular to plane of paper. This is our point of
interest here. Though other orientations like randomly

Fig.No.3 (A) Graphene structure (111) plane

oriented CNTs at matrix grain boundaries, CNTs within
matrix grains, randomly oriented dispersed CNTs in
glass matrix, randomly oriented but agglomerated CNTs
in glass matrix could be possible configuration too.

(B) Fe 3o4(111) on Graphene (111)plane

III. Yield stress Model
Table No.1Comparrision of yield stress for Different Particles.
Properties

PS/Fe2O3

Stabiliy

ρ =3.12 g/cm3

Saturation
Manetisation
Surface density

51 emu/g

CNT@
Fe3O4
ρ =1.8
g/cm3

Fe3O4

hollowPDVB@Fe3O4
ρ =1.83 g/cm3

Foamed
PS/Fe3O4
ρ =1.82 g/cm3

CI/PS

78 emu/g

41 emu/g

61 emu/g

184 emu/g

7.3 µg/cm2

6 µg/cm2

10.1 µg/cm2

8.1 µg/cm2

12.1 µg/cm2

Yield
stress@86KA/m

60

715

148

70

1000

Yield
stress@343KA/m

200

1340

300

285

1500

ρ
=7.34
g/cm3
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Fig.No.4 Composition, Morphology and Assembly of CNT based Composite Particles
of larger PS/Fe3O4 particles indicates that Fe3O4
There are different yield stress models available for
nanoparticles were more aggregated on the small PS
predicting yield stress here it has been selected as
core. The foamed particles have larger surface area
Single Chain model to predict the yield stress.
due to the PS core expansion which induced lower
Because it is simple and can be used at variety of
saturation values than non-foamed particles [5] Due
strain rates. Yield stress of Magneto Rheological fluid
to reduced density mismatch between particles and
can be predicted by different Particles are as shown in
silicon oil medium, h-PDVB@Fe3O4 suspension
Table No.2 Ferromagnetic materials such as
exhibited significantly improved stability than pure
magnetite (Fe2O3), magnetite (Fe3O4), or carbonyl
Fe3O4 suspension [6]
iron (CI), generally show high magnetization values
and less magnetic hysteresis. The low saturation value

IV.Measurements:
The rheological properties of the MR fluids were
measured using a commercial rotational rheometer
(Physica MCR300, Stuttgart, Germany) equipped
with a magnetic generator (Physica MRD 180). A
parallel-plate measuring system with a diameter of 20
mm was employed at a gap distance of 1 mm.
Silicone oil (KF-96 , 10 cS , density (ρ) = 0.96 g/cm3
, Shin Etsu , Japan) was used as a medium oil. The
particle concentration was 25 vol%. The
sedimentation stability of Fe3O4, PS/Fe3O4, and
foamed PSF/Fe3O4 particle suspensions was analyzed
by using a Turbiscan (Classic MA2000, Formulation,
France).

Structure Evolution Mechanism and the
Suspension Stability. The primary forces that govern
the MR fluids behavior under shearing motion are the
magneto polarization forces and the hydrodynamic
forces. The MR fluid properties depend on the ratio
of these two forces which can be expressed as a
dimensionless variable of the Mason number (Mn).
At a fixed particle volume fraction, the apparent
viscosity of MR fluid (the ratio of the shear stress to
the shear rates) is proportional to the inverse of the
Mason number which is equivalent to γ ˙ /M2 where
γ ˙ is the shear rate and M is the magnetic field
strength.28 This dimensional analysis is quite useful
for checking different MR fluids behaviors
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Fig.No.5 Defining Characteristics of Nano Polymer Matrix Composites

Fig.No.5 Shows the graphene structure used to form
CNT tube. Inplane hexagonal structure of Carbon
atoms are shown in (111) crystallographic plane. Also
Fe3o4 atoms in (111) crystallographic plane with
Graphene structure is also shown. If same structure is
rolled in form of tubes, then mixed with silicon oil as
carrier fluid then the fluid form will be Magneto
Rheological Fluid. And It is expected that this fluid
will have yield stress higher than conventional
magneto rheological fluid formed by iron particles.
Because of the presence of CNTs, the iron substrate
can retain its original properties because it is
prevented from reacting with the oxygen in the air.
Due to the unique 14 properties of the Fe (111)
structures, large numbers of randomly oriented
domain walls are observed. In a magnetic field range
of 150 mT, the IP orientation is completely canted
(coupled with the first layer of Fe atoms). If the
structures are patterned along the domains, then high
quality yield stress can be obtained by growing
graphene on top of the surface.28 Sharply branched,
tree-like domains form as a result of interfacial atomic
spin reorientation. The evolution of these domains is
caused by changes in the MAE; thus, it is possible to
construct high yield stress by manipulating the
domain structures of Fe (111). In summary, CNTs
modulates the domain patterns of Fe (111). Thus it is
expected that CNTs protects the iron particles and
doped iron particles at hexagonal structure facilitates
orientation of particles along magnetic field. Fig.No.4
shows different Composition, Morphologies and
Assembly of fibers with matrix. Here we are
interested in Core and shell type of alignments as
CNTs will act as shell and Fe3O4 as core.

Table No.1 shows comparison of different particles
for yield stress @current density and Magnetic
saturation values. It is found that CNT@Fe3O4 shows
low density and has higher yield stress values.
Fig.No.5 shows size of CNTS and their length for
Nano-Composite. Height is restricted to h=1nm and
Interfacial region is confined to Rg = 10nm.Bulk fluid
region will be higher than interfacial region.i.e. Z >
Rg
If Diameter Vs volume fraction in fluid is considered
at h=1nm.It is found that as diameter of fiber
decreases the volume fraction of particles will
increase. Hence Volume fraction 0.3 is selected on
trial basis.
V. Magneto Rheological Brake
Magneto Rheological Brake is assembly of
cylinder, casing, shaft, electromagnet, copper coil and
magneto rheological fluid. As the power of the coil is
turned on, a magnetic field is generated, and the Magneto
Rheological fluid in the gap between the end-faces of the
disc and the housing becomes solid like instantaneously.
The shear friction between the rotating disc and the
solidified magneto rheological fluid provides the
required braking force to slow down and stop the shaft.
Magneto rheological Brake consisting of Magneto
Rheological fluid which is treated as a brake lining
material. This material does not wear away and provides
desirable friction resistance by just controlling the
Magnetic field passing through it is termed as Magneto
Rheological Brake. A brake naturally has a frictional

behavior in an opposite direction of motion. Since a
controllable brake can control a resistant force
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show linear increment in shear strength with increase

against motion, it may successfully simulate a
friction with a variable magnitude. The frictional
characteristics of the proposed brake can be
controlled by regulating the yield stress of the
Magneto Rheological fluid as function of magnetic
field and normal compressive force. The
controllable yield stress retards the surfaces of
rotating disks; thus Magneto Rheological fluid can
be used as a brake lining material. In the case of
Magneto Rheological fluid viscosity becomes
intelligently controllable using the magnetic field.
This change of viscosity up to the solid condition is
reversible and is the basic feature of Magneto
Rheological fluid technology. Shear stress of the
Magneto Rheological Fluid generated on the surface
of a disc (or a cylinder)
Thus properties and behavior of Magneto
Rheological Brake will be easy to adopt by
changing software parameters and electrical outputs
instead of adjusting mechanical components like
changing number of springs.
The yield stress is one of the most important
parameters that characterize viscoelastic properties
of a Magneto Rheological fluid. The yield stress of
Magneto Rheological Fluid can be controllable by
varying the applied current. Thus apparent yield
stress will change within milliseconds and Fluids
ability to transmit force can be controlled by
magnetic field. therefore, it is possible to control
mechanical energy from magnetic energy with this
Magneto Rheological fluid Magneto Rheological
Fluid shows a yield stress which increases with the
applied magnetic field and pre yield region is
characterized by elastic properties and post yield
region is characterized by viscous properties.
Unfortunately, Magneto Rheological fluids do not

in applied magnetic field, and finally shear strength gets
saturated. A brake naturally has a frictional behavior

in an opposite direction of motion. This shear
resistance against rotor motion and provides the
braking torque hence variable braking torque can be
obtained by varying the value of supplied current to
electromagnet.
Table No.2 shows yield stress values calculated on
the basis of Bingham model. It is found that as
current increases yield stress will increase. At 0.2amp current yield stress obtained is 715 pa and at 5
amps current it is 1340 pa.

Table No.2 Yield stress values at current in Coil
Sr.No.

Current

The

(KA/m)

calculated

(amp)
1

0.2

Magnetization

Value of H

86

value of B

0.5(500)

Yield Stress
pa

At start of

715

(T) Gauss
Magnetization
Table No.2 Yield stress Values for Current supplied to Coil
2

5

343

2.6(26000)

At magnetic

1340

saturation
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VI. CONCLUSIONS
Magneto rheological fluid having silicon oil as carrier
and Composite will give improved yield stress which in
turn provide maximum braking torque.
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Optimization of Rotary Tool Powder Mixed Electrical Discharge
Machining Parameters for Tungsten Carbide Using Taguchi Technique
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Abstracts: Recently powder mixed electric discharge
machining (PMEDM) can be used for machining
several electrically conductive hard materials with
improvements in the process performance. This
paper is an attemptto investigate the effect of silicon
carbide powder mixed dielectric and tool rotation on
material removal rate (MRR) of PMEDM process.
For this study Cobalt bonded Tungsten Carbide
(WC-Co) is selected as workpiece and copper
tungsten (Cu-W) as tool electrode. Taguchi method
with L27 orthogonal array (OA) has been utilised to
investigate five factors (viz. Peak Current, Pulse ontime, duty factor, tool rotation and powder
concentration) with three levels. Finally, the
experimental data is analyzed using S/N ratio
analysis and ANOVA to find optimum parametric
setting for MRR and results are validated using
confirmation experiments.

that adding powder particles into the dielectric
enhances the breakdown characteristics of
dielectric. MRR improve with increase in the
powder concentration. Jeswani
[2] analyze the effect of fine graphite powder
which added into kerosene for machining of tool
steels. The machining process strength was
improved by 60% in MRR. Wong et al.
[3] analyzed that there is great impact of work
piece properties and powder type on MRR. Chow
et al.
[4] analyzed that suspension of Al and Sic powder
to dielectric fluid as a kerosene improves the spark
gap; resulting in higher material removal rate and
debris removal. Kuldeep Ojha et al.
[5] carried out experimentation on PMEDM for
EN-8 by analyzing the effect of Average current,
duty cycle, angle of tool and concentration of a
chromium powder which added into dielectric
fluid. Gurule N. B. et al.
[6] investigated the effect of tool rotation on
MRR during powder mixed EDM of die steel
material. It was concluded that tool rotation and
addition of aluminium powder into dielectric
have impact to great extent on the MRR of die
steel. F. Huaet [7] carried out experiments on
properties of SiCp/Al among moderate fraction of
Silicon carbide particle reinforced Al-matrix
composites in EDM and PMEDM. In conclusion
they have mentioned that the PMEDM is having a
potential for applications in metal matrix
composites machining field. Shriram Y. Kaldhone
et al. [8] has carried out PMEDM of tungsten
carbide. From their experimental work it is
observed that addition of Silicon carbide powder
improves the machining rate significantly with
slightly rise in Tool wear rate.

Keywords: PMEDM, Tungsten Carbide, Rotary Tool
EDM, Taguchi, MRR

1. Introduction
Electrical discharge machining (EDM) is
controlled metal removal process that is used to
remove metal by means of electric spark erosion.
The problem associated with EDM is a low
machining efficiency and poor surface finish. To
overcome these problems various techniques
used in past includes: Electrode rotating,
Electrode orbiting–planetary movement to any
tool or workpiece, application of ultrasonic
vibration and addition of powder into dielectric,
etc. Use of powder mixed dielectric fluid is the
latest advancement in EDM developments. This
process is commonly known as PMEDM in which
several
improvements
in
the
process
performances were reported by varying powder
type, powder size, powder concentration, etc. So,
investigation of PMEDM for machining of cobalt
bonded tungsten carbide seems to be promising.
1.1 Literature Survey
Erden and Bilgin [1] reported the effect of Cu, Al,
Fe and C powders mixed into kerosene as a
dielectric during EDM of brass–steel and copper–
steel pairs as a workpiece material. It was found
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.
2. Experimental work
This experimentation was performed on
Electronica make SMART ZNC (S50) electrical
discharge machine. Some modifications such as
powder mixed dielectric circulation system and
tool rotary system were done on existing EDM to
fulfil present requirements of study. WC-Co
workpiece of size 100mmx50mmx10mm and

x 1000 mm3/min

(1)
wi = Initial weight of work piece material
(grams), wf = Final weight of work piece
materialt = Time period of trials in minutes, ρ=
Density of work piece in grams/mm3

Cu-W electrode of 12.0 mm were used for this
experimental study. Taguchi method with L27
orthogonal array is selected for five process
variables as Peak Current, Pulse on time, duty
factor, tool rotation and powder concentration at
three levels.
2.1 Measurement Technique for MRR
MRR is calculated using equation (1) by taking
difference of weights of workpiece beforeand
after machining using digital balance with
accuracy of 1 mg.

2.2 Experimentation and data analysis
Each experiment was performed twice and
average values of MRR are taken for analysis. As
Taguchi analysis uses S/N ratios; therefore, all
experimental values were transformed into S/N
ratios and listed in Table 3. The S/N ratio equation
used for calculations is as follow:

Table: 1 Values of fixed input parameters

Sr. No.

Machining Parameters

Values

1

Open circuit voltage

80V

2

Tool Polarity

Straight

3

Machining Time

30 Minutes

4
5

Type of Dielectric
Powder

EDM Oil
Silicon Carbide

Table 2: Factors and their levels for experiments
Sr. No.

Process parameter and Units

Code

Level 1

Level 2

Level 3

1
2

Peak Current (A)
Pulse on Time (µs)

Ip
Ton

4
100

8
150

12
200

3

Duty Factor (%)

DF

7

9

11

4

Tool Rotation (RPM)

Trpm

0

75

150

5

Powder Concentration (g/lit)

Pc

4

8

12
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this case n= 2, Yi- is the value of response
measured to the ith time.

(S/N) HB = -10 x log (Σ (1/Yi2)/n) ---- (2)
Where n- no. of number of repeated experiments, in

Table: 3 Experimental data using L27 Orthogonal Array
PMEDM Process parameters
Expt. No.

Ip
(A)

Ton
(µs)

DF
(%)

Trpm

1

4

100

7

2

4

100

3
4

4
4

5

MRR

Pc
(g/lit)

MRR
(mm3/min)

S/N ratio

0

4

0.5589

-5.0533

7

0

8

0.7824

-2.1314

100
150

7
9

0
75

12
4

1.0040
0.6706

0.0347
-3.4707

4

150

9

75

8

1.0060

0.0520

6

4

150

9

75

12

0.8942

-0.9713

7

4

200

11

150

4

0.6706

-3.4707

8
9

4
4

200
200

11
11

150
150

8
12

1.2295
1.0040

1.7946
0.0347

10

8

100

9

150

4

1.6767

4.4891

11

8

100

9

150

8

2.2356

6.9879

12

8

100

9

150

12

3.0181

9.5947

13

8

150

11

0

4

1.2295

1.7946

14

8

150

11

0

8

1.6767

4.4891

15

8

150

11

0

12

1.7885

5.0498

16

8

200

7

75

4

0.6706

-3.4707

17

8

200

7

75

8

2.2356

6.9879

18

8

200

7

75

12

2.3474

7.4117

19

12

100

11

75

4

2.0120

6.0726

20
21

12
12

100
100

11
11

75
75

8
12

3.0181
3.8005

9.5947
11.5968

22

12

150

7

150

4

3.0181

9.5947

23

12

150

7

150

8

3.8005

11.5968

24

12

150

7

150

12

3.7558

11.4940

25
26

12
12

200
200

9
9

0
0

4
8

1.6767
1.6767

4.4891
4.4891

27

12

200

9

0

12

3.0181

9.5947

1.8695

3.4759

(dB)

Average value T
3.

Results and discussion

Response table of S/N ratios for MRR is prepared
as shown below. As MRR is ‘Higher theBetter’

type quality characteristic, therefore, greater S/N
ratios are considered to be optimal.

430

MULTICONE W ICAMCE 2022
Table 4: Means of S/N ratios for MRR
Level

Ip

Ton

DF

Trpm

Pc

1

-1.465

4.565

4.063

2.528

1.219

2

4.815

4.415

3.917

3.744

4.873

3
Delta

8.725
10.189

3.096
1.469

4.095
0.178

5.802
3.274

5.982
4.763

Rank

1

4

5

3

2

Main Effects Plot for S/N ratios of MRR
10.0

Ip

Ton

DF

7.5
5.0

Mean of SN ratios

2.5
0.0
12
10.0

Trpm

100

150

200

11

Pc

7.5
5.0
2.5
0.0
75

150

12

Signal-to-noise: Larger is better

Graph 1: Effect of various factors on MRR

Table 5: Analysis of Variance for MRR
Source
DF
SS
Ip
2
475.625
Ton
2
11.796
DF
2
0.170
Trpm
2
48.865
Pc
2
111.797
Error
16
52.833
Total
26
701.086
S = 1.81716 R-Sq = 92.46%

MS
237.813
5.898
0.085
24.433
55.898
3.302

F
72.02
1.79
0.03
7.40
16.93

P
0.000
0.199
0.975
0.005
0.000

Remark
S
NS
NS
S
S

R-Sq(adj) = 87.75%

performed and results are as:
From this analysis, it is clear that the pulse current,
pulse on-time, tool rotation and powder
concentration are statistically significant and pulse
current has most significant influence on MRR
among the selected variables. The parameter R2
describes the amount of variation
Adjusted R2 is a modified R2 that has been
adjusted for the number of terms in the model.

From the above table it is observed that for higher
MRR optimal combination of factors is as: Ip3Ton1-DF3-Trpm3-Pc3. The values in the table 4
are graphically shown in graph 1.To determine
which parameters significantly affect the
performance characteristics, ANOVA is
observed in MRR is explained by the input factors.
R2 = 92.46% indicate that the model is
able to predict the response with high accuracy.
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ηopt = Average performance + Contribution of significant factors at optimum levels
ηopt = T + (Ip3 – T) + (Trpm3 – T) + (Pc3 – T)
ηopt = Ip3 + Trpm3 + Pc3 – 2 T
ηopt = 13.5461
So, the corresponding value of optimal MRR is given as:
(MRRopt)2 = (1/ 10(- ηopt /10) )(MRRopt)2 = 22.6262
∴ MRRopt = 4.756 mm3/min

confirmation runs and their comparisons with the
predicted value for MRR is listed in the table 6.
The experimental values agree reasonably well
with predictions and show enhancement in the
machining performance. at Ip3-Ton1-DF3Trpm3-Pc3 i.e., at 12A current,100µs T-on time,
11% duty factor, 150 tool rpm and 12g/lit powder
concentration.
Finally, it has been concluded that SiC powder
and rotary tool have impact to great extent onthe
machinability of WC-Co.

Then, final step of the Taguchi method is the
confirmation
experiments conducted for
examining the quality characteristics. The factors
are equals to the sum of each individual effect.
The optimum levels are evaluated by considering
the pooled error losses. The optimum value of
MRR is predicted at selected levels of significant
parameters. The estimated mean of MRR can be
computed as follows (Roy 1990): To verify this
improvement in MRR at the optimal level of
cutting
parameters,
three
confirmation
experiments are performed and the data from the

Table 6: Optimal MRR Confirmation Tests and their comparison with results

Predicted
MRR

MRR Optimal condition
Ip3-Ton1-DF3-Trpm3-Pc3

4.756

432
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Avg. MRR
4.550
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4. Conclusions
Following conclusions are drawn for the present
work from the selected range of parameters:
a) The standard deviation error in the
modelingis 1.81716.

F.Q. Hua, F.Y. Caob, B.Y. Songa, P.J. Houa,
Y. Zhanga, K. Chena, J.Q. Weia, “Surface
properties of SiCp/Al composite by powder-mixed
EDM”, The Seventeenth CIRP Conference, ( 2013
), 101-106.
[7]

a) PMEDM with tool rotation show potential

[8] Shriram Y. Kaldhone , Mukund V. Kavade,

of machining WC-Co with Cu-W tool.

“Effect of Powder Mixed Dielectric on Performance
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Powder Mix Electrical Discharge machining is a process which used for machining of high strength and brittle
material which are electrically conductive. In this experimentation an effort has been taken for optimization of
process parameters of rotary tool powder mix edm machine. Current, Pulse on time, Duty factor, Tool
Rotation and powder concentration are selected as process parameter and material removal rate and surface
roughness are considered as response factors. A multi response optimization technique Grey relation analysis is
used for optimization of process parameters.

Keywords: Powder mix EDM, Rotary Tool, Tungsten Carbide, SiC, GRA

1. Introduction
Electrical discharge machining is a spark
erosion process. In this process a electrically
conductive workpiece is submerged in the
dielectric fluid. Workpiece is connected to a
positive terminal as an anode and tool is
connected to a negative terminal as a
cathode. To improve the performance of
machining abrasive powder particles were
added in the dielectric fluid. When supply
voltage is on, and as tool comes in a contact
with workpiece the insulating strength of a
dielectric is breaks down and sparking
occurs. The gap between the tool and
workpiece is known as spark gap. Because
of the abrasive powder particles in the
dielectric, the insulating strength of
dielectric at spark gap zone is further
reduced and this causes to increase the spark
gap. As the spark gap increases the flushing
of dielectric at the machining zone is
improved and the debris can be removed
properly so the short circuiting is eliminated
and machining performance is improved.
The tool rotation is also provided for the

further improvement in performance of
machining.
A tungsten carbide is a material which is
from the family of a composite material in
which cobalt is added for the corrosion and
heat resistance. CO-WC materials are
having a large application in a die making
industry for production of wire draw in dies,
extrusion dies, manufacturing of various
cutting tools a tool inserts, forestry tools as
well as in an automobile industries.
2. Literature Review
B. Mohan [1] analyzes the machining of AlSic metal matrix composite with Silicon
carbide powder particles and tool rotation.
The parameter which is selected for the
study is polarity, tool material, pulse
duration, tool rotation and responses are
MRR and TWR. It is observed that with
increase in tool rotation results in a positive
effect for MRR and SR. K.D.Chattopadhay
[2] developed a empirical modeled for the
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process parameters of EDM like with rotary
tool on machining EN-8 copper-steel
material. Taguchi analysis is used is for
optimization. The results show improvement
in MRR while minimizing EWR and
improving SR. Che chung wang [3] et.al.
optimizes the blind hole drilling process of
Al2O3/6061Al composite using EDM.
Taguchi methodology is adopted for
optimization
of
seven
independent
parameters for the responses of MRR, SR,
EWR. Gangadharudu Talla [4] et al.
performed experimentation for optimization
of PMEDM parameters for machining of AlAl2O3 metal matrix composite using multi
response optimization technique Grey
Relation Analysis. This technique gives the
optimum combination of parameters for max
MRR and Minimum SR. M. Ghoreishi [5] et
al. carried out a comparative study of
machining characteristics in vibratory,
rotary and vibro-rotary EDM. MRR is found
to be increases with the combination of high
frequency vibration and rotation of
electrode. A linear regression method is
used for the modeling of process. Reza
Teimouri [6] et al. has carried out
experimentation by using a various
intensities of external magnetic field along
with the rotation of tool. Combine effect of
rotational magnetic field and rotary tool
helps to increase the performance of
machining. Jeswani [7] analyze the effect of
fine graphite powder which added into
kerosene for machining of tool steels. The
machining process strength was improved
by 60% in MRR. Wong et al. [8] analyzed
that there is great impact of work piece
properties and powder type on MRR. Chow
et al. [9] analyzed that suspension of Al and
Sic powder to dielectric fluid as a kerosene

improves the spark gap; resulting in higher
material removal rate and debris removal.
Kuldeep Ojha et al. [10] carried out
experimentation on PMEDM for EN-8 by
analyzing the effect of Average current, duty
cycle, angle of tool and concentration of a
chromium powder which added into
dielectric fluid. Gurule N. B. et al. [11]
investigated the effect of tool rotation on
MRR during powder mixed EDM of die
steel material. It was concluded that tool
rotation and addition of aluminium powder
into dielectric have impact to great extent on
the MRR of die steel.
3.

Experimentation Details

This experimentation is performed on a
electronic machine tool make ZNC EDM
machine with some modification. Some
modifications such as powder mixed
dielectric circulation system and tool rotary
system were done on existing EDM to fulfill
present requirements of study. A stirrer is
provided in the tank for the continuous
circulation of the abrasive particles and to
avoid the settling down of abrasive particles
in machining zone. L27 orthogonal array is
selected for five process variables as Peak
Current, Pulse on time, duty factor, tool
rotation and powder concentration at three
levels.
Table: 1 Values of fixed input parameters
Sr. Machining
Values
No. Parameters
1 Open circuit voltage 80V
2 Tool Polarity
Straight
3 Machining Time
30 Minutes
4 Type of Dielectric
EDM Oil
5 Powder
Silicon Carbide
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Table 2: Factors and their levels for
experiments
Sr.
No.
1
2
3
4
5

Process parameter
and Units
Peak Current (A)
Pulse on Time (µs)
Duty Factor (%)
Tool
Rotation
(RPM)
Powder
Concentration (g/lit)

Code

optimization
process.

Ip
Ton
DF

Level
1
4
100
7

Level
2
8
150
9

Level
3
12
200
11

Trpm

0

75

150

Pc

4

8

12

tool

PMEDM

a) Normalization of different responses
‘Higher the better’ or ‘Lower the better’
condition is chosen for each response based
on the desired objective. For this experiment
HBT and LBT were chosen for MRR and
SR respectively.
For HTB, the equation for normalization is:
𝑦 (𝑘) =
𝑖

before and after machining using digitalbalance
with accuracy of 1 mg.

Rotary

4.1 Various steps involved in the grey
relation analysis are:

Measurement of MRR
MRR is calculated using equation (1) by
taking difference of weights of workpiece

of

𝑥𝑖

(𝑘) −min 𝑥𝑖 (𝑘) …………………….(2)

max 𝑥𝑖 (𝑘)−min 𝑥𝑖 (𝑘)

For LTB, the equation for normalization is:
𝑀𝑅𝑅 =

𝑊𝑖−𝑊𝑓

x1000 mm3/min..................... (1)

ρ𝑥𝑡

wi = Initial
(grams), wf
material, t
minutes, ρ
grams/mm3

𝑦 (𝑘) =

𝑖

…………………..(3)

max 𝑥𝑖 (𝑘) − min 𝑥𝑖 (𝑘)

weight of work piece material
= Final weight of work piece
= Time period of trials in
= Density of work piece in

Where 𝑦𝑖(k) is the ith normalized response
value and xi(k) is the observed value for the
ith run of the kth response.
b) Calculating grey relation coefficient (GRC)

Measurement of SR
Surface roughness is measured by
roughness measuring instrument called
Surftest.

Grey relation coefficient (ζi(k)) is the
calculated using the following equation:

a

ζi (k) =

Ra Value is considered for the measurement
of surface roughness.
4. Optimization
analysis (GRA)

max 𝑥𝑖(𝑘) − 𝑥𝑖 (𝑘)

using

grey

∆𝑚𝑖𝑛+ 𝜁𝑖∆𝑚𝑎𝑥

…………………………….(4)

∆𝑖(𝑘)+ 𝜁𝑖∆𝑚𝑎𝑥

Where ∆𝑚𝑖𝑛and ∆𝑚𝑎𝑥are the global
minimum and maximum values of
normalized values respectively of the kth
response. Ζ is the distinguishing factor
whose value lies between 0 and 1. Its
purpose is to expand or compress the rage of
grey relation coefficient. In this experiment
the distinguishing factor considered is 0.5.

relation

A multi response optimization is used where
one response is to maximize and one
response is to minimize simultaneously. The
multi response optimization first converts
the multiple objectives into one single
response and optimizes it. In present work,
GRA is used for the multi response

c) Calculating the grey relation grade (GRG)
Performance of the multi response is
evaluated by GRG. It is the weighted
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summation of all the GRC’s and is
calculated using following expression.
=1 ∑𝑛
𝑛

𝜁 (𝑘)

𝑖=1 𝑖

The values GRC and GRG values are
calculated from the equation 4 and equation
5 respectively.

………………….(5)

The calculated GRC and GRA values are as
shown in the following table 4.

Each experimental run is replicated and
average values of MRR are calculated from
the equation 1. The calculated values of
MRR and SR are as shown in the table. The
SN ration for the MRR and SR are
calculated and tabulated in table 3

Table 4: GRC and GRG values for MRR
and SR

S. No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

For MRR higher the best and for SR lower
the best criteria are considered.

Table 3: SN ratios values for MRR and
SR
S.
No.

Ip

Ton

DF

Trpm

Pc

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

4
4
4
8
8
8
12
12
12
4
4
4
8
8
8
12
12
12
4
4
4
8
8
8
12
12
12

100
150
200
100
150
200
100
150
200
100
150
200
100
150
200
100
150
200
100
150
200
100
150
200
100
150
200

7
9
11
9
11
7
11
7
9
7
9
11
9
11
7
11
7
9
7
9
11
9
11
7
11
7
9

0
75
150
150
0
75
75
150
0
0
75
150
150
0
75
75
150
0
0
75
150
150
0
75
75
150
0

4
4
4
4
4
4
4
4
4
8
8
8
8
8
8
8
8
8
12
12
12
12
12
12
12
12
12

SN
RATIO
for
MRR
-5.0533
-3.4707
-3.4707
4.4891
1.7945
-3.4707
6.0725
9.5946
4.4891
-2.1314
0.0519
1.7945
6.9878
4.4891
6.9878
9.5946
9.9675
4.4891
0.0519
-0.9713
0.0346
9.5946
5.0497
7.4117
9.9675
11.494
9.5946

SN
RATIO
for SR
-10.4540
-10.8115
-11.5704
-9.5047
-9.8607
-10.9382
-7.3247
-7.4766
-8.9089
-10.7437
-11.7967
-13.7808
-12.2768
-14.6991
-15.0762
-13.2229
-13.1296
-15.3964
-14.4722
-15.9106
-16.3155
-11.7663
-12.9028
-14.6695
-15.7676
-17.4454
-17.0398

GRC for
MRR
0.31138
0.333333
0.333333
0.516479
0.435482
0.333333
0.579857
0.79755
0.516479
0.354484
0.395382
0.435482
0.624129
0.516479
0.624129
0.79755
0.830564
0.516479
0.395382
0.3751
0.395382
0.79755
0.537272
0.647005
0.830564
1
0.79755

GRC for
SR
0.419888
0.432724
0.462755
0.389226
0.400187
0.437462
0.333333
0.336702
0.372172
0.430229
0.472532
0.579989
0.49471
0.648218
0.681116
0.545134
0.539706
0.711788
0.629788
0.767289
0.817476
0.471154
0.526944
0.6457
0.751001
1
0.925801

GRG
0.365634
0.383029
0.398044
0.452852
0.417834
0.385398
0.456595
0.567126
0.444326
0.392357
0.433957
0.507735
0.55942
0.582348
0.652623
0.671342
0.685135
0.614134
0.512585
0.571194
0.606429
0.634352
0.532108
0.646352
0.790782
1
0.861675

To get the optimum levels of parameters for
multi response optimization average values
of GRG at each level is calculated.
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Table 5: Average Grey Relation
Grade for each level of response

Current

Pulse
on
Time

DF

Tool
Rotation

PC

1

0.4634

0.5373

0.5785

0.5247

0.4300

2

0.5403

0.5747

0.5505

0.5545

0.5665

3

0.6767

0.5685

0.5514

0.6012

0.6839

Parameters
Levels

From the table 5 it shows that for higher
MRR and simultaneously reduce SR
following level of parameters should be
taken Ip-3(12), Ton-2(150), DF-1(7),TR3(150), PC-3(12). By considering these
parameters a conformation test is performed
and the values for MRR and SR for this test
are 3.0181 mm3/min and 2.335 µm
respectively.

3) The recommended level of process
parameters for the machining of
Tungsten carbide when MRR (high)
and SR (low) are simultaneously
considered during PMEDM of COWC using grey relation analysis
resulted observed at Ip-12, Ton-150,
DF-7, TR-150 and PC-12.
4) The MRR and SR readings at
optimum combination are 3.0181
mm3/min and 2.335 µm.
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Abstract— Due to the current COVID-19 pandemic

situation, there is demand for prompt and safe
dispatch of basic items required by people every
day. Robot technology has evolved quite a lot in the
21st Century, enabling robots to replace and/or
assist humans in various domains like for instance
in hospitals, manufacturing industries and in
warehouses. A Robot trolley with a soft robot
gripper is ideal for use in hospitals where
lightweight items like bottles, medicines, tablets can
be handed over to patients, and use of soft gripper
prevents the risk of any type of injury. Also
warehouses nowadays require handling of
customised objects of various shapes and sizes. Use
of a Soft Robotics Gripper aims to solve this
problem. The aim of this project is to design and
fabricate an Autonomous Robotic Trolley with soft
robotics gripper that can be used to pick and place
objects by means of a robotic arm. The design of the
entire project was done on Autodesk Fusion360 and
the analysis was done on Ansys v18.2. The end
effector (gripper) of the robotic arm, made up of
Elastosil silicone rubber, is a pneumatically
actuated three finger soft robotics gripper capable of
lifting objects of varying topology and can
sufficiently lift items commonly available in
shopping markets and drugstores, hospitals, etc.
The prototype can navigate a trajectory using
Arduino Microcontroller and avoid obstacles using
ultrasonic sensors. Hence, the proposed robotic
trolley will also mitigate human efforts and prove to
be profitable in any business.
I.

INTRODUCTION

Smart system is being built all over the world as you

Abhishek Bharati
Mechanical Dept (Student)
Thakur College of Engineering
and Technology Mumbai,
India
bharatiabhi704@gmail.com

Swetha Suresh Kumar (guide):
Thakur College of Engineering and Technology
Mumbai, India

can see nowadays, so why not thinking about the
improvements to the old fashion system to keep up
as fast as the daily technology base. I decided to
design and implement a 4-wheel delivery robot to
attach into some different type of trolley and control
its motion in any filed that use these trolleys. Also
due to the COVID-19 pandemic situation it is
important for people to maintain social distancing
and avoid contact with other people as much as
possible. It is advisable to avoid overcrowding in
public places so as to contain the spread of the virus.
However, in some places, for instance, in
supermarkets, shopping malls and drug stores,
hospitals, etc. maintaining proper social distance
between two or more individuals is not possible and
crowding of people is somewhat inevitable. That is
why, in places like shopping markets and general
stores a non-human alternative can significantly
curb the spread of the coronavirus.
II.

OBJECTIVES

Firstly, the main aim of this project to design,
calculate, software, manufacturing a robot to do its
main function which it is to move smoothly in the
warehouse while pulling a trolley.All of things have
to be update to be fast and more efficient keep up
with the new technology ,to reduce the risk of
hazards that may affect the human life, as if the
worker spends his working hours to pushing the
heavy trolley from a destination to the distribution
conveyor belt he definitely will have some issues in
his back definitely and another problems physical
problems in his body like muscle cramps, and the
time consuming for the making of the same
function by the robot and the worker and make the
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comparison between them to analysis which one of
them is more efficient. The main output that we are
waiting for from this project is to make a system
with some implementation so it will be used for
daily life purposes.
Importance of the project :
The Soft Pneumatic Actuator is made of flexible
silicon elastomer and is capable of handling most
lightweight objects without undergoing any
permanent deformation. The actuator will consist of
multiple air chambers that fill up and bend in specific
directions as designed. The design of this Soft
Pneumatic gripper will be done on Fusion360 and
FEA simulation on Ansys to simulate the behaviour
of the soft actuator. The robotic arm will be
modelled on Fusion360 will be made of ABS plastic
and in the future, the arm will be 3D printed using
the FDM process and is best suited for our
application. In the current work, the motion of the
arm and main trolley will be controlled using an
Arduino microcontroller. Also, this project discusses
how the objects will be detected using vision sensing
with the help of TensorFlow lite on the Raspberry Pi.
The robot trolley requires no skill labour and the
entire process would be carried out in a smooth
manner without any chance of accidents taking
place.

III.

WORKING

An input in the form of an electric signal is required
to trigger the robot. Once the robot is triggered using
an Boolean signal, the robot trolley would follow a
preprogrammed path using Arduino Microcontroller.
Using ultrasonic sensors, obstacle can be detected,
due to which the robot can be put to halt. The object
detection will take place using appropriate object
detection model ( in our case using COCO SSD
Mobilenet v2). The arm will be programmed to move
in the desired location of the object using the
coordinates of the object by converting them from
3D to 2D coordinates.

Scope of Autonoumous Robot Trolley:
Although the robot trolley discussed in this project is
suitable for use in supermarkets or hospitals, this
robot can be modified for pick and place of heavy
objects by making use of other soft material. For
instance, polyurethane material can be used in heavy
duty industrial casters. Using polyurethane has
several benefits, like to absorb shock/vibration
during the normal operation of the cart or vehicle.
Also, this project can be used for material handling.
Wireless communication functionality can be added
in the robot to make it more versatile and control
from a large distance. This capability of the robot
could be used for the military by mounting a realtime video recorder. Also, we can interface GPS to
that trolley to track its location.
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An Arduino microcontroller would be used to pump
compressed air out of a 6V DC Air Pump. The
compressed air would then actuate the soft robotic
gripper and the gripper can then grasp the object.
Once the object is grasped again, a preprogrammed
code will help move arm and place the object in the
trolley. The time required for the arm to rotate 180
degree can be figured out using testing of the arm
and then accordingly time can be set until the trolley
is set to move back to the original position. Again,
the path followed to travel back will be a
preprogrammed path which will be coded using
Arduino Microcontroller.

a high level of chemicals are present,
robotic automation offers the ideal solution,
as it will continue to work without
harm.Production
areas
that
require
extremely high or low temperatures
typically have a high turnover of staff due
to the nature of the work. Automated robots
can minimise material waste and remove
the need for humans to put themselves at
unnecessary risk.

VI.

DISADVANTAGES
One of the biggest concerns surrounding
the introduction of robotic automation is
the impact of jobs for workers. If a robot
can perform at a faster, more consistent
rate, then the fear is that humans may not
be needed at all. While these worries are
understandable, they are not really
accurate.
2. This is typically the biggest obstacle that
will decide whether or not a company will
invest in robotic automation, or wait until
a later stage. A comprehensive business
case must be built when considering the
implementation of this technology. The
returns can be substantial and quite often
occur within a short space of time.
However, the cash flow must be
sustainable in the meantime and the
stability of the company is by no means
worth the risk if the returns are only
marginal. Yet, in most instances there will
be a repayment schedule available, which
makes it a lot easier to afford and
1.

IV.
1.

2.

3.

ADVANTAGES

Cost Effectiveness:
There will be no lunchbreaks, holidays, sick
leave or shift time allocated for robotic
automation. It can be set to work on a
repetitive cycle, and as long as it is
maintained correctly, it will continue to do
so until programmed otherwise. The
increase in production at a lower cost
produces obvious benefits for any
manufacturer. The cost of investment can
be recovered in a relatively short space of
time and the gains from that point onwards
are exponential to say the least.

control finances
.
VII.

Using robotic automation to tackle
repetitive tasks makes complete sense.
Robots are designed to make repetitive
movements. Humans, also by design, are
not. Giving staff members the opportunity
to expand on their skills and work in other
areas will create a better environment
which the business as a whole will benefit
from.
Aside from potential injuries in the
workplace, staff members in particular
industries can be asked to work in unstable
or dangerous environments. For example, if

APPLICATION
1.

Automatic warehousing industry.
2. Food and beverage industry.

3. Pharmaceutical industry.
4. Shopping malls.
5. Paper and printing industry.
VIII.
CONCLUSION
Design and Analysis of Robotic Trolley with robotic
arm and soft robotics gripper is done. This project
can be used to move objects from one place to
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another or from one person to other. Remote
Control as well as Autonomous Movement of Robot
trolley is possible. Also the sensors, microcontroller
(Arduino) and other devices are available at low cost
making it a viable solution for commercial use. The
trolley is more efficient than a manual working
trolley as it moves in a predefined path without the
need of any human effort.In the future the trolley
can be equipped with IoT functionality to increase
optimization in case of Factory Digitalisation
Process or for optimizing Inventory Management.
Wireless communication functionality can be added
in the robot to make it more versatile and control
from a large distance. Also, the trolley can be
interfaced with GPS so that its location can be
tracked.

IX.

LIMITATION

1. Currently robots must have some sort of human

interaction in order to function properly.
2.A truly autonomous robot is currently beyond
our reach.
3.Certain sensors have been unable to be
synthesized for use in robots such as smell,
hearing, and true sight which would be necessary
for a robot to be truly autonomous.
X.
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Abstract— Thermal strength storage structures had been gaining
significance as these structures helps in shielding power from the
renewable electricity supplys like choice power source. The
warmness electricity thermal electricity storage gadget (LHTESS)
embody the kingdom exchange herbal motion motion |activity}
method in its running cycle. pastime substances like wax can act
as strength storage. In LHTESS, the charging approach (PCM
melting) absorbs the strength whereas the discharging technique
(PCM solidification) would unleash the energy. The thermal
overall performance of the LHTESS is outlined due to the fact the
high quality power (heat) switch mechanism between the PCM
and consequently the warmness switch fluid (HTF) like water or
air. There ar a couple of parameters that have an impact on the
thermal overall performance of the LHTESS like vary of fins, fin
orientation, HTF go with the flow and thermal conditions, device
orientation etc. so as to predict the thermal overall performance
of LHTESS, every experimental and numerical (CFD) strategy
had been used. for the duration of this journal, the latest
evaluation on the thermal overall performance enhancements on
LHTESS had been summarised.
Keywords— LHTESS, PCM, Paraffin wax, CFD Simulations.

I. INTRODUCTION
The warmth thermal power storage structures (LHTESS) contain
a nation exchange fabric (PCM), like wax, in a very closed
instrumentality whereas a warmness switch fluid (HTF) strikes
from physique of water to outlet thru pipes that region unit
enclosed . in the course of the HTF motion, warmth switch takes
place between the HTF and additionally the PCM. There vicinity
unit two power cycles on the LHTESS, in particular charging
cycle and discharging cycle. in the course of this overview
journal, the current evaluation on the thermal overall performance
enhancements on LHTESS had been summarised.
II. LITERATURE REVIEW:
Solidification mechanism of physical change materials
within a triplex-tube device was investigated Ammar M
Abdulateef [1] with the assistance of experimental further as
numerical simulations. The authors had elect RT82 Paraffin
because the physical change material in their studies. In their

study, varied fin configurations – internal longitudinal fins,
external longitudinal fins, internal-external longitudinal fins,
internal triangular fins, external triangular fins and internalexternal triangular fins – were analysed. These analyses were
conducted for 3 flow rates of warmth Transfer Fluids (HTF).
The authors had determined a rise in solidifying rate with the
rise in HTF’ mass rate. Saied Seddegh[2] had studied the
influence the pure mathematics orientation over the thermal
performance – in terms of melting (charging process) and
solidifying (discharging process) – of the PCM with the
assistance of machine Fluid Dynamics simulations. The authors
had chosen ANSYS FLUENT for these transient CFD
simulations because the Enthalpy-Porosity approach was
obtainable. that they had applied Coupled algorithmic program
for the required pressure-velocity coupling. For determination
the Momentum and Energy equations, the authors had chosen
Second-order Upwind theme for higher accuracy.
The natural process materials that ar used for thermal
energy storage systems suffer from low thermal physical
phenomenon. numerous researches had been conducted to
style fin configurations to boost the thermal performance of
those systems. Gnanadurai Ravikumar Solomon[3] had
investigated the impact of fin heights over the set rate. This
experimental study was conducted on vertically minded
cylindrical heat of transformation energy storage unit with fins.
The authors had additionally studied the fin’ impact on the
wise cooling and sub-cooling mechanisms on PCM.
Abduljalil A Al-Abidi [4] had ended that the warmth transfer
fluid (HTF) body of water temperature had a better impact on
the melting of natural process material than the HTF’ mass
flow. The authors had conducted experimental studies on a
treble tube device with the internal-external kind fin
arrangement. during this study, RT82 Paraffin was handpicked because the PCM whereas predicament (90° C) acted
as HTF. Kunal Bhagat[5] had developed a numerical model to
analyse the multi-tube thermal energy storage system with fins.
Their system had a central tube for the warmth transfer fluid
additionally a tube at AN angle of 60° apart. These seven
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tubes were coarctate with the natural process material. The
authors had applied periodic approach for playing the CFD
simulations for his or her study. This helped in reducing the
simulation time in their studies. The PCM temperature
predictions between CFD simulations and therefore the
experimental from their investigations were in smart
agreement. The authors had over that the skinny fins helped in
enhancing heat transfer rate whereas increasing the fin
thickness would lead to reduction of PCM volume, thus the
thermal capability of the system. Martin Longeon[6] had
studied the impact of the warmth transfer fluid’s injection
direction for the charging and discharging cycle during a
compact latent thermal energy storage system. Their analysis
work had enclosed each experimental and CFD simulations.
whereas confirmatory the info between these ways in terms of
paraffin temperature predictions, the authors had recommended
that the PCM’s heat price plays crucial role in discharging cycle
results. supported the results obtained, the authors had over the
direction of warmth transfer fluid’ injection had less impact on
discharging cycle as compared to the charging cycle. that they
had suggested prime injection for the warmth transfer fluid for
the charging cycle whereas a bottom injection for the
discharging cycle. The authors had conducted CFD simulations
victimisation ANSYS FLUENT. And, the results were found to
be in smart agreement with the experimental information in
terms of PCM temperature. In order to own economical heat
transfer between the natural process material (PCM) and
therefore the heat transfer fluid (HTF) within the latent thermal
energy storage system (LHTES), the fins area unit typically
placed on the pipe carrying the HTF. Multiple analysis had
been undertaken to spot effective fin style. A Sciacovelli[7] had
studied 2 innovative fin style – single bifurcation and double
bifurcationfins. These fins were of formed as compared to the
everyday fin styles like longitudinal fins. These bifurcation
formed fins ensures the reach of fins reach the most distance in
to the natural process material thus leading to higher heat
transfer rate. The authors had conducted the study with the CFD
simulations and therefore the Response Surface technique.
supported their results, they need ascertained pure gold increase
in discharge cycle potency with the assistance of double
bifurcation fin style. Shengxiang Deng[8] had conducted the
same study on distinctive the influence of fins over the
performance of the heat thermal energy storage system. The
authors had undertaken a 2-dimensional CFDsimulations with
saturated fatty acid as natural process material during this
analysis. The angle between the dual fins in their study was
varied by 30°, 60°, 90°, 120°, 150° and180° to check the
results against base model configuration. that they had
conjointly extended the study by variable the fin length
likewise. From their results, that they had ascertained a rise
melting time of sixty six.7% for the optimum fin angle of 30°.
A finite-volume technique primarily based, absolutelyimplicit,
numerical model for the melting method within the enclosure
of Octadecane, a natural process material, was developed by
Nourouddin Sharifi [9] for non-uniform grids. The enclosure
consisted of cavity for the PCM and

horizontally orientated fins for the warmth transfer
improvement. The authors had investigated the impact of fins
like variety of fins, fin thickness and therefore the fin length
over the PCM melting mechanisms. For these transient method,
that they had ended that the time-step of zero.01 seconds to be
sufficient for the simulations. Multiple shell- and-tube device
configurations for the heat of transformation Thermal Energy
Storage (LHTES) system was studied victimization ANSYS
FLUENT by Soheila Riahi[10]. The configurations in their study
were Fin Plate Vertical (FPV), Parallel Flow Horizontal (PFH),
Counter Flow Horizontal (CFH), Parallel Flow Vertical (PFV)
and Parallel Flow Horizontal (PFH). The state change material
(PCM) in their study was soda niter whereas air was circulated
as heat transfer fluid (HTF). In their simulations, air-flow was
modelled as bedded conditions whereas the density variations
on each fluid and solids because of the warmth transfer were
thought-about to be negligible. Also, symmetry model approach
was applied by the authors to model the LHTES system. Zakir
Khan[11] had investigated through an experiment the heat of
transformation storage system during a longitudinal finned shell
and tube device model with paraffin because the state change
material. The authors had focussed on the LHTES system’s
transient thermal performance and also the effective heat
transfer mode underneath these devices. that they had known
the conductivity mode of warmth transfer as dominant among
alternative modes in LHTESS. Also, low heat transfer at very
cheap a part of the LHTESS was discovered as compared to the
central and also the high portion. The influence of HTF body
of water temperature and also the flow over the melting method
of a finned-LHTESS was through an experiment studied by
Moe Kabbara[12]. In their study, the authors had chosen
saturated fatty acid because the state change material because
of its melting temperature (43 ± zero.5°C) and has low physical
phenomenon at the side of lower price. supported their analysis
work, the authors had discovered that HTF body of water
temperature to own important impact on the PCM melting time
as compared to the HTF flow. once the HTF body of water
temperature was augmented from 60°C to 70°C, the PCM
melting time reduced by 3.5 hours. However, for associate HTF
flow increase of 0.7 liters/min to one.5 liters/min, the authors
hadn’t discovered any noticeable improvement in thermal
performance of LHTESS though they were ready to scale back
the melting time by one hour by increasing the HTF flow from
1.5 litres/min to a pair of.5 litres/min. Francis Agyenim [13]have
studied the sub-cooling method within the PCM melting on a
Tube-In-Tube LHTESS. In their study, Erythritol with a
melting temperature of
117.7 °C was chosen as PCM whereas air at a hundred and forty
°C was chosen as HTF. The authors had studied 3 geometrical
configurations – management PCM system (no fins), Circular
Finned PCM system and Longitudinal Finned PCM system.
supported the Cycle Time vs. PCM Temperature curve from
their experimental studies, it had been discovered that the
longitudinal finned LHTESS had warmth gradient throughout
the charging method followed by the system then
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Circular finned system. At the Cycle Time of one hundred
minutes, the temperature on the longitudinal finned system was
nearly 105°C whereas the circular finned system was at 78°C.
this means the low thermal performance during sensible heat
addition on the charging cycle of the LHTESS with circular
fins.
A numerical simulation based mostly investigation on
thermal performance improvement on a triple tube device with
PCM charging cycle was studied by Abduljalil A Al-Abidi[14]
The authors had studied 2 fin geometrical assembly – internal
and external – beside fin parameters like variety of fins, fin
thickness and fin length. the first mechanism of warmth
conductivity, melting and also the natural convection within the
PCM was modelled in ANSYS FLUENT with Boussinesq
approximation. The PCM melting was found to be reduced with
the rise in fin length but, for the rise in fin thickness resulted in
negligible reduction within the melting time. Conventional
LHTESS area unit familiarized either in vertical or in horizontal
direction. N Kousha [15] had studied the impact of LHTESS
unit’ inclination angle over the PCM melting on a Tube-InTube device LHTESS. The authors had studied four angle of
inclinations - 0° [horizontal orientation], 30°, 60° and 90°
[vertical orientation]. The authors had determined associate
degree initial high heat transfer on the horizontal orientation as
compared to the vertical orientation. This was attributed the
attraction effects of natural convection of melting. However,
once this first stage, melting rate on the vertical orientation had
inflated comparatively. that they had finished that inclination
angle had a big impact on the method
|natural action| action| activity} method instead of on the
melting process. Thermal storage capability of the LHTESS
suffers thanks to the low thermal physical phenomenon of the
natural action materials (PCMs) like Paraffin. Hence, varied
researchers had focussed on enhancing the warmth transfer
characteristics of the LHTESS. the foremost common approach
has been the inclusion of fins on the HTF pipe. Manish
Rathod[16] had investigated the influence of longitudinal fins
on the thermal performance – in terms of PCM’s set time – with
the assistance of experiment studies. In their take a look at
model, 3 longitudinal fins that were product of brass were
hooked up at associate degree angle of 120°. the set time were
reduced by 43.6% with the addition of those fins. Conventional
style of LHTESS area unit of cylindrical in form. Saeid
Seddegh[17] had compared the thermal performance of conelike
and cylindrical formed LHTESS with the assistance of
experimental studies. The advantage of shape – with the larger
radius at the lowest – ensured the development within the
natural convectionmechanism throughout the charging method
of LHTESS. However, the authors had determined minimal
influence onthe discharging method in their study on conelike
formedLHTESS. Most analysis on LHTESS area unit focussed
on thethermal performance like melting/solidification time. the
priceassociated in building a LHTESS usually unmarked. Ralf
Raud[18] had developed mathematical optimisation
methodology for the LHTESS to estimate the thermo-economic
value. In their optimisation study, the authors had

investigated the affiliation between LHTESS puremathematics
that features fins and their thermo-physical properties and value
for 2 completely different PCMs with the melting time because
the constraint. supported their analysis work, the authors had
known that the choice of fins with high thermal physical
phenomenon ends up in important reduction of LHTESS value.
Saied Seddegh[19] had conducted experiments on shell and tube
heat of transformation storage systems within which the PCM
was hold on on the shell-side. The authors had investigated the
performance of this shell- and-tube-latent-heat-storage system
for four cylinder diameter supported the shell-to-tube radius
magnitude relation and 4 operational conditions supported the
warmth transfer fluid water temperature. supported the results
obtained from this experimental study, that they had finished
that the HTF water temperature had stronger influence on the
LHTESS performance whereas the HTF rate of flow had
insignificant impact on the performance. Also, that they had
ascertained a discount in charging time nearly thirty eighth once
the shell- to-tube-radius magnitude relation was reduced from
eight.1 to
2.7. M. J. Hosseini[20] had conducted a study the thermal
performance of double pipe, longitudinal orientation, device for
varied fin heights moreover as Stephan variety for the charging
method. RT50 was chosen by the authors becausethe PCM
in their study because of its melting temperature (45
- 51°C) was found to be appropriate for solar power storage
systems. during this study, each experimental and numerical
(CFD) approach had been applied. For the numerical
simulation, the enthalpy-porosity methodology that area unit
accessible in common CFD softwares like ANSYS FLUENT
had been utilised for modelling the PCM melting. supported
their study, the authors had finished that the rise in fin height
resulted higher thermal penetration within the PCM, resulting
in reduced melting time. The construct of LHTESS was applied
for up the cooling constant of performance (COP) of the airconditioner system by Dongliang Zhao[21] with numerical
simulations. In their LHTES system, water (for charging
process) and air (for discharging process) were used as heat
transfer fluid. The authors had outlined PCM heat storage
system effectiveness as a magnitude relation of actual- totheoretical heat transfer within the system and is usually on top
of zero.5. because the fin height was renowned to possess
important impact on the thermal performance of LHTESS, the
authors had counseled the numerical (CFD) approach to spot
the best fin height. With the assistance of three dimensional
CFD simulations, Mushtaq I Hasan [22] had applied LHTESS for
up the warmth transfer characteristics of micro-channels.
during this study, air was flowing over the micro-channels
whereas the PCMs were placed at the bottom of the microchannel conductor. The authors had compared four totally
different PCMs (Paraffin wax, RT41, n-eicosane, P116) during
this study. the appliance of PCM for the micro-channel
conductor enabled to take care of overall reduced surface
temperature. Sohif Mat [23] had conducted numerical and
experimental studies for a triplex-tube LHTESS with a varied
fin configurations. Their 2-dimensional numerical simulations
(CFD) were performed in ANSYS FLUENT with enthalpy-
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porosity approach with transient solver. The authors had
applied 0.5 seconds as time step for their simulations. For these
CFD convergent thinker settings, the PCM average temperature
expected from the simulations were in smart agreement with
the experimental approach. The authors had investigated the
thermal performance of the LHTESS beneath 3 heat load
conditions – heating from within the tube, heating from outside
the tube and heating from each side. of those there heating
methodology, the authors had expected that the inner heating
resulted in most melting time whereas both-side heating
methodology resulted in lowest melting time. The PCM set
within the co-axial cylinder was studied by Imen Jmal[24]
mistreatment numerical simulations (CFD). during this study,
paraffin was chosen because the PCM whereas air was
provided as heat transfer fluid in two- passages. The authors
had compared the process with and while not the natural
convection on the PCM. supported their results, they'd
complete that the contribution from the natural convection was
important and should be enclosed in numerical simulations.A
transient, laminar, three-dimensional numerical simulation
based mostly approach was conductedby M. Esapour[25] to
research the LHTESS geometrical parameters similarly as
operational conditions – HTF recess temperature and rate - over
the PCM melting time. For the geometrical parameters, the
authors had varied the quantity of HTF tubes similarly because
the positioning of the HTF tubes, leading to twelve geometrical
configurations. With the multiplied range of HTF tubes, the
general heat transfer area conjointly will increase. This resulted
in quicker melting time (10%) in their study.

