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Abstract - Laboratory tests were conducted to study the effect
of waste plastic chips derived from used PET bottles on the
strength and swelling potential of silt. The content of plastic
waste was varied from 0, 0.5, 0.75 and 1 % by dry weight of
silt. The size of waste plastic chips was 15 mm x 5 mm in the
study. The results of this study reveal that there is significant
improvement in the strength silt and considerable reduction
in swell pressure with the inclusion of small quantity of waste
plastic chips. Mitigation of expansive soils using waste plastic
chips can be a good solution to reduce the swell potential of silt

on which buildings and roads are going to be constructed.
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I. INTRODUCTION

Researchers at present are focusing their attention to
find out alternate ways to utilize wastes emerging in the
society. Plastic wastes produced from used PET bottles
are considered one example of such wastes. Further, in an
effort to address the ever-increasing plastic waste disposal
problem and to conserve our depleting landfill spaces, there
has been a growing interest in recent years in for studying
the geotechnical behaviour of waste materials mixed with
soils. The present work is one such attempt to examine the
behaviour of silt mixed with waste plastic chips derived
from used PET bottles. A series of laboratory unconfined
compressive strength tests, direct shear tests and swelling
pressure tests were carried out by varying plastic chip
content. The results obtained from these tests are presented
and discussed in this paper.

II. BACKGROUND

A review of the literature revealed that various laboratory
investigations have been conducted on fiber-reinforced
materials. The results of direct shear tests performed on sand
specimens by Gray and Ohashi (1983) indicated increased
shear strength, increased ductility, and reduced post peak
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strength loss due to the inclusion of discrete fibers. These
results were supported by a number of researchers using
consolidated drained triaxial tests (Gray and Al-Refeai 1986;
Gray 1988; Gray and Maher 1989; Al-Refeai 1991; Stauffer
and Holtz 1995; Ranjan et al 1996). Arteaga (1989) supported
these results using both direct shear tests and consolidated
drained triaxial tests, but indicated that the direct shear
results were more erratic than the triaxial experiments. The
inclusion of discrete fibers increased both the cohesion and
angle of internal friction of the specimens. The increase
in cohesion of typically cohesionless materials due to
the inclusion of discrete fibers was termed the “apparent
cohesion” of the material (Arteaga 1989; Stauffer and Holtz,
1995). The improvement of the engineering properties due
to the inclusion of discrete fibers was determined to be a
function of a variety of parameters including fiber type,
fiber length, aspect ratios, fiber content, orientation, and
soil properties. Attempts were made by various researchers
to determine the effect of each parameter on the different
engineering properties of the composite. The peak strength
reportedly increased with increasing fiber content and length
up to a limiting amount of each beyond which no additional
benefits were observed (Gray and Ohashi1983; Gray and Al-
Refeai 1986; Arteaga 1989; Gray and Maher 1989; Maher
and Ho 1994; Ranjan et al 1996; Webster and Santoni
1997). Gray and Al-Refeai (1986) reported that reed fibers
were superior to glass fibers due to greater surface friction
properties. Gray and Maher (1989) and Al-Refeai (1991)
reported that an increase in the coefficient of uniformity,
an increase in particle roundness, or a decrease in average
particle size would result in additional strength benefits
due to fiber reinforcement. Al-Refeai (1991) reported that
fibrillated polypropylene fibers outperformed glass fibers,
and the optimum fiber length was 76mm for sands. Ahlrich
and Tidewell (1994) recommended an optimum fiber content
0.5% dry weight for stabilising sands with monofilament
fibers. Ranjan et al (1996) reported that reinforcement of
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medium sands was less effective than fine sands. Ranjan et
al (1996) further reported that sands stabilised with fiber
contents >2% dry weight of sand achieved no added benefit.
Morel and Gourc (1997) recommended an optimum mesh
content of 0.5% dry weight of sand for discrete polypropylene
mesh elements. A laboratory study conducted by Webster and
Santoni (1997) using varying lengths of monofilament fibers
in sands indicated an optimum fiber length of 51mm and an
optimum content 0.8% dry weight of sand.

