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Abstract : Soil Improvement Technique is the technique
which improves the physical properties of soil, such as
increasing shear strength, bearing capacity etc. which can be
done by use of controlled compaction or addition of suitable
admixtures. The cost of introducing these additives has also
increased in recent years which opened the door widely for
the development of soil by using plastic. This new technique
can be effectively used to meet the challenges of society, to
reuse the waste materials. Use of plastic bottles is increasing
day by day leading to various environmental concerns.
Therefore the disposal of the plastic wastes without causing
any ecological hazards has become a real challenge. Thus
using plastic bottles to improve the strength parameters of
soil is an economical utilization since there is scarcity of
good quality soil for embankments. This project involves the
detailed study on the possible use of waste plastic bottles for
soil improvement. The analysis was done by conducting
“Tri-Axial Test & Direct Shear Test” on soil reinforced with
Plastic Bottles Strips of size 1cm x 1cm. The comparison of
test results showed that the soil sample using plastic strips
gives better result than soil without plastic. The size and
content of strips of waste plastic bottles have significant
effect on the enhancement of strength of the soil. In this
review paper, we have taken Black Cotton Soil. The soil is
tested with 1% plastic by weight & with naturally obtained
soil. The test results are compared for above conditions and
obtained the change in the strength parameters of soil.
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thus improving the load bearing capacity of a sub-grade to
support pavements and foundations. The most common
improvements achieve for better soil gradation, reduction of
plasticity index or swelling potential, and increases in
durability and strength. These types of soil quality
improvement are referred to as soil modification. Benefits of
this technique are higher resistance values, reduction in
plasticity, lower permeability, reduction of pavement
thickness, elimination of excavation, material hauling and
handling, and base importation, aids compaction, provides allweather access onto and within projects sites.
As good soil becomes scarcer and their location
becomes more difficult and costly, the need to improve
quality of soil using new techniques is becoming more
important. This technique using raw plastic bottles is an
alternative method for the improvement of strength
parameters of soil. It can significantly enhance the properties
of the soil used in the constructions.
Plastic waste management institute in 2002 reported
about 55% of waste plastic are effectively being utilized in
energy recovery and feed stock recycling. All the plastics are
not recyclable due to their thickness of material. A common
problem with recycling plastics is that they are often made up
of more than one kind of polymer (heterogeneous character)
or some sort of fibres added to the plastics (a composite) to
give added strength. The above characteristics are helpful for
using the waste materials in soil of poor strength to improve
geotechnical properties of soil.

axial Test, Direct Shear Test, Reuse of Plastic.

I. Introduction
Soil improvement technique means the improvement of
stability or bearing capacity of the soil by the use of controlled
compaction, proportioning and/or the addition of suitable
admixtures. The basic principles of soil improvement are:
 Evaluating the properties of given soil.
 Deciding the lacking property of soil and choose
effective and economical method of soil
improvement.
By soil improvement we can increase the shear strength
of a soil and/or control the shrink-swell properties of a soil,
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Reusing plastic waste from water bottles has
become one of the challenges worldwide. The bottled water is
the fastest growing beverage industry in the world. It is
reported that annual consumption of PLASTIC bottles in the
world are approximately 10 million tons and it grows about
15% every year.
Plastic bottles made of Polyethylene Terephthalate
(PET) are one of the most abundant plastics in solid urban
waste. On the other hand, recycling of plastic water bottles is
very low. And hence there is need of reuse of the plastic
water bottles. The best way to handle such waste is to utilize
them for engineering applications. The use of plastic waste in
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engineering applications reduces the problem of disposal of
this non-biodegradable waste causing environmental hazards.

II. Material and Methodology
A) Material
i. Black cotton soil
The soil has a swelling property and settling properties due to
the presence of montmorillonite mineral. In India, expansive
soils are called as Black Cotton soil. The name “Black Cotton”
as an agricultural origin.
The characteristics of the test soil are as follows :
Table 1: Characteristics of Black Cotton Soil
Sr.
No.
1.
2.
3.
4.

5.
6.