REFERENCES
[1] Ammar M Abdulateef, Jasim Abdul at eef, Sohif Mat, Kamaruzzamman

Sopian, Basher Elhub, Munther Abdullah Mussa, “Experimental and
Numerical Study of Solidifying Phase-Change Material ina Triplex-Tube Heat
Exchanger with Longitudinal/Triangular Fins” International Communications
in Heat and Mass Transfer, vol-90, pp 73-84, 2018.
[2] Saied Seddegh, Xiaolin, Wang, Alan D Henderson, “ A Comparative Study

of Thermal Behaviour of a Horizontal and Vertical Shell-and-Tube Energy
Storage using Phase Change Materials” Applied Thermal Engineering, “ vol93, pp 348-358, 2016.
[3] Gnanadurai Ravikumar Solomon, Ramalingam Velraj, “Analysis of the Heat

Transfer Mechanisms During Energy Storage in a Phase Change Material
Filled Vertical Finned Cylindrical Unit for Free Cooling Application” Energy
Conservation and Management, vol-75, pp 466-473, 2013.
[4] Abduljalil A Al-Abidi, Sohif Mat, K Sopian, M.Y. Sulaiman,

Abdulrahman Th. Mohammad, “Experimental Study of Melting and
Solidifcation of PCM in a Triplex Tube Heat Exchanger with Fins” Energy
and Buildings, vol-68, pp 33-41, 2014.
[5] Kunal Bhagat, Mohit Prabhakar, Sandip K Saha, “Estimation of Thermal

Performance and Design Optimization of Finned Multi-tube Latent Heat
Thermal Energy Storage” Journal of Energy Storage, vol-19, pp 135-144,
2018.
[6] Martin Longeon, Adele Soupart, Jean-Francois Fourmigue, Arnaud Bruch,

Philippe Marty, “Experimental and Numerical Study of Annular PCM Storage
in the Presence of Natural Convection” Applied Energy, volume 112, pp 175-

III. OBSERVATIONS
The major observations from this literature review has been
listed below.
• 2-dimensional CFD simulations with time-steps of 0.5
seconds within the enthalpy-porosity approach on industrial
CFD softwares had expected the thermal performance of
LHTESS admire experimental approach.
• HTF water temperature has vital influence on the
LHTESS performance whereas the impact of HTF rate was
minimal[19].
• The natural process of the PCM within the LHTESS were
modelled victimization the Enthalpy-porosity approach within
the CFD package instead of the multi-phase approach.

184, 2013.
[7] A Sciacovelli, F Gagliardi, V Verda, “Maximization of Performance of a

PCM Latent Heat Storage System with Innovative Fins” Applied Energy,
2014.
[8] Shengxiang Deng, ChangdaNie, Guangya Wei, Wei-Biao Ye, “Improving

the Melting Performance of a Horizontal Shell-Tube Latent-Heat Thermal
Energy Storage Unit using Local Enhanced Finned Tube” Energy &
Buildings, volume 183, pp 161-173, 2019.
[9] Nourouddin Sharifi, Theodore L Bergman, Amir Faghri, “Enhancement of

PCM Melting in Enclosures with Horizontally-Finned Internal Surfaces”
International Journal of Heat and Mass Transfer, vol-54, pp4182-4192, 2011.
[10]Soheila Riahi, Wasim Y Saman, Frank Bruno, Martin Belusko, N. H. S.

IV. CONCLUSION

Tay, “Performance Comparison of Latent Heat Storage Systems Comprising

A model with PCM melting technique is formed and there's a
natural action discovered with reference to time. The heat
transfer are takes place during a voluted pipe , this pipe is style
and changed with best configurations and at that time high
quantity of warmth energy transferred through pipe and melting
process completed during a short time.New LHTES style
reduced the melting time by 20% as compared to alternative
styles..

Plate Fins with Different Shell and Tube Configurations” Applied Energy,
vol-212, pp1095-1106, 2018.
[11] Zakir Khan, Zulfiqar Ahmed Khan, “An Experimental Investigation of

Discharge/Solidification Cycle of Paraffin in Novel Shell and Tube with
Longitudinal Fins based Latent Heat Storage System” Energy Conservation
and Management, vol-154, pp157-167, 2017.

447

I
Parameters on Thermal Behvior of Vertical Shell-and-Tube Latent Heat

[12] Moe Kabbara, Dominic Groulx, Alain Joseph, “Experimental

Energy Storage Systems” Energy 2017.

Investigations of a Latent Heat Energy Storage Unit using Finned Tubes”

[20] MJ Hosseini, A ARanjbar, M Rahimi, R Bahrampoury, “Expeimental and

Applied Thermal Engineering, 2016.

Numerical Evaluation of Longitudinally Finned Latent Heat Thermal Storage

[13] Francis Agyenim, Philip Eames, Mervyn Smyth, “A Comparison of Heat

Systems” Energy and Buildings, 2015.

Transfer Enhancement in a Medium Temperature Thermal Energy Storage

[21] Dongliang Zhao, Gang Tan, “Numerical Analysis of a Shell-and-Tube

Heat Exchanger using Fins” Solar Energy, vol-83, pp-1509-1520, 2009.

Latent Heat Storage Unit with Fins for Air-Conditioning Application”

[14]Abduljalil A Al-Abidi, Sohif Mat, K Sopian, M.Y. Sulaiman,

Applied Energy, vol-138, pp 381-392, 2015.

Abdulrahman Th. Mohammad, “Internal and External Fin Heat Transfer

[22] Mushtaq I Hasan, Hind LaftaTbena, “Using of Phase Change Materials

Enhancement Technique for Latent Heat Thermal Energy Storage in Triplex

to Enhance the Thermal Performance of Micro-Channel Heat Sink”

Tube Heat Exchangers” Applied Thermal Engineering, vol-53, pp147-156,

Engineering Science, Technology, an International Journal, 2018.

2013.
[15]N Kousha, M.J. Hosseini, M.R. Aligoodarz, R.Pakrouh, R. Bahrampoury,
“Effect of Inclination Angle on the Performance of a Shell and Tube Heat
Storage Unit – An Experimental Study” Applied Thermal Engineering, 2016.
[16]Manish K Rathod, Jyotirmay Banerjee, “Thermal Performance
Enhancement of Shell and Tube Latent Heat Storage Unit using Longitudinal

[23] Sohif Mat, Abduljalil A Al-Abidi, K Sopian, M. Y. Sulaiman,

AbdulrahmanTh Mohammad, “Enhance Heat Transfer for PCM Melting in
Triplex Tube with Internal-External Fins” Energy Conservation and
Management, vol-74, pp 223-236, 2013.
[24] ImenJmal, MounirBaccar, “Numerical Study of PCM Solidification in a

Finned Tube Thermal Storage Including Natural Convection” Applied

Fins” Applied Thermal Engineering, 2014.
[17] SaeidSeddegh, S Saeed Mostafavi Tehrani, Xiaolin Wang, Feng Cao,

Thermal Engineering, 2015.

Robert A Taylor, “Comparisons of Heat Transfer Between Cylindrical and

[25]M. Esapour, M. J. Hosseini, A. A. Ranjbar, R. Bahrampoury, “Numerical

Conical Vertical Shell-and-Tube Thermal Energy Storage Systems” Applied

Study on Geometrical Specifications and Operational Parameters of Multi-

Thermal Engineering, 2017.

Tube Heat Storage Systems” Applied Thermal Engineering, vol-109, pp351-

[18] Ralf

Raud, Michael E Cholette, SoheilaRiahi, Frank Bruno,

363, 2016.

WasimSaman, Geoffrey Will, Theodore A Steinbarg, "Design Optimization
Method for Tube and Fin Latent Heat Thermal Energy Storage Systems”
Energy 2017.
[19] SaeidSeddegh,

Xiaolin

Wang,

Mahmood

MastaniJoybari,

FariborzHaghighat, “Investigation on the Effect of Geometric and Operating

448

MULTICON W ICAMCE 2022

An Overview – Study and Selection of Biodiesel for
Performance and Emission Analysis on Diesel
Engine
Mr. Siddharth Saindane
Assistant Professor, Department of
Mechanical engineering,
St. Francis Institute of Technology
Mumbai, India
siddharthsaindane@sfit.ac.in

Ms. Amruta Gokhale
Assistant Professor, Department of
Mechanical engineering,
Thakur College of Engineering and
Technology
Mumbai, India
amruta.gokhale@tcetmumbai.in

Abstract – A literature review on various biodiesels,
categories, their performance and usages. In India, it is
beneficial to restructure R&D program in order to deal with
issues like utilization of biodiesel and its impact on different
sections of society. Results expected are improved productivity
of plant and oil extraction techniques. By comparing properties
of biodiesel with diesel fuel and from researches done we can
say that most of the analyzed biodiesel properties results were
closer to diesel fuel. Furthermore, B20 is positioned as first and
can be chosen as the optimum blend for the operation of the CI
engine with fish oil biodiesel blend, which is also holds good
with the experimental results.

Evidently, Biodiesel is a good alternative for fossil fuels.
But sustainability of biodiesel is the key factor for
determining it as a fuel in diesel engines. Identification of
proper blend of biodiesel and diesel is needed to meet the
efficiency, engine suitability and environmental
acceptability.
A. What is Biodiesel?
Vegetable oils can be used as an alternative to fossil fuels.
During World War II, vegetable oils were used as fuel in
emergency situations[11].
Despite having similar or similar characteristics of
diesel,, the initial research to use vegetable oil as a fuel for
diesel engine resulted in some negative impact on engine
such as problem in pumping, atomization, gumming, injector
fouling, piston ring sticking and contamination of lubricating
oil in the long run operation due to high viscosity, density,
iodine value and poor non-volatility. For better combustion
of the vegetable oils, author suggested, reduction in viscosity
by using methods such as preheating, thermal cracking and
trans-esterification. Trans-esterification is primarily used to
convert vegetable oil to a form that can be used in diesel
engines and is called biodiesel. Biodiesel can be defined as
mono-alkyl esters of long chain fatty acids derived from
vegetable oils or animal fats[11].

Keywords – Biodiesel, Diesel, CI engine, Fish Oil, Brake
thermal efficiency (BTE), HC, CO, CO2, NOX, Calorific Value,
Specific Gravity, Viscosity, Cetane Number, FAHP-TOPSIS,
FAHP-VIKOR, FAHP-ELECTRE

I.

Dr. Rajesh Kale
Professor and Head of Dept.,
Department of Mechanical Engineering
MCT’s Rajiv Gandhi Institute of
Technology,
Mumbai, India
rajesh.kale@mctrgit.ac.in

INTRODUCTION

Confrontation with crisis of fossil fuel depletion and
environmental degradation. The search for alternative fuels,
which possesses a harmonious correlation with sustainable
development, energy conservation, efficiency and
environmental preservation, has become highly pronounced.
It is estimated that by 2030, the per-capita energy
consumption may have grown to a rate of 0.7% per year[1].
According to Wan Nor Maawa Wan Ghazali, Rizalman
Mamat, H.H.Masjuki, Gholamhassan Najafi[7], in 2013,
30.92% energy from crude oil, 28.95% energy from coal and
22.81% energy from natural gas 22.81%, was consumed. Fig
1 shows the world energy consumption by source from year
1800 to 2013[7].

In general, biodiesel feedstock can be divided into four
categories[11].
1) Edible vegetable oil: Sunflower, Rapeseed,
Ricebran, Soybean, Coconut, Corn, Palm, Olive, Pistachia
Palestine, Sesame seed, Peanut, Opium Poppy, Safflower oil
etc.
2) Non-edible vegetable oil: Jatropha, Karanjaor
Pongamia, Neem, Jojoba, Cotton seed, Linseed, Mahua,
Deccan hemp, Kusum, Orange, Rubber seed, Sea Mango,
Algae and Halophytesetc.
3) Waste or recycled oil.
4)
Animal fats: Tallow, yellow grease, chicken fat
and by-products from fish oil etc.
B. How is Biodiesel produced?
Biodiesel source vegetable oil molecules are composed
of triglycerides with non-branched chains of different lengths
and different degree of saturation and it contains various
proportions of saturated and unsaturated fatty acids. The

Fig 1.

World energy consumption by source 1800–2013[7]
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utilization of biodiesel and its impact on different sections of
society, improving the productivity of plant and oil extraction
technique.

purpose of the trans-esterification process is to lower the
viscosity of the vegetable oil. In this process, the triglyceride
present in the oil or fat reacts with alcohol (methanol or
ethanol) in the presence of a catalyst which is alkaline in
nature. A catalyst such as sodium or potassium hydroxide is
required. Glycerol (also called glycerin) is produced as a
byproduct[3].

Fig 2.

Trans-esterification process for producing the biodiesel[2].

Generally, methanol is used to produce biodiesel because
of its availability and lower reaction time, and the final
product (bio-diesel) is called as methyl ester of the raw oil
used. Sometimes, ethyl alcohol is also used for the
production of biodiesel, and it is called as the ethyl esters of
the corresponding oil.

Fig 4.

Fig 5.

Flow chart of conventional biodiesel production[5]

Production and Import of edible oil in India [11]

II.
Fig 3.

Typical flow chart of biodiesel production[3]

FLUID SELECTION

A biodiesel blend is pure biodiesel mixed with petrodiesel in appropriate proportions. Biodiesel blends are
referred to as Bxx. The ‘xx’ indicates the amount of biodiesel
by volume in the blend of biodiesel and petro-diesel[3].

P. Tamilselvana, N. Nallusamy, S. Rajkumar[2] studied
performed experiments by many researchers for different
types of biodiesel fuels, to evaluate the performance and
emission behavior of diesel engines with different biodiesel
fuels [2]. Different types of fluids considered are tabulated in
table I as shown below.

a) Need of catalyst
Most of the researchers / scientists reported that the
production of biodiesel was more when the process was used
a catalyst. Base catalyst performs better than acid catalyst
and enzymes[4].

A. Blend properties[10]
The proper operation of an engine depends on a number
of fuel properties. Viscosity, density, CN, heating value,
flash point, pour point, and so on are the most significant
properties of the fuel.

C. Indian Senario of Biodiesel
India is one of the top 10 oil consuming countries in the
world. The country’s existing annual crude oil production is
at about 32 million tonnes as against the demand of about 110
million tonnes. In India, bulk of the freight (over 60%) and
passenger traffic (over 80%) is carried by road; and diesel
and petrol contribute to 98% of the energy consumed in the
transport sector.

Of all the properties, viscosity, specific gravity, cetane
number, calorific value and flash point are discussed in this
paper.
a) Viscosity
The kinematic viscosity should be lower in order to give
a better performance of engines because higher viscosity is
responsible for higher fuel pump power consumption.

Oil imports during April–May 2007 were valued at
$9165.20 million and the oil import bill was expected to rise
to $120 billion in 2011–2012.
To reduce the dependency on imported oil, production
and utilization of biodiesel may be a solution in a developing
country like India[11].

b) Density / Sp. Gravity
Higher density increases the energy concentration of fuel,
and the fuel atomization efficiency is also influenced by its
density. But higher density causes higher viscosity, which
ultimately leads to poor combustion and affects engine
performance and emissions.

Though, Indian biodiesel program is still in nascent
phase, it has enormous potential. At this stage, it is beneficial
for India to restructure its research and development program
in order to deal with the different related issues like

The densities of all the biodiesel–diesel blends were
within the recommended limits for biodiesel fuels specified
by ASTMD6751 (875–900 kg/m3) and EN14214 (860–900
kg/m3) [10]
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TABLE I

COMPARISON OF PROPERTIES OF BIODIESEL WITH DIESEL FUEL.[2]

Fuel type

Calorific Value
(MJ/kg)

Specific
Gravity

Sunflower

45.3

0.88

4.9

49

Corn

45

0.88–0.89

3.39

58–59

Cetane
Number

Cotton

45

0.875

4.07

54

Pumpkin

43.3

0.883

6.3

–

Eucalyptus

43.27

0.895

2

–

Diesel

43

0.815

3.522

47

Waste Fish Oil

42.74

0.825

1.7

57

Fish Oil

42.241

0.88

4

–

Mango

41.924

–

5.18

51.6

Mustard

40.4

0.864

5.76

–

Peanut

40.1

0.883

4.42

54

Soybean

40

0.885

4.08

52

Safflower

39.322

0.89

5.8

53

Castor

39.16

0.913

10.5

–

Sesame

38.836

0.882

5.34

–

Beef Tallow

38.35

0.8732

5.85

56

Turpentine

37.28

–

3.89

38

Algae oil

37.06

0.883

4.73

–

Rubber

36.5

–

5.81

43

Neem

36.496

0.8732

6.81

–

Waste cooking Oil

35.4

0.89

2.72

41

Orange Oil

34.65

0.8169

3.52

47

Palm

34

0.86–0.9

4.42

62

Hence, increases in biodiesel percentage in a biodiesel–
diesel blend, increases the CN of the blend.

c) Calorific Value
Engine combustion characteristics and performance are
influenced by the calorific value, which facilitates heat
release during combustion and improves the power output.

e) Flash Point
The flash point has great importance because it directly
affects the transportation, storage, and handling of fuel. Fuel
which has a higher flash point provides greater safety during
storage and transport.

With a reduction in the biodiesel percentage in the blend,
the calorific value of the biodiesel increases. From the
results presented in Table II, it can be seen that the calorific
value of biodiesel–diesel blend ranges from 35.6 to 44.16
MJ/kg, which is slightly lower than that of ordinary diesel,
which ranges from 43 to 47 MJ/kg.
TABLE II

Viscosity
at 40oC

Table II shows that the flash points of biodiesel–diesel
blends are higher than that of ordinary diesel.
Research says that the average flash points for all
biodiesel–diesel blends are about 107.75°C, showing a
tremendous increase of 68.67% compared to diesel fuel.

FUEL PROPERTIES OF ORDINARY DIESEL AND BIODIESEL–
DIESEL BLEND[10].
ASME
limit

Diesel

Biodiesel – diesel
blend (upto 30%)

Viscosity
at 40oC

1.9 – 6

2.5 – 5.7

2.77 – 4.80

Density
(kg/m3)

–

816 – 840

835 – 896

Cetane
Number

minimum
47

45 – 55

46.9 – 49.9

Calorific
Value (MJ/kg)

–

43 – 47

35.6 – 44.16

Flash
Point (oC)

Minimum
130

50 – 98

75.5 – 140

B. Different Methods and criteria used
C.M. Sivaraja, G. Sakthivel studied and described the
application of hybrid Multi Criteria Decision Making
(MCDM) techniques for the selection of optimum biodiesel
blend in IC engine. Three methods, FAHP-TOPSIS, FAHPVIKOR and FAHP-ELECTRE, are used to evaluate the best
blend.
A single cylinder, constant speed and direct injection
diesel engine with a rated output of 4.4 kW was used for
exploratory analysis of evaluation criteria at different load
conditions.
By varying the proportion of biodiesel, Diesel, B20,
B40, B60, B80 and B100 fuel blends are prepared.
Similarly, Brake thermal efficiency (BTE), Oxides of
Nitrogen (NOx), Exhaust gas temperature (EGT),
Hydrocarbon (HC), Smoke, Carbon monoxide (CO),
Carbon dioxide (CO2),c Combustion Duration Ignition

d) Cetane Number
A higher CN shortens the ignition delay period. Hence,
a higher CN is expected. In general, biodiesel has a higher
CN than petro-diesel, because biodiesel is largely composed
of long-chain HC groups.
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5)
Carbon monoxide (CO): The carbon monoxide
emission depends upon oxygen content, carbon content and
combustion efficiency of the fuel. The carbon present in the
fuel is oxidized with oxygen present in air to form CO.
6)
Hydrocarbon (HC): Hydrocarbons present in
the fuel take part in the combustion reaction in the presence
of oxygen and the remaining hydrocarbons come out as
unburned hydrocarbons.
7)
Exhaust gas temperature (EGT): EGT
represents the exact temperature of the fuel mixture after it
is combusted in the cylinder. It indicates the efficiency of
the combustion and is an important parameter in analysing
the emission of the engine.
8)
Ignition Delay (ID): Ignition delay refers to the
time difference between the start of injection and start of
combustion in which each droplet gets ready for
combustion by being atomized, vaporized, mixed with air,
ignited through auto ignition and burned.
9)
Combustion duration (CD): Combustion
duration is the period from the start of the combustion to
the end of combustion and can be determined from the heat
release data.
10) Maximum Rate of Pressure Rise (MRPR): In a
CI engine, at the initial stage, pressure rise depends on the
combustion rate that is influenced by the amount of fuel
taking part in the premixed combustion phase. The results
obtained through the proposed methodology FAHPTOPSIS, FAHP-VIKOR and FAHP-ELECTRE are
tabulated in Tables III-V.

Delay, and Maximum Rate of Pressure Rise are considered
as the evaluation criteria.
Experiments also can be conducted by varying blending
concentrations in the range of 5% and 10% to get more
accurate results.
C. Criteria for selecting a best blend[1]
In this research work, authors have used the literature
survey to identify the evaluation criteria for selection of best
blend. The identified criteria are described below:
1)
Oxides of Nitrogen (NOx): The formation of
nitrogen oxides (NOx) depends on the peak flame
temperature, ignition delay, and the content of nitrogen and
oxygen available in the reacting mixture.
2)
Smoke: The oxygen content in the molecular
structure of the biodiesel is the main factor that has effect
on the smoke emission. Smoke emission occurs by the
thermal cracking of long chain HC molecules in an oxygen
deficient combustion environment.
3)
Brake thermal efficiency (BTE): The brake
power of an engine is described as a function of the thermal
input from the fuel. It indicates how efficiently the fuel
energy is converted into mechanical output.
4)
Carbon dioxide (CO2): The CO2 emissions of
diesel engine indicate how efficiently the fuel is burnt inside
the combustion chamber. Most of the carbon will be
converted into carbon dioxide during combustion, if the
combustion is good.

TABLE III RANKING OF ALTERNATIVES WITH THE USE OF FAHP-TOPSIS, FAHP-VIKOR AND FAHP-ELECTRE AT 21OBTDC
FAHP-TOPSIS

Blend
Diesel
B20
B40
B60
B80
B100

0
1
3
2
4
5
6

25
2
1
4
3
5
6

50
1
2
4
3
5
6

75
4
1
2
3
6
5

100
4
3
1
2
6
5

0
1
2
4
3
5
6

FAHP-VIKOR
Load
25
50
75
3
1
3
1
2
1
2
3
2
4
4
4
5
5
6
6
6
5

FAHP-ELECTRE
100
3
2
1
4
5
6

0
2
1
3
4
5
6

25
1
2
3
4
5
6

50
2
1
3
4
5
6

75
2
1
3
4
6
5

100
2
1
3
4
5
6

TABLE IV RANKING OF ALTERNATIVES WITH THE USE OF FAHP-TOPSIS, FAHP-VIKOR AND FAHP-ELECTRE AT 24OBTDC
FAHP-TOPSIS

Blend
Diesel
B20
B40
B60
B80
B100

0
1
2
4
5
3
6

TABLE V

50
3
1
2
4
5
6

75
3
2
1
5
4
6

100
3
1
2
4
5
6

0
1
2
4
3
5
6

FAHP-ELECTRE
100
2
1
3
4
5
6

0
2
1
3
4
5
6

25
1
2
3
4
5
6

50
2
1
3
4
5
6

75
1
2
3
4
5
6

100
2
1
3
4
5
6

RANKING OF ALTERNATIVES WITH THE USE OF FAHP-TOPSIS, FAHP-VIKOR AND FAHP-ELECTRE AT 27OBTDC
FAHP-TOPSIS

Blend
Diesel
B20
B40
B60
B80
B100

25
3
1
2
4
5
6

FAHP-VIKOR
Load
25
50
75
2
2
3
1
1
2
3
4
1
4
3
4
5
5
5
6
6
6

0
1
3
2
5
4
6

25
2
1
4
3
5
6

50
2
3
4
1
5
6

75
3
2
1
4
5
6

100
1
3
4
2
5
6

0
1
2
3
4
5
6

FAHP-VIKOR
Load
25
50
75
3
2
1
1
4
2
2
3
3
4
1
4
5
5
5
6
6
6
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FAHP-ELECTRE
100
1
3
2
4
5
6

0
2
1
3
4
5
6

25
2
1
3
4
5
6

50
1
2
3
4
5
6

75
1
2
3
4
5
6

100
1
2
3
4
5
6
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III.

of diesel. However, the calorific value of blends is lower
than that of diesel fuel. The ignition delay period is
shortened when biodiesel–diesel blend is used compared
to diesel fuel.

ENGINE PERFORMANCE

This section presents and discusses the results of
different studies available in the literature related to the
exhaust gas temperature, specific fuel consumption and
brake thermal efficiency of compression ignition engine
using biodiesel and blends of bio-diesel as fuels.

• Biodiesel production from different feed stocks have
potential as an alternative energy and the use of biodiesel
can lower the dependency on fossil fuel.

The brake thermal efficiency decreases in most of the
cases by around 10% for neat biodiesel (B100). The
decrease is marginal in case of B10 and B20 blends. The
BSFC increases by more than 10% for neat biodiesel. The
exhaust gas temperature is normally higher with biodiesel
and its blends with diesel. The maximum decrease in brake
thermal efficiency is noted to be 27% with karanja biodiesel.
On the other hand, the maximum increase of brake specific
fuel consumption is found to be 38.3% with neat mahua
biodiesel. A 20% increase of exhaust gas temperature with
neat jatopha biodiesel is reported to be highest among all the
studies reviewed. The opposite trend of increase in brake
thermal efficiency and decrease in BSFC as well as exhaust
gas temperature are also found in few cases.
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Brake thermal efficiency of an engine depends upon the
properties of the fuel such as lower calorific value, viscosity
and density. In case of neat biodiesel or diesel–biodiesel
blended fuels, calorific value of the fuel is less compared to
that of neat diesel and viscosity and density are higher. The
decrease in lower heating value is mainly responsible for the
higher BSFC in case of biodiesel. This higher fuel
consumption and the improvement in combustion due to the
oxygen enrichment with biodiesel result in higher exhaust
gas temperatures. The analysis of all the experimental
studies suggests that it will be beneficial and wise if
biodiesel–diesel blends having10–20% biodiesel are used
with little sacrifice in the performance of the engine.
IV.

FINDINGS FROM LITERATURE

• B20 is positioned as first and the decision maker can
choose B20 as the optimum blend for the operation of
the CI engine with fish oil biodiesel blend, which is also
in good agreement with that of the experimental results.
• Lower heating value of biodiesel and its blends produces
lower net HRR, slightly lower brake thermal efficiency
and higher BSFC than those of diesel fuel.
• Biodiesel and its blends produce lesser exhaust
emissions such as CO, HC and particulate matter/smoke
and higher NOX and CO2 than diesel fuel due to higher
cetane number and enriched oxygen content which leads
to improved combustion.
• Biodiesel does not contain any sulphur and aromatic
compounds and hence does not emit any sulphurous
components. Biodiesel blends up to 20% can be used as
alternate fuel in diesel engines with little or no
modifications.
• Most of the analyzed biodiesel properties results were
closer to diesel fuel.
• Base catalyst gives better performance than acid catalyst
and enzymes.
• The kinematic viscosity and CN of biodiesel–diesel
blend where up to 30% biodiesel is blended with diesel
are almost the same as or slightly higher than those of
diesel. The density and flash point are higher than those
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Abstract— eVTOL denotes for Electric vertical take-off and
landing and, as the name proposes, we speak of an aircraft
or airplane that takes-off, hovers, cruises and lands
vertically.
We are aware of Urban Air Mobility (UAM). The term itself
suggest that it is capable of plummeting traffic congestion
and also there is negligible emissions and having on
demand service operational in 3D space. eVTOL can hover,
cruise from a standstill without the requirement of a runway
and has the manoeuvring proficiencies of an aircraft giving
it an advantage over outdated aircrafts and copters. The
project aims to achieve the transition from vertical take-off
to horizontal cruising by swivelling of rotors and the
transition is seamless. Initial take off will be achieved purely
from the thrust generated by the rotors. The horizontal
cruising will be achieved by the combination of lift provided
by wings and the thrust generated by rotors. The
mathematical model of the eVTOL aircraft is applied to test
stability. The project aims at achieving the concept by
various formulations which will be vital for the coming
generation of electric mobility vehicles. The project aims to
provide solution to the problems caused by congestion on
the road which is a hinderance to ambulances as they
become inefficient in providing timely emergency medical
services to passengers because of the delay.
Keywords—eVTOL, Electric vehicles, Air mobility,
I.

INTRODUCTION

eVTOL- Electric vertical take-off and landing; and it alludes
to airplane that can take off, float, voyage and land vertically.
eVTOL features vertical take-off and landing (VTOL)
competency, electrification of lift and thrust (rotating a
propeller/rotor with a motor), and automation of controls and
can drift, journey from a halt without the need of a runway
and has the moving capacities of an airplane giving it an

advantage over customary airplanes and copters. The eVTOL
can be designated as a vehicle that fits somewhere in between
a drone and a conventional airplane. Envisioned applications
for passenger transportation include usage as air taxis, for
emergency response (first-aid, police, rescue), and for leisure
activities. As for the transportation of goods, eVTOL would
offer larger capacity for freight transport than ordinary
drones. The progress from vertical take-off to even cruising
is accomplished by the turning of rotors and the change is
consistent. Introductory take off is absolutely from the
pushed created by the rotors. The even cruising is
accomplished by the blend of lift given by wings and the push
created by rotors. The pivoting of rotors is managed by the
Electronic Speed Control (ESC), KK 2.1 Flight Controller,
Li-Po battery. Fuelling the growing momentum behind
development are advancements in battery and motor
technologies along with related control technologies, led by
the automotive industry, and autopilot technologies cultivated
in the drone industry, as well as technology advancements for
reducing aircraft weight with carbon fibre composite
materials.

II.

PROBLEM DEFINITION

Around the world, mainly in the metropolitan cities
remarkable hours of people has been gone in wane on daily
bases and the only reason or blame is the increase of
congestions on the roadways. International based data in the
year 2018 collected the information stating that these
congestions on roads result in approximately 4 billion gallons
of fuel wastage unnecessarily. On an average around 45% of
carbon dioxide emission is the by-product of transportation
and of this around 80% is the result of commercial vehicles
and trucks that are traversing on the roadways daily.
The manufacturing of the skyscrapers for
providing numerous homes is to adjust the
increasing population and their
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accommodation in the compact spaces, in the
similar manner the evtols or flying cars will
provide aid in resolving the traffic problems and
also one will be able to rejoice the 3D space, by
reducing the traffic.
The routes with fixed overcrowding will be made
less predominant as these evtols can travel on
geodetic paths. Various companies have been
working hard on creating prototype that will result
in successful intercity possible. Because of electric
propulsions and utilization of sustainable energy
there is no or zero emission in the environment
which is great achievement. Pollution is under
control since the propulsions use electric hardware
which have zero operational imminent. Also the
aim is RTA i.e. required time of arrival with the
help of energy efficient arrival for a multi-rotor air
taxi. Using the optimal control problem formulation
and numerical solutions one can achieve the most
efficient travel path. This is of utmost importance
considering safe and efficient future of eVTOL
operations for passengers and cargo delivery.

Smoothly operated energy transmission considering
the safety standards by utilizing batteries
Improve passenger safety
Keeping the future energy clean and
regenerative
IV.

METHODOLOGY

We manufactured a 3D model of the design constructed on
the software so that we could understand the sensitivity and
strength of the model practically. The planning of the
designing and manufacturing has been done as arithmetically
as possible. Arithmetic means given equal distribution all the
domains effectively. Consequently, they oﬀer amazingly
quick comprehend times, require no underlying theories, and
assurance an all-around ideal arrangement. Some key vehicle
parameters, for example, void weight division and battery
vitality thickness, are held consistent between vehicle
conﬁgurations. Then different analysis parameters lilke the
cruise testing, hiver testing and trajectory optimization,
voyage lift- to-drag proportion, and drift circle stacking, are
changed between conﬁgurations, utilizing delegate esteems
for a given conﬁguration.
Later we did not bind ourselves with a constraint weight
parameter but we were expandable with difference in weights
as the formulae were easily solvable changing the values and
keeps the elements constant. Even the calculation of the
Centre of Gravity was a challenge as it had to be precisely the
coincident point of the fuselage and aerofoil in order for the
model to work appropriately.

III.

RESEARCH OBJECTIVES

To provide an alternative transport system to avoid
congestion
By using sustainable energy and being fabricated
with renewable parts, it also caters to the
environmental needs of society
To improve the design of current eVTOL
To achieve enhanced steady and controllable take
of landing on in other words improving the
aerodynamics
Seamless transition between take off, cruising and
landing modes

Deciding which material for the body had been really
excruciating as we need a material which would have light
weight and enough forte to withstand the air resistance when
it hovers and manoeuvres and also the weight of the battery
and rotors and propellers. Even the part including tilt
mechanism was very challenging as maintaining the tilt at an
angle of 45 degree at a constant is really difficult to achieve.
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Fully functional eVTOL model
Successful transition between take off,
cruising and landing of eVTOL by
swivelling of rotors.
To achieve maximum possible flight range.
To suggest an alternative transport system to
avoid congestion.
To reduce the carbon emissions.
To improve the design of current eVTOL.
Improve aerodynamics.
Efficient circuitry and

improved

battery

utilization.
Improve passenger safety.

VI.

CONCLUSION

Tools Required
•
•
•
•
•
•
•
•
•
•
•

Solidworks
MATLAB
ANSYS
Autodesk Fusion 360
Creo
Arduino IDE
Raspbian
3-D printer
Laser cutting
Glue Gun
Weld gun

Material
Raspberry pie-3
KK 2.1 Flight Controller
ESC- Electronic Speed Control
Transmitter Receiver 560 Mhz
Servo Motor
Flex sensors
Li-po battery
Balsa Wood
Foam
Aerofoil
Propeller
Flight Controller
V.

Through this project we have discussed the importance for
eVTOLs and its industrial and commercial uses, eVTOLs are
the future of transportation, with the increasing dangers of
climate change and improvements in research and
development and in engineering of the various parts required
for the manufacturing, eVTOLs are no longer a surreal dream
but a reality, since we have undertaken this project, we were
able to design and create various prototypes and CAD
models, create stimulations are solve mathematical
calculations regarding it. We have proved that eVTOLs can
vertically take-off from standstill using rotors for the thrust,
and manoeuvre in the horizontal direction can be
accomplished by a mixture of lift given by the wings and the
push created by the rotors, the ideal idea for an eVTOL is to
make it autonomous without a pilot, which will have sensing
capabilities to avoid any obstacles without crashing, and with
the global eVTOL Aircraft market growth which is growing
in a considerable rate, all the existing issues about eVTOLs
can be rectified, like flight range, aerodynamic properties,
passenger safety, better battery utilization, etc.

EXPECTED OUTCOMES
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Abstract- Automated Swarm robotics is a field of multi-robotics in
which large number of robots are coordinated in a distributed and
decentralized way. Swarm Bot Technology has become an
interdisciplinary frontier and the focus of many disciplines including
artificial intelligence, economics, sociology, biology. The main
scientific objective of the AMLS project is to Design Develop and
Fabricate with IoT based controlling the swarm-bots for industrial
automation. In this project, Automated Mobile Swarm-bots
comprise of an integrated master and slave system, where the master
controls the slave using RF module to carry out the desired industrial
logistics tasks.
This project integrates the function of the two major components of
the Swarm-bots i.e the Master with Slave and describes its
application as a transportation bot in Inter-workshop transportation
by fast and reliable sensory integration modules.
Keywords- Automated Swarm-bots, Swarm Bot Technology, MasterSlave bot, IoT, Industrial Logistics

I.INTRODUCTION
Current studies confirm the strategy using general robotics tools
is AMLS. However, for warehousing logistics, a few special
factors need to be considered: man, robot coexistence in working
environment, energy consumption of robots and collision
avoidance among robots. The article is based on a novel swarm
robot transportation platform, called Automated Mobile Logistics
Swarm Bots (AMLS), based on the multi-agent Single-Line
Pathfinder (MASPF) method and the Master-Slave Algorithm,
which can accurately verify the effectiveness of task allocation.
Besides, the charging process is designed to supplement the
energy consumption of robots. The experimental results show that
the AMLS satisfies the requirements of the warehouse logistics
scenarios. The AMLS can be applied in testifying the efficiency
of task allocation strategy for logistics systems, adhering to the
demands in the warehouse.
The AMLS comprised of autonomous Master and Slave Bots can
be applied in testing the efficiency of task allocation strategy for
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logistics systems. With advancements in wireless
communication technology,it is possible to interface one bot to
another bot. In the swarm-bot formation, bots are attached to
each other, and the robotic system is integrated under one
umbrella, enabling motion and reconfiguration as required. For
instance, the swarm-bot might change its shape to traverse a
narrow passage or climb an obstacle. Due to many mobile
robots involved in the accomplishment of a single task, the
communication module becomes complex and a challenging
task. Proper sharing of information and instruction between
each robot in the system is necessary for the successful
accomplishment of the task. Hence selection of a proper
communication technology for swarm robots in accordance
with the application, cost, and environment is crucial.
Generally, short-range-wireless-communication techniques are
best suited and match the characteristics of swarm robotics. In
AMLS, inter-bot communication is achieved through relays via
a sophisticated wireless hardware and software module.
Reem Alattas, et. Al. [1] This paper surveys various
applications of artificial evolution in the field of modular
robots. Evolutionary robotics aim to design autonomous
adaptive robots automatically that can evolve to accomplish
a specific task while adapting to environmental changes.
Roderich Gross et.Al [2] In this paper, we discuss the selfassembling capabilities of the swarm- bot, a distributed
robotics concept that lies at the intersection between
collective and self-reconfigurable robotics. A swarm-bot is
comprised of autonomous mobile robots called s-bots. Sbots can either act independently or self-assemble into a
swarm-bot by using their grippers. We report on experiments
in which we study the process that leads a group of s-bots to
self-assemble. In particular, we present results of
experiments in which we vary the number of s-bots (up to16
physical robots), their starting configurations, and the
properties of the terrain on which self-assembly takes place.
In view of the very successful experimental results, swarmbot qualifies as the current state of the art in autonomous
self-assembly. Nimbekar Nupur et.Al [3] In this Paper,
Swarm intelligence take its inspiration from social animals
and display the concept of collective behavior.

MULTICON W ICAMCE 2022

M.O OKWU et.Al [8] The research is focused on the
development of a flexible and intelligent sensor controlled
convertible cart-trolley to support physical distribution of
goods. Transporting of homogeneous and heterogeneous
commodities is a common trend in laboratories, offices,
supermarkets, warehouses and industrial settings. In
developing countries, handling and transporting of materials
are usually done using manually operated trolleys. Such
practice could be time consuming and laborious, thus this
research

With simple hardware architecture, high feasibility, cost
efficiency, robustness; it comes out as a very user-friendly
technology which is fit for the industrial applications where
depending on a single robot for the accomplishment of a task is
not possible.
The only challenge this multi-robot technology faces is to
establish an efficient communication system between
them to ensure proper coordination, communication, and
routing. Nikolaus Correll et.Al [4] In this Paper, Inspection of
aircraft and power generation machinery using a swarm of
miniature robots is a promising application both from an
intellectual and a commercial perspective. Our research is
motivated by a case study concerned with the inspection of a jet
turbine engine by a swarm of miniature robots. This article
summarizes our efforts that include multirobot path planning,
modeling of self-organized robotic systems, and the
implementation of proof-of-concept experiments with real
miniature robots. Although other research tackles challenges
that arise from moving within 3D structured environments at the
level of the individual robotic node, the emphasis of our work is
on explicitly incorporating the potential limitations of the
individual robotic platform in terms of sensor and actuator noise
into the modeling and design process of collaborative inspection
systems. CKM Lee et.Al [5] In this Paper, Traditional warehouse
operations in Hong Kong are labor-intensive without much
automation. With the rapid increasing transaction volume
through multi-channel, the preference for nextday delivery
service has been increasing. As a result, 3rd party logistics
providers have realized the importance of operational
efficiency. With the advent of Industry 4.0 emerging
technologies including Autonomous Robots, Industrial Internet
of Things (IIoT), Cloud-Computing, etc., a smart robotic
warehouse management system is proposed as it redefines the
warehouse put-away and picking operations from man-to-goods
to goods-to-man using autonomous mobile robots. Hwan Il
Kang et.Al [6] In this Paper, In this paper, we develop the path
planning algorithm using the improved Dijkstra algorithm and
the particle swarm optimization. To get the optimal path, at first
we construct the MAKLINK on the world environment and then
make a graph associated with the MAKLINK. Virag A
Timbadia et.Al [7] The objective of this research is to design and
fabricate a trolley based on the creativity techniques for the
multipurpose .
It also provides a better control which are operated by
mechanically or electronically for wheel movements in forward
and reverse direction. An innovative concept of two in one
facility has been conceived and being implemented. The
research includes the integration of trolley used at airport and at
shopping mall based on the creativity techniques. It is more
effective and convenient for the use at airport and as well as at
shop mall.

II.

METHODOLOGY

The Swarm Bot System is designed with a 2:1 aspect and can
carry an on-load capacity of 4.5 to 5 kg catering small
volumes. With Easy-to-Assemble components, and a userfriendly interface, it is among the best-in-class electronics
system which can be equipped in Industrial workshops.
The following problem definition is proposed for this project:
“To design and demonstrate the functionality of AMLS and
implementation of sophisticated Algorithm robotic systems
with an efficient IoT-Enabled control panel.”
The design, development, and fabrication of the AMLS
system, throughout the course of a year, would be carried out
as followsThe first part of the project was selection of components
required for the slave and master bots. Components were
selected based on desired sophistications and by considering
the range targeted for the bots. Furthermore, outer bodies of
the master and slave bots were designed using a CAD
modelling software. Primary focus of the designing process
was on developing the bots considering the dimensional
analysis of components. The next step consisted of selecting
the optimum material, suitable for the bots. The selected
material must be able to carry the weight designated. The
second factor was considered based on the availability of
material for 3D printing, which is subsequently followed by
development of coding module. The coding is done to
establish communication between the master and slave bot.
Anti-collision coding would be included while designing the
software system.
The designing, maneuvering of the slave bots and simulation
analytics of the build quality of the bots were considered for
designing the Master and Slave Bots. This methodology is an
experimented time proven sequence of stages and procedures
followed to Plan, Define, Design, Build, Test, and Implement
a specific type of system. A detailed theoretical study was
conducted after referring several research papers and literature
material for the purpose of selecting the most appropriate
model.
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The design of AMLS system integrates machine assignment,
machine layout, transfer station setting and loop arrangement
and other issues and becomes a complex combinatorial design
problem during manufacturing. We herein propose a coevolutionary methodology to design one complex AMLS
system that includes two tandem AMLS and IOT systems
(workshops) synchronously. Following the AMLS Prototype
gives an overall consideration for the previously mentioned
issues, which can overcome the defects of solving these issues
in sequence by the previous studies. Moreover, the
corresponding mathematical model is built for this design of
complex AMLS system.