Several researchers have conducted investigations to
improve the physical and mechanical properties of soil by
using different types of waste materials. Their research
includes, for example, waste tire, waste plastic, cement kiln
dust, fly and bottom ashes, blast furnace slag, stone dust,
recycled carpet wastes, factory-waste roof shingles and
sewage sludge ash (Benson and Khire, 1994; Baghdadi et
al., 1995; Miller and Azad, 2000; Montardo et al, 2002;
Sobhan and Mashnad, 2003; Dutta and Rao, 2004; Ghiassian,
2004; Ahmed, 2004; Hooper and Allen, 2005; Ghazavi and
Sakhi, 2005; Hataf and Rahimi, 2006; Sreekrishnavilasam et
al., 2007; Dutta and Sarda, 2007; Ahmed et al.,2008; Chen
and Lin, 2009). Benson and Khire (1994) reported that the
reinforcing sand with of pieces of waste plastic milk jugs
increased the strength, friction angle and secant modulus.
Bueno (1997) reported an enhancement of strength through
laboratory study on soil stabilized with short thin plastic strips
of different lengths and contents. Montardo et al., (2002)
reported the improvement in peak and ultimate strength of
fine sand with the use of fibers produced from waste plastic
bottles. Dutta and Rao (2007) conducted drained triaxial
tests to improve the behavior of sand reinforced with waste
plastic and acceptable results for ground improvement were
obtained. Dutta and Sarda (2007) studied the behavior of
stone dust/fly ash reinforced with plastic strips overlying
saturated clay and reported that the addition of waste
plastic strips increased the CBR and secant modulus. Babu
and Chouksey (2011) reported the stress-strain behavior of
plastic waste mixed clay and sand. The results of this study
indicated that the addition of plastic waste to soil leads to the
improvement in strength. Ahmed ef al., (2011) reported that
addition of strips of waste plastic trays to soil samples treated
with recycled gypsum enhanced the compressive strength as
well increased the value of secant modulus. Viswanadham et
al (2009) examined swelling behavior of geofiber-reinforced
soils, using fibers of different aspect ratios and observed a
reduction in heave. The swelling pressure was the maximum
at low aspect ratios at both the fiber contents of 0.25% and
0.50%.

Thus from the literature presented above, it is evident
that not much work has been reported on the silt reinforced
with waste plastic chips. Therefore, the present work is one
such attempt to examine the behaviour of silt mixed with
waste plastic chips derived from used PET bottles. A series
of laboratory unconfined compressive strength tests, direct
shear tests and swelling pressure tests were carried out by
varying plastic chip content. The results obtained from these
tests are presented and discussed in this paper.

IT1. MATERIALS USED
A. Silt

The soil was collected from Solapur, Maharastra, India.
The soil properties are shown in Table I. As per Universal
Soil Classification System, the soil may be classified as silt
with low plasticity.

TaBLE I ProPERTIES OF SoiL

Property Soil
Specific Gravity 2.72
Liquid limit (%) 45.80
Plastic limit (%) 30.01
Plasticity index 15.79
Shrinkage limit (%) 16.83
Optimum moisture content (%) 20.15
Maximum dry unit weight (kN/m3) 16.08
Cohesion (kPa) 13.56
Friction angle (Deg.) 11.06
Unconfined compressive strength (kPa) 51.50
Differential Free Swell index (%) 50
Swell pressure (kPa) 56.96
Classification Silt with low plasticity

B. Waste Plastic Chips

The reinforcement consisted of plastic waste derived
from PET used bottles. The chip content in the mixture was
kept 0, 0.5, 0.75 and 1 % by dry weight of silt. To study effect
of size and shape plastic chips, chip of size 15 mm x 5 mm
was used in this study. The properties of these chips are given
in Table II.

TaBLE II PROPERTIES OF PLASTIC CHIPS

Property Chip
Specific Gravity 14
Length (mm) 15
Width (mm) 5

IV. EXPERIMENTAL PROCEDURE AND TEST CONDUCTED

Dry soil of specified weight corresponding to maximum
dry unit weight was mixed with required quantity of water
corresponding to optimum moisture content and was kept in
desiccators for moisture equilibrium. Further, the wet soil
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was taken out from the desiccators and the required quantity
of plastic chips corresponding to dry weight of soil was
distributed uniformly over the soil as shown in Fig. 1 and
mixed uniformly.