Description of
Experiment Ex
Permeability Test
Liquid Limit
Plastic Limit
Shrinkage Limit
Consistency Index((2W)/(2-3))
Differential Free
Swell Test
Swell Pressure Test

Calculated
Results
1.3x10-4 cm/sec
46 %
37 %
13.7 %
2
10 %
1.877 N/cm^2

Remarks
Silty Sand

Very Soft

Low
expansive
-

Without Plastic
Sr.
No
1
2
3
4
5

Cell
Pressure
1.2
1.6
1.8
2
2.2

Deviator
Stress
0.65
0.93
1.04
1.07
1.10

Normal
Stress
1.85
2.53
2.84
3.07
3.30

With 1% Plastic
Deviator
Stress
1.35
2.74
2.29
2.65
3.10

Normal
stress
2.55
4.34
4.09
4.65
5.30

Similarly Direct shear test also performed on soil samples and
their results are as follows.
Table 3: Observations of Direct shear test
Without
Plastic
Sr.
No.
1
2
3

Normal
Stress
0.2
0.5
0.7

Shear Stress
0.32
0.45
0.62

With 1%
Plastic
Shear
Stress
0.39
0.50
0.74

Note: All stresses are in kg/cm2.
From the obtained test results graphs are plotted as shown
below. Fig.1 indicates increase in normal stress while
performing Tri-axial test on soil sample with 1% of plastic as
compared to soil sample without addition of plastic.

ii. Plastic
In this project we have used Waste Plastic Water Bottles. We
have cut these plastic water bottles with a aspect ratio of 1 i.e
the strips of size 1cm x 1cm. The main aim of using plastic is
to reduce the amount of plastic waste that dumped in land,
oceans and to reduce hazardous effects on environment.

B) Methodology
i. Tri-Axial Test
Today Tri-axial test is the most commonly used Strength Test
in research laboratory. In this test the solid specimen,
cylindrical in shape, is subjected to direct stresses acting in 3
mutually perpendicular directions. This test gives shear
strength parameters of soil

Figure 1 Comparison of normal stress at same cell pressure
Similarly Fig. 2 shows increase in strain and stress carrying
capacity of soil by addition of plastic by 1%.

ii. Direct Shear Test
This is the simple and commonly used test on soil. This test is
used to determine the shear parameters of soil by using shear
box apparatus

III. Results and Tables
As per mentioned above Tri-axial test had been performed on
Black cotton soil without any addition of plastic and with
addition of plastic strips 1% by weight. Their test results are
given below.
Table 2: Observations of Tri-axial test
NCICE@2016

Figure 2 Deviator stress versus strain while performing Triaxial test
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Now, in Fig.3 a graph is platted which is normal stress versus
shear stress based on results obtained from Direct shear test on
soil sample with 1% plastic and soil sample without any
plastic addition. The passing through these point intercepts Yaxis shows value of cohesion of soil. So from the graph it is
concluded that the cohesion of soil increases by addition of
plastic.

Figure 3 Direct shear test results comparison
Similarly, based on Tri-axial test results graphs are plotted
using Mohr’s circle method and values of cohesion (C) and
angle of friction(Ф) are calculated and compared as shown in
table below Table 4 Comparison of test results
Test

Without
Plastic

With 1%
Plastic

% Change

Tri-axial Test

C=0.21
kg/cm2

C=0.64
kg/cm2

%
increase=67

Direct Shear
Test

C= 0.19
kg/cm2

C=0.25
kg/cm2

%
increase=24
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IV. Conclusion
Use of plastic products such as bottles is increasing day by
day. The disposal of the plastic wastes without causing any
ecological hazards has become a real challenge to the present
society. Thus using plastic bottles as a soil stabiliser is an
economical and gainful utilization since there is scarcity of
good quality soil for embankments and fills. Thus this project
is to meets the challenges of society to reduce the quantities
of plastic waste, producing useful material from non-useful
waste materials that lead to the foundation of sustainable
society. Our experimental results shows that, after adding
plastic in soil, cohesion of soil increased by 67.18% by Triaxial test similarly we have performed Direct Shear test on
the same soil where we have found that the cohesion
increased by 24%. On the above basis we observed the
increase in cohesive property of soil so bearing capacity of
soil increases and settlement as well as compressibility
decreases.
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