III. DESIGN & DEVELOPMENT
The computer-aided CAD model for the prototype of AMLS is
designed as shown in Fig.1.1. It was made after considering the
dimensions calculated in the previous sections. The proposed
CAD model consists of the CAD model of the proposed design
of the experimental setup modelled by using Autodesk Inventor.

Various components were considered in the preparation of
internal mechanical and electrical systems. They include• Arduino Uno
• HC-SR04 Ultrasonic Sensor
• Load Cell
• HX711 Weight Pressure Sensor
• IR sensors (Arduino compatible)
• 16x2 I2C LCD display
• L293D Motor Driver Shield
• 60 RPM BO motors
• 6.5×3.5 cm Tyres
• Bluetooth HC-05(06)
• RF Transmitter
• Encoder Module
Other miscellaneous items: Jumper Wires, Circuit cables, U
Fits, Aluminum Foils, Switches, LV-MaxSonar, Etc.

Fig. 1.1 CAD Model of AMLS
The following factors were considered in the design of the
system:
i.
The general configuration of the Bots and the
factors of safety administered for the cart
effectiveness and efficiency.
ii.
The power ratings of the BO motors.
iii.
The configuration and movement techniques of
the Bots when in operation.
iv.
Ease of operation, choice of material and machine
affordability.
v.
Load capacity (4.5 to 5 kg).
vi.
Anti-Obstacle and Anti-Collision features enabled
with AMLS.
vii.
Features of sensor-controlled Master Bot.

RESULT & DISCUSSION
In summary, Automated Mobile Logistics Swarm-Bots
(AMLS) focuses on Workshop Logistics with the help of
effective and critical technologies. But it also has vast
applications like automation in storing and moving goods as
they make their way through the supply chain. They’re often
used in warehouses and storage facilities to organize and
transport products, a process referred to as intra-logistics, but
they can be used in other settings too.

The AMLS operates with 4 wheels, equipped with motors, to
enable zero-radius turning, left/right motion, diagonal crabbing,
forward and backward motion, and traditional steering. When
programmed to run a certain path, the onboard system relays
information to the motors, and the AMLS moves as intended at
specified speeds as it moves through work cells.

The result obtained and inferred so far is the successful
theoretical development of a robust transportation platform
which is relatively small and light, factors which facilitate its
manageability and operability. To sum up the potential of
AMLS, the experimental results, from literature reviews show
that the AMLS satisfies the requirements of the warehouse
logistics scenarios efficiently. The AMLS can be applied in
testifying the efficiency of task allocation strategy for logistics
systems.

The Master bot, has a weighing scale interface, mounted at the
top, which is signified by the blue surface over the Master bot,
in the CAD model. This scale, provides the weight of the
luggage carried by the slave bot. This provides an idea of the
load carried by the slave in case the load exceeds the safe load.
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Abstract— Wind Energy is becoming increasingly important
with the rise of renewable energy technology. As the demand is
on the rise, wind turbine are becoming larger and need to be
more efficient while staying cost effective. The analysis is
performed by considering the rated wind speed as 10 m/s and
survival wind speed as 60 m/s. This study also focuses on
comparing two materials used in the construction of wind
turbine blade, namely, Aluminium Alloy and Fiber glass. Fiber
glass is a material which is recently being used for this
application due to its high specific strength and stress. The
stresses and deformation resulting from the pressure will be
noted and compared to find the best alternative.

into various complex shapes. This pretty much explains why
fiberglass is widely used in bathtubs, boats, aircraft, roofing,
and other applications. [1]
Table 1 – Fiber Glass Properties

Keywords— Wind turbine blade, Finite Element Analysis,
composite material, survival wind speed.

I. INTRODUCTION
According to International Energy Agency (IEA), last 28
years (since 1971), the use of global energy has experienced
massive growth of 70 percent. The dramatic increase in
consumption of resources raised alarming signals to the
existing resource base. Thus the requirement for a renewable
source of energy has emerged. Currently, aapproximately 800
Gigawatts of energy are produced in the world just by Wind
energy. Usage is on the rise worldwide, in part because costs
are falling. The wind is used to produce electricity using the
kinetic energy created by air in motion. The blade is subjected
to stresses which can cause failure.

B. Aluminium Alloy
An Aluminium alloy is an alloy in which aluminium is the
predominant metal. The typical alloying elements
are copper, magnesium, manganese, silicon, tin and zinc.
There are many industries that are affected by the advantages
of aluminum alloys. Compared to pure aluminum, aluminum
alloys have 30% superior tensile strength and elongation
capabilities. [2]
Table 2 – Aluminium Alloy Properties

In this paper, Finite Element Analysis is conducted on a
model of a wind turbine blade which was created using NREL
airfoils. Pressure was considered based on wind speed and
analysis was performed considering two wind speeds i.e.
Rated wind speed and survival wind speed.
II. MATERIAL SELECTION
One of the main objectives of the paper was to find out the
most suitable material for a wind turbine blade. Hence,
analysis was considered by using two materials i.e. Fiber glass
and aluminium alloy.
A. Fiber Glass
E-glass fiber, the first major synthetic composite
reinforcement, was originally developed for electrical
insulation applications (that is the origin of the “E”). E-glass
fibers are, by many orders of magnitude, the most widely used
of all fibrous reinforcements. It is lightweight, strong and less
brittle. The best part of fiberglass is its ability to get moulded

III. PROCEDURE
The first step was to design the model. For this,
appropriate airfoils namely, NREL HAWT S818, S825, S830,
and S831 were used. [3] These airfoils were so selected based
their compatibility with the size of our wind turbine blade i.e.
19.5m and rated wind speed of 10 m/s. These airfoils were
placed on different sections of the blade based on their
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Rated Wind Speed – 10 m/s – 50 Pa

specifications and recommended position (root, primary and
tip) so as to increase the efficiency of the blade.

Survival Wind Speed – 60 m/s – 2200 Pa

Table 3 – Airfoil Locations

Table 4 – Wind Speed to Pressure conversion chart [6]

Airfoil

Location

Radius (mm)

Twist Angle

Chord length

S818

1

279.4

15

216

Meter/Second
m/s

Kilometer/Hour
km/h

Mile/Hour
mph

Pressure
Pa

S818

2

331

15

229.5

6.38

22.97

14.28

25

S818

3

385

15

243

9.03

32.5

20.19

50

S818

4

513.1

15

256.5

11.06

39.8

24.73

75

S818

5

721

13.023

253.8

12.77

45.96

28.56

100

S825

6

861

10.745

216

57.09

205.53

127.71

2000

S825

7

977.3

9.845

187.2

59.87

215.6

133.94

2200

S830

8

1206.1

7.19

136

62.54

225.1

139.9

2400

S830

9

1544

4.6

80

65.09

234.3

145.61

2600

S830

10

1865.5

3.4

48

S831

11

1900

2

45

S831

12

1950

0

21

V. RESULTS
Table 5 – ANSYS Simulation Results

The second step was to assign the material and material
properties to the blade section. As mentioned earlier, in this
comparative study, Fiber glass and Aluminium Alloy are used
as the two materials.
Then to perform the Finite Element Analysis, ANSYS was
used. Here the first step was to create a mesh of the model.
Subsequently, the boundary conditions and the loads were
defined on the model.

Aluminum Alloys

E-Glass

Wind speed

10 m/s

60 m/s

10 m/s

60 m/s

Pressure (Pa)

60

2300

60

2300

Maximum
Total
Defromation
(mm)
Minimum

0.2739

10.5

0.27076

10.379

0

0

0

0

Maximum

1.0419

39.94

1.0477

40.16

Minimum

4.49E-04

1.72E-02

4.80E-04

1.84E-02

Equivalent
Stress (MPa)

Fig. 1 – Meshing

Finally, the simulation was performed, and the results
were noted down.
Fig. 2 – Total Deformation – Al Alloy – 60 Pa

IV. ANALYSIS CONSIDERATION
Finite Element Analysis was performed by applying
pressure on the on the profile of the wind turbine blade. To
derive this pressure, two wind speed conditions were
considered i.e. Rated wind speed and survival wind speed. [4]
Here, Rated wind speed is the speed for which the blade is
designed. This is based on local wind speed readings that were
found to be 10 m/s, based on local weather data.
Survival Wind Speed is the extreme wind speed condition
that the turbine is rated to withstand without any damage to its
components. Here, a Factor of Safety of 6 is considered and
hence the survival wind speed is considered to be 60 m/s. [5]

Fig. 3 – Equivalent Stress – Al Alloy – 60 Pa

Based on these values, the pressure that is applied on the
surface of the wind turbine blade is found out to be as follows-
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Fig. 4 – Total Deformation – Al Alloy – 2300 Pa

Fig. 8 – Total Deformation – E-Glass – 2300 Pa

Fig. 5 – Equivalent Stress – Al Alloy – 2300 Pa

Fig. 9 – Equivalent Stress – E-Glass – 2300 Pa

VI. CONCLUSION
A model of a Wind Turbine blade is created by using
appropriate airfoils. Finite Element Analysis was performed
on the model considering two wind speeds i.e. 10 m/s and 60
m/s which are the rated wind speed and survival wind speeds
respectively. Two materials were considered for this analysis
i.e. Aluminium Alloy and Fiber glass. Composite materials
like fiber glass are recently starting to be used because of their
superior strength and lightness.

Fig. 6 – Total Deformation – E-Glass – 60 Pa

The results clearly show that the total deformation and von
mises stresses of a wind turbine blade constructed using fiber
glass are comparable to that of aluminium alloy. Hence, fiber
glass can be used as a safe replacement for aluminum alloys
as they are cheaper, lighter and have better stress distribution
properties.
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Abstract – Nowadays, the use of computer applications for
the purpose of producing and manufacturing products have
become common phenomena and therefore the purpose of our
paper is to focus on the improvement of manufacturing
technology process by use of 3D printing software for
automotive industry. The following research paper will cover
the introduction, problem statement, analysis of literature
survey, benefits, usage of 3D printing in manufacturing and in
automotive industry, and finally it will be accompanied by
reference links and conclusion. By this research paper everyone
can get clear about the importance, features and usage of 3D
printing in automotive industry.
Keywords—
3D
Printing,
Automotive
industry,
Polypropylene, Polyamide, TRU , Nylon PA11, manufacturing,
literature

I. INTRODUCTION
In today’s contemporary society, 3D software programs can
be used as an effective intervention for optimising the
manufacturing process of vehicles in the automobiles
industry. 3D technology started in 1983 when Chuck Hull
invented the first 3D printing equipment and method, which
he referred to as Stereolithography. The technique involved
creating solid forms by printing successive layers of
ultraviolet-curable materials parts of the world. The
technology is still gradually growing in popularity today, and
it is possible that a Today, 3D technology has been adopted by
various automobile manufacturing companies in certain II car
manufacturers in the future will, to a great extent, rely on 3D
printing in enhancing their automobile manufacturing process.
The phrase “3D printing” is employed to describe the series of
procedures in which objects are joined or solidified by use of
a computer control program to form a three-dimensional
object corporations that utilise 3D technology in the
automobile manufacturing sector attain major competitive
advantages in the market compared to their rivals. Also, that
is because by using 3D printing, it is possible for the
automobile manufacturing corporations to acclimatise to
geometric complexity and chieve distinctive customising
ability when making unique car parts for the global market.
Research executed by affirmed the existence of an electric car
that was built using 3D printing technology. The 3D printing
equipment used the ABS carbon-filter material, which was
also referred to as strati, to create the parts of the electric car
within 44 hours. Only the electronic components such as the
car battery, suspension, and motors were assembled manually.
The stated case example of the electric car is a manifestation
that the 3D printing technology can significantly reduce the
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time taken to manufacture a vehicle and at the same time,
reduce the workforce required. Subsequently, this can
translate into massive cost savings for the automobile
manufacturing companies, a phenomenon that can also be
reflected in the reduced retail cost of the 3D printing
automobiles in the mark.
II. WHY WE USE 3D PRINTING
For the past few decades, 3D printing in the automotive
industry was primarily used by carmakers to create
automotive prototypes to check their form and fit. The first
technology for building parts was selective laser sintering or
binder jetting. This allowed automakers to create aesthetically
pleasant parts, but they were weak and could not be used long.
According to engineering.com, today there are more
robust technologies for automotive 3D printing, such as fused
filament fabrication (FFF), which can be used not only for the
production of prototypes but also for end-use parts.
TABLE I.
Application
Under
hood

the

Interior
accessories
Air ducts

Full scale
panels

Caste metal
brackets
&handles
Complex
metal
components
Bezels

Lights
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Process

FEATURES OF 3D PRINTING
Material

SLS

Nylon

SLA

Resin

SLS

Nylon

Industrial
SLA

Resin

SLA&
cast

Wax

DMLS

Metal

Material
jetting

Photopol
ymer

SLA

Resin

Feature
Heat resistant
functional
parts
Customized
Cosmetic
components
Flexible
ducting
and
bellows
Large
parts
with aa surface
finish
comparable to
injection
molding that
allow
for
sanding
and
painting
Metal
parts
containing 3D
printed pattern
lightweight
End
use
custom screen
bezels
Fully
transparent,
high detailed
models

Example
Battery
cover
Console
prototype
Air
conditionin
g ducting
Front
bumper

Alternator
mounting
bracket
Suspension
wishbone
Dashboard
interface
Headlight
prototypes
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3D printing for automotive parts can be a game-changer in
the industry. The Global Automotive Outlook 2017 projects
that “the global automotive industry is set to reach 114 million
in worldwide sales annually by 2024”. This market has very
high barriers of entry as it is dominated by just a few OEMs.
The parts and accessories market looks different. There are
a lot of large scale and smaller players and the competition
there is very high. It is projected that this market will reach
around US$ 17 Bn by the end of 2025.And, last but not least,
according to Machine Design, consumption of 3D printing
materials by the automotive industry will reach around $530
million by 2021.
III. LITERATURE SURVEY
The growth in popularity of the 3D printing technology
has been attributed to the cost-saving benefits that the
technology yields to car manufacturers in creating high quality
automobiles. The use of 3D technology in the automotive
sector has also been supported by research executed that
portrays its impact in enhancing a corporation’s supply chain
.
According to the research, 3D printing has made it
possible for car and aeroplane parts to be manufactured faster
and efficiently, which is a phenomenon that has contributed
positively to the value chain Different research prepared stated
that the use of 3D for printing has managed to change the
paradigm for manufacturing .
Most of the leading automotive manufacturers have
already started experimenting with 3D technology in
executing mass production of cars and the creation of tools
and spare parts for automobiles.
Over the past decade, the automotive industry has been
characterised by intense competition due to the high demand
for vehicles manifested in most parts of the world. According
to research executed by , the use of additive manufacturing has
been utilised as the solution for flexible production of
customised produ

Fig. 1. Polypropylene

B. Polyamide
Additive manufacturing allows for other possibilities
with materials offering thermal resistance such as Ultrasint®
PA6 FR an advanced engineering polymer powder containing
a flame-retardant (FR) additive. This material combines
excellent mechanical and thermal performance with
flammability requirements; it is especially suited for
applications in the electronics and transportation sector.
Ultrasint® PA6 MF highly resistant and perfect to create
functional parts for engine bay parts and many other parts in
the transportation sector. PA6 is strong enough to hold the
whole engine assembly and handle all heat, vibration, and
static loads. Thanks to 3D printing and the media tightness of
this PA6 MF material, you can create made-to-measure
chemical resistant parts such as 3D printed reservoirs.

PREVIEW FROM LITERATURE SURVEY
After research I found that 3D software can be used as an
effective intervention for optimising the manufacturing
process of vehicles in the automobiles industry. Additionally,
3D printing originated as a technique that involved creating
solid forms by printing successive layers of ultraviolet curable
materials.
And today, 3D printing has largely been adopted in the
automotive industry as a cost and time saving method of
developing cars. Through the use of 3D technology, certain
parts of vehicles such as the lamps, mirror holders, and
dashboard components, among others, can be created with
ease.
IV. MATERIALS USED
A. Polypropylene
Some plastic materials, such as Polypropylene, are highly
used in the automotive industry. Ultrasint® PP nat 01 has a
mechanical profile enabling new applications, especially for
the automotive industry. For example, Polypropylene can be
used to 3D print interior components, dashboard parts,
airflow, or adapted fluid systems.

Fig. 2. Polyamide

C . TPU
Are you looking for a resistant and flexible material?
With impressive properties such as high rebound, low
compression set, and good fatigue behavior, PU is ideal for
applications requiring shock absorption, friction, or
flexibility!
Ultrasint® TPU 88A or Ultrasint® TPU 01 can both be
used in the automotive industry to create car interior
components, for example. With a Shore A 88, air filter covers,
bellows gimbal, or any flexible and resistant parts needed in
the automotive industry can be 3D printed using TPU.
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a process called Computer Automated Manufacturing
Process and System, which mentioned the term 3D
printing for the first time.
• For the past few decades 3D printing in Automotive
Industry was used by carmakers to create automotive
projects.
• The first technology for building parts, was laser sintering
or binder jetting this allowed them to create pleasant parts.
But they were weak and could not be used long.
• Now, there are more robust technologies for Automotive
industry using 3D printing such as fused filament
fabrication (FFF).
• And hence, 3D printing for Automotive industry can be a
game changer in industry.

Fig. 3. TPU

D. Nylon PA11
It is also possible to use more sustainability into
your manufacturing process using bio-derived materials. 3D
printable Nylon PA11 is based on 100% renewable biomass
sources. The Castor seed is extracted from the castor plant to
make oil. The oil is then converted into the monomer (11aminoundecanoic acid), which is finally polymerized into
Polyamide 11. Here are some options adapted to the creation
of automotive parts .Ultrasint® PA11 & MJF PA11: These
PA11 are bio-based materials, perfect to create durable parts.
Living-hinges, parts with high impact resistance, these Nylon
PA11 materials are offering great opportunities.Ultrasint®
PA11 CF is a 3D printing material reinforced with carbon
fibers, providing advanced mechanical performance for your
parts when strength and rigidity are needed. Does your project
require a high strength-to-weight ratio, high impact
resistance? Ultrasint® PA11 CF might be the perfect
solution.

EVALUATION OF 3D PRINTING IN
MANUFACTURING
One really powerful example of 3D printing
we’ve seen in the last few weeks is how 3D suppliers and
digital manufacturers are coming together to help produce
vital applications to help fight COVID-19. HP and its global
network of partners and customers are printing crucial parts
such as ventilator valves, face mask adjusters and hands-free
door handles - for local hospitals and healthcare providers
around the world.
One of the major benefits of 3D printing is the ability to
customise products and parts fully for the end user. This may
be in the form of design preference, or it could serve a more
practical purpose such as improving the fit or usability of a
product. For example, 3D printing makes it easy to customise
prosthetic limbs and shortens the production time from weeks
to days, and it can deliver custom-fitted and individualised
footwear, including insoles, through innovative 3D scanning,
dynamic gait analysis and manufacturing technologies.

Fig. 4. Nylon PA11
Fig. 5. Evaluation Of 3D Printing In Manufacturing

3D PRINTING IN AUTOMOTIVE MARKET
size was estimated to be over USD 1.4 billion in
2017 with the annual sales of over 110 thousand 3D printers.
The market is anticipated to grow at a CAGR of more than
25% over the forecast timespan. The 3D printing in
automotive market is propelled by the growing requirements
in the automotive sector for cost-effective and efficient
technology to develop high-quality and complex products.

V. IMPACT OF 3D PRINTING IN AUTOMOTIVE
INDUSTRY
• Electronics and defense manufacturer Raytheon filed a
patent in 1982 to use powdered metal to add layers to an
object. In 1984, entrepreneur Bill Masters filed a patent for

The technology has enabled the development of products,
which were technically not feasible earlier with the traditional
methods. The building mechanism of the additive
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Race winning Moto2 team TransFIORmers is using cuttingedge additive manufacturing (metal 3D printing) technology
in an unconventional front suspension system to gain a
significant competitive advantage. Motorcycles ridden in the
MotoGP World Championships are special; the general public
can't buy them and they can't be used on a public road. As
prototype racing bikes they are custom-built to outdo their
rivals and maximize performance on the track.

manufacturing technology allows the freedom of design and
enables the integration of internal components under
previously inaccessible surfaces or parts.

In the development of new components in Moto2 bike
design, achieving a weight reduction is a priority. In
particular, reducing the ‘unsprung mass' of the bike is a key
consideration. The lower the unsprung mass, the better the
suspension is in terms of vibration (chattering) management
and responsiveness to both braking and acceleration. The
French Moto2 team TransFIORmers, based in Perigueux,
South West France, have developed a new front suspension
design.
The speed with which the design of a new component can
be modified, and how long it takes to remanufacture are
important factors in the competitive motorsport world. Quick
and accurate part iterations are critical. The weight reduction
that metal 3D printing has achieved in the wishbone
component has enabled it to bypass traditional weight transfer
phenomenon and problems associated with brake drive
concerns. More than that, it allows the design of a part that is
not only lighter but far more rigid at the same time. By taking
an additive manufacturing approach to Moto2 bike design,
TransFIORmers succeeded in reducing the weight of its
critical wishbone front suspension component by 40%.
Comparing the one-piece titanium component with the
original welded steel component, a weight saving of 600 g was
achieved.

Fig. 6. 3D Printing In Automotive Market

CASE STUDY 1- FORMULA STUDENT GERMANY
Formula Student is an international student design
competition that was initiated in the USA in 1981 by the
Society of Automotive Engineers (SAE), and has been held in
Europe since 1998. The fiercely competitive international
competitions take place on race tracks in Europe, the USA,
and Asia, and each team decides individually in which
competitions it would like to take part.
As part of the optimization of their car, Formula Student
Germany set out to design and build a reliable, lightweight
axle-pivot (knuckle) with high rigidity, in the shortest possible
time. The knuckle needed to withstand the dynamic loads that
racing cars are subjected to while also reducing the overall
weight of the car. The resulting design was a topographically
complex single component only capable of being
manufactured using AM technologies. For this application,
DLMS was the best fit as it enabled to manufacture of a
functional metal part with complicated geometry.

SOME OF THE COMPONENTS BUILT USING 3D
PRINTING IN AUTOMOTIVE INDUSTRY

•
•
•
•
•
•
VI.

Car mirror
Car knob
Window screen wiper
Door handles
Car air vents
Shift knobs steering wheels
ADVANTAGES SPEED

The main perk of 3D printing is primarily the speed at the
rate of which the parts are generally produced in comparison
to the traditional manufacturing approaches. The CAD model
allows intricate designs to be uploaded and printed in a
handful of hours.
Fig. 7. The Final optimised knuckle design

By optimizing the geometry of the knuckle the final design
was 35% lighter than the original design and improved rigidity
by 20%. The use of AM technology also resulted in a
significant reduction in development and production time and
better reliability on the track (which in turn improved safety).
CASE STUDY – 2 MOTO2 MOTORCYCLE RACING

3D printing also allows for rapid verification as well as the
development of design concepts.
While earlier it used to take around days to weeks to gain
a prototype, additive manufacturing allows the model to be
prepared only in a couple of hours.
Although industrial additive manufacturing machines
generally take more time for printing and post-processing a
part, the capacity of producing functional end parts at low to
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mid volumes facilitates a massive time-saving perk in relation
to traditional manufacturing approaches.
COST
In case of small production, 3D printing is a highly
efficient and useful manufacturing process. Conventional
prototyping approaches such as CNC machining necessitate a
high number of costly machines and have higher labor
expenses since they call for well experienced machine
operators and technicians for operating them.
This is in contrast with the 3D printing procedure in which
merely a couple of machines and a lesser number of operators
are required (in accordance with the system) for
manufacturing a part. As a result, less waste material is
generated as the part is developed from scratch rather than
being carved from solid blocks.
FLEXIBILITY
Yet another useful perk of 3D printing is that the given
printer can develop anything fitting inside its build
volume.Through traditional manufacturing procedures, every
fresh part or alteration in part design would need a fresh tool,
mold or jig for being manufactured to develop a fresh part.
3D printing, as opposed to traditional approaches, permits
the inclusion of multiple materials in a single object, allowing
a range of colors, textures, and mechanical characteristics to
be varied and coordinated.
3D printing permits all users, even the ones who have less
computer-aided design experience, to edit designs in the way
they prefer, developing unique, personalized fresh parts. This
also implies that each offered design can be developed through
an array of varied materials.
TANGIBLE DESIGN AND PRODUCT TESTING

The conventional manufacturing procedures can lead to some
of the parts ending up being inconsistent or damaged in terms
of quality as compared to the remaining parts.
In case of 3D printing, the parts are printed in a sequence.
Every sequential individual part can be overseen, permitting
the errors to be tracked promptly, minimizing the overall
number of disregarded parts and wasted components while
boosting consistent quality gained from the generated parts.
ACCESSIBILITY
3D printing systems are far more accessible and can be
adopted by a larger number of people as opposed to
conventional manufacturing setups. As opposed to the great
degree of expense involved in managing conventional
manufacturing systems, 3D printing setups involve lesser
cost.
Being almost entirely automated they also require minimal
personnel for operating, supervising and handling the
machine, ensuring that it remains more accessible in
comparison to other manufacturing systems.
SUSTAINBILITY
Through 3D printing, less parts need to be outsourced for
manufacturing. This implies less impact on the environment
as lesser number of things are shipped around the globe and
there is less requirement for operating and maintaining an
energy-consuming factory.
PROBLEM STATEMENT
The use of 3D technology in the automotive industry
has been marred by a number of challenges that include the
high cost of procuring the 3D technology materials, and
technology limitations in manufacturing equipment.

The experience of feeling and touching the
prototype of a product cannot be compared with looking at the
product on the screen.

Nevertheless, despite such challenges, 3D technology has,
to a large extent, been adopted by the automotive industry and
significantly revolutionised the mode of manufacturing
vehicles in today's contemporary society.

The physical prototype can be tested and if any flaws are
discovered the computer aided design file can be adjusted and
a fresh version can be printed by the following day

there is a lack of substantial published information that
details the impact of 3D technology utilisation in the
automotive industry.

REDUCES RISK
3D printing enables businesses to minimize their
manufacturing risks. It enables product designers to verify
product prototypes prior to 3D printing technology and allows
product designers to verify product prototypes prior to
kickstarting on substantial manufacturing investments which
can prove to be disastrous.
QUALITY
The traditional manufacturing approaches can lead to
poor designs and bad quality prototypes. In case of the
involved elements not being blended properly, the end result
can be spoiled, such as in case of subtractive or injection
approaches, the quality is not often assured.
3D Printing allows for step by step assembling of the
product or its part, in turn assuring for the boosting of the
design and improved quality parts or items.
CONSISTENCY

VII. CHALLENGES
Lesser strength in comparison to conventional
manufacture: Many 3D printed parts are quite fragile as
opposed to the conventional manufacturing approaches, apart
from the ones created from metal which have effective
mechanical characteristics. This is largely owing to the parts
being constructed layer-by-layer, which highly minimizes its
strength.
Elevated cost at high volume: Generally carrying out large
production operations is more costly through 3D printing
owing to less impact from economies of scale. As per
estimates, when a direct comparison is made between similar
parts, 3D printing is deduced to be less cost-effective in
comparison with the parts being developed using conventional
manufacturing approaches.
Limitations in accuracy: The precision of a printed part
relies on the kind of machine and/or procedure adopted. A few
desktop printers have lesser tolerances in comparison to other
printers, implying that the final parts can be different in
comparison to the designs. Although this can be mended
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through post-processing, it has to be ensured that 3D printed
parts might not be precise every time.
Post-processing requirements: Most of the 3D printed
parts need a certain kind of post-processing. This can be
smoothing for developing a required finish or getting heat
treatment for achieving particular material properties as well
as final machining.
VIII. CONCLUSION
In conclusion, 3D software can be used as an effective
intervention for optimising the manufacturing process of
vehicles in the automobiles industry. Additionally, 3D
printing originated as a technique that involved creating solid
forms by printing successive layers of ultraviolet curable
materials.
However, today, 3D printing has largely been adopted in
the automotive industry as a cost and time saving method of
developing cars. Through the use of 3D technology, certain
parts of vehicles such as the lamps, mirror holders, and
dashboard components, among others, can be created with
ease..Furthermore, the use of 3D printing technology has
helped the automobile manufacturers to optimise their supply
chain and also facilitate automobile companies in securing
mass manufacturing of vehicles for the available global

market. Moreover, through the use of 3D printing technology,
it has been possible for the automobile
manufacturers to execute large scale production of spare
parts for vehicles.
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Abstract— Agriculture is the backbone of the Indian economy.
In India, agriculture and agriculture-based products havereceived
great importance in the Indian economy. The 2010 world statistics
of agriculture says, India to be the world's highest producer of
several vegetables, fresh fruits, major spices, milk and also some
fibrous crops. Lack of mechanization or automation is one of the
major roadblocks to improving the productivity of agriculture.
With agriculture facing a shortage of manpower, the need for
automating the various activities in the field arises or it is
becoming the need of the day.

Keywords—Spray pump, Nozzle, Tank, Agriculture.

I. INTRODUCTION
Majority of the sprayer pumps available in market are back
mounted, hand pumps that are used to spray pesticides.
Pesticide spray pump have to be pumped manually and then
carried on the back for spraying in the fields. Agriculture
sprayer vehicle operates the pump automatically as it moves,
pump is mounted on vehicle so no stress to operator, very low
cost. The pumping mechanism is connected to the rear wheel
shaft through a gear train. Thus motion of the wheel is
converted into automatic pumping of the pumping system.
Earlier designs were wither top mounted piston handle pumps
or side mounted handle piston Pumps. Both of them are to be
carried on the back. Thus the spraying pressure is developed
only when the handle is pumped. This causes fatigue and
makes the operator tired. For spraying action, the pump is to
be continuously pumped by hand to develop sprayer pressure
inside the tank, so also the pump with the filled liquid is heavy
and has to be carried on the back, hence a simple system that
pumps fluid and carries the pump on a vehicle so that
operator does not have to carrythe pump is needed. Crank
link operated pump works automatically when vehicle is
moved. The pumping mechanism is connected to the rear
wheel shaft through a gear train. Thus motion of the wheel is
converted into automatic pumping of the pumping system.
Pump is carried on the moving vehicle, the pump is provided
with two additional mechanism namely to uniformly spray
the pesticides on the crop and secondly a solid fertilizer
sprayer with the help of wheel motion. Project work involves
the design development
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II. EASE OF USE
A. Problem Statement
The recent history of agriculture has been closely tied with a
range of political issues including water pollution, biofuels,
Genetically modified organisms, tariffs, and farm subsidies.
In recent years, there has been a backlash against the external
environmental effects of mechanized agriculture, and
increasing support for the organic movement and sustainable
agriculture.
B. Specifications
Type of tree chosen and area into which it is planted. Trees
planted into more fertile land, for example, well-restored
brownfield sites, are likely to need more intensive pest
control measures than trees planted in infertile areas. This is
because the land is likely to contain a large pest seed bank
and repeated application of herbicides or a combination of
several methods may be needed to gain full control of the
pests during the establishment phase. Environmental factors
need to be evaluated as all weed control methods whether
cultural or chemical, will have both positive and negative
environmental effects. Timing of pest control is important. It
is often better to control weeds pre-emptively than to try to
deal with a weed problem retrospectively after the situation
has become severe. Avoiding a problem is better than taking
remedial action.
III. METHODOLOGY
Agricultural sprayers come in various design types, sizes,
equipment and performance specifications. They range from
small spot-spraying machines to very large sprayers with
extensive land and plant coverage. Agricultural sprayers have
been engineered to optimize their applicability and
performance for the many purposes that the machines are put
to, whether being used on crops, vegetation, or soil.
Agriculture sprayers are often used for applying water and
water/chemical solutions containing acids or caustic
materials for crop-performance or pest-control; i.e. fertilizers
and pesticides.
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Flow 4.5 LPM Pressure 6.9 Bar (cutoff) Nom 9.14V

A. Abbreviations and Acronyms
1. Gallons per Acre (GPA)
2. Miles per Hour (MPH)
3. Gallons per Minute (GPM)
4. Sprayed width per nozzle(W)
5. Output Per Minute (OPM)
6. Nozzle Flow Rate(NFR)

FABRICATION PROCESS
Fabrication which includes welding and assembling was
carried out at the workshop. The machine was tested at an
average human being speed on different types of fields.

B. definitions
1 CAPACITY OF THE DEVICE:- the unit is used to spray the
pesticide to the plants and the spraying is fast since the
pressure is generated by natural walking and the amount of
spray applied to an area will depend on the walking speed,
pressure selected for Spraying, and nozzle tip chosen. The
tank capacity, total weight a person can sustain on shoulder
is approximately 10kg, so the material taken into the tank is
approximately 4 to 5 liters and with air Pressure the tank
capacity will be approximately 8 Liters.
2 POWER UTILIZATION:- the mechanism of pumping works
by the foot pressure while stamping on the ground, since it is
done by normal walking on the ground without putting any
extra effort so no extra power is required for activation, no
power is used by the system.
C. Design
Type of tree chosen and area into which it is planted. Trees
planted into more fertile land, for example, well-restored
brownfield sites, are likely to need more intensive pest
control measures than trees planted in infertile areas. This is
because the land is likely to contain a large pest seed bank
and repeated application of herbicides or a combination of
several methods may be needed to gain full control of the
pests during the establishment phase. Environmental factors
need to be evaluated as all weed control methods whether
cultural or chemical, will have both positive and negative
environmental effects. Timing of pest control is important. It
is often better to control weeds pre-emptively than to try to
deal with a weed problem retrospectively after the situation
has become severe. Avoiding a problem is better than taking
remedial action.
IV. DESIGN AND IMPLEMENTATION
Design of Tank
L = Length of the Tank = 200 mm
W = Width of the Tank = 200mm
H = Height of the Tank = 400mm
C = Capacity of the Tank = 16 litre
The tank is of Hollow square bar with a size of 400 * 400
mm.
The capacity of the Tank = 16 litre

Processes for FabricationDesigning
The first step of the fabrication process is designing. Design
the tank, nozzle and total structure of the sprayer.
Material Purchasing
The second step is material purchasing. The material for the
tank is Polyethylene Terephthalate (PET). The nozzle isBrass
and the material for the delivery pipe is Mild Steel.
Making
Then, the tank should be marked according to the mounting
of the battery, pump, and other setups. Then the hose pipe
should be marked according to the length of the pipe required.
Lathe Operation
The vertical delivery tube is shape during the latheoperation.
Drilling Operation
The drilling operation is performed in a tank, for the
mounting of the pump and other electrical components. So
that the switch and the regulator are connected and fitted to
the pump and battery.
Welding Operation
The welding operation should be performed where the
nozzles are splitted into two. And the crossbar is also welded
with the vertical delivery pipe.
Assembling
Now assembling all of these components should be done as
shown in the figure.
Checking
After assembling, everything should be checked as it is
assembled according to our requirement. And the sprayer
should be tested in any fields.
Painting
After that, the sprayer should be cleaned and painted.
Component, = Rs. 1420 / day / acre From this, we can see that
the cost spent on removing the weeds by weed removal
machine is less when compared to the manual spraying
method. Farm mechanizations. Unlike pneumatic sprayers,
mechanically operated power sprayer is non – conventional,
so far as the displacement of labors is concerned in promoting
mechanically operated power sprayers especially considering
the fact that the majority of farmers in our country have a little
land.
The power from the battery is transmitted to the pump, by
using electrical power. The pump sucks the pesticides from
the tank and delivers it through the hoseto the delivery
section. Thus the pressure generated by the pump pushes
pesticides through the nozzle with high intensity. And this
process repeats depending upon the type of the field and
pesticide selected.

SELECTION OF PUMP
Model used = GF – 2203 –
3 Type of Pump=Radial Piston Pump
Volts 12V
Amps 3.3A
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this difficulty, and hence a suitable weed removal machine is
developed. In this project, the engine with petrol starts and
shaft with the help of chain sprocket mechanism and gears
drives two wheels an operator generally has to walk behind
the sprayer to guide the equipment in direction of travel for
various actions. Hence mechanical sprayer is necessary to
reduce the labor force. Environmental degradation and
pollution caused by the chemical are reduced by the use of
Mechanical sprayers. The low effective operation, low work
effort and high time requirement for different types of hoe or
cutlass can beovercome with the use of a mechanical sprayer.

A. Diagrams

B. Results and Discussion
Sprayers are machines used for Pests removal. A manual
sprayer is one of the prominent forms of pest removal.
Smaller spraying machines commonly Known as portable
sprayers are solely used for Pest removal in agriculturalfields,
in our country, most of the farmers have small croplands and
that's why they don't prefer to purchase of Pesticide Sprayer.
So, we in this paper design and fabricate a good efficient,
low-cost Pesticide Sprayer. The special type of powered
Pesticide sprayer is designed and constructed to remove the
Pests.
One of the more common forms of pesticide application,
especially in conventional agriculture, is the use of
mechanical sprayers. Hydraulic sprayer consists of a tank, a
pump, a lance (for single nozzles) or boom, and a nozzle (or
multiple nozzles). Sprayers convert a pesticide formulation,
often containing a mixture of water (or
another liquid chemical carrier, such as fertilizer) and
chemical, into droplets, which can be large rain-type drops
or tiny almost- invisible particles. This conversion is
accomplished by forcing the spray mixture through a spray
nozzle under pressure. The size of droplets can be altered
through the use of different nozzle sizes, or by altering the
pressure under which it is forced, or a combination of both.
Large droplets have the advantage of being less susceptible
to spray drift, but require more water per unit of land covered.
Due to static electricity, small droplets are able to maximize
contact with a target organism, but very still wind conditions
are Now the project has mainly concentrated on
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C. Feasibility
There are few circumstances where there will be no
requirement for pest control, but deciding on what your
strategy will be, and hour intensive it should be, is based on
a number of factors. Type of tree chosen and area into which
it is planted. Trees planted into more fertile land, for example,
well-restored brownfield sites, are likely to need more
intensive pest control measures than trees planted in infertile
areas. This is because the land is likely to contain a large pest
seed bank and repeated application of herbicides or a
combination of several methods may be needed to gain full
control of the pests during the establishment phase.
Environmental factors need to be evaluated as all weed
control methods whether cultural or chemical, will haveboth
positive and negative environmental effects. Timing of pest
control is important. It is often better to control weeds pre
empty vely than to try to deal with a weed problem
retrospectively after the situation has become severe.
Avoiding a problem is better than taking remedial action.
▶
▶
▶
▶
▶

1) 2 Nozzles Included.
2) solar Panel included for power supply
3) Adjustment Provided for Variation of Height.
4) Wheels Attached to Spray Pump.
5) Developed Manually Operated Fertilizer
Spreader.
▶ 6) Diameter Adjusted to Cover Large area in Field.

D. Conclusions
Many spraying devices are present in market today. But the
back mounted pump increases the hard work. The cost of
tractor sprayer is high, which cannot be afforded by small
scale farmers. The design and model created focuses on
reducing human efforts. This solution is not so expensive
also. Unlike tractor fertilizer there is no wastage of fertilizer
and pesticides. There is no decrease in productivity of land.
Comparative study of old and created model shows that this
solution is efficient and covers more land than back mounted
sprayer.
By making a talk about the topic of agricultural technology,
we can learn more and in-depth about it. This is our little
effort to make comfort to our farmers, this machine is
developed to reduce the time and effort required for
production up to the great extent Not only that, but themaking
cost of our equipment is also economic affordable
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Fabrication of pedal operated reciprocating pesticide sprayer
for agricultural and drainage line use”, International journal
of pure and Applied research in engineering and Technology,
2014; Volume 2 (9): 67-74.

and cost-efficient. All the manufacturing processes are
carried out with a great concentration; any wrong calculation
may have resulted in the failure of the project model.

[3] V.V. Rao, S Mathapati, Dr. Basavaraj Amarapur,”
Multiple Power Supplied Fertilizer Sprayer” International
Journal of Scientific and Research Publications, Volume 3,
Issue 8, August 2013
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Abstract— Quality is most important factor in all industry.
For maintain good quality is critical issue in industry. For
maintain quality used different techniques such six sigma, QFD,
Kano Models, Taguchi Methods, and Quality Circles etc.
However little study done for integrating Kano model and QFD
for evaluating quality. So we used Quality Function Deployment
(QFD) and Kano Model integration to evaluate quality in service
industry. QFD and Kano Model is approach to define customer
requirements and translate into technical requirement to fulfill
those needs. For evaluate we select one Car Care, Maruti
Authorized service station located inMaharashtra Marathwada
region Aurangabad District. This paper attempts to find out to
improvement efforts in strengthening their weak technical
requirement and to expedite the development of innovative
services through the identification of technical requirements for
customer’s needs. This case study presented to first identify
needs and categories Kano models types such as attractive, one
dimensional, must be, and indifferent. Through these needs
selecting highest priority requirements and that convert to
technical, to evaluateall customer and technical requirements to
identification weak, strong and medium relationship through
House of Quality.Then identify target value and improvement
factors. This study helps for QFD making beginners and
implement QFD and Kano Models in different sectors.
Keywords— House of Quality, Kano Model, Quality Function
Deployment, Service Quality, Quality Management

I. INTRODUCTION
Quality must be designed into the product, not inspected
into it. Quality can be defined as meeting customer needs and
providing superior value. This focus on satisfying the
customer's needs places an emphasis on techniques such as
Quality Function Deployment to help understand those needs
and plan a product to provide superior value. Quality
Function Deployment (QFD) is approach to defining
customer needs and translating them into technical needs to
produce products to meet customer needs. The Kano Model
of Customer Satisfaction tool classifies product attributes
based how they are perceived by customers and their effect
on customer satisfaction. These classifications are useful for
guiding design decisions in that they indicate when good is
good enough, and when more is better. It aims to connect the
requirements fulfilled by products or services with customer
satisfaction and identifies three types of requirements that
influence ultimate customer satisfaction.
For this study collected samples customer needs
through feedback form and customer directly meeting /
Interviews. After categorized all needs, some main and
important needs are shortlisted through kano models and then
it passes for made QFD. Meanwhile, the value of current
customer satisfaction is obtained in this process.

Dr. Balaji M. Dabade
Department of Production Engineering,
Shri Guruji Gobind Singhji Institute of
Engineering and Technology
bmdabade@sggs.ac.in

II. LITERATURE REVIEW
The Kano model is a deep understanding of
customer needs and expectations is a pre-requisite to
achieving customer satisfaction. At this point, in the late
1970s Professor Noriaki Kano of Tokyo Rika University and
several colleagues from Japan developed the Kano model in
order to define service quality in the context of customer
needs.
J. G. Naphade and Dr. B. M. Dabade shows in his
work quality requirements how to maintain in through
Quality function deployment. They consider one tube
forming industry in nanded district for considering case
study. QFD is used to encourage breakthrough thinking of
new concepts and technology. Its use facilitates the process
of concurrent engineering and encourages teamwork to work
towards a common goal of ensuring customer satisfaction.
Pawitra shows in his work integrate service quality level
Quality function deployment and kano models for service
quality development. They create their own methodology for
integrating kano models, service level and QFD. QFD has
been widely applied to achieve customer needs and improve
customer satisfaction in many fields.QFD applied in Food,
Textie, Banking, Supply chain Management, Computer,
Construction etc. M. Dekker and
W. M. F. Jongen considered Food industry for making QFD.
They give detail review QFD for Food Industry.
Irem Dikmen, M. TalatB irgonul, Semiha Kiziltas
stated in his paper detail case study about construction
industry. In service quality construction industry is most
important industry. Irems work shows that detail case study
and methodology applied construction industry. QFD has
helped them reduce production costs and design time;
increase customer satisfaction and product quality.
III. KANO MODEL & QFD
A. Kano Model
The Kano Model of Customer (Consumer) Satisfaction
classifies product attributes based on how they are perceived
by customers and their effect on customer satisfaction. In
Kano Model three major types of requirements are must-be,
one-dimensional, and attractive.
I] Must-be Requirement: Must-be requirements are also
referred to as basic requirements, which represent the
minimal criteria that must be met by a product or service. If
they are not fulfilled, customers will not be satisfied with and
have no interest in the product or service.
II] One-dimensional Requirement: The one-dimensional
line goes through the origin at 45 degrees. It represents the
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needs that are directly related to customer satisfaction. That
is, the more
Functional the product or service is with regard to this type
of need, the more customers are satisfied.
III] Attractive Requirement: The attractive curve indicates an
area in which the customer is more satisfied when the
product, service or process is more functional but is not
dissatisfied when the product, service, or process is less
functional.
IV] Indifferent: The Indifferent indicates that requirement
apart form must be, one dimensional and attractive
requirement.

matrix translates important manufacturing Operations into
day-to-day operations and controls.

Fig. 3 House of Quality (1)

Fig. 1 Kano Model (1)

Fig. 2 Kano Model response chart
B. Quality Function Deployment QFD is oriented toward involving a team of people
representing the various functional departments that have
involvement in product development: Marketing, Design
Engineering,
Quality
Assurance,
Manufacturing/
Manufacturing Engineering, Test Engineering, Finance,
Product Support, etc.
QFD is an effective communications and a quality
planning tool. Quality function deployment (QFD) is a
customer-oriented design tool with cross-functional team
members reaching a consensus in developing a new or
improved product to increase customer satisfaction.
QFD starts with the house of quality (HOQ) which is a
planning matrix translating the customer needs, into
measurable product technical requirements. The basic
concept of QFD is to translate the desires of customers, i.e.
the voice of customer, into product technical requirements
(PTRs) or engineering characteristics, and subsequently into
parts characteristics, process plans and production
requirements. In order to establish these relationships QFD
usually requires four matrices are product planning, parts
planning, process planning, and production planning
matrices, respectively. Product planning matrix translates
customer needs into product design requirements; part
planning matrix translates important design requirementsinto
product/part characteristics; process planning matrix
translates important product/part characteristics into
manufacturing operations; production/operation planning

Fig. 4 QFD format (1)

Fig, Phases of QFD (2)
IV. CASE STUDY
A market leader Maruti Authorized Service station in
Aurangabad was chosen to carry out the empirical analysis.
The sample for this study was selected from service industry
customers in Aurangabad, a city situated in the Marathwada
Region in Maharashtra. Primary data were collected from the
different age group people, male and female both, Employee,
Businessmen, Housewife, retired people etc. by using
questionnaires surveys, interviews and directly meeting with
customers
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The Service Quality Parameters are shown in Table 1.
Microsoft Excel software was utilized for both data input
and analysis.
The research methodology followed Pawitra and Tan 5
designed methodology to take into account the main goals of
this study and is specified below:
(1) Defining service quality attributes for Institute.
(2) Determining strengths and weaknesses of Service
Station service quality.
(3) Categorizing these strengths and weaknesses of Service
Station using the Kano model.
(4) Adopting Pawitra and Tan’s study integrating service
quality measurement, the Kano model and QFD into the
Service Station.
(5) Assisting in improving service quality within the service
sector.

2.
3.

Provide Service at the time promised time to do
Quick/Fast Complaint Solving

4.

Inform if any parts to be replaced other than estimate

5.
6.
7.

Inform Insurance Surveyor parts to be allowed to changed
All parts changed should be original and guaranteed
Service Advisor should be given all information’s about
vehicle at the of billing
8. Provided with a detailed estimate of how much the
work would cost prior to service
9. Provide SMS Service, Email Service provided from
pick up to drop all information.
10. Car inspected before delivery to customer
Table 2 Kano response for service parameters

For Car Care Service Station, collecting
questionnaires data from 75 customers. In Kano Model
collect feedback/customer requirements through Functional
Questions. After Collecting response from Kano model
decide O, M, I, A different requirement. After categories
response it is converted into QFD model.
For Above Tables 1 shows service parameters decided on the
basic of customer satisfaction point of view. It measured 1-5
Scale. It categorized into 3 groups. i.e. weak (1-2), Medium
(2-3), Good (3-5).
Table 1 Service quality parameter gap analysis

Above req. fulfil through following Technical
Requirements a) All Work done through Proper Procedure and Techniques

For Table 2 shows kano response for service qualirt
parameters, they catagarised into 4 types One Dimesinal,
Attractive, Must be, Indifferent form customer feedback,
surveys, meetings etc. From service quality parameters gap
analysis weak parameters and kano models type indentied
10 main cusomter reuqirements.
After categories customer requirements in M, O, A,
I type, select high priority customer requirements then make
House of Quality. Following are some high prioritycustomer
requirements 1.

b) Utilisation of Proper Manpower, Machinery & Equipment
c) Provide Separate Customer Solving Desk
d) Proper Communication with Customer, Service Advisor
and Insurance Surveyor
e) Survey done in front of Customer
d) Provide and maintain Quality Parts / OEM Components
with proper prices
e) Proper Documentations and Information Provided at the
time of billing/ Delivery
f) Provide Detail Estimate/Quotation with damage
inspection report through technical team/ Service Advisor
g) Arrange/Implement ERP/SAP Systems
h) Experience Person Provided for Car Inspection
QFD shown in following table:

Quality work to be done
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Table 3 House of Quality

V. CONCLUSIONS
This process has shown that integrating twomethods
can create powerful solutions for transforming customer into
customer focused service station. This paper focuses on
providing new solutions to quality efforts by integrating
scientific methodologies including Kano and QFD. Form
House of Quality conclude that Quality work to be done is the
most important factor & it is required special attention work
on specific requirement.
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machining and finishing processes, testing, packaging,
and warehousing. The main objective of this project is to
introduce a methodology for design and implementation
of a simple and low-cost educational CNC prototype.
The machine consists of three independent axes driven
by stepper motors through an open-loop control system.
Output pulses from the parallel port of Personal
Computer (PC) are used to drive the steppermotors after
processing by an interface card.
The integrated design proposed in this project can
provide engineers and students in academic institutions
with a simple foundation to efficiently build a CNC
machine based on the available resources.
Moreover, the proposed prototype can be used for
educational purposes, demonstrations, and future
research.