Fig. 1 Mixing of chips with soil

The plastic chip—soil mixture was then filled in the
standard compaction mould and compacted by static
compactor to achieve the required unit weight (corresponding
to max dry unit weight). This mould is then placed in a
bucket filled with water for saturation. After the 3 days of
saturation the specimens of 38 mm diameter and 76 mm
long for unconfined compressive strength tests (UCS) were
extracted using hydraulic extruder. The test was conducted as
per IS-2720 Part 10 (1991, reaffirmed in 1995) and at a strain
rate of 0.01 mm/min.

The specimen for direct shear tests were prepared similar to
the procedure adopted for the UCS test. The static compactor
mould was filled with the mixture of specified quantity of
soil, water and plastic chips and compacted using static
compactor. Thereafter the mould was kept for saturation
for three days by immersing it in a bucket filled with water.
After saturation, the specimens of size 60 mm x 60 mm x 25
mm were extracted using hydraulic extruder. The test was
conducted as per IS 2720 Part 13 (1986) at a strain rate of
0.01 mm/min.

The constant volume method was used for measuring the
swell pressure. The required mould of 1000 ml capacity was
filled with mixture of soil, water and plastic chips (in case of
reinforced soil sample) and compacted using static compactor
to achieve the required dry unit weight (corresponding to
max dry unit weight). The test was conducted in accordance
with IS 2720: Part XLI: 1977(reaffirmed in 2002).
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V. RESULTS

The results of the unconfined compression test, direct
shear test and swelling pressure were used as an index of
specimen performance. The performance of test specimens
relative to the performance of the control specimen, and to
each other, provided a means of evaluating the effects of
each test variable. The control specimen was a silt specimen
prepared without any chip content. The reinforced soil
specimen was prepared with the addition of 0.5 %, 0.75 %
and 1 % plastic chips respectively.

A. Unconfined Compressive Strength

The axial stress-strain behavior of the silt reinforced
with varying percentage of plastic chips is shown in Fig. 2.
The study of Fig. 2 reveals that the peak axial stress of silt
increases with the addition of plastic chips. For example, an
axial stress of 51.5 kPa for the pure silt increased to 54.66
kPa when the silt specimen was reinforced with 0.5 % plastic
chips. The axial stress further increased to 69.7 kPa when the
content of chips was raised to 1 %. Further study of Fig. 2
reveals that the failure strain is decreasing with the increase
in plastic chip content which implies that the reinforced soil
is behaving in stiffer manner in comparison to pure silt.
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Fig. 2 Axial stress- strain behavior of silt reinforced with plastic chips

The variation of normalized unconfined compression
strength (qu) for different percentage of plastic chips is shown
in Fig. 5. Study of this figure reveals that the improvement
in qu due to increase in plastic chip content to the soil is
significant up to about 0.75 %. Beyond this, the improvement
in strength is marginal.
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Fig. 3 Variation of normalized unconfined compression strength with
percentage chip content

Thus from the above discussion it can be concluded that
with the increase in plastic chip content in silt increases the
unconfined compressive strength and decreases the strain
at failure of the composite. Significant improvement in
unconfined compressive strength is observed up to a chip
content of about 0.75 %. Beyond this, the improvement in
unconfined compressive strength is marginal.

B. Direct Shear

The results obtained from the direct shear tests conducted
on silt and silt reinforced with varying percentage of plastic
chips is shown in Fig. 4. The shear strength parameters
obtained from the direct shear test are shown in Table III.
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Fig. 4 Variation of shear strength of silt mixed with plastic chips
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TaBLE IIT SHEAR STRENGTH PARAMETERS FROM DIRECT SHEAR TEST

Direct shear test
1 0,
Chip content (%) Cohesion | Friction angle (Deg.)
(kPa)
0 13.56 11.06°
0.5 22.15 10.44°
0.75 29.39 10.44°
1.0 43.85 8.28°