Abstract: The main aims of the current work are to explore
the theoretical and technical procedures for design,
fabricate, assembly, and testing of the infused versions of
two electromechanical subsystems for developing a high
precision cost-effective mini three-axis vertical CNC
milling machine integrated with glass cutting technology.
And modify it into an automatic working system with the
help of Arduino control systems, with an easyinterface, high
speed, less power consumption, safety and durable for rapid
prototyping machining, small parts and engraving small
features in the electrical and mechanical industry.
Computer Numerical Control (CNC) is a technology that
converts coded instructions and numerical data into
sequential actions that describe the motion of machine axes
or the behavior of an end effector.
Nowadays, CNC technology has been introduced to
different stages of production, such as rapid prototyping,

Keywords: Computer Numerical Control, (CNC) , Machine , Arduino Control System, Prototype, Control System

1. INTRODUCTION
Computer Numerical Control (CNC) machines aremachine
tools that perform the desired product shape are operated by
a computer-controlled program using specific alphanumeric
codes with command data code numbers, letters, and
symbols.

In CNC systems, the product design is made with computeraided design (CAD) and is created by computer-aided
manufacturing (CAM) programs. CNC milling machines
produce unique precision components, prototyping, and
complex parts.
In modern CNC systems, the end-to-end component design is
highly automated using computer-aided design (CAD) and
computer-
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aided manufacturing (CAM) programs. CNC
machine tools are controlled using a control unit that
can be saved, modified, and upgraded. Programming
of the CNC machine tool can be performed directly
using the keyboard and screen through a computer
network or transferred with a USB. Present
automated mirror cutting machines are very
expensive and therefore are not affordable, therefore
the aim of the project is to design an automated CNC
milling and glass cutting machine by infusing the
system with Arduino board for manufacturing
industry. In our project we will inculcating the use of
Arduino for multitask performance. As mentioned in
the project title, we are working on creating a new and
improved integration of machines which infuses
different yet similar technologies of CNC milling and
glass cutting into a single operating unit. Which can
help change the tool setting and replenish the material
required for a particular job without any manual
hindrance.
Background, Although the idea had been around for
some time, the first Numerical Control concept
wasn’t developed until 1949. John T. Parsons, an
early computing pioneer, developed it as part of an
Air Force research project carried out at the
Massachusetts Institute of Technology (MIT). An
experimental milling machine was built at the
institute’s Servomechanisms Laboratory, with the
goal of using motorized axes to produce helicopter
blades and stiffer skins for aircraft.
Objectives:
Actual industrial CNC milling: It is planned to scale
up the prototype CNC machine in terms of size, use
more powerful motors, strengthen the frame and
worktable with materials like aluminum or cast iron,
and augment the CNC control software with software
for simulation ahead of actual run. The
implementation of 3D printing technology to the
same hardware abstract is going for printing of 3D
models flexibility. Provide changeability of
production asmachine is integrated with two methods
(i.e. Glass cutting for tempered glass and complex
machine parts).
The PCB Mill and Tempered glass cutting: In the
manufacturing of précised PCBs (Printed Circuit
Board) i.e. etching or printing the conductive paths
which connects.
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PLANNING OF PROJECT EXECUTION
DESIGN AND IMPLEMENTATION

2.1 ORGANIZATION PLANNING:

2.2 Steps involved in making of the project
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workpiece in “X” direction with Thrust force of
3015.93N or 307.75Kgf. Mass of fixture is 30Kgs.

Normally
Adjustable
End
Fixture for

Figure 7
Figure 6
4 Selection of The Material
Material used while designing the machine is En8
(I.e. Plate, supporter, Lead screw, Pillar, etc), Gun
metal for bush.
EN8: EN8 is an unalloyed medium carbon steel grade
with reasonable tensile strength. It is normally
supplied in the cold drawn or as rolled condition.
Tensile properties can vary but are usually between
500-800 N/mm². EN8 can be flame or induction
hardened to produce a good surface hardness with
moderatewear resistance. EN8 plates can be supplied
surface ground or precision ground Applications EN8
is widely used for many general engineering
applications. Typical applications include shafts,
studs, bolts, connecting rods, screws, rollers.
GUN METAL: Gun metal, also known as red brass
in the United States, is a type of bronze; an alloy of
copper, tin and zinc. Proportions vary but 88%
copper, 8–10% tin, and 2–4% zinc is an
approximation. Originally used chiefly for making
guns, it has largely been replaced by steel for that
purpose.
CHEMICAL CHROME PLATE IS USED TO
PAD AND PLATE FOR SLIDING PURPOSE
COEFFICIENT OF FRICTION IS 0.25
4.1 Design of Auto work piece holding mechanism:
First all the adjustment should check properly their is
two end of fixture in our case one end is manual
adjustment and other end is Pneumatic cylinder
control for 100mm stroke length As Work-piece come
from the convery direct to the bed at

Know Cylinder “C” Will Activate which hold the
workpiece in “Y” direction as the process of
manufacturing is completed all the system will it’s
initial position.

Figure 8

Figure 5
calculated speed depending upon material and
dimension. Then cylinder “A” will move the
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CALCULATION:
TORQUE REQUIRED TO RAISE LOAD BY
SQUARE THREADED SCREWS.

FOR CYCLINDER
P(pressure)=

6

bar

D(piston diameter)=80mm
d(piston rod diameter)=25mm
F(thrust)= 3015.93N, 307.75kgF
F(pull)= 2721.4N, 277.69N
Mass(End Fixture)= 30kg
Coefficient of friction= 0.25
α=0
Stroke=100mm
Loss=10%
F(require)=7.50kg
Speed=0.05s

A little consideration will shows that if one complete
turn of a screw thread be imagined to the unwound,
from the body of the screw and developed, it will form
an inclined plane as shown. Development of a screws
P = pitch of the screws
d = mean diameter of the screws
α = Effort applied at the circumference of the screw to
lift the load W = load to be lifted,and μ = coefficient
of friction = tanϕ, tanα=p/πd.
We haveP = 3mm,
d = 40mm
=3/π×40
=0.0238
=1.4°
tanϕ=0.25, (for chrome-plating material μ=0.25)ϕ=14°
T1=W tan(α+ϕ)d/2
=5×9.81×tan(1.4+14)×20
=49.05(0.318)×20 T1
=311.958N-mm
Similarly, for Torque required to lower load by square
threaded screws
T2=W tan(ϕ - α)d/2
=49.05tan(1.4-14)×20
=49.05×0.0336×20
=33.264N-mm

Top fixture is also adjustable its totally depends on
thickness of work piece for lesser cutting also it will

adjust. Adjustment can be done using Power screw and
lock nut. It Provide 40mm of adjustable height with
50mmstroke cylinder.

Power
screw

Figure 9
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Figure 11
Selection of Pneumatic Cyclinder:Cyclinder
A
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Selection of the Stepper motor:
Choose to keep the torque Holding torque is also
called static moment, refers to the stepper motor
power but no turns, locked rotor torque of the stator.
Due to the low speed of the stepper motor torque is
close to the holding torque, the stepper motor torque
and fast attenuation with the increase of speed, the
output power also along with the increase of speed
change, so keep measure stepper motor torque is one
of the most important parameters of load capacity., for
example, generally do not add that to talk about 1
n. m of stepper motor, can be understood as holding
torque is 1 n. m.
PNEUMATIC CYCLINDER B AND C:

Part Name

Motor Frame Size:
Standard bi-polar step motors are available inNEMA
11, NEMA 17, andNEMA 23 sizes.
Motor Stack Size: Standard stack size motor
available: (2) Double, (3) Triple. Typically, a larger
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size motor can handle higher torque but is slower
and require higher current.
Open Encoder: NEMA 17 and NEMA 23 motors are
available with an optional 1000 count optical
encoder. The encoder is provided with an enclosure
and flying lead wire interface.
The choice number Two phase stepper motor of low
cost, step away from the Angle of at.
least 1.8 degrees, when low speed vibration of large,
high speed when the moment of falling fast, suitable
for high speed and the precision and stability
requirement is not high circumstance; Three-phase
stepper motor step Angle of at least
1.2 degrees, vibration is smaller than two phase
stepper motor, the performance is better than two
phase stepper motor at low speed, the highest rate
thirty percent higher than two phase stepper motor
to 50, suitable for high speed and requiring higher
precision and stability; Five phase stepper motor
step Angle smaller, good performance at low speed
in three phase stepper motor, but the cost is high,
suitable for low speed section and requiring higher
precision and stability.
Choose stepper motor Should follow the principle
of first to choose after motor drive, and first
explicitly load characteristic, and then by
comparing the different type of static torque and
torque of stepping motor frequency curve, find and
load characteristics of the stepper motor to match;
Accuracy is high, should use mechanical reduction
gear, to make the motor work in the state of the
highest efficiency, lowest noise; Keep the motor
working in vibration area, if must by changing the
voltage, current, or to increase the damping of the
methods to solve; Power supply voltage, it is
recommended that the motor adopts dc 24 v and 36
v, 57, 86 motor use dc 46 v, 110 use higher than dc
80 v; Big moment of inertia load elected intothe
seat number larger motor; Large inertia load,
working at high speed, motor and frequency should
be adopted gradually rise speed, in order to prevent
the motor out of step, reduce.
Select the drive and fine fraction Step not to
choose the best state, because the whole state of
vibration; As far as possible choose low current,
large inductance and low voltage drives; Is greater
than the working current of the drive, when need low
vibration or high precision subdivision drive, for
large torque motor with high voltage type drive, to
achieve good high speed performance; Actually used
in motor speed is usually high and the requirements
for precision and stability is not high, don't have to
choose the high fine fraction drive, in order to save
cost; Actually used in motor speed conditions are
usually very low, should choose larger fine fraction,
to ensure smooth operation,reduce the vibration and
noise; In short, when choosing the fine fraction, the
actual running speed of the motor be taken into
account, the range of load torque, speed reducer
Settings and the requirements on accuracy, vibration
and noise.
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Components:

MOTOR SPECIFICATIONS.

Air Compressor:
An air compressor is a pneumatic device that converts
power (using an electric motor, diesel or gasoline
engine, etc.) into potential energy stored in
pressurized air (i.e., compressed air).
Air service unit:
The function of this system is to remove dust
particles, moisture, humidity etc. from the
compressed air.
3/2-way valve with push button:
This pilot valve is a small direct operated 3/2-way
valve. The pilot valve delivers compressed air to a
small air cylinder inside the valve. The compressed
air in this cylinder pushes against the piston and
actuates the solenoid to switch the valve.

From above consideration we have selected Nema23
stepper Motor.

5/n Way Valve:
The 5/2-way pneumatic valve has five connection
ports and two states. It has one pressure port (P,1), two
ports (A,2) and (B,4) that connect to the device that
needs to be controlled, and two exhaust ports
(EA,3)and (EB,5).
One way flow control valve:
Flow control or one-way flow control valves regulate
the piston speed of pneumatic drives during advance
and return strokes. This is done through suitable
restriction of the flow rate of compressed air in
exhaust air or supply air direction.

Pneumatic Circuit Design:

.
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Arduino circuit connections:

Components:
Arduino Uno R3:
It is an open source software and hardware design
and manufacture a single of microcontroller. It has
14 digital Input/output pins and 6 Analogue input
can be sampled using on-chip ADC. By using open
source can be programming Arduino Uno. It also has
6 PWM outputs multiplexed on to the digital IO
pins. The dimensions of Arduino Uno measured are
[68.6 mm x 53.4 mm].

The wiring of the various components of electronics
system is represented in the Fig., shown below. The
micro controller of Arduino board is connected to
the computer system through the USB serial port. The
Stepper Motors of three axes (X, Y and Z) are
connected with CNC shield driver board.

Arduino IDE:

CNC V3 Shield with A4988 stepper Driver Module
and Heatsink for Arduino:
The Arduino CNC Shield makes it easy to get your
CNC projects up and running in a few hours. It
uses opensource computer code on Arduino to
control 4 stepper motors using 4 pieces of A4988
Stepper Motor driver breakout board, with this CNC
shield and Arduino Uno, can be build project
including CNC routers. The purpose of this CNC
shield to control on the three axes (X, Y and Z axes)
of CNC plotter machine, meaning control on the
stepper motors.

The open-source Arduino Software (IDE) makes it
easy to write code and upload it to the
board"(https://www.arduino.cc). It is simplified
C/C++ functions language based programming can be
download functionality with a rich set of library
functions. After download and install on pc can be
write the program by C language and from tools and
port must be choose the port connection between
computer and Arduino through USB. After this step
can be verify the program by error checking and the
message is done compiling when it finished and no
error. After this step can be upload the program on the
Arduino. Figure 9 shows Arduino software IDE.
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CODE:
Process of Laser cutting:
Sublimating:
the material is removed primarily by evaporation
dueto the high intensity of the laser radiation in the cut
area.
Melting:
the material is melted by alaser beam in the cut area
and blown away by an auxiliary gas. Mainly metallic
materials are cut using this process.
Burning:
a laser beam heats the material to its ignition
temperature, so it can then burn in an exothermic
reaction with the reactive gas (e.g., oxygen), and the
slag is removed from the cutting area by an auxillary
gas. Titanium, low carbon and corrosion resistant
steels can be cut this way.
Milling cutting:
Milling is a cutting process that uses a milling cutter
to remove material from the surface of a work piece.
The milling cutter is a rotary cutting tool, often with

CUTTING TOOL:
Laser Cutting:
The laser cutting process works by having a focused
and precise laser beam run through thematerial that
you are looking to cut, delivering an accurate and
smooth finish.
Initially, the laser is used to pierce the material with
a hole at the edge, and then the beam is continued
along from there. The laser being used essentially
melts the material away that it is run over, so is more
like melting than cutting. This means that it can
easily cut light materials such as cloth up to tougher
metals and gemstones such as diamonds
You can use either a pulsed laser beam or a
continuous wave laser beam, with the former being
delivered in short bursts while the latter works
continuously material you are working with, and can
also user a mirror or special lens to furtherfocus the
laser beam
Laser cutting is a highly accurate process, thanks to
this high level of control that you are offered.
Thanks to this, slits with a width as small as 0.1mm
can be achieved when using the laser cutting
process.

multiple cutting points.
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same information is used to simulate an optional
admission control mechanism that rejects connection
requests when the system gets overloaded.
2.1.3. Server module

2.1.2. Images Dispatching module
The Web switch, also known as dispatcher, is
responsible of forwarding the incoming Web requests
to a server node selected according to acertain policy.
CWebSim can simulate either stateless dispatching
algorithms, such as random and round-robin, or
stateful algorithms, such as least- loaded and
dynamically-weighted round-robin. Also contentaware dispatching policies are supported. An
overview of the main dispatching alternatives for Web
clusters is given in Cardellini, 2002.
A Web switch can be a general purpose PC or a
dedicated hardware device: in both cases the
components relevant to our performance studies are
CPU(s) and NICs. The basic Web switch node model
consists of a queuing system with three service
centers connected to work in a one-way mode, that is,
only the incoming client requests go through it,
whereas the server replies reach directly the clients.
The service centers are a CPU used to run the
dispatching algorithm, and two NICs: a first one
connects the cluster to the Internet, through whichthe
client requests come in, a second one connects the
Web switch to the internal network which conveys the
requests forwarded to the server nodes.A two-way
Web switch could be modeled using two service
centers for each NIC, according to the model of a Web
server node proposed in Carrera, 2001.
Since some of the supported dispatching algorithms
are based upon server state information, a special
CSIM process runs on the Web switch node: every Tget
seconds it stores load state information, such as
number of active processes on each server node,
server response time, CPU and disk utilization. The

The Web server node model encompasses the main
hardware components, as shown in Figure 3: a CPU,a
hard-disk, a memory bank used as a main memory
cache and two NICs. One NIC is used to connect the
node to the internal network, the other NIC connects
the node to the external network.

Figure 3. Server node model
We suppose that when a Web request is assigned to a
Web server the service centers are visited as it follows.
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1. The incoming HTTP request is queued at the
internal NIC .
2. The CPU parses the incoming HTTP request,
and runs a load management algorithm to decide
whether to accept or discard the request.
3. The memory bank is accessed, engaging the
CPU, trying to retrieve a cached copy of the
requested document.
4. If the requested file is not found in the memory
cache, the hard-disk is accessed to load the file
into the cache.
5. The CPU is used again to produce an HTTP
response.
6. The external NIC is used to deliver the
responseback to the client.
The Web server application simulates a multithreaded server, whereby a CSIM process started at
the system boot acts as a master HTTP daemon,
waiting for request connections; when a server node
receives an HTTP request from the Web switch, the
master daemon forks a new slave CSIM process
which serves the request. Any admission control
policy is performed by the master daemon: the slave
process is not spawned if the system is overloaded, in
which case an error reply is sent tothe client by the
master process.
The main memory is used as a stand-alone local
cache to simulate the behavior of the caching
mechanisms of current operating systems. Different
classical replacement policy, such as Least Recently
Used (LRU), Least Frequently Used (LFU) and
theirvariants, are supported.
We model both HTTP/1.0 and HTTP/1.1 protocols.
Through the HTTP/1.0 protocol, a new slave HTTP
process is forked to serve each Web page
component, that is, the HTML file and all the
embedded objects. Through the HTTP/1.1 protocol,
the same slave HTTP process serves the HTML file
and all embedded objects.
2.1.4. Network module
Since we are interested in the main issues of highlevel communication protocols, such as the HTTP
handshaking or the TCP connection handoff, the
communication among the diverse Web entities is
modeled as a single message exchange mechanism,
without simulating any packet fragmentation and
routing mechanisms. This approach aims to obtain
a server-side performance evaluation, and is based
on the assumption that each application-level
computation, like the HTTP request processing
inside the Web server process, is much longer than
any characteristic time of the underlying network
layers (with the exclusion of transfer delays). Insidea
Web cluster, such a system configuration is
achievable with the adoption of light-weight
messaging protocols, like UDP. As for the

geographical network overheads, the connection
setup times are, in most cases, negligible with respect
to the average transfer latency. Although for the
server-side comparison of diverse cluster-based
architecture it is not necessary to simulate a wide-
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area network, CWebSim can be easily extended to
accommodate this need.
Various network models are implemented inside the
Network Module of CWebSim. Each of them can be
adopted according to the topology and features of the
system under study.
Ideal network: neither delays nor contentions are
considered. This model is suited to scenarios
where all communication overheads are
negligible, or where the network links should
never become a performance bottleneck. NICs are
dummy elements.
Delayed network: each transfer experiments a delay
proportional to its size, but network contentions
are not considered (NICs are delay elements).This
model can be used when the network issupposed
to never saturate, even though it is necessary to
model transmission delays as in Internet’s backbones.
Bus network: all the transfer requests share thesame
resource (a single FCFS queue service center,
NICs are delay elements) and experiencea delay
proportional to the size of the transmitted data;
network contentions are captured by thequeuing
discipline. This model is an approximation of
Ethernet-like LANs, wherein each node is
connected on the same physical medium.
Switched network: it is composed of N independent
links each of them being modeled through a single
FCFS queue service center (that is the NIC),
which simulates the network contentions; each
transfer from one attached node to another
engages two links with a delay proportional to the
transmitted data size. Each link’s queue is used for
bidirectional communication. No switching delay
is considered, as, in most real cases, it is negligible
with respect to the transfer latency. The maximum
theoretical bandwidth of such network model is
N/2 times greater than the bandwidth value of the
single link. This model resembles switched LANs
with a star topology, like the Fast/Gigabit
Ethernet.
1.1. Service modules
The service modules implement functionalities
related to the simulator, such as providing the system
with the input parameters, collecting simulation
statistics and producing the simulation reports.
2.2.1. Input module
This module is responsible of processing all the input
parameters, which are then dispatched to the other
modules in order to configure and initialize their
components. CWebSim’s input parameters can be
divided into three main classes: workload parameters
needed to configure the Client module, system
parameters needed to configure the Web switch
node, Web servers nodes and the Network

module, and dispatching parameters which selectand
configure the dispatching algorithm to be used. Table
1 summarizes the main input parameters of CWebSim
with some hints about the experiments that can be
done by varying one or more of them.

Table 1. Input parameters of CWebSim
The workload parameters can be adjusted for different
statistical distributions. Web access patternsexhibit a
high variability and a self-similar nature which are
well approximated by “heavy-tailed” distributions,
such as Pareto and Lognormal distributions (see
Arlitt, 2000, Barford, 1999, Cherkasova 2001). For
instance, in Pitkow 1999 is shown that the number of
requests per Web session follows an inverse Gaussian
distribution, whereas a Pareto function fits the
distributions of the number of embedded objects per
request and of the userthink time (see Barford, 1999,
Pitkow, 1999). Since CSIM offers only a set of
standard distributions, such as exponential and
normal, we implemented inside CWebSim the
following heavy-tailed distributions of interest for the
Web: Inverse Gaussian, Lognormal, Pareto, Weibull
and Zipf.
The case study presented in Section 3 shows some
application examples.
2.2.2. Gather and Output module
Once defined the system and the workload model, the
next step in the testbed setup is to choose the most
appropriate performance indexes to evaluate clusterbased Web systems. We classify performanceindexes
into three broad groups: service capacity indexes ,
service efficiency indexes and system load indexes .
Any index can be referred either to the whole system
or to its components.
Service capacity indexes estimate quantitatively the
system performance at the service source point.
Commonly adopted indexes are the following:
throughput: it is defined as the number of quantities
computed by a system in a time unit. Quantitiesof
interest for Web systems are: HTML pages
(including the embedded objects), objects (files),
HTTP and TCP connections, bytes. Some
throughput indexes can be further specified: for
instance, we can distinguish between the static
object throughput for pre-existent files, and the
dynamic object throughput for those files
generated on the fly, like CGI results;
cache hit ratio: measurable as the ratio of the number
of either documents (document hit ratio,
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or DHR) or bytes (byte hit ratio, or BHR) found in the
cache to the total number of requested documents/bytes.
The hit ratios give an estimate of the effectiveness of the
caching subsystem, e.g., when simulating a proxy
architecture.
The main service source points in a Web cluster are the
Web switch (toward the server pool), each server node and
the whole cluster (toward the client nodes). Service
efficiency indexes estimate qualitatively the system
performance at the service destinationpoint. The items of
interest are:
response time: it is defined as the time experienced by an
user to obtain a service from a system. In the case of Web
systems, the service request can be an object/page request
or a session, therefore, the response time is measured,
respectively, as the time to receive an object, an HTML
page with all its embedded objects or a certain number of
HTML pages composing a session;
latency time: it is the time needed by a system to process
a service request, excluding anycommunication delay. For
instance, the objectlatency time of the entire Web cluster
does not encompass the internal/external network delays.
The main service destination point in a Web cluster are the
client nodes (the source being the whole cluster) and the
server nodes (the source being the Web switch).
System load indexes estimate the stress of a system at the
service processing point: they represent complementary
performance indexes, that is, they give a measure of the
service costs. We consider the following index:
utilization: it is the fraction of a base time interval during
which a single-resource system is busy. The utilization of
a multi-resource system can be measured in many ways,
according to its architecture. For an n−resource pipelined
system, which is a good approximation of a server node
equipped with one CPU and one disk, we adopt an ORbased definition of utilization: the fraction of a base time
interval during which at least one of the system resources
is busy. On the other hand, for a parallel system, like a dual
CPU/disk server node, we adopt an AND-based definition
of utilization: the fraction of a base time interval during
which all the system resources are busy;
network B/W consumption: it measures the traffic
conveyed by the network in a time unit, that is, the
bandwidth (B/W) consumed: this gives anestimate of the
network stress.
Once defined the performance indexes, we use some
metrics to extrapolate a single or a set of values that are
representative for that index. Common statistical measures
of a set of sampled data are: sample mean, sample standard
deviation, x-percentile and cumulative distribution
function. Sample mean and standard deviation are
representative measures of a set of sampled data following
a standard distribution, such as normal and Poisson. When
the probability distribution of the samples ischaracterized
by an infinite standard deviation the most representative
statistical metrics are the x

-percentiles and the cumulative distribution functions.
All these metrics can be easily extrapolated via CSIM
routines.
In order to generate the output statistics, the Gather
module provides the simulator with a service agent
that, periodically, collects some status values probed
inside the system components, computes some
performance metrics and stores the resulting values
into CSIM tables. The simulation can be controlled,
through internal CSIM routines, in order to stop the
run when a given confidence interval is reached. At
the end of the simulation, the collected data are
processed by the Output module to carry out a detailed
simulation report. The main output statistics available
in CWebSim are shown in Table 2.
Furthermore, the simulator is enriched by a set of
Perl scripts that analyze the simulator output for
additional computation. The scripts can build
automatically graphs from a set of simulations or can
aggregate multiple simulation runs (e.g., by
calculating average values and standard deviation) to
provide results that are more significant from a
statistic point of view.

Table 2. Output statistics of CWebSim
3. SIMULATION OF GLOBAL CACHING
MECHANISMS
A classical Web cluster is a pool of stand-alone
server nodes, each of them being unaware of the
others. The main performance limitation of this
architecture is the shortage of memory resource on
each server node, which forces it to retrieve most of
the requested documents from its hard-disk: as this
is often the bottleneck of a commodity-based server
machine, the single node performance is bounded by
the hard-disk performance. Yet, a Web cluster has a
lot of aggregated RAM that can be used as a
distributed cache to be accessed via a light-weight
cooperation protocol, exploiting RAM-to-RAM
transfers through the internal LAN, which can be two
orders of magnitude faster than a local disk-to- RAM
transfer: this is what we call a global caching
architecture. To the best of our knowledge,
commercial Web clusters do not adopt cache
cooperation solutions, whereas some examples exist
in the research community (see: [Li, 2001], [Liu,
2000], [Song, 2000]).
The logical topology of the cluster is considered to
be a flat mesh. This choice enables us to design the
cooperation protocol in a fully distributed and peerto-peer fashion, as all the nodes are responsible of
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the same Web dominion. Distributed file systems are
often used to share files within a Web cluster, because
of their transparent interface toward the user-level
applications. However, there are some performance
trade-offs in this approach due to their architecture,
designed to work in a read/write environment. Hence,
unlike the distributed file systems, the caching
cooperation protocol should run at the application
level, because it needs to manage whole files, instead
of disk blocks. Moreover, present disk storage
dimensions allow us to replicate the whole Web
content on the disk of each node, that simplifies file
retrieval.
In the following sections, we discuss how the
modules of CWebSim are instantiated to simulate
some cooperation alternatives, and present some
performance results.
3.1. The cooperation engine
We integrate a cooperation engine into the basic
framework of CWebSim to simulate various GCP
(Global Caching Protocol) schemes. This extension
transforms the pool of stand-alone servers into a
cluster of peer-to-peer cooperating servers. Only the
Server module is directly affected by these
modifications, while the remaining modules are
instantiated over their original structure.
3.1.1. Server module extensions
Each server node is endowed with a cooperation
frame consisting of a fully replicated Web content on
its hard-disk, and of an engine, which has the
following CSIM-based components (see Figure 4:
CPUs and NICs are not shown).

Figure 4. Model of the cooperation engines
RAM Cache: this is the local main memory storage
of Web documents (i.e., a memory bank). The
cache is managed with a LFU-Aging replacement
policy (see: [Arlitt, 1997]) allowing a maximum
age of 600 s, without any global coordination.
Each HTTP daemon can access directly its local
RAM Cache (through its CPU), whereas the other
remote RAM Caches can be looked up via a “GCP
Client Routine”. The RAM Cache is accessed for
meta-information
management
(document
lookup and location

update) approximating simple hash-based
operations, and for object insertion/replacement.
The hashing CPU cost depends on the number of
objects hosted in the cache, whereas the
insertion/replacement CPU cost is proportional
to the size of the target object.
GCP Client Routine: this procedure, embedded in
the HTTP daemon’s code, plays the client role of
the GCP, sending service requests to a remote
“Cache Manager” and waiting for replies from it.
The goal of these requests is to retrieve a Web
document in a sibling cache, within a timeout
sufficiently lower than the mean disk service time
but not inferior to the round-trip time of the
internal network.
Cache Manager: this CSIM process plays the server
role in the GCP, accepting two kind of requests:
service requests from remote GCP Clients (HTTP
daemons), to which a reply must follow, and
update issues from remote “Cache Monitors”,
which trigger modifications on the local metainformation.
Cache Monitor: it is the CSIM process responsible
of checking periodically the local metainformation in order to update the state of the
global cache. Any change is broadcasted (update
issue) to the other nodes; these messages do not
require replies.
The HTTP request/reply stream is conveyed by the
external network, whereas inter-node messages
(GCP flow) are transmitted over the internal network.
HTTP daemons and Cache Managers startrefusing
connections when their load conditions reach,
respectively, 100 and 10 active connections. The
default computing flow of the simulated Webserver
(Section 2.1.3) is modified as follows: after aclient
request has been accepted and dispatched to anode,
if the requested document is not found in thelocal
cache (local cache miss ), the GCP is activatedbefore
the hard-disk is accessed. This interaction scheme is
based upon two sequential phases, globallookup and
document retrieval .
In the global lookup phase, a cooperation policy
aiming to provide the nodes with a global view of the
system caches is applied. We focus on an adaptation
of the informed protocols relying on periodic
broadcast communication to update the global state of
the system; other informed-based solutions for Web
clusters are proposed in Li, 2001 and Ahn, 2000.
Document retrieval techniques consist of a set of
operations that are carried out by the GCP to satisfy
a Web request after a successful global lookup phase.
These operations involve only two nodes: the first
contacted node (A) and the node that has been
selected by the global lookup step (B). We focus on
two techniques:
Migration technique. The requested file is moved
from the node B to the node A ([see: Ahn, 2000]).
This mechanism balances the competition for
global cache space, as the number of document
replicas is unchanged, but it can consume lots of
network bandwidth.
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Handoff technique. Unlike the previous technique,
the handoff mechanism requires kernel-level
interventions to move the TCP connection to a
different node, but it does not transfer any
document (see: [Pai, 1998], [Song, 2000]). In this
case, the node A “delegates” the node B to
complete the Web transaction.
The hard-disk on the node A is accessed only when
the global lookup fails (global cache miss ).

size, we may divide the distribution in 4 buckets as
shown in table 4, where the min, max and average
values are expressed in bytes. We refer to workingset as the total of all the files accessed during the
observed period. From this file size discretization, by
summing up the resulting amount in each bucket, we
obtain a working-set size of about 280 MB.

3.1.2. Other simulation modules

Dispatching module. In the basic global caching
cluster, the Web switch node is not involved in the
cooperation protocol. In this case study, the Web
switch is instantiated as a one-way layer-4 device
working with a round-robin selection algorithm: each
incoming request is circularly assigned to adifferent
server-node through manipulation of network-level
packet headers. As this is one of the fastest
dispatching mechanisms, it ensures that the Web
switch is not a performance bottleneck: indeed,
packets belonging to the same TCP connections are
routed to the selected server by changing their MAC
destination address (packet forwarding, see
Cardellini, 2002); no further processing is done at the
higher network layers.
Network module. For the interconnection of the
cluster nodes, a 100 Mb/s switched network model is
adopted, whereas the external network, which,
simulating the Internet, connects the unique client
node to the Web switch node and the server nodes to
the client node is ideal. This configuration guarantees
that all the cluster’s ingress and egress points are not
a performance bottleneck. The GCP is characterized
by a minimum message size of 200 B; GCP requests
timeout after 2 ms and metadata updates occur every
10 s. The simulated Web protocol is the HTTP/1.0.
Input module. Table 3 summarizes the distributions
adopted for the workload, together with their
probability mass functions (PMFs) and parameters.
The mean client inter-arrival time is the driver
parameter of the entire test series. Note that the size
distribution of Web objects (both HTML files and
embedded objects) is hybrid, that is, the body and the
tail are modeled by two different functions.

Table 3. Workload distribution and parameters

Table 4. A discretization of file size distribution
Sooner or later all files are requested at least once
during the simulation, but the “core” of the most
accessed ones in the working-set amounts to about 37
MB, because it contains many small objects. The
composition of the core-set is determined by the Zipf
distribution, that captures the locality of references in
the whole Web content.
3.2. Performance study
This section presents a selection of the experimental
work executed to evaluate the performance of the
GCP in different Web scenarios. We focus on two
informed cooperation schemes, adopting a migrationbased and a handoff-based document retrieval
mechanism, respectively; the reference system
configuration is a non-cooperative cluster.Hereafter,
we refer to the three cluster configurations as
Migration, Handoff and No-coop.
The performance metrics we consider are the sample
means of the byte hit ratio (BHR), of the byte
throughput and of the page response time. Moreover,
the maximum B/W consumption over the internal
network is recorded to evaluate the peak cooperation
overhead. All the reported values are the aggregate
results of multiple experiments referring to the whole
cluster.
The goal of this experiments is to evaluate the peak
performance of the GCP schemes. The system under
testing is a cluster with eight server-nodes, each of
them endowed with 5 MB of cache: the global cache
size is sufficient to hold the whole working-set’score.
The mean number of incoming client process per
second has been progressively increased from 15 to
70, until the saturation point of the best performing
scheme has been reached. The system performance is
evaluated under a Web scenario characterized by a
static workload wherein all requested objects are
cacheable. The results of this test series are reported
in Figure 5.

The simulated Web content counts 5000 files andhas
an average file size of 57 KB, whereas the HTTP
request stream exhibits a mean request size of 32 KB
(different parameters are used for the request size
distribution). Since the file size follows an heavytailed distribution, to give an idea of the working-set
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Figure 5: Increasing load tests on an eight node cluster

As shown in Figures 5(a), 5(b) and 5(c), to obtain a
significant performance boost, it is necessary that a
cooperative scheme yields a BHR improvement of at
least 13-14%, with respect to the no-coop scheme.
The poor performance of the Migration scheme is due
to an excessive cooperation overhead, as shown in
Figure 5(d): the bandwidth consumption experiences
a steep increase until it reaches a peak at 30-35
clients/s, that corresponds to the knee of the
throughput and response time curves. On the other
hand, the Handoff scheme transmits only control
messages over the internal network, thus it can sustain
higher loads.
4.
SIMULATION
OF
DISPATCHING POLICIES

WEB

SWITCH

In cluster-based Web services the role of the Web
switch node is fundamental to obtain adequate system
performance. This section shows how CWebSim is
instantiated to study the behavior of dispatching
policies for dynamic Web-based services: we focus
on the modules of the simulator that are affected by
some modifications or by a

different configuration with respect to the previouscase
study.
Dispatching module. The components of the Webswitch
node, shown in Figure 6, are described below.

Figure 6. Web Switch node model
Dispatcher: this CSIM process simulates a kernellevel thread that receives the connection requests
coming from the Web client nodes, through the
external NIC (an ideal zero-delay queue). The first
connection request of each session (see Section
2.1.1) is registered in the Service table, so that
subsequent requests belonging to the same
session are properly managed.
Service table: this data structure is used to relay
session control information, needed by layer-7
dispatching algorithms, between the Dispatcher
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and the Controller processes. Conversely, layer-4
algorithms ignore that information.
Controller: this CSIM process simulates the kernellevel thread that executes the dispatching
algorithm, basing its decision upon the data read
from the Service table and upon some server- state
information collected from the servernodes. Two
content-aware selection criteria are considered:
LARD (see: [Pai, 1998]) and CAP (see:
[Casalicchio, 2001]); as a reference algorithm we
consider the WRR (see: [Casalicchio, 2001]),
which is a content-blind policy. The CAP policy,
in its simplest form, does not require to set any
parameter other than the choice of classes of
services that can be identified from the URL. The
LARD strategy requires to set only the parameters
Tlow and Thigh indicating the minimum and
maximum allowed server utilization. In our
experiments we set Tlow=0.3 and Thigh=0.7, and we
did not observed considerable changes for slightly
different values, such as 0.2 and 0.75. According
to the adopted dispatching algorithm, the CPU is
used for a time ranging from some tenths to some
hundreds of microseconds, every time a
connection is accepted. Dispatched requestsreach
the selected server via the internal NIC.
Server module. A basic server node model is
adopted: the computing flow is the same described
in Section 2.1.3 and no caching cooperation protocol
is executed. Besides the HTTP Daemon, another
CSIM thread simulates a periodical task that samples
the node load state and transmits it to the Web switch
over the internal network.
Input module. Because of the dynamic nature and
security requirements of e-commerce transactions,the
CWebSim’s synthetic workload generator is
configured to issue a certain share of dynamic and/or
secure requests, according to various parameters. A
ciphering algorithm is modeled via a single
throughput parameter defining the CPU’s processing
speed. For example, we use 38.5 Kb/s for the 256-

bit-key RSA, 46886 Kb/s for the Triple DES and
331034 Kb/s for the MD5. Secure requests are
considered CPU-bound requests. The simulator
allows us to define also dynamic requests that stress
the server disk, namely, disk-bound requests.
4.1. Simulation results
The considered performance measure is the
cumulative frequency of the page latency time.We
consider three scenarios where light dynamic CPUand disk-bound requests are mixed in different ways.
In the first set of experiments, we assume that a 40%
of the total requests need secure connections and
cryptography. This is the most critical scenario
because CPU-bound requests affect the performance
of the other 60% of requests that have to use the CPU,
even if for less intensive operations such as parsing a
request and building an HTTP response. Figure 7(a)
shows how this very critical (and, we can say,
unrealistic) scenario deteriorates the performance of
all dispatching strategies. However, multiple service
scheduling allows CAP to achieve better results than
WRR and LARD.
In the second scenario, we introduce both CPU- and
disk-bound requests, but CPU-bound requests (20%)
differ from disk-bound requests (20%). In Figure 7(b),
we see that the CAP policy provides really good page
latency times, while WRR reaches its limit and
LARD does not guarantee a scalable Web cluster. The
improvement of the CAP strategy is significant,
especially if we consider that the WRR curve refers to
a WRR policy with optimal parameter setting. For
example, CAP achieves a page latency time of about
4 seconds with 0.95 probability. For WRR, a similar
latency time is achieved with a probability of about
0.78, and for LARD with a probability of less than 0.5.

Figure 7: E-commerce scenario, cumulative frequency of page response time
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5. RELATED WORK
Simulation frameworks oriented to the evaluation of
network-based systems have a general scope and do
not focus on Web cluster systems. Multiple general
purpose simulators are available in the literature and
in the industry. For example, the Network Simulator
ns-2 (see: [McCanne, 2007]) is an example of a
discrete-event simulator strictly conceived for
networking-related research, such as the testing of
new communication protocols. Similar to the ns-2, are
the Georgia Tech Network Simulator GTNetS (see:
[Lee, 2005]) and YANS (see: [Lacage, 2006]). The
Network Simulator is undergoing a new development
cycle that will improve the general design, taking
advantage from GTNetS and YANS: besides
addressing scalability and code cleanup issues, the
new ns-3 (see: [Henderson, 2006]) aims at simulating
low-level network details, without addressing
explicitly Web clustering features. The OPNET
Modeler (see: [OPNET, 2007]) is a comprehensive
industry-standard simulation environment, that can be
used to model communication networks and
distributed systems: it incorporates tools for all the
phases of a performance study, including graphical
model design, simulation, data collection and
analysis.
Another general purpose simulation and analysis
tool is the Tangram II suite (see: [de Souza e Sinlva,
2006]), which allows the analysis of distributed
systems using a combination of analytical and
simulation models. However, like the other tools
mentioned above, Tangram II is not specifically
designed for the analysis of Web-based systems.
In the research area of Web systems, simulators are
typically created for specific goals, that is, they cannot
be instantiated over different target systems without
significant modifications. For example, Cherkasova
and Phaal model a single Web server as a service
center with a finite listen queue, to investigate a
particular admission control policy. Similarly,
Cherkasova and Karlsson use a CSIM- based
simulator that implements a model of a Web cluster:
the goal of the authors is to evaluate the performance
of a workload-aware request dispatching policy.
Pai et al. propose a Web cluster model wherein the
Web switch is ideal, and each Web server is modeled
through a waiting queue, simulating the NIC, and two
service centers simulating the CPU and the hard-disk,
respectively. Trace-driven simulations are executed to
study the performance of a locality- aware dispatching
policy.
A hybrid simulation tool is presented by Wang et al.:
it integrates ns-2 with Logsim, a Web serversimulator
similar to that adopted in Pai, 1998. The goal is to
explore the performance of request redirection
mechanisms in Content Delivery Networks, that are
geographically deployed systems. Similarly, the
trace-driven discrete-event toolpresented by Davison
simulates geographic proxy- caching architectures,
with efficient network-level models, though less
detailed than those available in

ns-2. Typically, the server-side of these simulators is
not modeled with all the details required by the
complexity of Web cluster systems.
6. CONCLUSIONS
This paper presents the design and implementation of
a modular simulation framework (CWebSim)
conceived for Web-based services deployed over
clusters of HTTP servers. The basic structure of
CWebSim can be configured to represent a broad
variety of cluster-based Web architectures; also, it is
possible to build custom system models through
extensions to its functional modules. Particular
attention has been dedicated to the network and
workload models, which are customizable with
different degrees of realism to allow simulations of
the most typical Web scenarios. The workload
module is capable of both distribution- and tracedriven generation modes.
CWebSim is written in C and it is based on the
CSIM library, which is available for the most popular
platforms, including Linux and Windows.
We have presented a first case study where CWebSim
is used to simulate global caching systems: the
simulation of these architectures required a careful
modeling of the server-to-server interaction occurring
through the internal network.In a second case study,
we focus on the simulation of diverse Web switch
dispatching algorithms, that required a detailed
modeling of the dispatcher components.
CWebSim is being extended to support the modeling
of low-level network-related issues, so as to allow
the simulation of geographically distributed Web
systems.
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I.

ABSTRACT

We all use traditional fridge based vapor compression cycle
that contains many gases like Freon this can cause an
damage to ozone layer and it also contains moving parts so
we are working on idea of running an mini refrigerator with
hot water dispenser the main working part is Peltier module
the working principle Peltier module is when current is
passed through it one side gets hot and other gets cold using
this we can get both cold area and hot water dispenser this
project has high range scope
II. INTRODUCTION
We were concerned to find an alternative for current hot
and cold-water dispenser and mini refrigerator manufactured
by Tata Voltas And other companies, which ensures cooling
and heating water.
To solve this problem, we came up with an alternative of a
refrigerator working on thermoelectric effect and watercooling system that is optimized to increase efficiency of our
device.
III. METHODOLOGY
So now to proceed with the project the method is to
understand the problem that was stated by our team previously
Then coming to appropriate solution that is using Peltier
effect and water-cooling system
DESIGN:Major components required for our project are 6 Peltier
module, insulating material, thermal paste, aluminium and
wood, rectifiers.

• Peltier Thermoelectric Cooler
Since our project is aimed towards domestic usage and
purposes, we have decided to use a Peltier Thermoelectric
cooler which actually has some very good thermodynamic
properties when it comes to cooling a chamber in a very
effective manner using a little as 12 volts D.C source. Also,
since it is available in many sizes from the market, we
managed to choose two small ones which cover an area of
about 0.16 square centimeters.
• Water Cooling Tank
Our Water tank attached below the heat sink will ensure
efficient cooling and serve as a hot water dispenser.
• Aluminum heat sink
The Aluminum heat sink we agreed on using was utter based
to successfully accomplish the proper insulation of heat and
heat transfer to support the objective of our experiment to
make it effective enough to work properly.
Copper plate
Peltier modules and heat sink will be attached to it via
thermal paste and weld joints for heat sink.
Circuit diagram: -
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Specific Heat of Water = Cp = 4.2KJ/Kg.
3. Initial Temperature of Water = T1 = 30 °C
4. Final Temperature of Water = T2 = 10 °C
5. Latent heat of Fusion of Water = Hg = 0.334 J/Kg
6. Target time for freezing using TEM = t = 1Hr = 3600sec.
(can be decided as per requirements)

Heat to Be Removed to Bring Water From (400C to 00C)
Q1 = m x Cp x ∆T
= m x Cp x (T1 – T2)
= 10 x 4200 x (30 – 10)
= 840000 J
Step 2 – Q2: Latent Heat to Be Removed to Freeze Water
At 00C
Q2 = Hg x m
= 0.334 x 10 = 3.34 J
Total heat required to be removed: -

IV. WORKING

840003
Q1+Q2

= 𝑞(ℎ𝑒𝑎𝑡 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑟𝑎𝑡𝑒)

t

=840003.34 = q(ℎeat removal rate)
t

34J
Input AC current – 240v Rectifier (16volt,12amp) We
have 6 Peltier module So, We decided to connect 2 in series
and 3 in parallel so as to give minimum 8 volt and 4 amp
Supply to each module i.e. 3 in parallel so each branch has 16
volt supply But each branch has 2 module therefore 16÷2 =8
volt Hence each module has max input of 8 volt. Since there
is 3 in parallel current gets divided i.e. 12÷3=4 amps
But each branches have 2 in series therefore current in
branches remains same Hence each module gets max input of
4 amp of current supply, Each module runs on 8volt and
4amp.

q(heat removal rate)

= 𝑛(𝑛𝑜 𝑜𝑓 𝑝𝑒𝑙𝑡𝑖𝑒𝑟 𝑚𝑜𝑑𝑢𝑙𝑒)

60(Maximum)

Q1 + Q2

=6
t × 60
840003.34
𝑡=
6 × 60
t= 2333.34 seconds
Hence
T
ime required to cool 10Kg water using 6 peltier module

CALCULATIONS
1) Water cools at an average rate of heat transfer of 34W in
the refrigerator. ((m x Cp x ∆T)/ t) = (0.5 x 4180 x 10) /600)

operated on maximum voltage and current is2333.34seconds

(Experimental value obtained from (Journal of Emerging
Technologies and Innovative Research (JETIR)
2) We have a capacity of 10L storage for cooling.

Hence for one hour if we use refrigerator to free 10 Kg of
water at 30 degrees Celsius
((m x Cp x ∆T)/ t) = (13 x 4180 x 30) /3600)
Refrigerators need to extract 453 Watt of heat
Following are the considerations for cooling load
calculations:
1. Mass of Water to be Frozen = m = 10Kg
2.

502

MULTICON W ICAMCE 2022
𝑞(ℎ𝑒𝑎𝑡 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑟𝑎𝑡𝑒)= 84000

.34

t

q(ℎeat removal rate)= 840003.34
4546.49

q(ℎeat removal rate)=184.74 W
Neglecting heat transfer losses.
COP=
𝑄 = {(𝑆𝐼𝑇 ) − 𝐼2𝑅 − 𝑘(𝑇 − 𝑇 )}
l

c

h

=

c

(Th − Tc) →
Temperature diffrence between ℎot and cold side.
By reading various research papers we assume it as 70.

184.74
192

APPLICATIONS
1- It can be used for military purpose during transportation
2- medical for purpose storing blood plasma and vaccines
It also has a great future scope
1- it can used in rural areas where electricity is not provided
24 *7 by solar energy
2 - it can be installed in future electric cars e.g., Tesla cars

Th ⟶ Temperature of ℎot side in °k
S→See-beck coefficient (S) = 0.01229 V/k
Module thermal conductance (K) = 0.1815 W/k
Module resistance (R) = 4Ω

V. FUTURE SCOPE

Ql = heat absorption

Since it is still in a prototype stage, there is lot of room for
improvements. One of which is, to properly optimize the
system to obtain better COP so that it can be commercialized.

42
4 − 0.1815(70)}
2

VI. CONCLUSION
In a nutshell, our project has been a very big challenge
especially considering that there has been previous done
already in the past but with a lot of budget in the bank.
However, we are challenging ourselves to do the same but
with the least amount of budget being spent and obtaining
better COP by using water cooling system which will also
serve purpose of hot water dispenser

= −30.79 W
If (Th − Tc) is 50 tℎen , Ql = −27.16 W.
q(heat removal rate) =

𝑛(𝑛𝑜 𝑜𝑓 𝑝𝑒𝑙𝑡𝑖𝑒𝑟 𝑚𝑜𝑑𝑢𝑙𝑒)

31.27
Q1+Q2

Energy input

=0.9621

Tc ⟶ Temperature of cold side in °k

Ql = {( 0.01229 × 4 × 283) −

Desired effect

=6

t×30.79
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Foremost used merchandise could be a vacuum flask
Flask. For those that work far away from home, the
food or fluids they carry to eat later will simply get to
temperature solely at intervals some hours; rancid
within the case of high oil content food. Therefore,
Vacuum flasks are used to stay beverages recent and
hot or cold for extended periods. vacuum flask flasks
were unreal in 1892 by Sir James Dewar as a result of
his radical analysis within the field of cryogenics. By
evacuating the air between the 2 chambers during a
flask, a state of partial vacuum is created; such was
his observation. He referenced to patent it. it had
been not till 1904 that two German glassblowers,
Reinhold Burger and prince consort Aschenbrenner,
discovered that
it may be accustomed to keep food and beverages hot
or cool for an extended quantity of your time and
might be utilized in daily use. They termed it a
vacuum flask [1]. Thanks to its design, the vacuum
bottle is in a position to stay hot food hot and, cold
food, cold. Because the paradigm shifted, it became
widely used.
Within the age of scientific advancement, there's an
Associate in Nursing energy reduction race.
However

Abstract—The paper discusses the thought of
making an insulated lunch box that limits the warmth
transfer with its surrounding. Additionally, to limit
the heat transfer, the concept also proposes away with
that heat is added to the system. This, in turn,
prolongs the amount wherever edibles can be held at
the specified temperature. A thermo electrical Cooler
is incorporated which makes doable thebeginning of 2
separate compartments within the lunchbox which
reside totally different temperatures to form possible
the storage of hot also as cold food within one
lunchbox. Because of the increasing importance of
healthy and heat food, one will have interior the
work, the paper ascertains the necessity to grasp the
potential operating mechanism of this project. this
idea can probably modification the standard manner
of carrying food by introducing a further cold
compartment to store the food added to a hot one. the
look of the model is mentioned. varied electronic
elements to be used are discussed and therefore the
working of the prototype is explained.
Index Terms—Portable Food Storage, Thermos
Tiffin, Electric Tiffin, Heated Lunchbox, Cooled
Lunch Box, Fresh Food Storage, Peltier module, TEC
or Thermo-electric cooling, Heat Pump.

I. INTRODUCTION
In our daily life, there are several appliances that we
tend to use seamlessly to derive the work from them
as a result of they're terribly convenient. One in all the
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will one increase efficiency? we tend to are coming
back to the belief that there is an imperative have to
be compelled to scale back energy usage and deliver
appropriate outcomes in a exceedingly in a terribly
way. Vacuum flask flasks came in varied shapes and
sizes provided that they ensured the storage of
multiple forms of food and beverages. Later, flasks
with double-wall vacuum insulation were accessible
commercially. The vacuum insulated thermos flasks
that are employed by the plenty these days still lack
their ability to limit heat transfer over long periods of
time. Empirically, it is witnessed that if a vacuum
flask were to be crammed with low for later
consumption, the flask will solely keep the
temperature constant for a little time. Once an hour or
two, the warmth inevitably gets out rendering the
coffee bland. This downside is inherent owing to the
development of the vacuum flask. The area within the
double-wall insulation is unquestionably exhausted
however the outer wall still needs to connect at some
purpose with the inner holding compartment. This
permits for warmth transfer through conduction. a
touch by little the heat seeps out, the edibles
eventually reach temperature and they don't start up
as recently as was expected. Some may counsel
merely heating the low before gushing it into the
flask however that may solely be through with this
case. What regarding the opposite liquids whose style
gets destroyed thanks to the high temperature? And
within the case once a chilly beverage must be stored,
a layperson cannot super cool a beverage at home.
To combat this, it's necessary to plot a system that
can not only keep energy within the system but, when
necessary, add energy. This paper explores a plan
with such a contrivance that may suit this case.
II. PREVIOUS

WORK

a system for holding or dominant the temperature of
the fluid. Appropriate for all types of environments, it
contains a sink with an electrical device. The
thermoelectric device is hooked up to the rock bottom
surface of the cup. Such a placement maximizes the
warmth transfer by sheer contact. Referee [3] [4]
contends with an analogous downside of warmth
addition. The answer provided was rather traditional.
Begin et al. 2008 had projected an inspiration that
enclosed a food chilling device that had a cylindrical
body with an outer wall, a closed-end, and an openend. This device can dip in any container, crammed
with ice, which can relax the food for later reheating
and serving. Meanwhile, Palena et al. 2011 patented
an analogous design, instrumentation that may fill up,
except the container currently had a rechargeable,
self-heating saturated salt solution. a possible trigger
meant a method of crystallization, that basically is an
energy-releasing process [4]. These reviews ended
that they had an amazing drawback. They
compromise volume, either wherever they're to be
put in or fitted in. However, they addressed the
matter statement accurately by providing an answer
for heating and cooling a liquid within the flask.
Referee was projected in 2013 and, it's out and away
from the foremost relevant patent here in relevancy
our construct of unifying each heating and cooling
process simultaneously. However, it intricately
explains the warmth addition process, however,
there's no mention of cooling the fluid down. It solely
balances the temperature of the fluid. it's an actively
heated mug. The mug will embrace several heating
components that heat a surface. The mug conjointly
uses the practicality of wireless power charging as a
way to deliver power to several modules. the general
electronic equipment may be turned off or on
supported the usage.
I. COMPONENTS
A. TEC Module/Peltier Module

AND

ADVANCEMENTS
Upon trying to find such a product, it may be noted
that the majority of the products that are being
employed are easy vacuum flask flasks with no talent
to feature energy to the system. excavation in more
we discover concerning the efforts that were being
placed during this field to further expand the
capabilities of a vacuum flask Flask. referee [2]
started off by presenting a chic resolution to attenuate
the warmth loss from the cups or fluid containers. it's

Fig. 1. Peltier Element Schematic [6].
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Arduino Uno is a prototyping board developed so as to
easily develop prototyping circuits for all users. Arduino
is an ASCII text file platform that has MCU boards for
creating prototyping circuits. Arduino Uno encompasses a
circuit base And a software program compatibility of C#
and C++ [10] [11]. Arduino has a large scope of
application. It is regularly utilized inall domain names
from defense, healthcare to clever homes [12].

“The Peltier circuit, the basic elements of the
cooling thermoelectric cell, consists of
semiconductors p-type and n-type connected in
series with copper plates. The copper plates, on
both sides, are thermally bonded to each other
through ceramic plates but are electrically
insulated. In terms of electricity, semiconductors
are connected in series with each other, however
with respect to thermal in parallel.” [7].
Thermoelectric Coolers (TEC) work on the principle
of the Peltier impact that states that once 2 totally
different metals are subjected to a voltage potential, a
gradient is induced at their junction. Peltier modules,
in essence, act sort of an apparatus which may
produce temperature variations inside the vary of
70°C across either side with no moving components
which sway be essential in producing tiny systems
with restricted area [8]

Fig. 4. KY-001 Temperature Sensor
Using a virtual bus, the KY-001 lets in the size of
various temperatures. It includes a DS18B20 single-bus
temperature sensor, a LED, and a resistor. DS18B20 is a
broadly used virtual temperature sensor. It is reasonably
priced to fabricate and has excessive precision. It is
absolutely compatible with Arduino Uno. [13].
Operating Voltage: 3 - 5.5V.
Temperature Measurement Range: -55 to 125°C
Accuracy: ±0.5°C [5].

Fig.2.TEC1-12706 Module.
TEC1-12706 could be a 4 cm module. it's rated for
60W associate degreed works at 12volts until 6A [9].
127 in TEC1-12706 stands for the 127 thermocouples
it consists of whereas the 06 signifies its 6 Ampere
current rating.

Fig.5.TIP120 Darlington Transistor
The TIP120 is an NPN Transistor. It switches up-load
to 60V, a top current rate of 8A and non-stop
contemporary of 5A. It could be very appropriate for
our challenge as it could be used for medium to
excessive strength stressful electronics like DC
automobiles and excessive-strength LEDs [14]

Fig. 3. Arduino Uno
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I. WORKING OF PROTOTYPE TEC1-12706
works in the range of 5-12V. However, to gain an
appropriate temperature and feature the
independence of various it primarily based totally
at the feedback, it will become vital to delivering
12V initially. For the sake of portability and clean
access to the end-user who might make the
maximum use of this product whilst outdoors,
feeding 12V at once might now no longer be
feasible. The ubiquity of Smartphones has given
this international a clean get right of entry to of 5V
from an AC adapter everywhere. Making use of
this, this prototype uses a DC-DC Step
Upconverter which takes an entry from a 5V USB
charger and steps it as much as 12V for this
application.
To manage the temperature in the lunchbox, the
energy to the TEC module wishes to be managed
actively. This is carried out with the assistance of
the prototype pleasant MCU, Arduino Uno.
Arduino acts as a mind for this prototype, it takes
an analog enter from the temperature sensor KY001 established in the compartment and determines
whether or not to deliver voltage to the Peltier
module or now no longer. The temperature levels
are unique even as programming. If the brink
temperature is passed and the temperature sensor
needs cooling, Arduino sends a Pulse-Width
modulation sign to the TIP120 Darlington
Transistor. TIP120, primarily based totally at the
enter voltage supplied via way of means of the
Arduino varies the 12V deliver it gets from the
DC-DC Step Up module and materials it to the
Peltier for the pumping of warmth. This system
maintains till the preferred cooling/heating is
reached. When the temperature sensor measures
extra warmth than preferred, Arduino stops the
delivery of voltage to TIP120 thereby restricting
the temperature. After this, the device enters
preservation mode wherein delivery of low voltage
to the TEC module is performed to preserve the
temperature required via way of means of the
device.

Fig. 6. Power Module
A. XY-016 2A DC-DC Step Up Power Module
The XY-016 power module can act as a
multipurpose voltage booster. It is regularly
utilized in numerous prototypes and DIY projects.
It has been located to have a voltage variety from
5.5V DC to 28V DC, as much as top 2A. [15]
B. Container
Container (the body) of the lunchbox may be
crafted from Stainless metal or Aluminium having
booths divided with the aid of using a wall that's
used to mount the Peltier module. as shown in Fig.
2.

Fig. 7. Illustrative modelof
the Lunch Box.
The frame of the tiffin may be double-walled
introducing a vacuum among the partitions to offer
further insulation that may boost the performance and
save you the heat diffusion to the environment. The
insulation of the divider wall is crucial on the
grounds that ignoring it will nullify the temperature
gradient brought via way of means of the TEC
module rendering the setup useless.
The lid of the container is to be made such
that it isolates the booths from ambient surroundings
and every different while closed to reduce warmth
switch from the system.

A. Pulse-Width Modulation
Pulse-width modulation could be a methodology to
extract Analog output from a digital signal. in
contrast to digital signals that are binary in their
nature, analog signals have a variety of values
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between their On and Off expressions. Pulse-width
modulation will do this by chopping up the signal
into distinct components [16]. The sq. waved signal
isbroken into several parts by quickly switching the
voltage provide on and off. This on and off motion
leads to a square wave that's on for a selected
quantity of time, and off for a specific amount
of time. The result of this method is an average
voltage that acts because of the analog output of the
digital signal that's modulated.

heavy insula- tion is required.
3) Manufacturing is difficult since vacuum
insulation is difficult to achieve.
4) Difficult to isolate both compartments since
heat transfer is encouraged due to the
temperature gradient across the sides.
5)The addition of electronics and vacuum
leaves less space for actual food storage.
6)Bulkier and Heavier than traditional food
storage solu- tions.
7)Food in the hot compartment may get very
dry if the box is not sealed well and the water
content manages to evaporate out.
POSSIBLE WORK AROUND FOR THE
DISADVANTAGES
• The weight can be trimmed down by using
lightweight composites.
• Materials with lower thermal conductivity
can help to better isolate the two
compartments.
• Usage of embedded electronics with small
PCBs will help in reducing the size and cost
of the product.
• Proper rubber sealing with air-tight locks
can be used to avoid the problem of
evaporation

Fig. 9. Developed
prototype so far.

Fig. 10. Simplified
Circuit Schematic

CONCLUSION
The concurrent heating and cooling in an exceedingly
single unit is not like the other commercially out there
product and looks a lot of economical than simply
utilizing the warmth or simply the cold and rejecting the
counterpart. It shows nice potential and may modify the
method individuals scrutinize packed food. However,
manufacturing seems to be a serious challenge and more
analysis is required concerning its potency and
feasibility. Preventing energy loss from the system
proves to be a major challenge within the prototype.
electrical elements are substituted for minute circuits
which will work on the rock bottom of the lunchbox. a
lot of research regarding its thermal potency is needed to
be carried out.

ADVANTAGES
1) Provision of a cold compartment in
addition to a hot one. 2)Increased energy
efficiency since the emergence of cold
compartment is a by-product of pumping heat
to the other compartment.
3) Fresh food for prolonged time unlike
traditional Thermos where there is no
addition of energy into the system.
4) Can act as portable food storage while
keeping the quality of food essentially the
same.
5) Quick response to the heat demanded.
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Abstract
The convergent pipes are channels in which the cross
sectional area decreases with respect to their length.
The flow characteristics through these pipes differ
from those of parallel pipes. Therefore, there is need
to know more about the flow characteristics of these
pipes. In the course of this paper, a model of fluid
flow through a converging pipe was developed and
implemented using ANSYS fluent 14.0. The result
shows that, static pressure for laminar flow increases
from zero at the inlet to about
Pascal at the
exist of the pipe. The variation of flow
pressure
between the inlet and exit of the pipe results in change
of flow characteristics. The results shows that, the
velocity vector contours and streamline are high at
the exit of the pipe. This will proportionally lead to
high stress at the pipe exit. The high tangential
velocity at the exit will leads to high skin friction

I.

coefficient. The pressure at the exit oscillates violently
and formed a shock wave. The turbulent flow has
high cell Reynolds number (over 2.00) than the
laminar flow. This high cell Reynolds number is high
at the exit of the converging pipe for turbulent flow.
This can affect the delivery of fluid in the fuel and
braking system of an automobile, thereby leading to
system malfunction. This analysis shows that the exit
of a component made of converging pipe, is subjected
to high stress, therefore it is hereby recommended
that, the exit should be made with thicker cross
section or with material high strength in order to
prevent system failure.
KEYWORDS:CONVERGING PIPE, NOZZLES,
MODELING, SIMULATION AND ANALYSIS

I.INTRODUCTION
Computational Fluid Dynamics (CFD) is a branch of fluid
mechanics that provides a cost- effective mean of simulating
fluid flow using numerical method of agoverning equation.
The governing equations for Newtonian fluid dynamics,
namely the Navier stoke equation; have been used for over
150 years. However, the development of a reduce form of
these equations are still an important research area
(Abdulnaser, 2014). Computational Fluid Dynamics (CFD)
has been constantly developed over the past few decades, and
many commercial softwares such as ANSYS, Solidworks and
Python are available for modeling fluid flow in or around an
objects in order to provide more robust and accurate results.
However, for the sake of this paper, ANSYS fluent work
bench is deployed to analyze the flow of fluid through the
converging pipe. The ANSYS fluent uses finite volume
numerical approach to solve the governing equations for the
fluid velocities, mass flow, pressure, temperature, species and
other flow parameters (Tapasvi et al., 2015).
The converging and diverging pipe are fluid lines with a taper

structure. They are usually use in nozzles and diffusers. A
nozzle is mechanical device that accelerate fluid flow. It is a
passage of smoothly varying cross-sectional area by which
pressure energy of working fluid is converted into kinetic
energy (Prabba, 2021; Tapasvi et al., 2015). During this
process, the velocity of the fluid increases with decreasing
pressure. In contrast, the diffuser is a device that decelerates
the fluid. This implies that, the velocity of the fluid decreases
along the channels. (Yesu et al., 2018).

(A)
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to increase air velocity and circulation in the vehicle
compartment.
Fluid flow through a converging pipe is more complex than
those of the parallel pipes due to the geometry of its solid
boundary and various flow parameters between the fluid and
the solid interface. Therefore, this paper also aimed at
analyzing the behavior of a fluid through the converging pipe
with respect to their application in automobile systems.

(B)

III.

The transportation of fluid in a close pipe is extremely
important in our daily life. Due to its engineering
applications, it has become quite necessary to carry out
researches on know the behavior of the flow through this
medium. The flow characteristics through the converging
pipes differ from those of the parallel pipes. The losses in
these pipes are greater than those of the parallel pipes of the
same flow velocity [1]. Therefore, there is need to know more
about the flow characteristics of these pipe. Therefore, this
work aimed at investigating the flow characteristics of a fluid
through a converging a pipe, and to know the nature of some
its flow parameters/

II.

MATERIALS AND METHOD
The two engineering softwares used in this analysis are
ANSYS fluent 14.0 and AutoCad 2018. The ANSYS Fluent
is Computational Fluid Dynamics software that allows users
to simulate flow problems. It contains broad physical
modeling capabilities needed to model fluid flow. It was used
in this analysis to develop a solid model of the converging
pipe and to analyzing the fluid flow through the pipe for both
laminar and turbulent flow respectively. A uniform flow
velocity 0f 0.3m/s was used at the inlet of the converging pipe
to investigate the flow characteristics for both laminar and
turbulent flow for no-slip condition. The model and
simulation specifications are shown in the table 1 below,
while the AutoCad drawing of the model is shown in figure 1
with its dimensions in mm.

APPLICATIONS OF CONVERGING PIPES
IN AUTOMOTIVE SYSTEMS
Converging pipe has many engineering applications. Thomas
and Argawal (2019) used the converging and diverging pipe
to improve radiator design and fuel efficiency. Converging
pipes has many application on the automotive systems. Below
are some of the applications of the converging pipe in the
automobile systems.
The nozzle controls the speed of the fluid flow. Its design is
considered to be a pipe with varying cross sectional areas
throughout a given length, and controlling the mass flow rate,
velocity, direction of flow, pressure ratio, and other flow
parameters.
1.The convergent nozzles are widely used for high velocity
jets, sprays, injectionsThey are use in the fuel system to
increase fuel flow velocity from the fuel and injector pumps.
2.They are use at the injector nozzles and carburetors to
increase flow velocity for good atomization of the fuel in the
engine combustion chambers,
3.It is use in the automobile braking system to increase the
fluid velocity from the master cylinder to the brake actuators
(brake calipers and wheel cylinder) in order to cause braking
at the vehicles’ wheels.

Figure 2. Model Drawing

4.They are use in the cooling system of big diesel generators
to direct jet of coolant to some specific points in the engine,
in order to prevent engine overheating.
5.They are also use in the automobile air conditioning system
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IV.

FLOW ANALYSIS
The Continuity Equation relates the velocity of a fluid
moving through a pipe to its cross sectional area. It expresses
the law of conservation by equating the net flux over a
surface with its loss or gain of material within the surface.
The continuity equations can be expressed in either integral or
differential form as shown in equation (1).Applying the
fundamental laws of mechanics to a fluid gives the governing
equations for a fluid ( Klas, 1993). The conservation of mass
equation is;

Substituting equation 6 into equation 9.

According to Newton’s second law, the increase in
momentum per unit time in the direction of the fluid motion is
caused by a dynamic force (John et, at., 2003). Therefore,

Where

the conservation of momentum equation is

where ρ is the fluid density, V is the fluid velocity vector, is
the viscous stress tensor, p is pressure, F is the body forces, e
is the internal energy, Q is the heat source term, t is time, Φ is
the dissipation term, and .q is the heat loss by conduction.

Figure 3. Momentum of a Flowing Fluid through a Converging
Pipe

These equations along with the conservation of energy
equation forms a set of coupled, nonlinear partial differential
equations. It is not possible to solve these equations
analytically for most engineering problems. However, it is
possible to obtain approximate computer based solutions to
the governing equations for a variety of engineering
problems. This is done with the help of Computational Fluid
Dynamics.
In simplified form, the continuity of the mass flow across the
control volume can be express as;

The rate at which the momentum enters the control volume
(Figure 3) is express as.

Similarly, the rate at which the momentum leaves the control
volume is express as.

The rate of momentum across the control volume can be
express as.
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V.

MODELLING AND SIMULATION
Computational fluid dynamics (CFD) is a branch of fluid
mechanics that uses numerical methods and algorithms to
solve and analyze problems that involve fluid flow.
Computers are used to perform the calculations required to
simulate the interaction of liquids and gases with surfaces
defined by boundary conditions. With high speed super
computers, better solutions can be achieved. During this
analysis, a solid model of a converging pipe was developed
and simulated using ANSYS fluent work bench. The
specifications of the solid model and its boundary conditions
are shown in table 1. While Figure 4 shows the solid and the
meshed model of the converging pipe.
Table 1. Material and Fluid Specifications

S/N

PARAMETER

VALUE

UNIT

1

20

mm

10

mm

3

Piper Inlet
Diameter
Pipe Outlet
Diameter
Pipe Length

100

mm

4

Pipe Thickness

1.0

mm

5

Inlet Velocity

0.3

m/s

2

6 Number of Iteration

(a) Solid Model

100

7

Fluid Density

998,2

Kg/m3

8

Viscosity

0.001003

Kg/m-s

9

Nodes

6999

10
11
12

Elements
Pipe Material
Working Fluid

24272
Aluminum
Water/Liqui
d

(b) Meshed Model
Figure No.4.Converging Pipe (a) Solid Model
(b) Meshed Model
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VI.

hydraulic brake line damage, thereby leading to brake fluid
contamination and brake failure (Bako et. al., 2019). This can
also causes fluid leakage at some junctions of the braking
system and automotive fuel systems.
The velocity plots and pressure contours (Figure 9) show that
the exit velocity for laminar flow is higher than that of
turbulent flow. This may be as the result of pressure lost
cause by the random motion of the fluid particles due to the
turbulence action of the fluid. Fluid turbulence in the braking
system can cause poor brake performance and failure, while it
can cause difficult start and poor combustion in the internal
combustion engine.

DISCUSSION OF RESULTS
For the purpose of this analysis, 100 iterations were
performed during the analysis. This is to ensure that the
convergence is reached. If convergence is not obtained, it will
be impossible to obtain approximate results. Therefore the
convergent obtained in the solution section of the simulation
shows that the problem behind this analysis have been solved
computationally using the ANSY fluent work bench. After
running the calculations for 100 iteration for laminar and
turbulent. The below curves (Figure 5) were obtained for both
Laminar and Turbulent flow. Also after the simulation, all the
fluid flow fluent was checked to indicate that all the problems
are solved.

(A)

(a) Laminar Flow
(B)
Figure 6. Velocity Vector (a) Laminar Flow (b) Turbulent Flow

(A)

(b) Turbulent Flow

Figure 5. (a) Laminar Flow (b) Turbulent Flow
The particle of fluid stream possessed a momentum. The
momentum is the product of mass of the fluid particle and its
velocity. The velocity of the stream changed in magnitude
and
direction,
correspondingtochangeinmomentumofthefluidparticles.Thesi
mulationresultsshowsthat, the velocity vector, contours and
streamline (Figure (6), (7) and (8)), implied that the flow
velocity is high at the exit of the pipe. This will proportionally
(A)lead to high stress at the pipe exit. This stress can lead to

(B)
Figure 7. Velocity Contours (a) Laminar Flow (b) Turbulent
Flow
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(A)

(B)

Figure 9. Pressure Contour (a) Laminar Flow (b)
Laminar Flow
Skin friction coefficient is a dimensionless quantity that
depends on the skin shear stress, density of fluid, and the
velocity of flow (Kinyua et al., 2018). The simulation results
(Figure (10) shows that, the skin friction for laminar flow
decreases along the converging pipe in the direction of the
flow. While the skin friction coefficient remained nearly
constant for turbulent flow. But for both cases, the skin
friction coefficient starts to increase at the exit of the pipe.
This increase in skin friction coefficient is one of the major
factor causing the damage of injector nozzles, and leakages of
brake fluid. Meanwhile the simulation result (Figure 11)
shows that, the two flows have high tangential velocity at
their exit, with the turbulence flow having more targential
velocity the laminar flow. The high tangential velocity at the
exit will lead high skin friction coefficient. The pressure at
the exit oscillates violently and a shock wave is formed
(Eastor and mc-Conkey, 2005). This is justified by this
simulation results (Figure11).

(B)
Figure 8. Streamline (a) Laminar Flow (b) Turbulent Flow

(A)
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(b) Turbulent Flow
Figure 11. Tangential Velocity Profile (a) Laminar Flow (b)
Turbulent

(a) Laminar Flow

The Reynolds number characterized a flow to be either
laminar or turbulent. It depends on flow parameters such as
fluid density, viscosity, velocity, and the characteristic length
or diameter. To know the effect of the Reynolds number on
the converging pipe; a cell Reynolds number plots were
plotted for both laminar and turbulent flow. The simulation
result (Figure 12) shows that, the turbulent flow has high cell
Reynolds number (over 2.00) than the laminar flow. This high
cell Reynolds number is high at the exit of the converging
pipe for turbulent flow. This can affect the delivery of fluid in
the fuel and braking system of an automobile, thereby leading
to system malfunction.

(b) Turbulent Flow
Figure 10. Skin Friction Coefficient (a) Laminar Flow (b)

(a)

Laminar Flow

(a) Laminar Flow

(a) Laminar Flow

(b) Turbulent Flow.
Figure 12. Cell Reynolds Number for the Flow Surface (a)
Laminar Flow (b) Turbulent Flow.
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CONCLUSION
This paper presents Computational Fluid Dynamics analysis
of a fluid through a converging pipe. The convergent pipes
are channels in which their cross sectional area decreases with
respect to the length of medium or channel. The variation of
flow pressure between the inlet and exit of the channels leads
to change in flow characteristics. The simulation results show
that, the flow velocity is high at the exit of the pipe. This
implies that, flow pressure drops due to the motion of the
fluid particles, thereby increasing the kinetic energy at the
exit of the converging pipes or nozzle. This will
proportionally lead to high stress at the pipe exit. This stress
can lead to fluid leakage at some certain points on the braking
system and automotive fuel systems. This is as the result of
pressure lost cause by the random motion of the fluid particles
due to the turbulence action of the fluid. Fluid turbulence in
the braking system can cause poor brake performance and
failure, while it can cause difficult start and poor combustion
in the internal combustion engines.
The simulation result shows that, the turbulent flow has high
cell Reynolds number (over 2.00) than the laminar flow. This
cell Reynolds number is high at the exit of the converging
pipe for turbulent flow. This can affect the delivery of fluid in
the fuel and braking system of an automobile, thereby leading
to system malfunction. The high tangential velocity at the exit
will lead to high skin friction coefficient. This analysis shows
that, the exit of a converging pipe, is subjected to high stress,
therefore the exit or throat should be made with thicker cross
sectional area or with material of high strength in order to
prevent system failure.

VIII.
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high temperatures increase the risk of thermal runaway [2-4].
Cooling is therefore necessary to reduce the temperature during fast
charging/discharging or when demand on the battery is high[15].
However,the performance, life and safety of these Li-ion batteries
are very sensitive to temperature [5]. It is clear that the performance
and stability of Li-ion batteries are reduced at the abnormal
temperature range for nearly all cell materials. The temperature
change of batteries is usually inevitable because they are affected by
environmental conditions and release heat by a series of chemical
reactions during charging and discharging [6]. Therefore, an efficient
battery thermal management system (BTMS) is required to maintain
the proper temperature range and to minimize the temperature
gradient of these batteries to prevent adverse effects from
temperature [7]. The energy density of Li-ion batteries surpasses all
previous competing batteries, but nevertheless, today's EVs are
demanded to use higher energy density batteries than ever before
and to accumulate more cells in the pack to increase the mileage.
This trend further increases the internal heat generation and heat
accumulation of the batteries, thereby increasing the importance of
the BTMS [15].
II. Cooling Theory of Batteries.

I. INTRODUCTION
II.A. Thermal models and issues
There are different blending levels of hybrid electric vehicle and
pure electric vehicle available on the current automobile market.
According to the blending level, various size, type and number
of battery cells are mounted in EVs. Unlike conventional fuel,
battery cells as an energy source have stricter requirement on
working environment. They are especially sensitive to
temperature. To ensure a proper thermal working environment, a
Battery Thermal Management System (BTMS) will normally be
integrated with battery cells. Thus, knowledge about the proper
working requirements of battery is vital, and what kind of
management systems can sufficiently and efficiently meet these
requirements. With this cornerstone, the performance and
durability of battery pack can be maximized in an electric vehicle.
This investigation will help battery performance by choosing the
optimalthermal management option for any EV.
Electric vehicles work on batteries such as lithium ion(Li-on)
lead-acid, nickel- cadmium (Ni-Cd), nickel-metal hydride (NiMH), etc. High temperatures reduce the lifespan of lithium-ion
batteries and very

Li-ion batteries’ performance is closely related to temperature, so it
is important to understand how heat is generated inside the battery
[11]. Heat generation inside the Li-ion batteries is a complex
process that requires an understanding of how the rate of electro
chemical reaction changes with time and temperature and how
current flows in the battery. According to Thomas and Newman
(2003), Li-ion cells are known to generate heat by the reversible
entropy, resistive dissipation, relaxation of the concentration
gradient of the cell and chemical reaction [12]. Simply, heat
generation of the battery is presented by Gu et al. (2000) [13] in
Eqn. (1)
Q = I (U-V) -I [ T( dU/dT )]

…….(1)

Q̇ is heat generation rate, I is the electric current passing the cell, U
is the open-circuit voltage and V is the cell voltage of the Li-ion
batteries. Li-ion batteries generally generate three types of heat
during charging
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and discharging: activation irreversible heat due to the
electrochemical reaction polarization, joule heating causing
ohmic losses and reversible reaction heat due to entropy
change during charge and discharge. The temperature of the
battery may increase due to heat accumulation while
charging and discharging, which may adversely affect
battery performance, life and safety. [14]. The battery
capacity decreases because the active material inside the
battery is converted to an inactive phase [16].
Another major problem caused by the heat of the Li- ion
batteries is a thermal runaway [17]. Thermal runaway can
lead to destructive consequences such as rapid temperature
rise, gas generation and even battery explosion [18]. This
phenomenon has a very negative effect on the safety of
vehicles and passengers. To reduce the potential risk of
thermal runaway, a variety of safety mechanisms have been
utilised in Li-ion batteries [19]. In addition to these
safeguards, it is important to prevent non-uniform
temperature of battery cells, which is the main cause of
thermal runaway [20]. Therefore, while designing and
optimising BTMS, it is necessary to consider not only
preventing an excessive temperature rise but also mitigating
temperature unevenness. As a method to prevent adverse
effects at low temperature, there are air conditioning (AC)
heating methods [25], preheating method [26] and heating
plate method [27]. However, these performance reductions
could be improved by the proposed heating method. To
prevent the above-mentioned Li-ion battery thermal
issues,the BTMS that maintains the proper temperature
range and temperature uniformity of the battery is necessary
for EVs. The tendency to stack a lot of battery cells that
have higher energy density than before into the pack for the
increase in mileage and to charge the battery with a higher
current to reduce the charging time has made the role of
BTMS more important because it causes the battery to
generate more heat.
II.B. Classification of battery cooling systems
This paper focuses on the cooling system of the battery
because the temperature rise due to the battery heat
generation is the most important, except for the initial
operation in the low temperature ambient environment when
driving an EV. Battery cooling systems have been classified
in a variety of ways. First, battery cooling systems can be
divided based on medium such as air cooling, liquid cooling
and PCM cooling [1]. Another criteria is the power
consumption, where passive cooling only utilises the ambient
environment while active cooling has an energy source that
provides cooling [28]. Lastly, direct cooling and indirect
cooling are categorised depending on whether the medium
is in direct contact with the battery or not [29]. There are
basically two types of battery cooling system, BTMS with
vapour compression cycle(VCC) and BTMS without vapour
compression cycle. Cooling system with VCC contains
direct refrigerant cooling. The cooling systems without the
VCC contain PCM cooling and heat pipe cooling .[15]

III.A. Air Cooling and Heating
Air systems use air as the thermal medium. The intake air could be
direct either from atmosphere or from the cabin and could also be
conditioned air after a heater or evaporator of an air conditioner.
The former is called passive air system and the latter is active air
system. Active systems can offer additional cooling or heating
power. A passive system can offer some hundreds of watts cooling
or heating power and an active system power is limited to 1 kW.
Because in both cases the air is supplied by a blower, they are
also called forced air systems.

Fig 1. Forced air systems.
III.B. Liquid Cooling and Heating
Liquid is another heat transfer fluid to transfer heat. There are
generally two groups of liquids applied for thermal management
systems. One is dielectric liquid (direct-contact liquid) which can
contact the battery cells directly, such as mineral oil. The other is
conducting liquid (indirect-contact liquid) which can only contact the
battery cells indirectly, such as a mixture of ethylene glycol and
water. Depending on the different liquids, different layouts are
designed. For direct-contact liquid, the normal layout is to submerge
modules in mineral oil. For indirect-contact liquid, a possible layout
can be either a jacket around the battery module, discrete tubing
around each module, placing the battery modules on cooling/heating
plate or combining the battery module with cooling/heating fins and
plates. (Pesaran, 2001) Between these two groups, indirect contact
systems are preferred in order to achieve better isolation between
battery module and surroundings and thus better safety performance.
By different heat-sinks for cooling, liquid systems can also be
categorized into either passive systems or active systems. In passive
liquid system, the heat-sink for cooling is a radiator. This system has
no ability to heat. Figure 2 presents the systematic scheme of a
passive liquid system. Heat transfer fluid is circulated by the pump
within a closed system. The circulating fluid absorbs heat from battery
pack and releases heat via a radiator. The cooling power depends
strongly on the temperature between ambient air and battery. Fans
behind the radiator can improve the cooling performance, but if
ambient air is higher than the battery temperature or the difference
between them is too small, the passive liquid system becomes
ineffective.

III. Different types of Cooling Systems.
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Fig 2. Passive liquid cooling system.
Figure 3 shows the systematic scheme of an active liquid
system. There are two loops. The upper is called the
primary loop and the lower the secondary loop. The primary
loop is similar to the loop in a passive liquid system, where
the heat transfer fluid is circulated by pump. The secondary
loop is actually an air conditioning loop (A/C loop). The
upper heat exchanger instead of being a radiator works as an
evaporator (EVAP) for cooling operation and connects both
loops. During heating operation, the 4 way valve will be
switched, and the upper heat exchanger works as a
condenser (COND) and the lower heat exchanger works as
an evaporator. The heating operation loop is also called heat
pump loop.

The refrigeration and heat pump cycle coefficient of power
(COP) for the refrigerant group of interest are calculated under
different ambient conditions and are shown in Fig. 4. As the
cabin comfort temperature is assumed to be 24 °C, for all
refrigerants the COP values for medium ambient temperatures
are much higher than those for higher or lower ambient
temperatures. This is due to the fact that the pumping
temperature differential for mid ambient is much smaller.
Overall R290 and R152a offers slightly better COP performance
than other refrigerants, but the differences among all except
R744 are quite small. R744 cycle COP stands out in that it is
much lower than those of other refrigerants under all ambient
conditions. It should be noted that in the COP calculations for
R134a, R152a and R1234yf, the pressure ratios become greater
than 10 for ambient temperatures at −10 °C and −20 °C, and
need to be adjusted down to 10 to meet the compressor
operating limit requirement. Thus, the COP presented here is
not a pure thermodynamic cycle COP associated with the
refrigerant, it is rather a COP that can be achieved with the
current state of heat pump compressor technology. For R290,
R410a and R32, pressure ratio adjustment is needed only when
ambient temperature falls into −20 °C, as they are better
refrigerant for heatpump applications.[46]
All in all, R32 is found to be a very promising refrigerant for
electric vehicle heat pump and air conditioning applications. Its
GWP value is only half of R134a. Its TEWI emission is lower by
11% from that of R134a. It has a very high heating capacity that
will allow a heat pump to meet heating demand in wintertime
without the need of a highpower PTC heater, offering a good cost
reduction opportunity. Importantly, it is a safe refrigerant. The
flammability property is better than R1234yf, which should make
it acceptable to the automotive industry. Finally, R32 is a
commonly available product in the marketplace and does not
demand premium pricing.

Fig 3. Active liquid cooling system.
III.D. PCM
During melting, heat is absorbed by PCM and is stored as latent
heat until the latent heat is up to the maximum. The temperature is
kept at melting point for a period and the temperature increase is
delayed. Therefore, PCM is used as conductor and buffer in
battery thermal management systems. Figure 5 shows the working
mechanism of PCM on battery cells.

III.C. Direct Refrigerant Cooling and Heating
Similar to active liquid systems, a direct refrigerant system
(DRS) consists of an A/C loop, but DRS uses refrigerant
directly as heat transfer fluid circulating through battery
pack.
Since a refrigerant’s heating capacity and efficiency should be
considered with the gradual adoption ofheat pump technology
for cabin heating. In order to help select the best refrigerant
for electric vehicle BTMS systems, a comprehensive
assessment has been conducted for seven refrigerants: R134a,
R152a, R1234yf, R290, R410A, R32, and R744 (CO2).

Fig 5. Working mechanism of PCM on battery cells.

Fig 4. Comparisons of COP of refrigeration and heat
pump cycles under different ambient conditions for
seven refrigerants.

520

MULTICON W ICAMCE 22

IV. D.1 PCM with Heat Pipes.
Four kinds of setup were made for the experiments. All of
the experiments were conducted with 25 °C being the
initial temperature:
Starting the experiment from 0 second, after 120 s the
temperature of “No device” setup exceeded 80 °C,
becoming dangerous temperature leading to thermal
runaway. After 240 s from the start time, the temperature
of “PCM” and “HP” setups were exceeded 80 °C.
Afterwards, the experiment of “No device” setup was
finished because the temperature gradient became
suddenly large after 300 s. After 720 s, all experimental
setup was exceeded 80 °C. The experiment of “PCM” was
finished because the temperature gradient became
suddenly large after 1500 s. The temperature difference
between “HP” and “HP + PCM” setups became 39.3°C,
32.5°C and 28.4 °C at 1500 s, 2700 s and 3600 s,
respectively.. The time to reach 80°C, which is dangerous
temperature leading to thermal runaway, are 104 s, 187s,
216 s and 708 s in “No device”, “PCM”, “HP” and “HP +
PCM” setups, respectively. The condition of “HP + PCM”
setup extended the time to reach 80°C, by about 7-times
more than “No device” setup.
In the “HP + PCM” setup, the inner temperature of the
mimic battery exceeded 80 °C after 708 s, and it reached
100.8 °C after 1,800 s. The inner temperature at the end
of the measuring time (i.e., 3,600 s) was 118.8 °C. The
experiment indicated that by using this experimental
setup, the inner temperature of the mimic battery was
28.4 °C lower at the end of the measuring time than in the
“HP” setup.
However, under this condition, the temperature still kept
increasing after 3,600 s, and it seemed to take longer to
reach a steady state. The final steady temperature will be
determined by the thermal performance of the heat sink.
The reason why a very long time was needed to reach the
steady state is because the thermal conductivity of the
PCM used is extremely small (0.2 W m−1 K−1). We think
that if the thermal conductivity of the PCM was increased,
the system would have a more evenly distributed
temperature inside the PCM, which would reduce the rate
at which the temperature increases.[47]

Table 1. The surface temperature at each elapsed time
in the experimental setup[℃]

Time
[s]

No
Device

PCM

HP

HP+PCM

0

25.7

26.5

26.5

25.8

60

58.9

50.5

51.4

44.3

120

88.2

65.4

66.2

53.4

240

131.4

91.4

82.9

60.7

300

143.9

100.6

88.8

63.9

480

-

115.6

102.9

72.5

720

-

123.7

116.1

80.3

900

-

124.8

123.2

85.5

1500

-

141.5

135.4

96.1

2700

-

-

143.7

111.2

3600

-

-

147.2

118.8

III.D.2. Using PCM with Heat Sink.
Table 2. Percentage decrease Compared To Natural
Convection

When we used PCM with heat pipes we got the best
output as compared to no device , only heat pipes and only
PCM. Moreover, the thermal conductivity of PCM
used is extremely small (0.2 Wm-1 K-1) , so if we
increase the thermal conductivity of the material

Temperature

Percentage
Decrease

Natural
Convection

55℃

-

Pure PCM

40.80℃

26.2%

PCM-Heat Sink

34.1℃

38.3%

In the table 2 , a prismatic 2300 F lithium-ion
capacitor (LiC) was the target cell. And was
experimented under several cooling methods which
included Natural Convection , Pure PCM and PCM
Heat sink. The temperature of the LiC under natural
convection(NC) experiences very high temperatures
above 55 ℃ that limit the cell’s lifetime. When PCM
was used as the TMS, the maximum temperature of
the cell was controlled at 40.8 ◦C that shows a 26.2%
improvement compared to the NC case study. Using
the hybrid PCM-HS controlled the temperature of the
cell around 34.1◦C, which shows a 38.3%

it will reduce the rate at which temperature increases.
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enhancement compared to the NC. This proves the
claim that, when a secondary passive system is added
to the PCM to improve its thermal conductivity, the
efficiency of such a passive system increases sharply,
even at very high current rates.[48]
We conclude that when PCM was used with heat sink
it gave the best thermal management. By this we can
say that when a secondary passive system is added to
the PCM it improves its thermal conductivity.

III.E.2. Air Cooling assisted heat pipe (ACAH)

Table 4. Percentage Reduction Compared To Natural
Convection
III.E. Hybrid Systems.

Temperature

Percentage
Reduction

Natural
Convection

56

-

Heat Pipe

46.3

17.3%

ACAH

38.3

31%

III.E.1. Using heat pipe with copper sheets (HPCS)

The study includes experimentations for a 18,650
battery module. The experiments were conducted with
respect to improve cooling and temperature
uniformity.

Table 3. Results as compared to Natural Convection
Temp.

Temp
uniformity

%
Decrease

Natural
Convection

64.8

-

-

Forced
Convection

42.4℃

39.2%

34.5%

Heat Pipe

37.5℃

66.5%

421%

HPCS

37.1℃

73.4%

42.7%

The cooling efficiency of the natural convection, heat
pipe, and ACAH for an LTO battery cell under an 8C
discharging rate was studied experimentally. The cell
surface temperature at four different points is
measured in the presence of natural convection. The
maximum temperature reached is 56 ◦C. When used
heat pipe the temperature reached upto 46.3 ◦C .Using
the ACAH, the maximum cell temperature reached
38.3 ◦C. Hence we observed that , heat pipe and air
cooling assisted heat pipe were 17.3% and 31%
effective respectively , as compared to natural
convection.[50]
IV. Significance of cell spacing for cooling in PCM
and PCM graphite methods.

To evaluate the effect of the heat pipe and HPCS on
the cooling performance, experiments were conducted.
The maximum temperature of the module compared
with forced convection decreases by 4.9 °C and 5.3 °C
for the heat pipe and HPCS, respectively. Moreover,
increasing the effective contact area of each cell and
heat pipe by copper sheet, helps to improve the heat
transfer by a heat pipe, decreases the module
temperature, and has better temperature uniformity
along with the whole module.
The maximum temperature of the module decreases
visibly with the heat pipe and HPCS. Moreover, the
temperature uniformity in the whole of the module
increases tremendously. The maximum temperature of
the battery module in natural convection, forced
convection, with the heat pipe, and HPCS reaches to
the 64.8 °C, 42.4 °C, 37.5 °C, and 37.1 °C
respectively. The temperature uniformity for HPCS,
heat pipe and forced convection compare with natural
convection improved by 73.4%, 66.5%, and 39.2%,
respectively. Moreover, the maximum temperature of
the battery module compared with the natural
convection was reduced by 42.7%, 42.1%, and 34.5%
for HPCS, heat pipe, and forced convection
respectively.[49]
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The maximum temperature of the cells is a critical
problem for any battery module, which can effectively
affect the battery’s life and capacity. The spacing of
the cells is an important element to increase the
efficiency of the passive thermal management
methods. In the current section, the influence of cell
spacing from 0 to 8 mm is considered on the
maximum temperature of the module. The appropriate
structure and spacing reduce the possibility of battery
thermal runaway. It can be seen the maximum
temperature of the module for 8 mm spacing reaches
43.4 °C and 41.9 °C, which results in 13% and 13.7%
temperature reduction for PCM and PCM-graphite
cooling methods, respectively.[5]

Table 5. Cell Spacing Effect Of the battery module
Spaci
ng
(Cell
s)

Module
Tempera
ture
(PCM)

Module
Tempera
ture
(PCMGraphite
)

Tempera
ture
Reductio
n
(PCM)

Tempera
ture
Reductio
n (PCMGraphite
)

0 mm

49.9℃

48.6℃

-

-
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2 mm

47.5℃

46.4℃

4.8%

4.5%

4 mm

45.℃7

44.6℃

8.4%

8.2%

6 mm

44.4℃

43.1℃

11%

11.3%

8 mm

43.4℃

41.9℃

13%

13.7%

[3] A. Fotouhi, D.J. Auger, K. Propp, S. Longo, M.
Wild,” A review on electric vehicle battery modelling:
from Lithium-ion toward Lithium-Sulphur,” Renew.
Sustain. Energy Rev. 56 (2016) 1008–1021.
[4] N. Baba, H. Yoshida, M. Nagaoka, C. Okuda, S.
Kawauchi, Numerical simulation of thermal behavior
of lithium-ion secondary batteries using the enhanced
single particle model, Power Sources 252 (2014) 214–
228

V. CONCLUSION
[5] P. Peng, F. Jiang, Thermal safety of lithium-ion
batteries with various cathode materials: a numerical
study, Heat Mass Transf. 103 (2016) 1008–1016.

Li-Ion batteries are nowadays representing the most
used technology in electric vehicles, both thanks to
high energy density and increased power per mass
battery unit, allowing the development of some types
of batteries with reduced weight and dimensions at
competitive prices. Considering the issues of heating
up of batteries becuase of fast charging and
discharging. It leads to thermal runaway of batteries
and reduces the battery life. Some of the cooling
systems used in industries are reviewed in this paper.

[6] X. Lin, H.E. Perez, S. Mohan, J.B. Siegel, A.G.
Stefanopoulou, Y. Ding, M.P. Castanier, A lumpedparameter electro-thermal model for cylindrical
batteries, Power Sources 257 (2014) 1–11.
[7] E. Martínez-Rosas, R. Vasquez-Medrano, A.
Flores-Tlacuahuac, Modeling and simulation of
lithium-ion batteries, Comput. Chem. Eng. 35 (2011)
1937–1948.

1. Forced air cooling , passive liquid cooling and
active liquid cooling were some of the traditional
methods used for battery cooling. They don’t show
much effect when it comes to fast charging and
discharging for heavy usage vehicles.
2. By using refrigerants as a medium for cooling we
reviewed that R32 is the most optimal refrigerants
from R134a, R152a, R1234yf, R290, R410A, and
R744.
3. Using PCM as a solution for the heating of batteries
came out to be very promising. The review compares
PCM with heat pipes and heat sinks. While using
PCM with heat pipes we noticed that the thermal
conductivity was very small but on adding PCM with
heat sink the thermal conductivity increased which
shows clearly that PCM with heat sink is an better
option.

[8] Q. Wang, B. Jiang, B. Li, Y. Yan, A critical
review of thermal management models and solutions
of lithium-ion batteries for the development of pure
electric vehicles, Renew. Sustain. Energy Rev. 64
(2016) 106–12
[9] H. Liu, Z. Wei, W. He, J. Zhao, Thermal issues
about Li-ion batteries and recent progress in battery
thermal management systems:a review, Energy
Convers. Manage. 150 (2017) 304–330
[10] G. Xia, L. Cao, G. Bi, A review on battery
thermal management in electric vehicle application,
Power Sources 367 (2017) 90–105.
[11] J. Larminie, J. Lowry, Electric vehicle
technology explained, John Wiley & Sons, 2012.

4. Hybrid systems ACAH and HPCS showed
promising results too but as we need a proper balance
between the cooling and heating temperatures. They
were not quite effective.

[12] S. Al Hallaj, H. Maleki, J.S. Hong, J.R. Selman,
Thermal modeling and design considerations of
lithium-ion batteries, Power Sources 83 (1999) 1–8.

5. Cell spacing in batteries can be a good practice in
battery manufacturing and it gives really good
outcomes.

[13] K.E. Thomas, J. Newman, Thermal modeling of
porous insertion electrodes, Electrochem. Soc. 150
(2003) A176–A192.

Hence, we conclude that using PCM with heat sink is
the most optimal cooling system. We can use it for
heavy duty as well as for light duty vehicles.

[14] T.M. Bandhauer, S. Garimella, T.F. Fuller, “A
critical review of thermal issues in lithium-ion
batteries,” Electrochem. Soc. 158 (2011) R1–R25
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Abstract- This project is centered around a Remote
Controlled River Cleaning Drone. Water pollution is
drastically increasing day by day and this often becomes a
considerable concern in water bodies like lakes, rivers,
ponds, etc. The debris majorly consists of wastewater refuse,
plastics and floating garbage. This litter not only harms the
health of the people but also affects aquatic life. This project
is based on renewable energy sources to combat the use of
non renewable energy sources like oil, electricity and all
types of mineral sources, thereby saving them. As a result,
this project is used for reducing water pollution in water
bodies.

reducing the pollution caused by the Kumbh Mela on the
Ganges. The Government of India has also taken charge to clean
rivers and ponds due to the increasing water pollution for which
they invest huge capital for river cleaning projects like Namami
Ganga, Narmada bachao. By taking all of this into consideration,
this remote operated cleaning machine has been designed to
clean debris floating on the water surfaces.

II.

INTRODUCTION

Usually, conventional methods based on manual basis are used
for collection of water debris, trash, plastic and all other sorts of
impurities which are floating on water bodies or by collecting
this impurity by means of boat, thrash skimmer etc. This debris
is then collected near the river shore and disposed of. But this
conventional method requires a lot of manpower; hence this is
often a risky, costly and time consuming method. By considering
all of this, the remote controlled unmanned river cleaning drone
machines are more efficient than conventional methods and also
are effective and eco-friendly.

MOTIVATION

As India is developing in terms of technology very rapidly,
it is quite important that the devices which are introduced need
to be updated on a regular basis. Nowadays, all the devices are
more dependent on digital technology rather than analog
technology. So, people in the government cleaning sector can
start using this drone in their cleaning activities.

Keywords - water debris, aquatic animals, pollution, garbage
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III.

PROBLEM
DEFINITION

In the absence of garbage disposal facilities, the practice of
dumping garbage into nearby water bodies has become quite
common in recent years and has posed long-term negative
impacts both on biodiversity of the area and as well as on the
local environment.

IV.

SYSTEM DESCRIPTION

Fig 1 : Water Pollution
Since the machine is remote operated, there is no need for
manpower. Hence, this machine is extremely beneficial for
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We are aware that solar panels convert light energy into electrical
energy, DC in nature. Solar panel output energy is given to the
charge controller that controls DC output of solar which is
pulsating in nature and fed pure DC to charge the battery. We
know that batteries are used to store energy. This stored energy is
given to all this circuitry for overall operation. This circuitry
consists of a controller, level sensor, photodiodes, Bluetooth,
conveyor system, propeller, buzzer, and servo motor. In this
system controller is a main part having input like photodiode,
Bluetooth, level sensor and output consisting of a conveyor
system, propeller, buzzer, and servo motor. An android app is used
for overall remote controlling purposes.

36V.L293D consist of the output clamping diodes for protection.
3) HC 05 Bluetooth module: This Bluetooth module is designed
for transparent wireless serial connection. This can be used in a
Master or Slave configuration; it makes a good solution for
wireless communication.
4) DC motor: In this machine two PMDC motors are used and
these motors are used to control the direction of the propeller.
Another BO (battery operated) DC motor used to control the
conveyor belt and also a DC servomotor used for tracking
systems.