Study of Fig. 4 and Table III reveal that the addition of
plastic chips to silt increased the cohesion. For example,
the value of cohesion for the pure silt was 13.56 kPa which
increased to 22.15 kPa when plastic chips of 0.5 % were
added to it. The value of cohesion further increased to 43.85
kPa when the content of chips was increased to 1 % in the
silt. The confinement effect by the plastic chips in soil could
be a contributing factor leading to increase in cohesion of
reinforced soil. Further study of Fig. 4 and Table III reveal
that the value of friction angle decreases with the addition
of plastic chips in silt. For example, for the pure silt, the
value of friction angle was 11.060 which decreased to 10.440
when plastic chips of 0.5 % were added to the silt. The value
further decreased to 8.280 when the content of the chip was
increased to 1 % in the silt. This decrease in friction angle
can be attributed to the easy slippage along smooth soil-chip
interface for reinforced soil. Further with the increase in chip
content in soil, the number of such smooth interfaces (soil-
chip interface) also increases resulting a further decrease in
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Fig. 5 Variation of normalized shear strength with normal stresses at
different chip content
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friction angle. Further to highlight the effect of plastic chips
on the shear strength at different normal stress values, the
shear strength of reinforced soil at a particular normal stress
was normalized with respect to the strength of unreinforced
clay at the same normal stress. The corresponding results are
shown in Fig 5.

Study of Fig. 5 reveals that the improvement in shear
strength of reinforced soil for particular chip content was
The shear
strength of reinforced soil at 49 kPa with 1 % of chip content

higher at lower normal stress and vice versa.

was about 2.15 times that of shear strength of pure silt
which drops to 1.38 times of shear strength of pure silt as
the normal stress increases to 196.2 kPa. This improvement
in shear strength at lower normal stress is attributed to
better interaction between the soil and plastic chip. Such
effect is diminishing at higher normal stress. Thus from the
above discussion it can be concluded that with the increase
of plastic chip content to silt increases the cohesion and
decreases the friction angle of the composite. The shear
strength improvement was significant at lower normal stress
and vice versa.

C. Swelling Pressure
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Fig 6 Variation of swell pressure with chip content

TABLE IV SWELL PRESSURE FOR DIFFERENT CHIP CONTENT

Reinforcement (%) Swell Pressure (kPa )
0 55.71
0.5 52.82
0.75 47.45
1.0 4291

TARCE - Vol.1 No.2 July-December 2012

18

The variation of swell pressure for different chip content
is indicated in Fig. 5 and Table IV. Study of Fig. 5 and Table
IV reveal that addition of plastic chips not only reduces the
swell pressure but also the equilibrium time required to
achieve the constant value of the same. The swell pressure of
pure clay was 55.71 kPa and time require to achieve it was
5381 seconds. The addition of 1% chips lead to reduction
in swell pressure to 42.91 kPa and equilibrium time to 2838
seconds. This may be attributed to interface friction at the
soil-chip interface is the sole factor leading to the reduction
in swell pressure.

V1. CONCLUSIONS

Laboratory tests were conducted to study the effect of
waste plastic chips derived from used PET bottles on the
strength and swelling potential of silt. The content of plastic
waste was varied from 0, 0.5, 0.75 and 1 % by dry weight of
silt. The size of waste plastic chips was 15 mm x 5 mm in the
study. Based upon the results presented above, the following
conclusion can be drawn.

1. The unconfined compressive strength increases with the
increase in plastic chip content in silt.

2. The strain at failure decreases with the increase in plastic
chip content in silt.

3. The unconfined compressive strength increases up
to a chip content of about 0.75 %. Beyond this, the
improvement in unconfined compressive strength is
marginal.

4. The cohesion increases with the increase in plastic chip
content in silt.

5. The friction angle decreases with the increase in plastic
chip content in silt.

6. The improvement in shear strength was significant at
lower normal stress and vice versa with the increase in
plastic chip content in silt.

7. There is considerable reduction in swell pressure with
the increase in plastic chip content in silt.

The observations noted in the present study are useful
in the reuse of plastic waste and contribute better practices
in geotechnical aspects of waste management. Further it
provides an efficient and reliable technique for improving the
strength and stability of soils. Mitigation of expansive soils
using waste plastic chips can be a good solution to reduce the
swell potential of silt on buildings and roads are going to be
constructed.
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