V. WORKING

5) Battery: This is a lead acid rechargeable battery. This
machine consists of four batteries which give output such as 2A,
The foremost aim of this machine is to lift waste debris from 8V for operation of setup.
the water surface and collect it in a net. It consists of an
arrangement of a conveyor which is placed on the shaft of the 6) Relay Module: This module provides protection to the
motor. Due to the rotation of the motor, the conveyor is microcontroller from the higher load current.
rotated. When the conveyor is moved, it collects water debris,
waste garbage and plastics from water bodies. Since the 7) Solar Panel: A solar panel consists of photovoltaic cells,
machine is placed within the water body, the waste debris in which can be used to generate electricity through photovoltaic
water will get lifted and it moves in an upward direction. The effect. This energy is used to charge the batteries. Solar output is
waste debris then reaches the upper extreme position and given to the DC Regulators.
where it gets dropped within the tray and into the net. A
propeller is used to drive the machine on the river and run with 8) Conveyor Belt: In this machine we used the polyvinyl
the help of a PMDC motor. The total electrical devices are Conveyor Belt. This is controlled by the arduino uno system
controlled by an RF transmitter and receiver which are used to using a motor driver circuit. This collects all floating waste from
manage the machine remotely.
the water surface and discharges it into the dustbin.
The collecting mechanism of our project is employed to beat
real time issues such as water tension due to which garbage is
difficult to collect. By using this four bar mechanism, it rotates
at a particular angle intended to gather the rubbish for the
model. The windows open and shut as the user wishes using
remote to ON and OFF the mechanism. The water wheel is
bolted on a shaft which is placed aboard the frame. The aim of
a water wheel (propeller) is to maneuver the machine forward
or backward on water. A motor is used to rotate the water
wheel with the assistance of a chain drive mechanism. In this
project tracking system is additionally implemented which is
helpful to regulate angle of solar array with reference to
sunrays. So that we get more solar output.

VI.

I.

Battery-8V/2Amp
Panel-12V/3watt
Current (I) = P/V I = 3/12
I = 0.25Amp
Charging Voltage = 9V/250mA
Charging Time = (Battery Watt/Panel Watt)*2 = (16/2.25)*2
= 14.22hrs
Discharge Time = (Battery Amp Hr/Total current Consumed)
= 2000mA/1270
=1.57hrs

II.

COMPONENTS USED

DESIGN CALCULATIONS

1) Arduino Board: Arduino Uno board is based on the
ATmega328P. It consists of 14 digital input/output pins in which
6 can be used as PWM outputs, 6 analog inputs, 16 MHZ quartz
crystal, a USB connection, a power jack, an ICSP header and a
reset button.
2) L293D Motor Driver Board: The 293D is used to provide
bidirectional drive current up to 600mA and voltage from 5V to
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OBJECTIVES
To reduce man power
Reduce time consumption.
Reduce pollution.
Increase efficiency.
Cost effectiveness.
Increase reliability.
Increase life of aquatic animals.
Reduce use of non renewable energy sources.
Reduce the pollution of Godavari river.
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●

Maintain a clean and healthy environment.

III.
●
●
●
●
●
●

ADVANTAGES

This cleaning system is easy to operate and flexible.
This system is Eco-friendly.
This requires less manpower.
This required more use of renewable energy Sources.
This system is Cost effective (Initial and Maintenance cost
is low).
This is efficient method

IV.
●
●
●
●

[2] M. Mohamed Idhris, M.Elamparthi,C. Manoj Kumar,
Dr.N.Nithyavathi, Mr. K. Suganeswaran, Mr. S.Arunkumar,
“Design and fabrication of remote controlled sewage cleaning
Machine”, IJETT – Volume45 Number2 -March 2017

[5] Pankaj Singh Sirohi, Rahul Dev, Shubham Gautam, Vinay
Kumar Singh, Saroj Kumar,“Review on Advance River
Cleaner”, IJIR Vol-3, Issue-4, 2017 ISSN: 2454-1362.

DISADVANTAGES

[6] Kashinath Munde,Madhavi N.Wagh,”Design And Analysis
Of River Water Skimmer.”

CONCLUSION

This project emphasizes supply flexibility in operation. This is
often easy to operate and the price of maintenance is low. Hence
this project “Remote Controlled River Cleaning Drone” is
usually designed to form a system considerably economical and
helpful to get rid of water impurities like plastics, trashes, water
debris which is floating on river and pond surface.This is mainly
very useful maintaining human health and for increasing the
lifetime of aquatic animals.

VII.

[1] Akash Shahu, “Remote Controlled Unmanned River
Cleaning Bot”, IJERT - Volume 10, Issue 03 (March 2021)

[4] Mr. P. M. Sirsat, Dr. I. A. Khan, Mr. P. V. Jadhav, Mr. P. T.
Date, “Design and fabrication of River Waste Cleaning
Machine”, IJCMES 2017 Special Issue-1 ISSN: 2455-5304

Waste collecting capacity is limited.
Only useful to collect waste which is floating on river
surface

VI.

REFERENCES

[3] Mr.Abhijeet.M. Ballade, Mr. Vishal.S. Garde, Mr.Akash.S.
Lahane and Mr.Pranav.V.Boob, “Design & fabrication of river
cleaning system”, IJMTER Volume 04, Issue 2, [February– 2017]
ISSN (Online):2349–9745.

Useful to reduce the water pollution in river
It is applicable to reduce water debris, impurities, and all
types of impurities which are floating on the water
surface in swimming pools.
It is useful to remove the environmental marine pollution
in the Ganges.
It is useful in fishery plants to collect dead fishes.

V.
●
●

APPLICATIONS

VIII.

[7] Osiany Nurlansa, Dewi Anisa Istiqomah, and Mahendra
Astu
Sanggha
Pawitra,
“AGATOR
(Automatic
GarbageCollector) as Automatic Garbage Collector Robot
Model” International Journal of Future Computer and
Communication, Vol. 3, No. 5, October 2014.
[8] Rajendra Patil, Rahul Itnare, Sagar Ahirrao, Amol Jadhav,
Ajay Dhumal,1,2,3,4B.E. Scholar BVCOE&RI Nashik (Pune
University), Assistant Professor BVCOE&RI Nashik,”Study Of
River Harvesting & Trash Cleaning Machine.

FUTURE SCOPE

In today’s time, the world is facing one of the biggest problems
of the century - water pollution. As the population is increasing,
so is the pollution. This surge in water garbage requires
tremendous amounts of manpower if the current systems are
used. Hence this remote controlled river cleaning drone is
proposed as a means of a river cleaning machine, in the near
future with more scope to remove large capacity of garbage
automatically as fast as possible. And by further making
modifications in this machine, it can be used for automatically
removing the garbage from beaches also.
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Abstract—With

the
world
moving
towards
digitalization, digital manufacturing various tasks that
used to be carried by humans are now carried out by
machines. Even then, some big manufacturers who want
quality in their product over quantity prefer humans
working in their factories instead of robots. But in some
regions the workforce is misused. Instead of using the
workforce for a superior outcome their life is put in
danger to save expenses. Workers are hired at unfair
rates and used for manual scavenging that too without
proper protective gear.
This project is aimed at creating a device that probes a
sewer for known toxic and explosive gases and alerts the
operator of the presence of those hazardous gases; also a
3D map must be created of the surroundings. The device
must be economically viable for governing bodies without
compromising the functionality. Electrochemical sensors
were used to detect the presence of a gas. Infrared setup
was used to detect concentration of vapour pressure of
the gases. LASER triangulation was used to create a
3D map of the
environment.
Index Terms—digitalization, manual scavenging, protective
gears, electrochemical sensors, concentration of vapour
pressure, LASER triangulation, 3D Mapping.

I. INTRODUCTION
Manual Scavenging is a process which is being carried out
since many years. In this process, human scavengers enter
into sewers systems where; manual cleaning, disposal of
human excreta and organic waste is carried out by the
scavenger. This process takes place in most manholes,
sewers, septic tanks. Even after introduction of Laws against
the process in recent years the process is still carried out.
Causes for death: 1) Presence Hazardous toxic/explosive
gases 2) Cuts/Injuries due to movement in the sewer 3)
Presence of Bacteria and mosquitoes Effects: Due to these
causes discussed above, many of the scavengers get cuts and
injuries which come in contact with bacteria which causes
harmful diseases as they do not have protection kits, face

masks while entering into such systems. In India, as there
are not enough methods to replace this process and no
precautions available for scavengers, the death rate is
increasing. The methods adopted by other countries are
expensive, it is difficult for us to adopt them. Hence we
decided to design a bot following the objective given below
and decreasing death risk by making it cost effective and
affordable for our Indian government. In the system
described here, contaminated air containing bio-aerosols are
collected in a defined volume via a carrier agent. Bioaerosols are recorded by an image-acquisition unit, counted,
and classified. Their nature is determined by means of an
automated image-analysis and interpretation system. Air
samples are automatically acquired, prepared and transferred
by a multi-axis servo-system to an image acquisition unit
comprised of a standard optical microscope with a digital
color camera.
In Section II we give general remarks to the image
analysis of microorganism. Related work is described in
Section III. Then we described development issues in
Section IV and system requirements in Section V. The
automated probe handling and imaging unit is described in
Section VI.
The variability of the biological objects is very broad.
Given the constraints of the image acquisition, this
variability is found in the appearance of the objects as well.
There are no general features allowing one to discern the
type of the detected fungi. In the system employed here,
images are stored, and a more generalized description of the
different appearances of the same objects is used. We will
describe this novel case-based reasoning approach of the
image analysis and its interpretation in Section VII. Finally,
we will summarize our work in Section VIII.

II. EFFECTS OF MANUAL SCAVENGING
Recently while observing health issues of manual
scavengers organized by Municipal Corporation, majority
of people were found to have breathing problems (due
lack of oxygen) or Asthma. Over the tally of 2,600 people,
1,200 people were found to be suffering from eye and ear
infections. More than one third of the people had bleeding
issues from the ears. The critical health problems faced by
scavengers were Bronchitis, tuberculosis, Nausea and
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various diseases caused due to human wastes and
pollution. Despite health issues the scavengers were
discriminated against on the basis of caste, culture,
colours, etc. The societies treat scavengers as a backward
class and are restricted towards employment, education
and human rights. Moreover they are tortured physically
and mentally. According to the statistics a range of 100 –
130 manual scavenger’s lose their lives every year.
III. RELATED WORKS
While researching about the environment of the manual
scavenging areas following where the toxic gases found
which affects the human health in a harmful manner.
Fig- explanation of LEL and how it is used in our project

A System consisting of hydrocarbons will attenuate an
infrared ray based on its concentration. The concentration
of the gas can be determined by calibration process, the
change in intensity of the returning infrared ray would be
an indicator for the concentration of the explosive gas.

❖ Oxygen sensor is also being employed to sense the
presence of breathable oxygen in the sewers

The minimum concentration of a particular combustible
gas or vapor necessary to support its combustion in air
is defined as the Lower Explosive Limit (LEL) for that
gas. Below this level, the mixture is too "lean" to
burn. Infrared scanners can be used to detect the
concentration of vapour of a particular gas.
Most of the explosive gases are hydrocarbons.
Hydrocarbons absorb radiation of a particular
wavelength while oxygen, nitrogen do not, this can be
used for concentration measurement of hydrocarbons.

VIII. Research and Selection
Our case-based reasoning procedure to recognize spores
relies on prototype-based classification schemes [21].
Usually, such schemes are generalized from a set of single
cases. Here, we have prototypical cases represented as
images that were selected by humans. This means that, when
building our system, we started from the top and had to
collect more information about the specific class during
usage of the system. Since a human has selected the
prototypical images, his decision on the importance of an
image might be biased; moreover, selecting only one image
might be difficult for a human. He might have stored more
than one image as prototypical images. Therefore, we
needed to check the redundancy of the many prototypes for
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one class before taking them all into the case base.
According to this consideration, our system must fulfill the
following functions: Classification based on the nearest
neighbor rule
• Prototype selection by a redundancy-reduction
algorithm; feature weighting to determine the
importance of the features for the prototypes
• Feature-subset to select the relevant features from the
complete set of the respective domain.
The classification method is based on the nearest-neighbor
rule. Since the prototypes are available at the same time, we
chose a decremental redundancy-reduction algorithm that
deletes prototypes if the classification accuracy does not
decrease. The feature-subset selection is based on the
wrapper approach [19] and an empirical feature-weighting
learning method [20] is used. Furthermore, cross-validation
is used to estimate the classification accuracy. The prototype
selection, the feature selection, and the feature-weighting
steps are performed during each run of the cross-validation
process. This rule classifies in the category of its nearest
neighbor [21]. More precisely, we call a nearest neighbor to
if, where i=1, 2, …n. The nearest neighbor rule classifies
into category Cn where is the nearest neighbor to and
belongs to class Cn. For the knearest neighbor, we require ksamples of the same class to satisfy the decision rule. As a
distance measure, we used the Euclidean distance.
The recognition rate was evaluated on a Various methods of
3d mapping were compared to determine the most suitable
one for operation in sewers.
1) LASER Triangulation 3D scanning
2) Structured light 3D scanning
3) Photogrammetry
4) Laser pulse based 3D scanning
Structured light 3D scanning technology is used for
creating models of industrial products, home appliances and
other products, is a 3D scanning device for measuring the
three-dimensional shape of an object using projected light
patterns and a camera system.
LASER pulse based 3D scanning technology is suitable
for long range scanning; it can scan up to 200meters. Such
technology would be unrequired for scanning narrow areas
of the sewer.
In LASER Triangulation 3D scanning, laser projects a

laser beam onto a surface and measures the deformation
of the laser ray. In this type of scanning, the range and
depth variation are limited, but they have a great precision.
Photogrammetry does not yield good results in a low light
environment.
Laser triangulation was found to be the most suitable
one.
Laser triangulation is a machine vision method used to
capture 3 dimensional data by using laser illumination and
time of flight camera to detect depth.
Laser triangulation using fixed angular offset between
camera(sensor) and laser can be done to obtain linear
distance between the target surface and the equipment.

The coloured lines indicate how the system will work for
various distances. The reflected light enters the sensor and
strikes the sensor surface. The position where the reflected
light strikes the surface of the sensor is dependent on the
distance between the target and the laser. Thus the deflection
can be used to measure the distance.

The deflection produced for a small change in distance is
proportionally large. This brings some limitations to the
measurement range. Either the measurement range can be
defined and limited (i.e. x mtrs + x cms) or the camera need
not have a fixed angular offset.
Selection of type of laser:
The surface finish of the target surface is critical in
determining if a good quality measurement can be achieved.
If the surface belongs to an organic, translucent material;
blue laser would provide more accurate readings compared
to red lasers as the latter disperses more inside the surface
which results in unfocused projections on the surface and
thus less accuracy in measurement. Due to above reasons
Blue LASER was selected
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VIII RESULTS AND DISCUSSION:

In this paper, a system for an automated image
acquisition and analysis of hazardous biological material
in the air is described. It consists of an imageacquisition unit, its sample-handling hardware, and the
image-interpretation system. The sample-handling and
image-acquisition unit collects the airborne germs,
deposits them on an object slide, disperses them with a
marker fluid, and takes digital images of the germs in a
programmable pattern. The stored images are analysed in
order to identify the germs based on a novel case-based
object-recognition method. Research for making a device
as stated is well in place, some of the objectives have been
achieved.
Gas Detection: Concentration and presence of toxic gases
will be indicated by electrochemical cells.
Vapour pressure of explosive gases will be detected by
infrared emitter and sensor setup. 4.2 3D mapping: Laser
triangulation with blue straight line projection laser is used
for 3D mapping.
Actual results are yet to be determined. Components have
been selected on the basis of practical and theoretical
information available on the sources.

The methods currently adopted seem reliable on paper but
actual testing needs to be done to prove the reliability of the
system. Further research needs to be done in post processing
of inputs received by laser triangulation. Considerable work
needs to be done in digital electronics to combine these
systems and design a solution for mobility along with an
adequate power source.
IX. CONCLUSIONS
We studied how hazardous gases have an effect on
manual scavenging. Hence we need to develop a device
which should be used in order to prevent it, and cheap and
ease of maintenance at the same time.
We considered a few automated probe systems with their
principle and functions and chose the most suitable one.
Further we determined various 3D scanning techniques
and LASER triangulation 3D scanning was chosen for its
precision.
Then we understood what is LEL and how it can
implemented in our project.
Finally we selected the type of laser which can be used in
the probe system, depending on the target surface material.
BLUE LASER was selected, for its accuract readings.

sewers and other similar areas.
The methods currently adopted seem reliable on paper but actual
testing needs to be done to prove the reliability of the system.
Further research needs to be done in post processing of inputs
received by laser triangulation. Considerable work needs to be
done in digital electronics to combine these systems and design
a solution formobility along with an adequate power source.
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Future Scope:
• Work must be done on researching methods to
reduce the concentration of toxic gases in the
sewers where ventilation is poor.
• A utilizable sewer de clogging system can be
designed
• Make the device waterproof to more extent.
• The device will be compact enough to fit in
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review of the literature on improving the energy performance
of residential buildings.

Abstract—Current solar system is not capable of fulfill the
demand of a residential house as 60 % consumption is
responsible only for heating and cooling purpose which is too
high. Therefore, there is need of hour to make residential
houses thermal efficient in order to reduce high electricity
consumption caused due to heating and cooling process. This
study focuses on review of past research that has been done in
the field of energy efficient house. The main aim of this chapter
is to give guidelines for further research to improve energy
efficiency, based on existing user evaluations of energy-efficient
buildings. The study objects are different energy efficient
measures, materials and tools used for increasing energy
efficiency. This paper therefore provides an updated review of
the literature on improving the energy performance of
residential buildings.

II. METHODOLOGY
First, In Completing this project, we have adopted
Quantitative research methodology. According to this
methodology we are going to do various mathematical
calculation like energy consumption before and after energy
efficiency measure, constructional parameter calculation to
build an energy efficient house. Extensive study is carried
out to understand current thermal efficient house. Research
done on the parameters which affects the thermal efficiency
of house. Detail calculation carried out to observe behavior
of different parameters on thermal efficiency of house. This
study employs the whole house simulation to reveal the
predicted house performance throughout a year with local
predicting climate data. house information including
geometry and material is inputted in the energy simulation
software to generate the performance data for a detailed
analysis.

Keywords— energy efficiency, passive concept, building
design strategies, energy simulation, energy efficient building,
Mathematical model, energy consumption.

I. INTRODUCTION
India is the country which is heavily dependent on its rich
coal reserve for generating 65% electricity demand of the
country. Limitation of coal reserves, coal crisis and
increasing demand ensures rising of electricity cost per unit
in near future. Hence India is trying for a greener future,
pushing to add renewable sources like solar. However
current solar system is not capable of fulfill the demand of a
domestic house as 60 % consumption is responsible only for
heating and cooling purpose which is too high. Therefore,
there is need of hour to make residential houses thermal
efficient in order to reduce high electricity consumption
caused due to heating and cooling process. This study
focuses on review of past research that has been done in the
field of energy efficient house. The main aim of this chapter
is to give guidelines for further research to improve energy
efficiency, based on existing user evaluations of energyefficient buildings. The study objects are different energy
efficient measures, materials and tools used for increasing
energy efficiency. This paper therefore provides an updated

III. DESIGN PARAMETERS
Energy consumption in residential house is a function
determined by both design and use. The design, includes
choice of location, structure and layout as well as choice of
construction materials. For achieving thermal efficiency
design parameters such as Residential Envelope
Transmittance Value (RETV) for building envelope,
Thermal Transmittance of Roof (U), Window to Floor ratio
(WFR) needs to be considered. Calculated value of the
respective parameters to be in range determined to achieve
thermal efficiency. Apart from the design parameters,
constructional material plays important role in achieving
thermal efficiency. After many research it is found that
traditional material such as wood, mud, limestone and rock
perform better in achieving thermal efficiency as compared
to modern construction material. However, use of traditional
material in construction is not convenient. But there is scope
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of integration of these materials with modern material.
Detail study and experiment yet to be done. It has been
found that natural ventilation is another good way to achieve
thermal efficiency of a residential house.

IX. CONCLUSION
This study was carried out to know past and current research
done in domain of thermal efficiency. After going through
various research, it is found that most the research are done
in building sector which are situated in urban areas. There is
need to carry out deep research in residential houses situated
in rural area as rural houses lack of electricity and these
houses face severe heat and cold. Hence further study will
be carried out to make residential houses thermally efficient.
Going through different research paper it is found that there
is scope of local material in improving thermal efficiency of
residential houses. However, no deep research is carried out.
Hence further research will be carried on local materials.
Concept of passive house will be fully utilized to achieve
maximum thermal efficiency.

IV. DESIGN
The fundamental elements of the design process include
the establishment of objectives and criteria, synthesis,
analysis, construction, testing and evaluation. Thus, the
prime purpose of engineering design is to apply scientific
knowledge to the solution of technical problems. Thermally
efficient house design includes mathematical calculation of
different parameters after applying energy efficiency
measure. This data is compared with the calculation obtained
from an ordinary residential house which doesn’t thermally
efficient. Based on the comparison result is obtained.
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The microcontroller used for the experiment is
PIC16F877A. The PIC16F877A has 8 channels 10-bit

The analog to digital convertor within the
microcontroller is employed for the conversion.
Then the pressure difference output from the
pressure sensor is converted into mass flow rate
which is subsequently converted into volume. The
microcontroller relays this data via a Universal
Serial Bus (USB) connection to a computer which
transmits

Analog-to-Digital converter and EEPROM data memory
with 256 bytes. Here PIC was chosen because its
performance is superior due to RISC architecture, power
consumption is less and interfacing with analog devices
is easier. This data from the microcontroller is relayed to
computer via serial communication from where the
data is transmitted to the website we created. Figure 3
shows the entire hardware setup.

this to the JavaScript based graphical user interface. This
interface is used to display the flow and volume data in
realtime. The experimental setup is shown in Figure 2.

Table 1 and Table 2 show the measured FEV1 and FVC
values

During first phase, the age group is divided into two
groups: 18-30 and 30-45. Then the proposed spirometer
had experimented on both males and females in these age
groups during phase 2. Then collected the forced vital
capacity values of the subjects and compared with
standard values to draw a conclusion whether the subject
has any kind of disorder. FEV1 and FVC are the two
important values that indicates normal lung functioning.

of females and males under the age group of 18-30
respectively. According to our experiment, females are
more prone to lung disorder than males under this age
group. Table3 and Table 4 show the measured FEV1 and
FVC values of females and males under the age group of
30-45 respectively. Without doubt, scientists says gender
and height are the most valuable prognosticators of lung
functioning. Height and the size of lung are linearly
correlated [12]. Another fact is FEV1 and FVC are
highly related to chromosomes 4, 6 and 18.

B. Hardware Interface
The kind of tube used to blow into the sensor is called a
pilottube. The fluid flow velocity can be measured using
a pilottube by transforming kinetic energy in to potential
energy. sensor which converts the difference between
them into voltage. The differential pressure sensor used
is MPX10DP.Authors decided to use differential pressure
sensor because it is less affected by temperature, smaller
in size, less expensive and durable for long periods of
duration. This sensor measures the difference between
two pressures, one connected to each side of the sensor.

Literature review on previous studies reveals a
complicated relationship between lung functioning and
the various factors affecting these functions [13]. Other
than gender, age and height, there are lot of factors
influencing lung functioning. Because of these
complexities, it is very difficult to predict standard values
for
FEV1
and
FVC
[14].

541

542

Figure 2. Experiment

setup includes hardware
and software interface modules.

TABLE. 1. TEST RESULTS OF FEMALES IN THE AGE GROUP OF 18-30 YEARS.

Subject
No.

Gender

Age
(Year)

Height
(cm)

FVC
(Litres)

FEV1
(Litres)

Measured FVC & FEV1 with
respect to standard values
(%)

Condition

1

Female

18

165

3.21

2.68

85.1 & 81.4

Normal

2

Female

19

155

2.5

1.97

75.07 & 67.9

Mild Disorder

3

Female

21

170

3.1

2.57

77.6 & 73.6

Mild Disorder

4

Female

23

175

4.01

3.48

95.24 & 94

Normal

5

Female

27

172

2.4

2.01

58.3 & 55.9

Severe
Disorder

Table. 2. Test Results of Males in the age group of 18-30 years

Subject
No.

Gender

Age
(Year)

Height
(cm)

FVC
(Litres)

FEV1
(Litres)

Measured FVC & FEV1 with
respect to standard values (%)

Condition

1

Male

19

171

4.32

3.64

90 & 88.7

Normal

2

Male

19

168

3.9

3.22

81.2 & 78.5

Normal

3

Male

21

173

4.1

3.42

85 & 83

Normal

4

Male

22

182

3.1

2.42

57.4 & 53

Severe
Disorder

5

Male

29

172

3.4

2.66

72.3 & 66.8

Mild
Disorder

TABLE. 3. TEST RESULTS OF FEMALES IN THE AGE GROUP OF 30-45 YEARS.

Subject
No.

Gender

Age
(Year)

Height
(cm)

FVC
(Litres)

FEV1
(Litres)

Measured FVC & FEV1 with
respect to standard values (%)

Condition

1

Female

35

164

2.1

1.67

67 & 61.8

Mild
Disorder

2

Female

37

159

2.3

1.87

74.1 & 69

Mild
Disorder

3

Female

37

165

2.62

2.19

84.5 & 81.1

Normal
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4

Female

40

155

1.72

1.29

55 & 47.7

Severe
Disorder

Subject
No.

Gender

Age
(Year)

Height
(cm)

FVC
(Litres)

FEV1
(Litres)

Measured FVC & FEV1 with
respect to standard values (%)

Condition

1

Male

33

175

4.32

3.51

86.4 & 87.7

Normal

2

Male

41

167

3.3

2.57

75 & 71.3

Normal

3

Male

41

171

3.62

2.89

82.3 & 80.2

Severe
Disorder

4

Male

43

165

2.33

1.6

52.9 & 44.4

Mild
Disorder

5

Female

44

169

2.63

2.24

73.05 & 72.2

Table 4. Test Results of Males in the age group of 30-45
years. Design and Testing of a Spirometer for

Pulmonary FunctionalAnalysis

Figure 4. Average FVC and FEV1 values of female and malein the age group of 18-30 years.
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Mild
Disorder

Figure 5. Average FVC and FEV1 values of female and malein the age group of 30-45 years.

The data collected from the 20 people are
summarized using average values and
presented in the form of graphs for easier
understanding. If the measured FVC and
FEV1 are at least 80% of the predicted
normal values then the patient is fit without
any breathing disorder. He or she suffers
from a mild condition if the measured value
is between 70% and 80% of the normal
values. A severe case is when the measured
value is less than 60% of the normal values
[15]. The average FVC and FEV1 decreases
with increasing age as lung capacity
decreases gradually. Also the lung
measurements of males are comparatively
higher than females owing to physiological
differences between the two genders. In our
opinion, best suitable age range to collect
spirometric indices is 20 to 40 or we can split
it into 20, 30 and 40. Then these measured
values can be taken as a reference in that
particular subject‟s life for individual
changes in his/her lung functioning.

parameters. The low-cost spirometer measures
lung flows and volumes to a sufficient accuracy
to serve as a preliminary screening for
respiratory disease. Furthermore, the ability to
visualize the shape of the flow and volume data
allows a trained respiratory technician to make
an informed, qualitative assessment of the
patient‟s lung function. Although the current
design is not able to meet clinical accuracy,
with professional manufacturing, such a design
could yield a device capable of meeting clinical
accuracy without a significant increase in price.
The experiment conducted gives insights on
the breathing patterns of different age groups
and genders. Average FVC and FEV1 decrease
with increase in age. Also, the lung
measurements of males are comparatively
higher than females owing to physiological
differences between the two

I. CONCLUSION
The low-cost, open-source spirometer described
above fulfills its intended purpose of measuring
respiratory air flow and volume data and
providing a graphical user interface to display
the data and calculate pulmonary function test
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Abstract—- The first wheelchair model could be traced
to the 5th, 6th and later in 18th century. However,
tremendous development and great achievements in this
field started mid of 20th century. Since that time, varieties
of models have been designed, leading to wide range of
products. This work involves the development of an
automator (ergonomically attachment) to convert a
manual wheelchair into an electric wheelchair for
domestic use by Nigerian physically disabled people who
could not pay the high cost of a ready-made motorized or
an electric powered wheelchair. A gear motor and drive
system has been integrated in this automator for
convenience and easy control for the user. Two units of
12v batteries and breaking system has also been
integrated into this work and by this, obtained an
automatic wheelchair which can be driven with the
possibility of avoiding obstacles by the use of the obstacle
detection components. In addition, obstacle detection
component is also incorporated to the system to serve as
added alert feature in case the wheelchair is been used by
a blind user. The automator which is attached to the
wheelchair has been developed to enhance easy and long
distance movement. It helped the disabled move around
without external interference. A manual wheelchair does
not give sufficient mobility, it has a limited range and is
very difficult to use on rough and harsh terrain. This
work is designed as a solution to this problem by
combining the comfort and maneuverability of a
wheelchair with the capability and efficiency to move
about. This work will benefit the physically challenged
people
Keywords- Automator, obstacle detection, electricpowered wheelchair, wheelchair, mobility
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1. INTRODUCTION
A wheelchair is a chair with wheels that is used when walking
is arduous or unfeasible because of ailment, trauma, or
physical impairment. An automated or electric wheelchair is
operated by means of a motor. Automated wheelchairs are
utilized by those unable to control a conventionally hand
operated wheelchair. It may be required for lengthy distances,
probably over terrain which may be arduous and fatiguing in
a conventionally hand operated wheelchair which would
require great exertion. Automated wheelchairs may also be
utilized
not
only
by
people
with
typical
impairment/disablement, but also by those with ailment
relating to the circulatory system and debility. Electric
wheelchairs have improved and even boost the quality of life
of many disabled through the mobility device they could
afford. The selection of electricpowered wheelchair will
depend on a large number of factors; these includes but not
limited to terrain and topography the wheelchair will be go
over, the need to settle thresholds, restraint, curbs or kerbs in
the environment to be used. The core or the most important
job of the wheelchair is to take input from the user and
interpret or decipher that motion into power to the wheels to
move the person in the preferred direction. The 20th century
has seen abundant improvements and models that give the
user matchless control of the wheelchair in terms of both user
effort and vehicle aptitude. The problems encountered by a
conventionally hand operated wheelchair users are the
inability to travel long distances, depends on human strength
and the inability to move properly on bad terrain or rough
roads.
The aim of this work is to prototype an automated wheelchair
based on extensive fact findings and research on existing
models, technology used, market scenario and customer
requirements. To achieve this aim, the following objectives
were carefully defined:
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a) Collection of all the components, parts and materials
required for overall setup of the wheelchair.
b) Production of an automator that will propel a lightweighted
wheelchair structure which would carry about 220.5lb
(100kg) human bodyweight.
c) Implementation and connection of all the equipment such
as gear motor, batteries, break and obstacle detection /
indication system
2. HISTORY OF WHEELCHAIRS:
The first set of documentation of wheeled furniture chair
are an engraving found on a stone tablet in China and a child's
bed portrayed in an embellishment on a Greek decorative
handle less container in the 6th and 5th century BCE. (Ability
Tools, 2013; Koerth-Baker et al., 2017; Joseph Flaherty,
2012; Maggie et al., 2012). The earlier documentation of
wheelchairs for transporting disabled persons traced to three
centuries later in China. The Chinese used wheelbarrows to
convey people and heavy objects; as shown in Figure 1. A
contrast between the two functions was not made for another
several years, up to about 525 CE, when depictions of
wheeled chairs made precisely and categorically to carry
people begin to occur in Chinese art (Maggie et al., 2012).
Though, it is unknown as to what can be carefully believed to
be the foremost wheelchair, or who originated and
masterminded it.
The earlier wheelchair model could be traced to the 5th and
6th. However, the first produced wheelchair was designed in
1595 and addressed as an invalid’s chair. It was built for King
Phillip II of Spain. It was detailed and complicated and could
not give him the conveniences he needed; see Figure 2. In
1655, Stephan Farffler, a disabled watchmaker constructed a
self-driving chair on wheel chasis system with the use of
cranks and cogwheels (Koerth-Baker et al., 2017; Bellis et al.,
2017; Bath Chair, 2012). In 1887, wheelchairs (rolling chairs)
were brought into use in Atlantic City so that weak or
disabled tourists could hire them to enhance the sight-seeing
and Boardwalk. Soon, other desired tourists also hired the
rolling chairs (Johnson, Nelson 2012). In 1933, Herbert A
Everest, a disabled mining engineer, who broke his back in a
mining accident and his friend, Harry C. Jennings Sr., a
mechanical engineer designed and put into use a cross –
frame wheelchair (Everest et al., 1937). Later, they saw
business opportunity in the wheelchair invention and then
produced it in large quantity and therefore become the first
mass-market manufacturers of wheelchairs.
Wheelchairs have been used for transporting physically
weak patients in the hospital as well as elderly/aged or
disabled/physically challenged people for quite a long time.
Wheelchairs are propelled by manual efforts and the disabled
operate and control the wheelchairs by their hands while
another person is required to push patient’s wheelchair. This

paper proposes a simple automator that could be fastened or
connected to a conventionally hand operated wheelchair and
transformed into E-wheelchairs. This requires no manual
efforts either by the user (self propelled), or by an attendant
pushing from the rear (attendant propelled).
Automobile with variety of design and models are emerging
and these are available to be used by healthy people. The
disabled may be able to travel but unable to make use of the
available automobile for normal persons. So, the vehicles are
modified and customized vehicles to make them accessible to
the disabled. In this paper, we will consider accessibility for
the disabled to enhance their ability to move. Depending on
nature of disability, a distinct equipment is within reach for
use. This includes but not limited to walking stick, crutches
(forearm, elbow, axillary, underarm, gutter, adjustable
arthritic), tricycles, wheelchairs, customized automobile/
apparatus. Crutches are very often used for trekking or
making shorter distances journey, while manual wheelchairs
(Lucas et al., 2005) and hand-cranked tricycles (Nag et al.,
1982) are utilized by persons with physically disability.
Motorized wheelchairs are designed in such a way that
physically (hands or legs) disabled can also benefit.

BACKGROUND AND THEORYS
There are a lot of existing electrically powered wheelchairs,
but these are expensive and may be difficult for an average
user to procure. Hence, a problem with existing electrically
powered wheelchairs in the market is the cost. Though, they
are ready to use but are beyond the reach of an average
wheelchair users. The research and analysis of an electrically
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motorized wheelchair could be traced to the time when
several researchers were evaluating the Automatic
wheelchair mechanism. Normal and rotational (torque) forces
which act on the wheelchair while moving are evaluated. The
outer support assembly comprises of wheels on either side of
the chair. An inner brace structure, nearer to the centreline of
the wheelchair, also reinforces the seat assembly. Work
related to development of a wheelchair that can move in
structured and unstructured environments was done in the
1900s. The wheelchair design was distinctly detailed. The
conventionally hand operated wheelchair consists of a seat,
frame, and a linked machine parts coupling the same. The
fixture framework composes of structural bodywork fixed
with one motorized locomotion units. The seat is a tubeshaped structure that composes of a chair and a pivoting
wheel. The linkage mechanism is actuated by a small motor
connected to a lead screw device. The wheelchair features,
preliminary considerations before procuring one, includes
controlling and regulating mechanism, how to manoeuvre
curbs or restraint, batteries and charger requirement, specific
attributes of automated
wheelchairs, add-on accessories, insurance, and customer
requirements.
3. METHODOLOGY
3.1. MARKET SURVEY
The methodology for this work began with market survey
of the product under consideration. This involved extensive
evaluation of the various wheelchairs available in the market
and a precise overview of the market scenario. The survey
shows that ready-made electric wheelchair in the market are
very expensive. The price ranges from N400,000 (~$1,000)
to N3,000,000 (~$7,500) (Jumia,2020) while manual
wheelchair can be as low as N23,000 ($57.50) (Jiji,2020).
Therefore, an automator wheelchair will be appropriate and
cost effective for the less privilege disable since it cost only
N116,500 ($291.25). When it is coupled or connected with a
manual wheelchair, it would be amounted to N139,500
($348.75), which is far cheaper than the expensive read-made
electric or automated wheel chair with face value above
N400,000 ($1,000)
3.2. HARDWARE REQUIREMENTS:
The hardware materials used for the development of the
automator wheelchair include 12V 18AH battery, a manual
wheelchair., gear motor (Figure 4), obstacle detection
components and other electronic components.
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wheelchair. Additional feature of this work is the use of
ultrasonic sensors to detect obstacles in front, left and right
by an Arduino Uno R3 and signal, feed warning back or alert
the user by active buzzer. It also incorporates the use of
mechatronics components such as Arduino Uno
(microcontroller), ultrasonic sensors, active buzzer, vibrator
LEDs, etc. in other to detect obstructions and make indication
to the user.
The extension is mounted on the wheelchair with the help
of mounting clamps. The extension is made in such a way that
the two front wheels of the attached conventionally hand
operated wheelchair will be lifted in air thus achieving less
pull force and high efficiency of the motor. Motor has a
sprocket on its shaft which is fastened to the sprocket of the
wheel with the help of a chain, by this arrangement the drive
for the wheelchair is made easier without any hurdles and
without fuel based engine. This wheelchair automator could
be attached to any manually operated wheelchair.
5. DESIGN SOFTWARE:

3.3. Brakes :
As e brakes is an essential part of our system. These are
mainly used in ebikes.They cut power to the motor. It also
engages the regenerative braking system when the lever is
pulled. The brakes are linked to the controller by means of
lever which when pulled generates current and stop the
moving wheel.

Autodesk AutoCAD 2019 software was used to design
the automator . Arduino 1.8.5 software (IDE) was used
program the obstacle detector using distance sensor to turn on
the buzzer, vibrator, and LED on Arduino Uno R3
microcontroller. The obstacle detector/ indicator was
connected to a laptop and the program was executed. When
the obstacle is near to the ultrasonic sensor, the piezo speaker
starts humming and light emitting diode glows. When the
obstacle is away the buzzer stops and the light emitting diode
goes off. The obstacle detector/ indicator components are
arranged on the breadboard.

4. WORKING MODEL
The E-wheelchair automator is created to motorized
wheelchairs and consequently realizes effective and troublefree means of transportation for physically weak patients in
the hospitals as well as elderly/aged or disabled/ physically
challenged people. The automator utilizes metal rods and
pipe arrangement designed to be fastened to a wheelchair
front rods and brace on the front wheelchair rods. It used a
ball bearing integrated handle assembled with efficient
support in order to perform directional movement. A chain
based arrangement that connects a gear motor to the wheel
arrangement in order to drive the attached manual
wheelchair.
This system uses two 12v batteries (12v, +12v) linked
together in series to be able to power the 24v gear motor and
a making and breaking connection in order to start and stop
the motor, control it and achieve desired movement. It is
designed to provide easy, fast, and comfortable movement for
the disabled instead of manually moving (pulling) the manual
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of using common shaft, two modified axle usually called
shaft is used in the automatic wheelchair's wheels which are
not connected.
Available wheel chair in present market has got 1525 cm
long and 12 mm diameter's axle In each rear wheel. But this
construction has got 30 cm long and 2 5 cm diameter' axle.
For easy unique controlling mechanism, two separate shaft
has used.

6. GEAR AND CHAIN DRIVE:
Based on a top speed of five kilometer per hour and
wheelchair wheels with a 25 cm radius, the output speed of
the drive system had to at least equal 105 rpm. Chain drive
has one main advantage over a traditional gear train.
Only two gear wheels and a chain are needed to transmit
rotary motion over a distance. With a traditional gear train,
many gears must be arranged meshing with each other in
order to transmit motion.

7. USER REQUIREMENT:
A weight limit of 220.5lb (100kg) and a maximum height
of 6.23 feet (1.9m) is taken into consideration for easy and
effective use of the designed automator.

8.MODEL CALCULATIONS:
Normal Force (Fn) = Mass x Acceleration
= 100kg x 9.81m/s2= 981
Newtons Frictional Force (Ff)=Normal Force x Friction
Coefficient
= 0.2 x 981N = 196.2
Newtons Torque required (T)= Ff x rw
= 196.2 x 0.18
= 35.32Nm
Power = work done / time
Work done is defined as force multiply by distance.
Therefore, Power is force multiplied by distance / time =
force x speed of movement

9. CONSTRUCTION:

Let’s say the automator moves at a rate of 1 meter per
second;
So, power = 981 x 1

The prototype wheelchair has been made with locally
available material, such as; wood for seat, back rest and
wheel, mild steel for frame, commercially available shaft &
sprocket gear was used.

= 981 watts
Safety Factor of 150%, i.e. 1.5 Power = 981 x 1.5
= 1,471.5 watts

10. REAR SHAFT:

Power = current x voltage Voltage supply is given as 24v

Basically shaft carries the total load of a vehicle body.
Major change is done in this structural construction. Instead

Current = power / voltage
= 981
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= 40. 875A

11. RESULTS AND DISCUSSION:
●

In this work the cost effective automator for a wheelchair
is made from the locally source materials readily available in
the market, except the gear motor that was sourced online.
Gear motor is used for controlling the forward and the
backward movement of the wheelchair. The total expense in
fabricating the automator wheelchair is N139,500
(USD360). This cost incurred in fabricating the wheelchair is
very cheap as compared to the price of the ready-made
electric wheel available in the market. With these retrofitting,
the manual wheelchair is converted into an electric or
motorized wheelchair. This will help the poor disabled to
afford it.

●

●

The components used in construction are Driving
Motor,Batteries, Shafts, Chain & Sprocket, Wheel Hub,
Bearing & Mounts, Supporting Frame & Handle, Fixtures,
and Clamps & Screw. The materials used for automator,
motor plate and tyre wheel are Mild Steel Pipe, Mild Steel
and Rubber, respectively.

●

●

Normal wheelchairs do not provide sufficient mobility,
they have a limited range and are exceedingly difficult to use
on harsh terrain. This work proffered a solution to this
problem by combining the comfort and flexibility of a
wheelchair with the capability and efficiency to move about.
Obstacle detection is incorporated into this work to alert a
user of the automator wheelchair who may be a blind person.

●

●

12.CONCLUSION:
●

The materials used in the design were locally sourced and
standardized. The metals that were considered are mild steel
because of its ease of machinability. The e-wheelchair
automator is created to motorize a manual wheelchair for
effective and trouble-free means of transportation for patients
in hospitals and the disabled.

●

●

In a developing country like Nigeria, this technology
would be very much effective as a means of transportation for
physically disabled people. This work developed a cheap
motorized wheelchair. If this automator is replicated in large
quantity, it would be advantageous for the disabled poor who
might find it difficult to procure an automatic or electric
wheelchair. The obstacle detection component can prevent
injury, disaster and fatality to the blind as an additional
feature for the developed wheelchair automator.

●
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ABSTRACT—
This report presents the design and technical- economic
analysis of a solar power system for a residential consumer.
One of the main objectives is to design an optimal power
system based on solar energy resources for a chosen power
consumer. The power consumer represents the starting point
of the analysis, contains both AC and DC users and, before
the design process, the type and variety of the electrical loads
has to be well known. This aspect is important in designing
the power system topology, to be more economical and
compatible with all the power consumers. The aim of the
paper is to present the designed functionality of the solar
power system, determining the energy production and
consumption for the proposed system. Also, an important
aspect of the paper is the analysis of the system from
technical and economical point of view, to present the overall
results. The approach is to study the power system, starting
from the solar radiation data, which is a known parameter, to
calculatethe system equipment sizes and power losses and to
find an optimal energy production/consumption ratio. To
fulfill this task the proposed research methodology is to
configure the optimal system structure (solar panels,
chargers, inverters), to gather information about the value of
the equipment and to deduct the payback period of the
system, under normal functioning conditions.

INTROUCTION:
The solar power system basic component is the solar cell,
which generates power by absorbing the energy of photons
emitted by the Sun. When these photons reach the surface of
the solar panel, electrons are transferred through the cell,
creating electrical potential energy. The efficiency of these
cells is determined by the type of the semiconductor. Thru the
years, the efficiency and the production cost of this panels has
evolved noticeable. The cell efficiency has grown compared
to the previous years and the production costs are much lower
due to an increased demand of this technology. The purpose
of the paper is to present the design, analysis and simulation
of the solar power system, to determine the energy production
and to meet the optimal demand of energy consumption for
the proposed system. The proposed solar power system is
sized for a typical and average residential consumer. After

knowing the total power P t and time usage of the electrical
consumers the energy demand can be estimated (E.g.). This can
give a basic forecast of the energy needs, which the standalone
solar power system will provide Further in the paper, the technical
and economic analysis is presented, where the simulation results
are discussed and analyzed from a financial perspective. The
software used for simulation is HOMER, version 2.68. For the
system investment and payback period study, a Visual Basic-Excel
type of program was made by using specific formulas and
algorithms to calculate and plot graphs about the financial analysis.

PROBLEM STATEMENT:
Today electricity has become a very important part of our life
and has become an essential part of our life. But as the need
of electricity has increased over the years the depletion of
fossil fuels has also increased over the years. With the current
rate of depletion of fossil fuels there won't be left for our
future generations. Beside these the burning of fossil fuels for
electricity production has also increased the pollution and
global warming which has made an adverse effect on the
environment and climate change. So, there was a need of
solution to this problem and the answer was Solar power
plants. These solar power plants give electricity for free
which is received from sun and is pollution free as well. But
these power plants need capital investments and lot of space
which is why they are only adopted by big companies and
apartments. But we can also design solar power plants for an
individual household with less capital and space investment.
If every household has its own solar power plants then it will
help both the consumer as well as the environment.

OBJECTIVE :
The main objectives of the project are• Solar power plant is cost effective.
• Makes a household less reliable on the grid.
• Fulfills consumers, need of daily electricity.
• Needs less maintenance
• Causes less electricity loss
• Solar power

553

MULTICON W ICAMCE 2022
SOLAR POWER SYSTEM
RESIDENTIAL CONSUMER:

DESIGN

FOR

Design of the solar photovoltaic (PV) system is presented in
the Fig. 1. as flowchart. The PV array design is influenced by
the load demand, by the solar radiation (sun hours) and by the
PV panel efficiency, with other cable and thermal losses,
considering as accounting losses. The charge controller is
chosen based on the output voltage and current rating of the
PV system. Also, the output of the charge controller is a
function of battery parameters. Batteries for photovoltaic,
wind or hybrid renewable energy systems are specially built,
with no maintenance and a large number of charge-discharge
cycles. The lifetime of a battery pack depends on depth of
discharge and on temperature. A backup generator should
also be considered in the system design, as a backup solution
for charging the batteries in days with insufficient solar
radiation. The inverter represents the final component of the
electrical consumers power supply and converts the
unregulated DC power generated by solar PV panels into AC.
Such inverters made with special electronic devices are called
network inverters and their power rating in function depends
on the maximum load demand.

SURVEY OF HOUSEHOLD SITE :
We have to survey the household site to know the
Temperature, whether, Topology, wind flow, uv radiation,
etc. physical features of the location. The survey will help us
to understand the ground scenario and understand the
difficulties and parameters to be taken into consideration
while designing the solar panels and its mountings. This
survey will also help us to get exact space calculations for
designing the solar Panels.
Figure 1: - Design of the solar photovoltaic (PV) systems

ELECTRICITY
DEMANDS
RESIDENTIAL CONSUMER:

OF

THE

The survey can be done in 2 ways: 1.

By site visit

In this type we will survey the site by visiting it and gathering
all the information of physical features about the location
using different tools.

An average household electrical energy demand is presented
in Table.1 and detailed in, as a daily profile. The solar PV
power system is the designed, planed and implemented for
the above-mentioned energy demand. The solar PV power
system has to supply the proposed consumer. The Pinst
represents the sum of all installed electrical loads in the
residential consumer, and E d is the approximate energy
consumed per day.

2.

By online survey

In this type we will collect the information of physical
features about the location using online platforms like Google
forms, Google earth map, etc.
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Solar Array Mounting Racks
Solar panels are joined into arrays and commonly mounted in
one of three ways: on roofs; on poles in free standing arrays;
or directly on the ground. Roof mounted systems are the most
common and may be required by zoning ordinances.

The survey will also help us to collect and store the data of
the project and its site. This survey will help us in future
maintenance of the solar power system. The survey and space
calculations will help us to find the better components and
design the solar power system accordingly. As the design,
components and materials used for the solar power system
changes based on the geographical conditions which we will
get through the survey so it is very important for us to survey
the site before designing the solar power plant.

This approach is aesthetic and efficient. The main drawback
of roof mounting is maintenance. For high roofs, clearing
snow or repairing the systems can be an issue. Panels do not
usually require much maintenance.

COMPONENTS AND PARTS:
The components and parts used in the solar power plant for a
household are as follows: Solar Panels
Solar panels are the most noticeable component of a
residential solar electric system. The solar panels are installed
outside the home, typically on the roof and convert sunlight
into electricity. The photovoltaic effect is the process of
converting sunlight into electricity. This process gives solar
panels their alternate name, PV panels. Solar panels are given
output ratings in watts. This rating is the maximum produced
by the panel under ideal conditions. Output per panel is
between 10 and 300 watts, with 100 watts be a common
configuration.

Free standing, pole mounted arrays can be set at height that
makes maintenance easy. The advantage of easy maintenance
must be weighed against the additional space required for the
arrays. Ground systems are low and simple, but cannot be
used in areas with regular accumulations of snow. Space is
also a consideration with these array mounts.
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Regardless of where you mount the arrays, mounts are either
fixed or tracking. Fixed mounts are pre-set for height and
angle and do not move. Since the angle of the sun changes
throughout the year, the height and angle of fixed mount
arrays are a compromise that trades optimum angle for a less
expensive, less complex installation. Tracking arrays move
with the sun. Tracking array move east to west with the sun
and adjust their angle to maintain the optimum as the sun
moves.
Array DC Disconnect
The Array DC disconnect is used to disconnect the solar
arrays from the home for maintenance. It is called a DC
disconnect because the solar arrays produce DC (direct
current) power.

Backup Generator

Inverter
Solar panels and batteries produce DC (direct current) power.
Standard home appliances use AC (alternating current). An
inverter converts the DC power produced by the solar panels
and batteries to the AC power required by appliances.

For systems that are not tied to the utility grid, a backup
generator is used to provide power during periods of low
system output due to poor weather or high household
demand. Homeowners concerned with the environmental
impact of generators can install a generator that runs on
alternative fuel such as biodiesel, rather than gasoline.

Battery Pack
Solar power systems produce electricity during the daytime,
when the sun is shining. Your home demands electricity at
night and on cloudy days – when the sun isn’t shining. To
offset this mismatch, batteries can be added to the system.

Breaker Panel, AC Panel, Circuit Breaker Panel
Power Meter, Utility Meter, Kilowatt Meter
For systems that maintain a tie to the utility grid, the power
meter measures the amount of power used from the grid. In
systems designed to sell power the utility, the power meter
also measures the amount of power the solar system sends to
the grid.

The breaker panel is where the power source is joined to the
electrical circuits in your home. A circuit is a continuous
route of connected wire that joins together outlets and lights
in the electric system.
For each circuit there is a circuit breaker. Circuit breakers
prevent the appliances on a circuit from drawing too much
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electricity and causing a fire hazard. When the appliances on
a circuit demand too much electricity, the circuit breaker will
switch off or trip, interrupting the flow of electricity.

We have to survey topography of the region in which
the house located in order to find the natural or
manmade formations that will obstruct the sun rays
from falling on the solar panels.
Charge Controller

Climatic condition
Climate plays a bigger role in solar power plant design.
Some climates are suitable for climatic conditions while
some are not. The climate of the region where solar
power plant is situated plays a major role in its design
and development.

The charge controller – also known as charge regulator –
maintains the proper charging voltage for system batteries.
Batteries can be overcharged, if fed continuous voltage. The
charge controller regulates the voltage, preventing
overcharging and allowing charging when required.

DESIGN AND IMPLEMENTATION
We surveyed the geographical properties of the house
with the help of field visit and software’s like Google
earth and maps. We surveyed geographical properties
like location, topography, climatic conditions, Wind
flow, etc. This helped us to know about different
conditions the solar power plant has to withstand.

Topography
Topography describes the physical features of an area
of land. These features typically include natural
formations such as mountains, rivers, lakes, and
valleys. Manmade features such as roads, dams, and
cities may also be included. Topography often records
the various elevations of an area using a topographical
map.

If the climate of the region is not suitable then installing
a power plant at that region won’t give any benefits to
the customer. The climate should be clean and should
have more sunny days in order to get more solar rays
and enough energy to run the appliances of the house.

Location
The exact longitudinal and latitudinal location of the
house over the globe. Whether it is near to equator or
away from equator towards pole. As the sun rays and
solar radiation are more at the equator and reduces as
we move towards the poles.
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results window. Before simulation, constraints are inputted to
meet the feasible and optimal results.
Homer simulation results

Wind Flow
When a solar panel is too hot, it reduces efficiency due to the
science behind a solar panel generating electricity. On the
other hand, cooler solar panel temperatures improve
efficiency. In short, the effect of temperature on solar cell
performance is this: cooler panels allow more energy to get
through like an electric current than hot panels do.

After running the simulation, the program provides two
optimized results. One is the proposed system, presented in
the design chapter of this paper and the other is with a diesel
backup generator added. A constrain option is added to the
simulation, as to maximize the capacity shortage of the
Simulation. The first optimal result is without considering a
backup generator, but with a capacity shortage in the solution.
These results represent the worst-case scenario, with lack of
solar radiation on certain days or with insufficient solar
radiation to cover the whole energy demand of a specific day.
The second result has a higher initial capital and operation
costs, but with the same constrain the capacity shortage is
balanced. As the costs are higher the ratability fraction is
lower compared to the first result.

Here’s where the wind comes in. The wind cools solar panels.
Though it won’t make or break your solar panel production
overall, it does make a difference. Solar panels cooled by 1
degree Celsius are 0.05 percent more efficient. This
percentage adds up over time.

FINANCIAL ANALYSIS:

TECHNICAL AND ECONOMIC ANALYSIS OF
THE SYSTEM:

For the system investment and payback period study, a Visual
Basic-Excel type of program was conceived by using specific
formulas and algorithms to calculate and plot graphs about
the financial analysis.
The NPV (Net Present Value) is calculated using the formula:

System analysis in HOMER Energy software
The purpose of this analysis is to study the previously
presented system in different scenario and configuration. The
designed system is modeled in the HOMER Energy software.
The proposed solar power system equipment and parameters
are inputted in the schematic section. In the main checkbox
the system components are added and the system type can be
configured. After the desired system components are
checked, the data input is needed for various components. For
this model, the data is collected as indicated in the solar PV
system design chapter. An optional component is added, and
the simulation takes as a different scenario, showing in the
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for the electromagnetic radiation emitted by the sun.
Solar radiation can be captured and turned into useful
forms of energy, such as heat and electricity, using a
variety of technologies. As solar radiation is important
for solar power plant, the amount of electricity
produced by the solar power plant depends upon the
Solar radiation value. With the help of different
software’s like ArcGIS pro and ArcGIS

FUTURE SCOPE:
1.

To make it more cost effective

2.
3.
4.
5.
6.
7.

To increase its efficiency
To increase its strength and durability
To make it free from main grid
To make it more compact
To connect it with the Home automation system
To make it maintenance free

online we did calculate and analyzed the Solar
radiation available.

9.

RESULT AND DISCUSSION
1.

Our objective of designing a solar power plant for
our own household from basics to running of the
plant has been scrutinized.

2.

We understood how we have to design the electrical
system of the plant, how to do space calculation,
solar radiation calculation and wind flow survey.

3.

All calculations will go into making a reliable solar
power plant.

4.

Solar power plant should be cost effective.

5.

We have been working on the calculation of
estimated budget and space calculation analysis, we
have also calculated return on investment of the
consumer.

6.

Bill analysis- We analyzed the energy bill of the
house in which solar power plant was going to be
installed. Energy bill analysis was done to find the
total energy consumption done on monthly as well as
yearly basis and costing of the total energy
consumption. We surveyed the total energy
consumption made by the appliances within the
house and also surveyed the location, area and type
of the house which will help us in further designing
of the solar power plant.

7.

8.

Survey-We surveyed the geographical properties of
the house with the help of field visit and software’s
like Google earth and maps. We surveyed
geographical properties like location, topography,
climatic conditions, Wind flow, etc. This helped us to
know about different conditions the solar power plant
has to withstand.
Radiation Calculation-Solar radiation, often called
the solar resource or just sunlight, is a general term

Calculation and survey-Space calculation is done in
order to find the area that will be occupied by the
solar panels. Solar panels should have good space for
mounting and should be within direct sunlight for
production of electricity. The area which will be
occupied by the solar power plant is also surveyed by
field visit.

10. Design of solar power plant-According to the required
amount of energy consumption of the house the
number of solar panels, batteries, inverter and
electronic components solar power plant is designed.
The solar power plant could be Off-grid, On-Grid and
Hybrid grid type which totally depends upon the
geographical properties of the location where the
house is located. For designing of solar power plant
HOMER software was used.
11. Cost of plant -According to the design of the solar
power plant the costing of the whole plant is
determined. The cost includes all components used in
solar power plants and mountings of the solar panels
and other important components.
12. Calculation of return on investment- Return on
investment is a benefit the customer will get in
relation to its investment cost. Return on investment is
calculated from total costing of the plant and
maintenance required to the plant

CONCLUSION:
1) The technical-economic analysis is an important phase in the

project implementation, regarding the type of the project or the
size of the investment
2) In this paper the analysis helped to overview the technical

and economic factors of the proposed system. If the technical
factor and the engineering has no boundaries in designing a
solar PV power system, then the economic factors can establish
constrains in the design.
3) For technical analysis is recommended to use dedicated

software to check the correct sizing and the balance between
system components.
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4) After the final design is chosen, research must be done to

obtain the market value of the components.
5) If the working principles of the system and the operation

costs are known a financial analysis is necessary to
overview the period of investment return as presented in this
paper.

[6] Soteris K. Solar Energy Engineering - Processes
and Systems. 1st Edition, Elsevier Academic Press
UK, 2009.
[7]
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INTRODUCTION

The most important roles in providing clean nonpolluting energy in domestic and industrial
applications is played by solar thermal systems
around world. Concentrating solar technologies,
such as a parabolic dish, compound parabolic
collector and parabolic trough, have an ability to
operate at high temperatures therefore use to
supply heat to the industrial process, and a grid
electricity. In a parabolic trough solar collector,
the reflective profile focuses sunlight on a linear
receiver tube through which heat transfer fluid
is pumped. The results of this studies will allow
us to know the performance of new parabolic
trough components such as heat collecting
element and surface materials when the collector
becomes a test-rig in an ongoing solar thermal
research program.

type of reflective surface, absorber tube materials
and heat transfer fluid used. A parabolic trough
collector system must be positioned in alignment
with the sun’s position so that it can reflect the
incoming beams of sun radiations to the absorber
tube. After that steam passes through turbine and
help it to rotate, due to rotation of turbine emf is
induced which can be used for any purpose.

METHODOLOGY
The project had three phases research and
development, design, development, and actual
working. First, In the development phase we did
research on various model available in the
market. In the second phase we calculated the
general output by using dish concentrator and
design of the parabolic concentrator gets
finalized. Third phase have actual modelling and
working. The solar radiations falling on the
reflecting surface is concentrated on the focal
line of the parabola where a receiver tube
carrying the heat transfer fluid is placed on.
Absorber tube either painted black or
electroplated with nickel to increase the
absorptivity of the tube. The temperature in these
types of system can reach as high as 400 C,
depending upon the
561

DESIGN PARAMETERS
The equation of parabola which we have used is 1/40 *
X^2 and our focus is close to parabola. The distance of
focus fromcentre is 10 cm. the diameter of copper tube
used is 6 mm andinner diameter is 0.25 mm.
The Mass flow rate for the required temperature
and thevelocity of flow is calculated as below.
For 0.5 kW power,
Mass flow rate (m ) dt = 8 K ṁ = 0.0149
Kg/sWhere, C = 4180J/kgK
Where, µ(water) = 1000 kg/m3
Ai = Cross section area of the absorber tube inner =
4.9087 x10-6 m2
V = 304 mm/s
Intensity of Radiation =
450W/m2Mylar
emissivity=0.044
Point Fixing Rim angle = 90°
Focal distance a = 10 cm for optimum focal distance
andcurved length, a Focal angle of 90° is selected.
Receiver copper:
Di (6 mm) inner diameter Do (0.25 mm)
DESIGN
Reflector: The purpose of the reflector is to reflect and
concentrate the incoming direct radiation to focal line.
This is generally made from a material of very high
reflectivity, such as polished mirrors, stainless steel
sheets, or mylar sheetetc. The reflectivity is as high as
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90% in some cases.
Absorber tube: It acts as receiver and transporter of the
energy which is being concentrated at focal line of the
reflecting surface and transported to convert water into
steam. It is made of good absorbing materials such as
copper and iscoated with black paint or other metal
for increased
absorptivity. It carries the heat transfer which is absorb
by working fluid.
Support structure: It is a mechanical frame which
gives the required support to sustain the weight and
provide rigidity against wind loads

more efficient, effective, and reliable and to use it on full
potential. Efficient and low power tracking mechanism
and it must have the ability to be automated and must be
highly precise in a nature.The study of coated and filmed
reflective material that can operate in more harsh
conditions and maintain high reflectivefinish is needed to
be emphasized on.
APPLICATION
Parabolic trough collectors are frequently use for solar
steam generation because relatively high temperatures
can be obtained without any serious degradation in the
collector efficiency. Low-temperature steam can be used
in various industrial applications like in sterilization, and
for powering desalination evaporators.

TOOLS

All components of the closed type of PTC were
designed using Solid Works. The supporting structure
were made by square steel and the mylar reflective
sheet is placed on surface.

ADVANTAGE

The low cost provided by a parabolic trough is the biggest
advantage. Parabolic troughs generate very high
temperatures due to which steam can be generated easily.
Thermal storage in insulated tanks can easily provide
electricity at night.
Conclusion
The closed type of solar parabolic trough collector
system is used for generation of power as the system can
produce high temperature in short frame of time. This
system is also employed for water heating, steam and air
heating as well. In this present study a close type of
parabolic trough collector with the mylar reflecting
surface is used for the performance analysis is used. In the
present study various

parameters such as inlet temperature, outlet
temperature, ambient temperature, mass flow rate, etc.
were measured. The Performance of the collector is
calculated based on the various recorded parameters
found. Various advantages and applications are also

SCOPE
Since the area is still under development in India more
research and development are needed on various
componentsof the Parabolic Trough Collector to make it
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Abstract—The paper presents the development and
fabrication of an underwater drone, called Kalki. Currently,
OpenROV and Ardusub are the low-cost open-source solutions
that are available for such ROVs. The open-source hardware and
software platforms are being used worldwide for the development
of a small range of electrical powered ROV system’s architecture,
with support from the literature on the internet and the extensive
experience acquired with the development of robotic exploration
systems. This paper presents the development of Kalki which uses
the OpenROV open-source platform. Weighing approximately 3
kg and designed for 100 m depth, the drone has dimensions 30cm
in length, 20 cm in wide, and 20 cm in height accommodate the
main electronics compartment, which can be tilted up and down
with a servo, HD Camera module. Two horizontal thrusters for
forward, reverse, and rotational movement and two vertical
thrusters for depth control are also used for mobility
Keywords—OpenROV, Ardusub, Kalki, servo

OBJECTIVE: This project is being designed to support the
Make in India initiative and Atmanirbhar Bharat. This design
also must be capable of conducting basic underwater surveying
through video from the ROV to the operator and object
retrieval. In addition to completing these tasks, our team has
added personal objectives such as detecting the underwater
mines. Additionally, an attempt is made to implement an easyto-use control system to reduce complexities in ROV operation
that requires specialized schooling often provided through the
current manufacturers. One of our final personal goals is to keep
cost at a minimum, currently basic observational ROV.

I.

petrochemical, and chemical industries. Kalki can also be used
for defusing underwater mines and examination of marine life.
Within a decade's enormous development in the robotics fields,
the ROV has several designs such as round, with legged type
robots, etc. Kalki will be programmed by a microcontroller
which is the Raspberry pi 3. The performance of Kalki will be
based on the ability of the user as it is controlled by a human.[1]
This project aims to design and develop an ROV by using
SOLIDWORKS software, fabricating the robot, and analyzing
its performance. The goal of this project is to design and
develop an ROV that is not too complex, low cost, able to adapt
to various situations, and can perform various functions. The
working and performance are explained in detail. The two main
focus of this project is to protect the life of the naval officers
from underwater mine. There have been many series of
accidents involving defusing of active mines by humans. The
second focus of the project is to study marine life.

II.

MATERIAL SELECTION

The properties of the material used in the projects are:

INTRODUCTION

The Kalki is an underwater drone that is equipped with a
camera and a set of arms specifically used to inspect the oceans
or tanks. The Kalki is can be used vastly in the defense sector,

564

1.

It is preferred to select the materials whose density is
near to water density for the frame and buoyancy
system in order to have a neutral buoyant vehicle.

2.

Since some of the selected sensor works based on the
earth's magnetic fields, materials should have low
magnetic properties not to influence the output of the
sensors.

3.

Materials should be resistive to water corrosion.

4.

Easily available materials in the market are used in the
Kalki.

5.

Materials should be machined and formed easily to
perform the designed plan.[4],[1]

MULTICON W ICAMCE 2022

Table 1 presents the materials which can be used in
theproject
Sr
.

Material

Density
(g/m3)

Young’s
modulus
(Pa)

Thermal
Conductivity
(W/(mc))

ABS

1.0236

2.6195

0.299

no
1.

2.
PVC
1.2502
2.3451
3.
Bronze
8.528
1.0368
Table 1. List of material and their properties

III.

1.785
62.000

HARDWARE REQUIREMENT

Kalki which is an autonomous underwater vehicle (ROV) has
many electronic components such as a camera module, servo
motor, gyroscope, LED, Control boards (ECS), Base
transmitter, battery. The selection process of the components
1. Camera module: Kalki is equipped with a digital
camera Vemont full HD 1080p of 12 megapixels,
which is built-in with an IP68 waterproof case and
servo motor which allows the camera to move
underwater with 180 degrees of viewing angle
2. Battery: As Kalki is designed to drive about 100 m
underwater, as we need up to 2 to 3hrs of running
time we have equipped Kalki with two 4500 mAh
batteries
3. Base transmitter: The purpose of this component is to
connect the mini-router with raspberry using a
twisted-pair wire. This option was taken as the base
as it is the most reliable, fast, and cheap.
4. LED: As sunlight does not reach underwater LEDs
play an important role. The LED model (CREE
XHP50) this model is intended to burn out everything
with its light. It is supported by a LED pulse driver
which is connected with the raspberry and allows the
operator to adjust the brightness of the LED as
needed which helps in saving the battery.
5. Gyroscope: The Gyroscope sensor is a device that can
measure and maintain the orientation and angular
velocity of Kalki. The module MPU 6050 is used in
Kalki. It is a three-axis gyroscope that will send
location data to the raspberry.
6. Motors or Thrusters: Kalki has four horizontal and
two vertical thrusters for stability.[4],[1]
IV.

The mainframe of Kalki consists of two box shapes and
thrusters’ chassis with two arms.
The design consideration for the frames is
● Simplicity and rigidity
● The ‘thrusters’ have symmetry so that there are no
undesired reaction moments.
● The center of buoyance should be placed above the
center of gravity.[1]
B. BATTERY AND ELECTRONIC BOARD CASE
The battery and electronic sensors are placed in the body of the
insect-type structure. The body is divided into three-part, the
parts are fixed together by holes and nuts and made
waterproofed using an O ring between them. The volume of the
box is 1200 m3 and it consists of two 4500 mAh batteries [4].
One battery is located in the front section and another is located
at the end section of the box. Because of the high thermal
conductivity of the body, there is an external fin to distribute the
heat generated by the batteries and electronic board.[1]
C. POWER AND PROPULSION SYSTEM
To provide propulsion for Kalki six DOF, six 20 watts BLDC
motors are used in the configuration are used. The front two
motors are placed vertically to provide stability and the last two
motors are used to push the ROV in a forward or backward
direction whereas the middle two motors are connected by two
micro servo motors to used move the DC motors as vertical and
horizontal direction.[4]D. NAVIGATION AND CONTROL SYSTEM
Kalki can operate semi-autonomously using an onboard
pilot with control. In this case, the operator can control the
speed of the ‘thrusters’ and rotate the camera according to the
situation. The sensors include a pressure sensor for sensing
depth, a 3-axial accelerometer ADXL335, and a 2-axis
Inclinometer sensor are connected to raspberry pi 3. The
raspberry pi 3 is responsible for gathering data from sensing
modules and generating commands to the actuators. To warn
the operator of water leakage four water leakage sensor are
installed in difference location in the electronic compartment
and battery box. In case there is water leakage there is a red light
and a button to shut down electronic sensors and command
Kalki upward quickly.[5],[4] Other than those set onboard
sensors a video camera is mounted in front of Kalki. Video
signal is converted to Ethernet and transferred by a single cable
between Kalki and the control console.

FABRICATIONS

A. FRAME
The mainframe and thrusters’ chassis of Kalki will be made
from ABS plates. It is a Submarine ROV structure. Dimensions
of the frame are 30 x 20 x 20 construction procedure is:
1. In the first stage, the 2D sketch of the main body would
draw on the ABS plate.
2. In the second stage, the general shape of the part is
printed by a 3D printer.
3. All the parts are attached altogether.
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Fig 1. Schematic view of the sensor
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V.

SOFTWARE REQUIREMENT [4],[2]

1. Fusion 360:
Fusion 360 is a CAD tool by industry giant Autodesk.
Fusion 360 is a cloud-based 3D modeling, CAD, CAM,
CAE, and PCB software platform for product design and
manufacturing.It was used for making the model of the ROV
2. Ansys:
ANSYS is a software package that lets you digitally model
real-world phenomena. It uses computer-based numerical
techniques to solve physics problems. It was used for testing
the material strength and force acting on the body of the ROV

The sensor used is, Depth sensor of +/-0.2m helps the drone to
detect what's downside is and also helps to not get crashed. A
gyroscope sensor is been used In our model which will help the
droid to be stable even when water current occurs. The
accelerometer sensor is used to detect the speed of Kalki and all
the reading of the sensor and camera view can be seen on the
monitor which is on the ground through Ether cable
broadcast.[1],[3]
I.

HYDROSTATIC, THRUST, AND BUOYANT
FORCE ON SYSTEM

With the projected frontal area equal to approximately
2.8956*10-3m, a desired velocity of 3m/s2, and water density of
998kg/m3 and applying a drag coefficient of 1 the required
force is 4.346N. This study is not including the sloping edge or
curved face of the cylinder that generates friction and utilizes a
worst-case scenario for drag on a basic rigid body. This value
due to symmetry within the model is essentially double for
vertical thrust required. To validate the results the following
drag, calculate was performed.

Fd = 1/2(ρ * Cd * A*V2)................. (1)
Equation 1: Drag Force Equation

Fig 2. KALKI MODEL
VI.

WORKING

To provide propulsion for the ROV in six DOF, six 20 watts
BLDC motor are used in the configuration described in previous
section. Motor maximum current is 3 amperes in full load with
maximum rotation speed of 400 RPM on the propeller. Three
DC motor double-drivers from Sabertooth are used to drive the
motors. Drivers return power to the batteries at any time a
deceleration or motor reversal is commanded, which can lead to
improvement in run time [4]. To provide power for the whole
system, two Lipo 4500mAh batteries are operating in parallel in
the sealed box. Although they are not the best choice
considering energy storing density, their availability and low
price made them acceptable for our educational project. It is
possible to charge the Batteries during operation through a pair
of cable over the tether. To provide regulated power for video
camera and other electronics, a highly efficient DC/DC
converter MPW1033 is used. This converter provides a 12V for
the Camera and feeds the regulated 5V & 3.3V power supplies
for other electronic parts. The main motherboard of the system
is raspberry pi with storage capacity of 32/64 GB raspberry gets
power form the two split batteries acting as a single unit
(4500mah×2). The battery has a running time of almost 4 hours
depending upon the use and the charging takes 3 to 3.5 hours.
The component which are connected to the raspberry is camera
with 1080p resolution and light with a pair of two (1500Lm×2).
The either cable will be used for the communication purpose
and will directly be attached to Raspberry Pi (dimension is
Tension: 50kg, length: 80 to 100m, dia: 4.5 mm)

Thrust force required the ROV is given by the equation
FTheust= Density*Area (stream*velocity*velocity*(Velocity –
Initial Velocity) .................. (2)
Equation 2: Thrust Force Equation
Using the above equation, we got the required thrust as 4.346N
Hydrostatic force acting on the ROV is calculated by the
formula as
F=ρ*g*A*h .................. (3)
Equation 3: Hydrostatic Force when in vertical portion
Equation
Where A is the area, g is the gravity acting on the ROV, ρ is the
density of water and the depth.[4]
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Abstract - Most of the newly invented technologies entirely
depend upon electricity for their proper operation therefore
the energy demand is increasing day by day. Increasing
population of world is also a major factor of increase in
energy demand, that’s why scientists are exploring major and
minor energy resources to fulfill the energy demands. Energy
has been a big cause for the development of human being.
Conventional energy resources include fossil oil, natural gas
and coal are ultimately depleting and for the reason scientific
community is shifting its attention towards renewable energy
resources. A theoretical model of Energy Generating
Gymnasiums System (EGGS) is proposed in this paper which
will contribute its share in renewable energy sector. People of
modern society are conscious about their health and adopt
gymnasium exercises in order to achieve their desired fitness
level. Gymnasium is a place where people physically operate
many machines by applying force on the machines. The idea
behind smart EGGS is that the human expended energy on
machines in a gymnasium should be converted into electrical
energy. Electrical energy harvested by using smart EGGS
will be clean, renewable and sustainable. Research proposed
for smart EGGS suggest that human being is also a source
of renewable energy and chemical energy possessed by
humans can be converted into electrical energy [8]. EGGS
will be very beneficial for the countries that are facing severe
energy crises. Total output of all the gymnasium machines
will give a sufficient amount of electrical energy needed by
the gymnasium electrical appliances. The excessive electrical
energy can be sold back to utility [9].
Key Words: EGGS, Renewable energy, smart grid,
EGGM, Gymnasium, Lat Pull down machine

1. INTRODUCTION
The world around us is being changed significantly and
technology has become one of the major drivers for economic
and social development. The rapid advancement of
Information Technology (IT) all over the world has
transformed not only the way people think, but also the way
people act. Nearly all the technologies functioning depends on
the utilization of electricity so the share of electricity is
increasing rapidly than the total primary energy supply. Every
human being is very conscious about his health in this modern
world therefore they join gymnasium to burn their calories to
increase their fitness level. It is possible to construct
gymnasium machines that can convert the expended energy by
the users into electrical energy throughout the exercise [8],
[10]. The great outdoor gym
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(TGO) company in United Kingdom (UK) has been producing
energy generating gymnasium equipment for cardio charge
and lightning [2]. Equipment that charges mobile phones
called Cardio Charger [1]. TGO has installed green energy
generating fitness machines at Sir George Monoux College,
Trafalgar Square, and the Green Heart in Hull city [1]. TGO
have launched 4 amazing outdoor gym pieces which offer a
cardiac workout and generate electricity and has upgrade the
Cross Trainer, Recumbent Bike, Spinning Bike and Hand Bike
to green energy gymnasium equipment that generates on
average 50-100 watts each depending on the fitness of the user
[1]. World total final consumption (TFC) by fuel was 9,384
metric ton oil equivalents (MTOE) in 2015 and by 2040 it will
be 10706 MTOE [3]. World net electricity generation increases
by 45%, rising from 23.4 trillion kilowatt hours (kWh) in 2015
to 34.0 trillion kWh in 2040 [4]. According to world energy
council fossil oil remained the world’s leading fuel, accounting
for 32.9% of global energy consumption [5]. The proposed
model of EGGS will produce energy from the moving parts of
gymnasium machinery increase the potential of renewable
energy resources. Sunlight is the ultimate sources for
generating renewable and sustainable environment friendly
energies. There are various ways of harvesting and using solar
energy for fulfilling the energy needs of the modern society. In
nature photosynthesis is the process to bring and spreads solar
energy into the living system through food chain and food
web. Naturally, plant's leaves, green algae and some other
organism like cyanobacteria convert light energy into chemical
energy through photosynthesis that can be later released and
used as an energy source by those organisms to fuel their
activities. The converted chemical energy is stored in the form
of carbohydrates such as sugars, which are synthesized from
CO2 and water. The process of photosynthesis not only
generates fuel but it also releases oxygen as a byproduct. The
benefits of mimicking the process of photosynthesis can
benefit the living organism on earth two fold. There are
producers and energy converter in this natural cycle.

Fig -1: Human body converts solar nuclear energy into
electrical energy
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Producers make food (glucose) by using water and sun light,
human consume this food and chemical energy of this food is
converted into mechanical energy in doing some useful work.
This mechanical energy is then can be converted into electrical
energy with the help of EGGS. Fig- 1 describes the consecutive
stages of conversion of solar nuclear energy to electrical
energy. Energy is defined as the ability to do work and human
body contains enormous quantity of energy which fuels the
daily activities.

Fig -2: The ATP-ADP cycle
Man gets this energy from food through a food chain. A food
chain is a chronological pathway that represents the exchange
of energy from sun to organism. Sun is the ultimate source of
energy in this universe and energy can never be created nor be
destroyed, but it can be passed from one organism to other
through food chains and webs. Every biological community
have multiple and diverse food chains but every food chain
starts with a primary source of energy that is the sun. Primary
producers are the first organisms that get benefit from this
initial source because they can harness and use the energy from
the sun by a process called photosynthesis. Human beings are
not primary producers and can’t create their own food to
survive. As a human we get food from primary producers/
consumer and biochemical energy of food nutrition is
converted into Adenosine triphosphate (ATP) by a process of
“cellular respiration”. ATP is a stored energy in human
muscles and a single molecule of ATP contains ten carbon
atoms, sixteen hydrogens, five nitrogens, thirteen oxygen and
3 phosphorus atoms. The shorthand formula is
C10H16N5O13P3. Three phosphate groups attached to a
conglomeration called adenosine.

Fig -3: Human as a transducer
The last two bonds on the phosphate groups contain especially
high energy and therefore are very useful for doing work
within living cells. To take advantage of the high energy bonds
in ATP there are within many cells a substance called ATPase.
This is really an ATP splitter and it cuts off the last phosphate
group of the ATP molecule turning it into adenosine diphosphate (ADP). The ATP-ADP cycle shown in Fig -2 has
everything to do with the storage and use of energy in living
things. In the process of this splitting a great deal of energy is
released and used in the cell to do work, move things and build
things. A convenient way to remember the cycle is ATP = ADP
+ P + Energy. The adding and subtracting of a phosphate to
ADP is a metabolic process. Metabolic process can be
separated into two phases; catabolism is the process of
breaking down (breaking down food to make ATP), and
anabolism is the process of building up (using the energy
created in converting ATP to ADP to build up cells or move
molecules around the cell). The ATP - ADP cycle occurs in
plants and animals. This stored ATP energy in muscles, on
movement of the muscles produce kinetic energy which can be
converted into other form of energy.

2. PROPOSED WORK
Energy demand graph is ascending day by day and scientists
are exploring the new ideas and resources to get any form of
energy. In this paper we will discuss a method in order to
harness energy from human. In proposed method human is
considered a device or machine for converting biomass

Fig -4: Conversion of human energy into electrical energy
energy into electrical energy as shown in Fig- 3. The device
which converts one form of energy into another form of
energy is called a
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Installation of low RPM generator
transducer. Man takes caloriesfrom food and performs
work, however excess of calories due to unbalanced diet
will Store in adipose tissues giving a fatty

Low RPM generator is a generator which has heavy winding
and induces voltage by rotating at relatively low speed.
Generators may be connected with gymnasium machines by
installing rotor movement mechanism in the generators
2.1.1 Parts of generator
Armature/ Rotor: Armature is a rotating part of generator
which has conductors winding on it. The armature of Low
RPM generator will be rotated whenever the machine of
gymnasium will be operated.

Fig -5: Generator is being started by pulling recoil cord
appearance. People join gymnasium in order to maintain
healthy look and fitness where they perform different types of
exercises, like running, weight lifting, muscles building. There
are specified machines for exercise of specific portion of human
body, e.g., cable preacher curl, close grip bar curl, barbell curl,
and dumbbells lifting are some exercises for biceps. Exercises
for chest are barbell bench press, flat bench dumbbell press,
low inclined barbell bench press, seated machine bench press,
etc. Some of the cardiovascular machines in gymnasium
equipment are made of cables and pulleys. These machines are
main focus of this research since these machines can
contribute to harvest energy. As the demand of energy is
increasing day by day so it is necessary to invent new ways
and techniques to produce energy within a small area which
may be a home or a gymnasium building. During exercise in
gymnasium people apply force on machines and expend energy
to do some work. In this proposed work the authors suggest a
theoretical technique which will make it possible to harvest
energy from some gymnasium machines. The basic idea
behind the research is to harness energy from the moving parts
of gymnasium machines in electrical form. For this purpose,
low RPM (revolution per minute) generators can be installed in
the gymnasium machinery. A simplified block diagram of
energy conversions is described in Fig -4.

2.1

Stator: Stator is the stationary part of generator which consists
of permanent magnet or electro magnet made by stator coil
winding.
2.1.2 Design of rotor movement mechanism
Rotor movement mechanism which is shown in Fig -6 is
commonly installed in conventional domestic generators
consists of a recoil cord with a grip or handle at one end and a
spiral spring. The body of the rope wraps around the
crankshaft’s end of generator. A crankshaft refers to an engine
part that converts linear motion into rotation.
2.1.3 Operation of rotor movement mechanism
The operator pulls the rope’s handle or grip this causes the
rope to unwind around the crankshaft and spin it. The spinning
motion of the crankshaft rotates the rotor of generator. When
recoil cord is released it winds again on the shaft of generator
due to the restoring elastic force of a spring. This rotor
movement mechanism is commonly used to make pull starter
engines. Pull start engines are often used in such small
machines as chainsaws, lawn mowers and engine generator
devices. Some types of small vehicles, such as mini bikes and
go-carts, also carry pull start engines.
2.1.4 Armature rotation by machines
Rotor movement mechanism will be attached with the shaft of
generator and the grip of recoil cord will be attached with
gymnasium machine. Whenever gymnasium machine will be
operated it causes recoil cord to wind and unwind on the shaft
of generator. When cord is relaxed it winds again due to
restoring force of spring. Armature of generator rotates anticlock wise or clock wise direction only.
2.2 Energy generating gymnasium machines (EGGM)
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(i) Lat pull down machine
The word “Lat” is short form for Latissimus Dorsi which is the
name of the muscle. Late pull down machine is constructed for
the development of latissimus dorsi muscle. Pull down machine
simply consist of pulleys and metallic cable rolled over
pulleys. One end of cable is attached with adjustable weight
and on other end force is applied by user to lift the weight.
Cable may be pulled up or down depending on the nature of
exercise. Working principle of Lat pull down machine is
expressed in Fig -7(a) & 7(b), which is a multipurpose
machine used to exercise for multi joints, biceps, triceps,
shoulder and legs. Weights are selected by adjusting the nail
into the specific holes (A, B, C, and D) if metallic rod. For
example, if nail is entered into the “B” hole then 3 upper
weights will be selected to lift them up for exercise. This
machine can be made as energy generating machine by
installing a generator in it directly [12]. Lat pull down machine
may be connected with a generator by 2 methods.
Method 1: The shaft of generator will be attached with the axle
of pulley in first method which is represented in Fig -8. This
combination will give result of transformation of torque from
pulley to the armature of the generator. Rotation of armature
will produce electrical energy. The electrical voltage and
current will be the alternating as the direction of rotation of
pulley will change in clock wise and anti-clock wise direction.
A rectifier will be necessary in orderto charge the D.C
batteries.

Fig -7 (b): Lat pull down machine as a energy
generating machine
Method 2: The second way of installinng the generator will be
so that the generator will be placed in the basement of
machine. when the cable is pulled downward the armature of
generator will rotate and electrical power will be produced
through the generator, this process is explained by Fig -7(a) &
Fig -7(b).

Fig -8: Pulley and generator are combined to
generate energy
Fig -7 (a): Working principle and installation of
generator in Lat pull down machine
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Return slowly to start position. It is possible to convert
butterfly machine into an energy generating machine by
installing a low RPM generator in the basement of machine
which is displayed in Fig -9.
(iii) Leg press machine
The leg press is a popular and simple piece of gymnasium
exercise which can help build key muscles in our legs.
Operating principle: User sits on the machine with his back
and head resting comfortably against the padded support.
Place feet on the footplate while ensuring that heels are flat

Fig -9: Butterfly as an energy producing
gymnasium equipment

Fig -12: Generator installed in leg curl machine

Fig -10: Leg extension machine working
as a power generating machine
(ii) Butter fly
It is usually a stand-alone machine in gymnasium and also
known as butter fly arms. The butterfly machine offers an
effective chest and shoulders workout. It is operated to
strengthen the chest muscles.
Operation: Sitting on the seat, place hands or forearms on the
long boards, pull arms together then expand chest to release.

and legs should form an angle of about 90 degrees at the
knees. Knees should be in line with feet and neither is bowed
inward nor outward. Whenever press, make sure to keep this
alignment and bottom should not be raised from the seat. Seat
is made moveable for a comfortable position. These provide
support during the movement and help keep your spine and
head in position. Placing hands on the knees is a common
mistake that will break one’s form. Leg press machine may
also be converted into energy generating device by using a
pulley, recoil rope and placing a generator in basement of
machine as presented in Fig -11. Whenever machine will be
operated, recoil rope over the pulley will rotate the armature
of generator.
(iv) Leg curl an extension machines
Leg curl machine in Fig -12, is used to work out the muscles in
the back or posterior of the leg, primarily the hamstrings. The
leg extension machine makes the legs straighten against load
resistance and thus works the muscles on the front or anterior
of the leg called quadriceps.
Quads: The quadriceps muscles work when we use the leg
extension machine. These muscles comprise of the rectus
femoris, the vastus lateralis vastus medialis and the vastus
intermedius. During leg extension exercise, the rectus

Fig -11: Generator operated by leg press machine

571

MULTICON W ICAMCE 2022

femoris is the most engaged muscle. At the end position of the
motion, when your knee is almost straight, the vastus medialis
then contracts. The leg extension is a weight resistance
exercise that targets the quadriceps muscle in the legs.
Hamstrings: During use of leg curl machine, the muscles on
the back of the thigh contract to bend the knee. The
hamstrings are made of three muscles: the biceps femoris, the
semimembranosus and the semitendinosus. The largest of the
three is the biceps femoris.
Calves: The calf muscles consist of two muscles, the
gastrocnemius and the soleus however that is used the most
during leg curl is the gastrocnemius, which is the most
superficial. It crosses the back of the knee and supports the
hamstrings to bend the knee when using either of the leg curl
machines. The exercise is done using a machine called the Leg
Extension Machine as shown in Fig -10.

building block of future low voltage distribution
system. It was based on the idea of aggregating
number of micro sources (Renewables) and loads
into one unique entity which could be interpreted as a
single dispatch-able prosumer from the overhead
power system view point .
The key differences between a MG and a conventional power
plant are that MG are of much smaller capacity with respect to
the large conventional power plants and power generated at
distribution voltage can be directly fed to the utility
distribution network. The technical features of a MG make it
suitable for supplying power to remote areas of a country
where supply from the national grid system is either difficult
to avail due to the topology, severe climatic conditions or
man-made disturbances [7]. From grid point of view, the main
advantage of a MG is that it is treated as a controlled

(v) Stationary bicycle
A stationary bicycle also known as exercise bicycle or
spinning bike is a simple machine made of saddle, pedals,
wheels, chain and some form of handlebars arranged on a
bicycle. The rider of stationary bicycle revolves the pedals
which in turn spin the wheel of bicycle. Consistent workouts on
a cycling machine should lead to less fat on rider’s body. A
generator is connected to a stationary bicycle in such a way as
the circular rotation of the front wheel rotates the coils of
wires inside the generator between the poles of the magnets
[11]. Stationary bicycle generates energy by connecting the
shaft of generator with spinning wheel results in rotation of
armature of generator; this process is given in Fig -13. In this
arrangement more force will be needed in order to spin the
wheel of bicycle because of the load of generator. Generator’s
load will act like a weight to which rider has to lift as
compared with leg extension machine. The electrical energy is
then stored in battery packs (power packs). A stationary
bicycle is also an energy generating gymnasium machine
(EGGM).

Fig -14: Renewables connected with Micro grid

3. SCOPE OF EGGS
0perate within or independent of a central grid and
increasing system reliability. By enabling the
integration of distributed generation (DG) such as
wind and solar, these systems can be more flexible
than traditional grids. EGGS will be taken as a new
distributed power generating source in the field of
renewable energy resources in Fig 14. MG concept
was originally proposed in 2002, as a

Fig -15: Storage and flow of energy from EGGS
entity within the power system [7]. From customers’ point of
view, MG are beneficial for locally meeting their electrical/
heat requirements and can supply uninterruptible power,
improve local reliability, reduce feeder losses and provide
local voltage support [7]. The overall generation and
transmission of energy up to the appliances and utility from
EGGS is represented in Fig- 15.
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The direct current (D.C) will be first converted into alternating
current (A.C) by the use of an inverter in order to operate the
A.C appliances.

4. CONCLUSION
This paper has dealt with evolution in gymnasium machines by
making each gymnasium machine as EGGM. This research is
although theoretical but a very vital step towards a new way of
energy generation by using men power. The Solution of
depletion of energy sources is DG of power locally by
Integration of RESs. EGGM will be operated by human power,
so human beings are considered as a RES in proposed research.
.
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[1]Abstract
In the face of the climate crisis, petroleum dependence, and volatile
gasoline prices, it is imperative to explore possible opportunities in
unconventional alternative-fuel vehicles. One such option is the
compressed air vehicle (CAV), or air car, powered by a pneumatic motor
and onboard high-pressure gas tank. Although proponents claim that
CAVs offer environmental and economic benefits over conventional
vehicles, the technology has until recently not been subject to a rigorous
analysis. This study characterizes the potential performance of CAVs
in terms of fuel economy, driving range, carbon footprint, and fuel costs
and examines their viability as a transportation option as compared with
gasoline and electric vehicles. Subjects of analysis include energy
density of compressed air, thermodynamic losses of expansion, CAV
efficiency on a pump-to-wheels and well-to-wheels basis, and comparisons
with gasoline and electric vehicles. Results show that although the CAV is a
bold, unconventional solution for today’s transportation challenges, it is
ultimately not workable, and compares poorly with gasoline and electric
vehicles in all environmental and economic metrics. Further,
applications of the CAV are severely constrained because of its limited
driving range. The results from this study, including the analysis of
energy density and expansion losses, may be used to identify future
opportunities for CAV applications. The pump-to-wheels and well-towheels methodology contained here establishes a framework for evaluating
future CAV designs.

[2]Introduction
Air pollution is one of the serious environmental concern that the
World is facing right now. Due to Air pollution the quality of air decrease
drastically and majority population is exposed to poor air quality.
And breathing in this polluted air causes various deases and reduces
the average life span of the person. In India the Average air pollution in
urban areas is 120points AQI(air quality index) the significant amount
of this air pollutantion is caused automotive industry to tackle this
problem many alternatives have been considered such as electrical
vehicle (EV), hydrogen power vehicle, Hybrid and CNG vehicles, etc.
Another Idea to tackle this problem would be to developing an Compressed
Air Vehicle (pneumatic vehicle) which used the compressor air to power the
engine. In this type of vehicle compressed air is used as a fuel to power
theactuator is then connected to the pulley system which is further

connected to rear axle and in such way power is transmitted to rear driving
wheels. As Air is available in abundance in the nature. Potentially we
have an infinite amount of fuel at our disposal. In this type of vehicle
we use electrical compressor which is powered by a car battery. Therefore Air
pollution caused by this type of vehicle is negligible. The overall cost in
development of the pneumatic vehicle is significantly less than other types of
vehicles.

[3]History
a) The first compressed-air vehicle was devised by Bompas, a patent for
a locomotive being taken out in England in 1828. There were two storage
tanks between the frames, with conventional cylinders and cranks. It is not clear
if it was actually built. (Knight, 1880).
b)The first recorded compressed-air vehicle in France was built by the
Frenchmen Andraud and Tessie of Motay in 1838.
A car ran on a test track at Chaillot on the 9th July 1840, and worked well,but
the idea was not pursued further.
c) In 1848 Barin von Rathlen constructed a vehicle which was reported to have
been driven from Putney to Wandsworth (London) at an average speed of 10 to
12 mph.
d) At the end of 1855, a constructor called Julienne ran some sort of vehicle at
Saint-Denis in France, driven by air at 25 atmospheres (350 psi), for it to be
used in coal mines.
e) Compressed air locomotives were use for haulage in 1874 while the
Simplon tunnel was being dug. An advantage was that the cold exhaust air
aided the ventilation of the tunnel.
f) Louis Mékarski built a standard gauge self-contained tramcar which was
tested in February 1876 on the Courbevoie- Etoile Line of the Paris Tramways
Nord (TN), where it much impressed the current president and minister of
transport Maréchal de MacMahon. The tramcar was also shown at the
exhibition of 1878 as it seemed to be an ideal transport method, quiet, smooth,
without smoke, fire or the possibility of boiler explosion.
g) The compressed-air locos were soon withdrawn due to a number of
accidents, possibly caused by icing in the pipes of the brakes, which were also
worked by compressed air.
h) In Louis Mékarski built a standard gauge self-contained tramcar which was
tested in February 1876 on the Courbevoie-Etoile Line of the Paris Tramways
Nord (TN), where it much impressed the current president and minister of
transport Maréchal de MacMahon. The tramcar was also shown at the
exhibition of 1878 as it seemed to be an ideal transport method, quiet, smooth,
without smoke, fire or the possibility of boiler explosion.

[4]Construction
Construction of Pneumatic Vehicle:
Components of Pneumatic Vehicle are as follows:
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Working Procedure:
Battery Powers the air compressor starts pressurizing theair and transmits it
to valves via tubes. The AC 220Vsupply is provided to the transformers pair
to convert itinto 24V AC Supply.The 24V AC supply is converted to Dc
using rectifierand the supply is fed to the DC Motor. The DC Motorrotates
and runs the switch rod over the switch plate.The switch plate has 4 divisions
and each division is aconducting surface connected to 1 relay switch.When
the switch rod rotates over the switch plate, itpowers the relay switches and
in-turn powers thesolenoid valves in phase due to the construction of
theplate. As the valves turn On, it transmits the air throughits opening to the
pneumatic cylinder andactuates the piston.

1. DC Motor.
2. Solenoid Control Valves.
3. Dual Acting Pneumatic Cylinders/Motors.
4. Air Compressor.
5. Pneumatic Tubes/Pipes.
6. Battery.
7. Crankshaft.
8. 4 wheels.
9. Pulleys (Small & Large).
10. Bearings.
11. Rear Axle.
12. Steering mechanism .
13. Electric Components.
14. Miscellaneous parts.
15. Steel frame.

[6]Comparison
A) In Comparison To Petrol Or Diesel Powered Vehicles “Air Powered
Vehicles” Have Following Advantages
1. Air, on its own, is non-flammable, abundant, economical, transportable,
and storable and most importantly nonpolluting.
2. Compressed air technology reduces the cost of vehicle production by about
20%, because there is no need to build a cooling system, fuel tank, spark plugs
or silencers.
3. High torque for minimum volume. The mechanical design of the engine is
simple and robust.

Discription of Components involved in Construction of Pneumatic
Vehicle.1.DC motor : Powers the solenoid valve through relay switch.
2. Solenoid Control Valves : Controls flow, direction,rate of compressed air.
3. Pneumatic Cylinders/Motors : Converts pneumaticenergy to

AUTOMOBILE linear motion.
4,Battery : It is used to power Air Compressor and other electrical
components.
5. Air Compressor : It is used to compress the air from atmosphere and
transmits the pressurized air into the Valves.
6. Pneumatic Tubes/Pipes : Used to Transmits high pressure air to
valves and to the pneumatic cylinder Basically Compressed Air flows
throughout the system using this Pneumatic Tubes/Pipes.
7. Crankshaft : The function of the crankshaft is to convert the linear
motion of the pistons in the cylinder bores into a rotary force.
In every completed piston stroke cycle the crank makes one revolution.
8.Pulleys (small & large) & Belt : These are used to Transmit the power
in the system.
9.Bearings : It is a machine element that constrains relative motion to
only the desired motion, and reduces friction between moving parts.
10.Rear Axle : This axle is responsible for delivering power to the
driving wheels. It consists of Rear Axle, Axlebearing, differential,
wheel mounting, etc.
11. Wheels : used to run the vehicle.
12. Steering mechanism : A group of parts called the steering system
transmits the movement of the steering wheel down the steering shaft to
move the front driven wheels left and right.
13. Electrical Components : Various electrical components are used in
the pneumatic vehicle such as
Resistance, Transformer, Diod, Relay, Capasitor, Transistor, Integrated
Circuit, etc.
14. Miscellaneous Parts : Miscellaneous Parts used in fabrication of the
pneumatic vehicle.
15. Steel Frame : Frame is used to place the components of the
pneumatic vehicle.

[5]Working
Fig.4.1 Methodology

Working principle:
The working principle of “air compressed car” workson principle of
alternatively power supply to thesolenoid valves. Solenoid valves
operates double acting pneumatic cylinder which will act as crank
and connecting rod. The Reciprocating motion of pneumatic cylinder
willconverted into rotary motion by crank mechanism which will
rotates the wheel. Thus motion of the carcan be generated.

4. Low manufacture and maintenance costs as well as easy maintenance.
Lighter vehicles would mean less abuse on roads, thus, resulting in
longer lasting roads. The price of fueling air powered vehicles will
be significantly cheaper than current fuels. When the air is being
compressed at reasonable speeds, it heats up. The heat given off during
compression could be reclaimed for space heating or water heating, or
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used in a stirling engine.
5.Transportation of the fuel would not be required due to drawing
power off the electrical grid. This presents significant cost
benefits. Pollution created during fuel transportation would be
eliminated.

[9]Conclusion
The model developed will be a small scale working model of the compressed
air engine. When scaled to higher level it can be used for driving
automobiles independently or combined (hybrid) with other engines like I.C.
engines. The technology of compressed air vehicles is not new. Compressed
air technology allows for engine that are both non- polluting and economical.
After years of research and development, the compressed air vehicle will be
introduced worldwide. Unlike electric or hydrogen powered vehicles,
compressed air vehicles are not expensive and do not have a limited
driving range. Compressed air vehicles are affordable and have a
performance rate that stands up to current standards. To summit up, they are
non-expensive cars that do not pollute and are easy to get around in cities. The
emission benefits of introducing this zero emission technology are obvious
At the same time the well to wheels efficiency of these vehicles need to be
improved. This is a revolutionary car which is not only eco- friendly,
pollution free, but also very economical. This addresses both the problems of
fuel crises and pollution. However excessive research is needed to completely
prove thetechnology for both its commercial and technical viability.

B) In Comparison To Electric Vehicles “Air Powered Vehicles” Have
Following Advantages
1. Compressed-air vehicles are unconstrained by the degradation
problems associated with current battery systems.
2. Much like electrical vehicles, air powered vehicles would
ultimately be powered through the electrical grid which makes
it easier to focus on reducing pollution from one source, as
opposed to the millions of vehicles on the road.
3. Compressed-air tanks can be disposed of or recycled with less
pollution than batteries.
4. The tank may be able to be refilled more often and in less time
than batteries can be recharged, with refueling rates comparable to
liquid fuels.
5. The tanks used in a compressed air motor have a longer
lifespan in comparison with batteries, which, after a while suffer
from a reduction in performance.
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Abstract—A new emerging technology with great potential in the industry known as Metal additive
manufacturing. Moreover, with the help of new and advanced technologies like generative design, we can
maximize this potential for additive manufacturing solutions by computing complex optimized parts. recent
studies on automotive design aim to cut vehicle and components weights, optimizing vehicle performances, and
contribute to the challenge of reducing fuel consumption and operational costs. In this perspective, innovative
materials and technologies are developed but also advances in design methods and tools. Generative Design is
a different tactic to automatically augment the component design. The design process must be considered to
accomplish the finest solution, about design parameters, requirements, and limits Additive manufacturing
technologies can now be used in constructing metallic parts. This revolution in manufacturing technology
makes way for the fabrication of new shapes and geometrical features.
Keywords- generative Design, Additive Manufacturing, Automotive Industry, Metal Additive Manufacturing

I. INTRODUCTION

Additive manufacturing (AM) methods have been
usually used for rapid prototyping purposes for a
great period of time in the last 30 years. They
comprise of building an object “from scratch” or a
semi-finished part acting as substrate. Thanks to
many
technological
enhancements,
these
developments can now be used for swift
manufacturing
purposes
[1].
Additive
Manufacturing (AM) is an embryonic production
technology in engineering every so often seen as
the subsequent industrial revolution. Undeniably,
AM is budding bigger every year and calculations
on the related market see this trend growing even
more, as a result of increased usage of this
technology and expansion in the fields of
application [2]. In contrast to orthodox
manufacturing technologies, AM offers greater
freedom of design and possibilities for mass
customization [3]. Furthermore, this technology is
capable of constructing prototypes or even
finished parts in a short period without tooling or
casts [4]. It can also yield intricate parts for both
professional and personal uses. Additionally,

evolving
Computer-Aided
Design
(CAD)
technologies like generative design can maximize the
already huge potential of AM. The generative design
tools help create optimized parts or assembly by
employing computer power and optimization
technologies [5]. Similar to the AM field, the
generative design ecosystem keeps budding every
year. There is the rising use of generative design
resolutions in chief industries like the automotive and
aerospace domains, as well as an increasing number
of generative design tools.[2]
II. GENERATIVE DESIGN

Generative Design (GD) is “a category of
technologies that suggests design options, or
optimizes an existing design, to meet criteria
defended by the user” [5]. Indeed, designers lay down
their part constraints and objectives in GD software.
Then the software’s objectives are to propose an
improved part design. The recommended options can
be adjusted for weight, stiffness, frequency, etc. [6]
In that way, GD has a substantial impact on the design
process. Part of the design procedure is now
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blending. But the most widespread tool, booming
automated
optimization,
is
topology
optimization.[5] Topology Optimization (TO) is
the technology optimizing the material layout
within a specified design space.[9] Topology
Optimization goals are to augment a part property
(weight, stiffness, frequency …) while valuing a
definite set of limitations. To do so, the Topology
Optimization process uses various mathematical
algorithms and methods. Each Topology
Optimization method has several versions aiming
at faster optimization or addressing characteristic
optimization’s issues one of the most popular
Topology Optimization methods is the Solid
Isotropic Material with Penalization (SIMP)
method. This distinct method idea is to give an
element a continuous virtual density between 0 and
1 and steer the result to 0 or 1 after each iteration
with a penalization factor. Another noteworthy
distinct method is the Evolutionary Structural
Optimization (ESO) method which is based on
biomimicry. This discrete method uses finite
component breakdown to determine and remove
the inefficient components and make the structure
evolve into its optima counterpart. Indeed, after
each iteration, the components with the lowest
stress density are removed until all the residual
components have an equal stress density [10]. One
direct improvement of this method, even closer to
mimicking nature growth, is to also add
components near the highest stress density
components as well as eliminating the lowest stress
density one.[11] The discrete element methods face
some disputes of their own, the two most common
are the mesh dependency issues, i.e., optimization
results vary depending on the mesh, and the
checkerboard issue, i.e., stiffness is virtually high
due to a checkboard pattern of the elements.
Addressing these issues, a recent Topology
Optimization method emerged: The Movable
Morphable Component (MMC) method. In
opposition to the two previous methods, MMC is
not distinct. The core idea is to find

automated by GD software, saving time for
designers but also altering their orthodox working
method. Their new role is now to make a
comprehensive study of the part, so they can set up
every applicable input (simulation parameters,
criteria, and objectives) for the GD software. At the
end of the GD process, it is also the designers’ role to
evaluate the diverse design possibilities and choose
amid them the best suited for their application,[7]
Generative Design is a design method for
apprehending the designer’s intent, engendering new
solutions. Categorized by data-driven collaborative
cloud-based technology, it depends on a highly
automated activity. A set of parameters and rules
(commands to the designer) is taken into
consideration as the DNA of the design process; rules
and parameters are considered as the genes. They
are conjoined by evolutionary algorithms or even
“brute force” calculations. The introduction of such
trials into the design procedure allows the
development of innovative design resolutions by
adjusting the rules that outline a final design,
difficult or impossible to attain via other methods.
Grammar-based techniques exploit the principle of
database strengthening the identification of rules,
creating complex forms and patterns from simple
stipulations.
Generative
design
principles
established particular attention in architecture; some
good definitions coming from that field are reported
here [8]
Lars Hesselgren stated that Generative design isn't
about designing the structure – It’s about designing
the system that builds a structure.
Paola Fontana states that it is the initial conditions
of an object rather than modeling thefinal form in the
Generative Design Process
Kristina Shea appends that Generative Design
Systems are made to create New Design Processes
that generate spatially new yet effective and
buildable designs through the exploitation of current
computing and manufacturing capabilities.
A. Topology Optimization

There are different tools accessible for GD, for
instance, lattice infill or meta-structure
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the optimal structure topology by optimizing the
thickness, shape, orientation, and layout of a set
of morphable components, i.e., building blocks
[12]

different properties distributed in different zones of the
same part, leading to multi- functional concepts. The
opportunities offered by AM are not constrained to
multi-functional concepts. Deliberate that, over the last
years, AM’s implementation has increased across
industries, with the aerospace industry contributing
about 10.2% of AM’s global revenues in 2012. AM
provides the flexibility to create complex part
geometries that are problematic to build using
traditional manufacturing, such as internal cavities or
lattice structures that help reduce parts’ weight without
compromising their mechanical performance.[13]
Additionally, AM’s impact on economies of scale and
scope makes it a natural fit for automotive, which is
mainly geared toward customized production. The new
system, once manufactured thanks to AM, should
fulfill the practical requirements in an innovative and
more efficient way, also targeting a humbler design and
a substantial cost reduction. Novel structural materials
and advanced AM techniques make these technologies
ready to be presented within the generative design
process also for safety- critical contexts, such as the
aeronautical. Even if the advantages from the
introduction of the couple Generative Design and
AdditiveManufacturing have been widely considered.

Topology Optimization: on the left SIMP method iterations [9], on the
upper right ESO method iterations [10], on the bottom right MMC
method iterations [12]

B. Synthesis of Generative Design

The study of GD is essential to comprehend the GD
tools optimizing operations. It is also acceptable to
review the various tools possibilities, similarities,
and differences.

IV. GENERATIVE DESIGN APPROACH IN
PRODUCT DEVELOPMENT AND
AUTOMOTIVE INDUSTRY

Typical automotive design practices consider the
design process spread into three main phases: the
conceptual design, the preliminary design, and the
detailed design. Conceptual Design is an early phase of
the design process. Preliminary Design means that part
of the Development Phase where all of the geometric
design elements, Detailed design is the phase where the
design is refined and plans, specifications, and
estimates are created The design solution is proposed
throughout the typical diverging – converging process,
in relation to design necessities and limits.
Multidisciplinary optimization processes are currently
being developed to support thedesigner in assessing the
optimal solution, in relation to all design features and
constraints.

Multiple Design Options of the same General Motors Seat Bracket
proposed by Autodesk Generative Design tool [15]

III. GENERATIVE DESIGN WITHIN THE
DESIGN FOR ADDITIVE MANUFACTURING
APPROACH

Nowadays it is commonly accepted that in
automotive and industrial applications, we can attain
the key advantages from the introduction of
advanced design procedures if we associate them
with Additive Manufacturing (AM) processes and
techniques. Therefore, we must contemplate also the
coupling of evolutionary algorithms with innovative
manufacturing
processes,
like
Additive
Manufacturing, and new materials. This combination
introduces more degrees of freedom in the final
design concept: for example, the mixing of materials
with different properties allows having
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Generative Design is a novel form-finding
process that considers structural performances,
material properties, and ergonomic demand,
throughout an automatic iterative holistic
approach
for
component
topology
optimization.[14]
V. GENERIC GENERATIVE DESIGN
WORKFLOW

Before starting the GD process, an initial study
relating to the part Specification is required.
This study is decisive since all the final GD
options projected in the end rely on it. Meaning,
the designer needs to have a seamless
understanding of all part interactions with its
environment before starting the GD process
entire volume available in which GD software
can operate, every space outside the design
space cannot be used. Thus, according to its
former study of the part, the designer’s role is
to determine the utmost space the part could ft
in, so the results at the end of the process are the
most augmented ones. To complete the design
space, the designer also needs to specify the
conserved geometries and voids within the
design space, i.e., the functional volumes.
Then, the designer applies the set of loads and
boundary conditions, i.e., the load cases, on this
design space.

Generic Generative Design Workflow [16]

A. Translation Phase

The first phase in the GD process, based on the
outcomes of the past functional analysis, is
translation. In this phase, the part specifications

are “translated” into inputs for the GD software.
The designer must define the basis of his
optimization: the design space. The design
space is the entire volume available in which
GD software can function, every space outside
the design space cannot be utilized. Thus,
according to its preceding study of the part, the
designer’s role is to govern the maximal space
the part could fit in, so the results at the end of
the process are the most optimized ones. To
complete the design space, the designer also
needs to mention the preserved geometries and
voids within the design space, i.e., the
functional volumes. Then, the designer applies
the set of loads and boundary conditions, i.e.,
the load cases, on this design space
B. Processing Phase

To begin with the second phase, the designer
needs to arrange his/ her optimization, i.e., to
point out the optimization objectives and
restraints. Some usual parameters are the
material, the percentage of the design space
volume for the solution, the minimal element
size, etc. The designer can now run the
optimization process. The second step of the
GD process is the computing, this step usually
does not include the designer except for
software proposing live feedback and live
alteration on the optimization runs. With all the
previous step information, the software finds
solutions attaining the specified objectives and
constraints. In the third step of the GD process,
the designer must evaluate the options proposed
by the GD software to find the one best suited
to its requirements. The designer’s proficiency
is once again decisive as the choice is based on
the part context in terms of cost, manufacturing,
production, quality, etc. If the designer is not
satisfied by the GD proposed options or if he
wants to enhance the optimization results, he
can loop back to the first step to adapt the
optimization parameters and produce new
options. In the fourth step, the designer can
refine even more the solution subsequently by
blending complex meta-structure in the
optimized part. For example, some software
proposes to blend complex meta-structures like
lattices, gyroids, bone-infill-like structures, etc.
Once this augmentation is done, the designer
should finally run an analysis of his/her solution
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to determine its performance and certify the
validity of the part specifications. If the
specifications are not met, the designer should
loop back to the first set-up step and modify the
initial parameters.

lane- keep- help system, for case, is only
assigned with covering the vehicle’s position
relative to the lines of the road. Should the
motorist begin to transgress, the system will
notify the motorist or take corrective action, but
the ultimate responsibility for control of the
vehicle lies with the motorist.

VI. CASE STUDY on How Generative Design
Enhances Autonomous-Vehicle Development [19]

A position-five AV will have complete control
over the driving task, taking no mortal input. As
a result, a position-five auto is projected to have
further than 30 fresh detectors of an important
wider variety to cover the immense number of
tasks an independent vehicle will need to
attain.On top of the ultrasonic, compass
camera, and long-and short-range radar
detectors of a position-two auto, position five
will bear long-range and stereo cameras,
LiDAR, and dead-reckoning detectors. The
increase in detectors will increase the quantum
of wiring demanded in the harness and the
necessary computational coffers to handle the
gigabits of data being produced by the
detectors.

The technological ramp to completely
independent
vehicles
present
striking
challenges for the company’s imperative
independent-vehicle (AV) programs. Advanced
detector technology, high-speed and highbandwidth data networks, and slice-edge
artificial intelligence are all decisive to the
functional and marketable success of AVs. In
addition, utmost approximations prognosticate
that AVs will bear billions of country miles
worth of testing to certify their safety.
Manufacturers will need to integrate the
assignments learned through dissembled andrealworld testing into their AV designs toremain
competitive.

2. A completely independent vehicle will bear
numerous types of detectors to directly perceive
dynamic driving surroundings.
While
designing
a
position-five
platform,
masterminds will need to perform armature and
concession analyses to examine architectural
proffers, similar to a centralized vs. sphere vs.
distributed armature. These analyses will need
to regard for hundreds of factors and millions
of signals while enhancing function locales,
network quiescence, error rates, and more.

Sensors Field of Perception in Autonomous Vehicles [17]

1. Autonomous- vehicle platforms must
connect an array of advanced detectors and
computers through high-speed data networks to
perceive, assess, and act on environmental
stimulants.

Despite these challenges, the independent
drive is a raising request. At least 144
companies have blazoned AV programs. Some
of these are major automotive manufacturers
seeking to stay ahead of the coming assiduity
interruption, but utmost are startups or
companies from other diligence seeking to
enter a traditionally impenetrable request.

The Society of Automotive Engineers (SAE)
states six situations of complication for
independent vehicles, from zero to five. An auto
with position-two autonomy may feature active
voyage control, a lane-departure warning system,
lane keep help, and parking backing. In total, this
auto requires about 17 detectors to enable its
motorist-backing systems.

These companies warrant assiduity-specific
experience and the engineering coffers to
spontaneously force their way through the
complications of independent vehicle design.
Indeed the major automotive OEMs will face
problems that their heritage design overflows

The calculations performed by such an auto’s
automated systems are fairly primitive. The
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are ill-equipped to handle. To contend, these
companies will need a new design methodology
that permits youthful masterminds to design
accurate and optimized systems, which can
only be done by landing the experience and
knowledge of expert masterminds. They will
need generative design. Generative Design and
Engineering
Generative design takes system delineations
and conditions as input and generates
architectural flings for the sense, software,
tackle, and networks of the electrical and
electronic systems using rules-grounded
robotization. These rules capture the
knowledge and experience of the expert
masterminds to guide youngish masterminds
throughout the design. Landing this IP helps
companies to advance both vehicle
infrastructures and new generations of
masterminds as they learn and apply being
company knowledge.
3. Generative design uses rules-grounded
robotization to induce proffers for the sense,
software, tackle, and networks of the electrical
and electronic (E/ E) system.
The adding electrical and electronic content of
ultramodern vehicles is formerly conclusive
current design styles to their limits, yet the
complexity of automotive systems will only
continue to grow in the future. Autonomous
buses will contain the most complicated
electrical and electronic systems yet seen in the
automotive assiduity.
For case, further, than 30 detectors, country
miles of wiring, and hundreds of ECUs will be
needed to gather, move, and process the data
necessary for independent driving. The data
networks will need to be extremely fast to
support real-time perceptivity, decisiontimber, and action to help collisions and
detriment to mortal passengers or climbers.
Masterminds developing these vehicles will
also need to balance performance conditions
against power consumption, physical space
constraints, weight, and thermal considerations.
Generative design authorizes automotive
masterminds to attack the challenges of
electrical and electronic systems design for

independent vehicles. It employs rulesgrounded robotization for rapid-fire design
admixture, enables masterminds to design in
the environment of a full vehicle platform, and
tightly integrates colorful design disciplines to
ensure data abidance.
Originally, employing robotization throughout
the process will help design brigades manage
design complexity without adding time-torequest. Robotization helps masterminds
concentrate on the most dangerous aspects of
the design and verification of the functionality
of the E/ E system’s functionality and reduces
crimes from homemade data entry. This
empowers masterminds to concentrate further
of their time on applying their creativity and
inventiveness to creating the coming generation
of automotive technology improvements.
Robotization also applies company IP to the
generated proffers through design rules, adding
the delicacy and quality of the designs.
Next, designing in the full platform
environment helps masterminds to understand
the way signals, cables, and other factors are
enforced across the entire vehicle platform,
thereby reducing crimes at interfaces or due to
the complexity of the harness. This design
inflow also enables brigades to exercise
undisciplined data across vehicle platforms to
ameliorate quality and reduce development
costs.
Eventually, a tightly unified terrain enables the
electrical masterminds to partake data with
masterminds and tools in other disciplines,
similar to mechanical or PCB design. The
relations between the electrical, mechanical,
and software factors of a vehicle are adding.
Flawless synchronization of data between these
disciplines improves the integration of them
into a single system.
Generative design also creates a nonstop thread
of data from the primary system description and
conditions to full-scale product and service.
The same data forages each stage of the
generative design inflow so that nothing is lost
between design stages or design disciplines.
This nonstop thread of data keeps all
engineering platoon members up to date and
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working with the most current data while also
icing that designs are meeting colorful
conditions for functionality, safety, weight, and
so forth.
4. Generative design ensures data continuity
from initial system definitions through
production and after-sales for full traceability
and acquiescence with requirements.
Data continuity ensures that projects have a
single data source, providing a clear picture of
the innumerable inter-domain and inter-system
interactions. Designs can be automatically
checked against design rules to ensure their
functionality, accuracy, and quality. As
changes are made to the design, they can be
examined with detailed impact analysis that
will inform the engineer of issues the change
may cause in other domains. For instance,
moving or removing an ECU could be
evaluated for its impact on network timing,
signal integrity, or physical clearance and
collision issues. As a result, changes are made
knowing their full impact on the system.
Generative design will be a key enabler for new
and established automotive companies in their
quest of developing fully autonomous vehicles.
The ability to generate electrical system
architectures automatically enables early
exploration and optimization of designs while
entrenching company IP into the design flow.
In addition, a singular source of data promotes
consistency between domains, design reuse,
and enhances the analysis of change impact.
Finally, tight integrations between the electrical
domains and with mechanical and product
lifecycle management tools streamline the
entire design flow from the outset through
production. The massive intricacy intrinsic in
AV design will continue to push the tools and
methodologies used by automotive engineers.
This is especially true in the electrical and
electronic systems domains as they come to
dominate the operation of a vehicle’s safetycritical systems and conveniences. The winners
in this disruptive technology will be those
companies that can most effectively integrate
the advanced technologies required for an
autonomous drive into a package that’s reliable,
safe, and attractive to consumers, and then get
those technologies to market quickly and with

a high level of quality.
VII. CONCLUSION

Generative Design is an innovative procedure
to support the designer in widely exploring the
design space. It is not only a topology
optimization, nor an evolutionary algorithm,
but it syndicates several optimization modules
to topology definition within a CAD
environment, according to design requirements,
limits, and the bounding space. The output is
not only the most appropriate solution, while it
is a family of different results that the designer
could properly select and modify. The solution
space is generally established considering
freeform shapes: it would not be possible to
reach a better solution using a traditional design
method. Additionally, the selected shape is
designed to be manufactured by an Additive
Manufacturing process. Even if some case
studies and some tools have been developed,
the potentials brought by Generative Design
principles are not yet discovered enough. Some
examples have been well-thought-out in small
component design. Additive manufacturing is
formerly being used at the sports auto
manufacturer in prototype construction,
manufacturing spare corridor for classic sports
buses as well as in other areas. For the first time,
the pistons for the high-performance machine
of the 911 flagship model were designed using
topology optimization, the GT2 RS, are now
being produced with a 3D printer with the help
of generative design. General Motors also used
generative design before this time in an
evidence-of-conception design to develop a
featherlight seat-type prototype for its electric
buses of the future. The technology is also
proving its value for the future of space
exploration.
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Abstract
Solar energy is becoming more and more useful in the modern day life in industrial, domestic and commercial sectors, because
of his cleanliness from an environmental point of view and also contributes to the reduction of greenhouse effect gases such
as CO2. Exergy analysis is a thermodynamic analysis technique based on the Second Law of Thermodynamics, which provides
an alternative and illuminating means of assessing and comparing processes and systems rationally and meaningfully. Exergy
analysis can assist in improving and optimizing designs. In this paper, the exergy analysis of solar thermal refrigeration cyles
is reviewed. A review of the research state of art of the solar absorption and adsorption refrigeration technologies is also
carried out. The cycles involved in these technologies are: open, closed, continuous and intermittent cycles. An overview of
measures of merit with regard to exergy (exergetic efficiency, exergy losses, exergy improvement and exergetic coefficient of
performance) is presented. Besides, an historical and chronological view is done on the development scenario of exergy
analysis in the world from 1824 until 2014. The main mathematical relations for the simulation of those cycles are presented.
Keywords: Solar energy, Absorption refrigeration
1. Introduction
Space cooling and refrigeration are highly energy intensive
processes. Cooling demands in various sectors are
maximum mainly during day time when solar energy is also
prevalent; this is more so in the hot summer season. Most
parts
of
India
get
abundant
sunshine
throughout
the
year.
Solar
cooling/refrigeration is, therefore, the most relevant
application for our country, especially in view of the rapidly
increasing demand for energy and shortage of electric
power. It is estimated that cooling consumes about 35,000
MW of electricity for various end-uses. Part of this is from
conventional power plants in areas where electricity is
easily available and the rest is being generated through DG
sets which consume a significant amount of highly
subsidized diesel leading to noise and air pollution, besides
heavy CO2 emissions. Apart from this, in rural areas, where
such options are not available, 30–40% of agricultural
produce is being destroyed due to lack of proper postharvest cooling facilities. Thus, resorting to solar cooling
not only mitigates energy shortage and environmental
pollution, but also contributes to the reduction of food
spoilage. The applications of cooling include domestic
refrigeration, comfort/ space cooling in various sectors,
industrial refrigeration and process cooling, cold storages
with deep freezing, vaccine storages in PHCs, etc. The
capacity range of systems varies from a few Watts to
thousands of kW. Solar cooling/air- conditioning systems
have the potential to catering to *Corresponding author: Mayank
Singh

all the above sectors. However, this is an emerging
technology and faces many growth barriers, which are
different from other heating and cooling technologies. The
solar cooling technologies are mainly classified into two
main groups depending on the energy supply: a
thermal/work
driven system and electricity
(Photovoltaic) driven system. Each group can be classified
as the following:
1)

Thermal/work driven system

2)

• Absorption refrigeration cycle
• Adsorption refrigeration cycle
• Desiccant cooling cycle
• Ejector refrigeration cycle
Electricity (Photovoltaic) driven system
• Vapour compression refrigeration cycle
• Thermo-electric refrigeration cycle
• Stirling refrigeration cycle

2. Literature Review
You cannot plug an air conditioner directly to a solar panel.
Solar panels produce direct current with varying voltage and
power. Even if you have panels that produce sufficient power,
you do not have alternating current (AC) which runs most
electrical appliances.
Secondly, electrical appliances, especially an AC, require
protection and buffer against voltage fluctuations. Direct
connect cannot provide that buffer.
Therefore, you need an inverter, either with batteries or
connected to the grid to be able to provide necessary power
when solar output fluctuates.

586

MULTICON W ICAMCE 2022
That’s said, if you have enough panels to generate the power
your AC requires, an adequate capacity inverter and
batteries/grid connection, you may run pretty much anything
you want to

• Line 8-4-1: Indicates the idealized process of absorption
of water vapour from the evaporator by the strong solution
in the absorber.
• Line 2-5: Denotes the condensation of water vapour in the
condenser by the cooling water from the cooling tower, at
constant condensing pressure Pc.
• Line 5-6: Shows the flow of condensed water from the
condenser to the evaporator.
• Line 6-1: Indicates the evaporation of the water in the
evaporator due to the prevailing low pressure Pe. Also, the
water absorbs the heat from the space to be cooled. The
water vapour from the evaporator is, in turn, absorbed by
the strong solution in the absorber, thus completing the
cycle of refrigeration.

Fig 2.1 solar absorption air-conditioning

Some of the findings of this paper are as follows:

The main process taking place in the chiller is as follows (as
Air conditioning demands in domestic building have increased
shown in Figure 2.2).
rapidly in recent years, due to the demand of higher comfort
• Line 1-7: The weak solution from the absorber at point 1 conditions inside buildings. Solar cooling is a highly promising
is pumped through the heat exchanger to the generator; and attractive renewable solution for the world due to near
point 7 indicates the properties of the solution at the outlet coincidence of peak cooling loads with the available solar
of the heat exchanger. During the process 1-7, the power; moreover there are no negative effects on the
environment as a result of using Chlorofluorocarbons
concentration of the weak solution is held constant.
refrigerants as used in conventional air conditioners, which
• Line 7-2-3: Process 7-2 shows the sensible heating of the induce ozone depletion and the consequent greenhouse effect.
weak solution in the generator, and 2-3 indicates the boiling Despite their potential advantages, the existing solar
of water vapour from the solution at the constant adsorption refrigeration systems are not yet competitive
condensing pressure Pc (although the boiling pressure is a enough to replace electricity-driven refrigerators because of its
little higher than the condensing pressure, the difference is higher cost, lower coefficient of performance (COP), and
negligible). During this process, the weak solution becomes lower specific cooling power (SCP) in comparison.
Solar cooling technologies appear to represent an encouraging
a strong solution.
• Line 3-8: Symbolizes the strong solution passing to the alternative for conventional cooling devices, especially in
absorber through the heat exchanger, in which it preheats developing countries and rural areas where electricity is not
the weak solution flowing from the absorber to the typically available, and in industrial countries wherever peak
generator. During this process, the concentration of the cooling loads coincide with available solar power. Therefore,
this Research Topic highlights the main attributes for different
strong solution is constant. Where,
solar cooling technologies to recognize the main advantages,
challenges, disadvantages, and feasibility analysis. Moreover,
Te-Evaporator temp.
Ta-Absorber temp.
the need for further research to reduce solar cooling chiller
Tc-Condenser temp.
Tg-Generator temp.
manufacturing costs and improve its performance to be
commercialized. Furthermore, it provides useful information
for decision-makers to select the proper solar cooling
technology for specific applications.

Fig 2.2 Process diagram of solar VAS

Fig 2.3 layout of Solar absorption refrigeration system
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They calculated the heat input required to run the 1TR
vapour refrigeration system is about 304.2 KJ/min. This
heat in the generator is supplied by the hot water coming
from the solar flat plate water heater. For this system the
coefficient of performance is also calculated. The results
can be summarized as:

the bubble pump and generator. The system required a high
performance vacuum tube solar thermal collector with 6.4 m2
of absorber area with COP approaching 0.5 when heat output
at the condenser and absorber was closer to 55 Deg C. This
was to cater to 500 kg of fruit and vegetable in a floor are of
12m2. It came equipped with an ice battery bank of 6 kWh.
This required a much higher temperature for the generation
and bubble pumping thermal input however at nearly 190
Deg C.

• Mass flow rate of cold water=3 Kg/min
Designed operating conditions:
• Condenser pressure: 10 bar
• Evaporator pressure: 1 bar
• Heat input required (at generator) = 304.2 KJ/min
• Area of the solar collectors required = 24 square
meter i.e. 4 plates of 3×2 m2 can be used.
• Output temp of water from solar heater = 84 0C
• COP of refrigerating unit = 0.69

N. Hatraf et al. studied the effect of external and operating
conditions on a solar Lithium Bromide absorption chiller.
Graph 2.1 Effect of the generator temperature on COP
The coefficient of performance COP depends on generator
temperature, as shown in the Graph 2.1, more we increase
the boiling temperature, the separation of the water vapors
occurs easily and consequently we increase the
effectiveness of the absorption chiller however the
generator inlet temperature could not be increased too much
because of the crystallization of the LiBr.

• COP of the whole system = 0.58
From above results, he has been proved the feasibility of the
solar powered vapour absorption refrigeration system.
Lim Chin Haw et al. studied an air-conditioning system
which is the dominant energy consuming appliances in
most of today office buildings. Today most of the small
office buildings deployed conventional cooling
technologies (VCR) that exhibits high energy consumption,
high electricity peak loads demand and in general it employ
refrigerants which have several negative impacts on the
environment. Because of the high energy cost, the decrease
of fossil fuel resources and the rise of environmental
pollution. Hence they utilized the low level renewable
energy sources such as solar energy in refrigeration
systems. In this paper they provided technical overview and
economic feasibility of a solar assisted air conditioning
system.
In this study absorption chiller is used having 23 kW
capacity and 0.7 C.O.P. They found that solar assisted air
conditioning based on small absorption chiller is suitable
for small office. It leading to save remarkable electricity and
reduces the environmental impact especially the reduction
of CO2 from the environment. It is vital to maximize the
application of the solar thermal energy by not only as
driving heat source for the absorption chiller but also
providing hot water supply to the users. With both of this
usage, the economic viability of solar assisted air
conditioning system can be further optimized. Although
solar assisted air conditioning system has a high capital
investment but with a payback period of 8 years, it has made
this technology a viable investment for both the client and
the developer of a small office building development.
Ashwin Philip Kurian et. al reported the absorption
refrigeration system. The absorption refrigeration system
catering to a load of 1.2 kW running at a lower temperature
level of -4 Deg C requiring about 2.4 kW of heat input to

Graph 2.2 Effect of ambient temperature on COP
The ambient temperature has a negligible effect on the COP
of the chiller, because of the use of water as cooling fluid.

Fig. 2.3 Effect of the generator heat quantity on flow
rate of the strong solution
According to the exposed results, they concluded that
LiBr/water absorption chiller is more convenient than other
couple for the same capacity, it doesn’t depends on many
factors if we use cooling water condenser, air cooling
condenser system is affected by ambient temperature which
fluctuates along the day. The generator temperature is an
important factor to design an effective absorption chiller, by
taking into account the crystallization of the LiBr.
T. Srinivas et. al developed cogeneration plant by coupling a
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Kalina cycle system (KCS) with a vapor absorption
refrigeration (VAR) system. The working fluid
used
in
this
theoretical
thermodynamic
evaluation is ammonia water
mixture. A low
temperature heat recovery (150 0C–200 0C) from engine
exhaust gas, solar collectors, or similar can be used to
operate the plant. A controlling facility is provided to set
the required amount of power or cooling to meet the
variable demand. In this proposed plant, the liquid
refrigerant absorbs more amount of heat from evaporator
surroundings with a flow control located in between power
and cooling cycles. The extra included components are
condenser, heat exchanger and throttling device over KCS
plant. Due to possibility of more cooling, it offers high
energy utilization factor (EUF).

the thermal requirements even in the absence of sunlight.
Among the major working pairs available, LiBr-H2O is
considered to be better suited for solar cold storage because
of higher coefficient of performance.
The machines generally utilize environmentally friendly
refrigerant water which has no greenhouse potential.
Because the systems merely require auxiliary energy for the
operation of pumps and heat rejection they utilize
significantly less power (or no other power). Solar machines
have few moving parts and a long life if designed correctly.
The electricity grid is also relieved, since the mass
operation of electrical air- conditioners in summer
occasionally leads to severe strain on the electricity grid. In
addition to cooling, the solar collector system can also
provide thermal energy for domestic hot water preparation
and heating support which leads to a further reduction of
emissions. Furthermore, noise emissions are significantly
lower since machines work without compressors.
A variety of products are stored in these refrigerated
warehouses, depending on the product characteristics and
storage requirements.
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Abstract—

In

today’s

competitive

Keywords—

world,

manufacturing sectors are keen in improving the product life

Rapid

Prototyping,

Fused

Deposition

Modeling, ABS material, Surface Roughness

with superior quality and reliability of the product, thus
reducing the cost of the product. The application of Rapid

I. INTRODUCTION

Prototyping has led to a rise in different fields of
aerospace

In today’s competitive world, industries are

engineering where customized products are required. These

looking forward to cost savings, improved product

manufacturing

like

automobiles,

robotics,

products can be easily manufactured using Rapid Prototyping

life, higher quality and reliability of products.

(RP) technology considering the complex geometry. Among
several other Rapid Prototyping (RP) technologies, Fused

Those developing interest for altered results in

Deposition Modeling (FDM) has been considered as the area of

distinctive fields, for example, aviation, car and

research as it has the ability to easily manufacture complex

others with cluttered geometry What's more

structure geometry layer-by-layer from any 3D modeling
software which will hence be competent to fabricate the end

subtlety offers need prompted. A rise in the use for

product. The manufacturing of product at ease, with better

Rapid Prototyping (RP) innovation.[1] This

feasibility, availability and affordability can be achieved by an

innovation has end up being a proficient option for

FDM technique.
A considerable amount of significance is given to the

the enterprises to create complex parts with less

process parameters like layer thickness, orientation and infill

manual exertion at a quicker speed while totally

density and the effect of these process parameters on

eliminating the need of tooling and Design for

mechanical strength. For analysis of the above stated process
parameters, different mechanical properties are selected

Manufacturing

namely tensile strength, compressive strength and surface

generally. Among a few RP advances accessible in

roughness.

(DfM)

related

limitations

the current situation, Fused Deposition Modeling

An investigation on the relationship between the
is

(FDM) has been picked as the space of center due

considered for ABS and PLA material using FDM technique.

to its exceptional qualities, for example, the

process

parameters

and

the

mechanical

properties

This study is done to determine the geometric stability and

capacity to construct complex designs in a layer-

product quality and performance of the product. Among other
additive manufacturing methods, FDM technique is the fastest

by-layer technique beginning from a Computer

growing 3D printing method that provides economical way of

Aided Design (CAD) record and ability to utilize

fabricating products.

various types of materials in the creation. Ease,
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affordability

and

feasibility

the

compressive strength, impact strength, flexural

interaction distantly to deliver modified customer

strength, thermal properties etc. [11][12] This

products made this imaginative innovation as a

study is done to determine the geometric stability

good method to manufacture across different

and product quality and performance of the

companies.[2] In spite of the wide scope of

product. Among other additive manufacturing

advantages

countless

methods, FDM technique is the fastest growing 3D

obstructions exist identified with this interaction.

printing method that provides economical way of

FDM innovation should be improved as far as

fabrication.

offered

by

to

control

FDM,

mathematical steadiness, part quality and item

In addition, the relationship between the

execution. A genuine comprehension of the cycles

process parameters and the mechanical properties

and their qualities is vital to defeat these

differ from material to material, which means that

restrictions. [3]

the optimal combination of parameters obtained

A lot of significance is given to the mechanical

for a material cannot be same with other material.

strength of RP manufactured parts as the

[13] Some commonly used materials for FDM

mechanical properties are viewed as the main lists

technique is ABS as it has greater availability in

for assessing the creation nature of the cycle. [4] If

market.

FDM need been evolving from prototyping it

PLA[15][16], CFR-PLA [17] and ULTEM 9085.

should manufacture parts for their regulate

[18][19][20] Therefore, study on the ABS

utilization over application, parts created by FDM

material is held as this material possesses stability

have poor mechanical properties.[5] The process

of tensile strength, rigidity, surface hardness and

parameters and material properties of the FDM

dimensional stability. This research will examine

relies a considerable measure on the transform

the study of ABS material on different parameters

parameters for example, orientation, infill density,

of FDM technology.

[14]

Other

materials

used

are

encourage rate, raster angle and layer thickness

In addition, ABS is considered as cost efficient

around others.[6][7][8] These wide numbers of

and has an extensive study over the period of

parameters available in the FDM technology

time. Also there are lot of innovations in the field

makes it a intricate process. [9] Therefore, a need

of additive manufacturing as it provides cheaper

to identify the effect of process parameters on the

manufacturing

mechanical properties of the parts is highly

Deposition Modeling (FDM) technology, has been

critical.

used efficiently for manufacturing of better

[10]

Thus,

investigation

on

the

relationship between the process parameters and

of

products

whereas,

Fused

quality product at cheaper Cost.

the mechanical properties is considered for ABS
II. PROBLEM STATEMENT

material using FDM technique. The different
mechanical

properties

are

tensile

The objective of this research is to study the

strength,

relationship of FDM process parameters such as
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orientation, layer thickness and infill density on

insignificant or no human exertion and tooling

the quality of the part using ABS material.

which would be unimaginable with ordinary

Mechanical

strength,

assembling machines like CNCs.[12] In the long

compressive strength and surface roughness will

run, these benefits cleared the way for added

be tested for quality of the part. The overall

substance fabricating into assorted fields like

objectives of the research are as follows:

aviation, auto, clinical, and so forth For instance,

properties

like

tensile

✓ Examine the behavior of the quality of

through RP innovation in the clinical field, the

ABS material for various FDM process

chance

parameters.

calculations has empowered muscular specialists

✓ Analyzing the relationship between the
FDM

process

redid

and

exact

to copy lost human organs and plan medical
implants. [21] The traditional property of porosity

Thereby,

in Rapid Prototyping technology has been of

examining the results using statistical

further advantages in the field of manufacturing in

techniques.

medical implants and scaffolds. [45] Additive

properties.

and

manufacturing

the

mechanical

parameters

of

✓ Finding the optimum combination of FDM

Manufacturing or Layered manufacturing, when

process parameters for better part quality.

compared

with

traditional

manufacturing

processes has been able to overcome the quality
and the geometric complexity of the product and

III. LITERATURE REVIEW

i) Rapid Prototyping

hence verified its potential to fabricate intricate

With the quickly developing innovation and

designs. [22]

rivalry, businesses are zeroing in additional on

Major steps involved in any RP process are shown

quicker and simpler methods of assembling

the Figure 3.1[3]. Following are the steps of the

procedures.

same:

Nonetheless,

the

difficulties

•

confronted with assembling of complex designs

Designing a 3D model in any Computer

made specialists to zero in additional in transit

Aided Design (CAD) software such as

parts are being created which prompted the

Creo Parametric, SolidWorks etc

development

of

another

innovation,

•

Rapid

Prototyping. The 'Rapid' in RP alludes to the

This 3D model is then converted into a
standard file format (generally .STL)

•

speedy creation of models in contrast with

Later the .STL file is sliced using the

customary subtractive strategies for assembling

slicing software such as Cura Slicer,

cycles like boring, processing, machining, turning,

Stratasys, 3D slicer etc

and so on This innovation is equipped for creating

•

structures with confounded calculation by getting

This sliced model is converted into twodimensional layers and is then sent to the

a CAD (Computer Aided Design) model with
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•

printer, where layer by layer part is

the article and is put away in the STL file format,

manufactured.

which is upheld by the RP machines. [27] The

Later, post processing is done on the

way toward changing over the CAD into a cross

printed part.

section of triangles to frame the external surface
of the item is called tessellation. This is a
significant advance as the process parameter, for
example, build-time, part quality and surface
roughness rely upon the degree to which the
model has been tessellated. The more tessellated a
model is, the more is the structure time, and more

Figure 3.1 Major steps involved in any RP process (Sood, 2011)

is the dimensional precision of the actual model in

ii) CAD Software:

contrast with the CAD model. [28]

One of the major steps in any RP process

Prior

is the conversion of 3D model into a suitable file

to

being

sliced,

the

slicing

programming permits the end user to settle on a

format. A number of CAD modeling software

decision of the direction and cut thickness (layer

used are SolidWorks, Creo Parametric, CATIA,

thickness)

Pro-E, AutoCAD and others. These software

which

enormously

sway

item

fabricating time, material to be utilized and related

stores the design in the mathematical data and

expense, surface quality and the quantity of extra

then this data is transferred using standard

constructions known as help structures. [25]

interfaces and file formats.[23][24]

Following are the requirements that an STL file
format must satisfy:

iii) File Formats:

1. Each face of the triangle must share only

Even though a excess of interfaces are

one

available, like, IGES, STEP, DXF and STL the

for

Stereolithography.

[25]

with

the

adjacent

triangle.[29][30]

industry standard for any RP file is the STL which
stands

edge

2. The vertex of any one triangle cannot lie

The

on the edge of any other triangle [29].

calculations and numerical information in the

When the part is viewed from external

CAD model can be moved utilizing the STL

end, the vertices of the triangle should be

design. The STL design is three-sided features

placed in anti-clockwise direction. The

portrayal of the ideal model, which goes about as

normal vector of each triangle must be

a contribution to cutting programming that cuts

pointing outside[30]

the model into layers for build process. [26]

Most of the CAD systems fail to satisfy these

Prior to slicing/cutting, the CAD model is

necessities and effect in defects such as missing

tessellated, for example changed over into a cross
section of triangles to shape the external shell of
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facets, overlapping facets, holes, cracks and

a specific layer thickness or based on adaptive

inaccurate normal. [29][31]

slicing.
The slicing process itself can be divided into four

iv) RP Machine Software:
The

next

step

stages as shown in Figure 3.2 [32] which can take

involved

in

Rapid

most of the process planning time. These 2D

Prototyping is conversion of 3D CAD model into

slices when built up together will produce the

.STL file using RP machine software. These

entire part. With increase in 2D slicing, the build

software involves different entities like repair,

time as well as the accuracy will increase.

orient, colour and later print the 3D model. Some
of

the

RP

QUICKSLICE,

software
Cura

used

are

Slicer,

ZPRINT,
Stratasys,

CATALYST etc. The function of the stated
software is to slice the 3D CAD model into
number of parts. This information of slices is then
fed to the main printer unit where the printing of
the part takes place. The major characteristic of
the RP machine software is to decide on various
Figure 3.2. Stages involved in Slicing process (Rodrigo et al., 2017)

process parameters like layer thickness, raster fill,

v) Fused Deposition Modelling (FDM):

orientation, infill density etc by means of which

Fused Deposition Modelling (FDM) is a

the part will be built.

rapid prototyping technique developed in 1988 by

The other most important aspect of the RP

Scott Crump. It is based on thermal energy,

machine software is to determine the process

surface

parameters such as orientation layer thickness,

STL file format (Stereolithography file format). In

and material rely upon this choice. The intricacy

STL file format different process parameters are

of the RP programming differs with the RP

determined and the defects are found like,

interaction that is being utilized. Despite the RP
function

of

any

manufacturing

CAD software and it is then converted into an

as the boundaries, for example, built time, cost

basic

layer

technique the desired part is designed in the 3D

be built. This viewpoint is critical for any RP user

the

and

technology. [33] In Fused Deposition Modelling

raster fill, density etc. with which the part needs to

measures,

chemistry

dangling edges, missing facets. [34] Through the

RP

built-up process, filaments of thermoplastic are

programming is to make 2D cross segments by

heated to its melting temperature are extruded

cutting the 3D model with equal lines making the

layer by layer from a nozzle tip (Z direction) in an

shape of each layer. [32] Slicing can be done with

extrusion head which moves along the X-Y
direction.
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The extrusion head consists of two

initial

machine

buy

costs,

usability,

and

nozzles, one is used for fabricating part and the

diminished danger of material tainting and

other one is used for building the support material.

wellbeing of clients. [39] These benefits make it

[35] Once the nozzle is placed on its initial

an easy to understand technique. Different

position, it starts forming a layer. This material is

benefits remember ease for change the materials,

then solidified rapidly due to low temperature of

negligible wastage of construct material and

the platform. [36] The plate is maintained at a

simple

lower temperature so as to cool the material after

investigation centers around the utilization of

the material is added to the surface of the

FDM strategy to create the parts. [25]

place.[37]

evacuation

of

help

material.

This

Some of the drawbacks include poor
dimensional precision, low strength of the parts
and higher form time. The form time and cost of a
FDM part are impacted by the cycle boundaries
used to fabricate the parts. Hence, it is very
crucial to make the correct choice of parameters
as the part strength quality, precision and surface
roughness fundamentally rely upon the process
parameters. [3]
vi) FDM part quality:
The study shows that research is done on

Figure 3.3 Schematic diagram of Fused Deposition Modelling (FDM)
method (Khan Adil, 2016)

various additive manufacturing technologies like

The stage at that point brings down by a

SLS, SLA etc but there is a lot of improvement

predefined distance, for example for the spout to

required

lay the second layer onto it. The expelled material

product

quality

of

FDM

slower than other RP techniques like SLS which

temperature with an objective that it gets set in

may directly affect the strength of the product.

about 0.1s and gets cold welded to the adjoining

Another drawback of FDM is the staircase-effect.

past layers. [35] This interaction proceeds until

As we know, the FDM technology uses layer by

the part is worked according to the measurements

layer manufacturing while building the part; this

given in the design input. [38] Alongside the part,

may create some surface inaccuracies. When a

build supports are built to support the more

curved geometry is created in 3D CAD modeling

vulnerable areas and balancing designs of the part.

software, it loses its geometrical accuracy while

There are a few benefits of FDM measure
most

the

technology. Generally, FDM is considered to be

is kept up at 0.5 degrees Celsius above liquefying

when contrasted with

in

printing the part because the part is printed in two

other additive

and a half dimensional form. This loss of

manufacturing processes, for example, lower
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information leads in generation of a stair-

processes. The effect can be decreased by

like structure on the part. This structure is known

decreasing the layer thickness but this might lead

as staircase effect. It is negligible in case of

to increase in the built time and cost. Therefore,

perpendicular and horizontal surfaces, but its

by electing an optimal value of layer thickness

effect is maximum in inclined or curved surfaces.

one can balance the build time and stair-case

Figure 3.4 shows the effect of the staircase in RP

effect.

Figure 3.4 Staircase effect observed in inclined surfaces
(3Dprinterchat.com)

4.Methodology:

vii) Material properties and the FDM parameters:
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Table 3.1 Summary of literature review based on FDM process parameters and mechanical strength

Author

Wenzhen
g et al.
[2015] [40]

Mat
erial

Machi
ne Used

Process
Parameter

Mecha
nical
Properties
used

PEE
K

U-Print
SE 3D
printer

Layer
thickness, Raster
angle

Compre
ssive and
flexural
strength

PLA

FDM16
50
Stratasys

Air gap, raster
angle and raster
width

ABS

Dimens
ion BST
1200

ABS

Stratas
ys FDM
machine

ABS

Diemns
ion 3D
printer
machine

Signific
ant
Process
Parameter
s
Layer
thickness
and
deposition
orientation

Analysis

Through
graphs
obtained from
mechanical
tests

NA

Through
graphs
obtained from
mechanical
tests

Bending
and tensile
strength

Orientat
ion

Through
graphs
obtained from
mechanical
tests

Air gap, raster
width and raster
orientation

Tensile
and
Compressi
ve strength

Raster
orientation,
air gap

Through
graphs
obtained from
mechanical
tests

Raster angle,
orientation

Tensile
and
flexural
strength

Orientat
ion

Through
graphs
obtained from
mechanical
tests

ABS

FDM
3000

Layer
thickness, Air
gap, raster width,
raster orientation

Angle
of
displaceme
nt

Layer
thickness
and raster
orientation

ANOVA
and S/N ratio

Ognzan et
al. [2014]
[15]

PLA

Makerb
oot
Replicator
2

Layer
thickness,
deposition angle,
orientation

Flexural
strength

Layer
thickness,
deposition
angle,
orientation

P values
for various
parameters

Motaparti
et al. [2016]
[19]

ULT
EM
9085

Fortus
400mc

Air gap

P values
for various
parameters

Masood et
at. [2010] [6]

Gorski et
al [2015]
[41]

Ahn et al.
[2002] [42]

Ismail et
al. [2014]
[43]
Khan et
al. [2005]
[46]

Orientation

Raster angle
and air gap
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Tensile
strength

Compre
ssive
strength
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Srivastava
, M. et al.
[2017] [44]
Ali
Chalgham et
al. [2021]
[27]
Muhamm
ad Waseem
et al. [2020]
[37]

Demei
Lee et al.
[2020] [17]

Aboma
Wagari
Gebisa et al.
[2018] [18]

Petr
Vosynek
[2018] [1]

Khalid A.
Al-Ghamdi
[2019] [12]

Nikoletta
Chatzidai et
al. [2019]
[11]

ABS

uPrint
modeler

Spatial
orientations

Build
time

Slice
height, air
gap, raster
angle and
width

PLA

Raise
3D Pro2
Plus
printer

build
orientation, layer
thickness,
printing speed

3-point
bending
test

layer
thickness,
printing
speed

Through
graphs
obtained from
mechanical
tests

PLA

Maker
Bot
desktop
3D printer

layer height,
infill percentage,
rupture time and
infill patterns

tensile
creep
behavior

rupture
time and
infill
patterns

RSM
technique,
ANOVA

tensile
and impact
strengths

bed
temperatur
e and print
orientation

Taguchi
approach

flexural
strength

raster
angle and
raster
width

ANOVA

tensile
tests

filling
angle, the
shape of
the filling,
the
orientation

CFR
-PLA

V2-B
Dual
Extruder
Printer

print
orientation,
fill density,
bed temperature,
nozzle
temperature, and
print speed
air gap, raster
width, raster
angle, contour

ULT
EM
9085

Fortus
450 mc

ABS
P400

filling angle,
FLASH
fill shape, air
FORGE
gap, print
Dreamer
orientation, and
print temperature

ABS

Explore
r 3D

number, and
contour width

Layer
thickness, Fill
density, Feed
rate, Shell
thickness

impact
strength,
tensile
strength,
and shock
resistance

Buildin
g

MakerABS

Bot
Replicator
2X FDM
Printer

Building
Orientation,
Building speed,
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layer
thickness
and feed
rate

thermal
diffusion

Orientat
ion,
Building
speed,

Response
Surface
Methodology

Through
graphs
obtained from
mechanical
tests

ANOVA

Through
graphs
obtained from
mechanical
tests

MULTICON W ICAMCE 2022

Conclusion:
In this study, based on the review of the
[2]

literature, prominent and conflicting parameters
that affect the part quality were chosen. The
selected materials are ABS and PLA as these are

[3]

widely available and the process parameters for
FDM are the layer thickness, orientation and
infill density. This study differs from previous

[4]

studies in the following ways:
•

In this study, significance is given to the
[5]

process parameters like layer thickness,
orientation and infill density and the
effect of these process parameters on
mechanical
strength,

properties
compressive

like

[6]

tensile

strength

and

[7]

surface roughness.
•

This study takes into account a new
[8]

FDM process parameter such as infill
density that has not been previously
studied.
•

[9]

The study also focuses on an additional
mechanical

property

of

surface

roughness.
•

[10]

Analyzing the relationship between the
FDM

process

mechanical

parameters
properties.

and

the

Thereby,

[11]

examining the results using statistical
techniques.
[12]
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