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Research paper

Study on some of the strength properties of soft clay
stabilized with plastic waste strips

Worku Firomsa Kabeta1

Abstract: It is well known that if plastic wastes are not well managed, it has a negative impact on
the environment as well as on human health. In this study, recycling plastic waste in form of strips for
stabilizing weak subgrade soil is proposed. For this purpose, a weak clay soil sample was mixed with
0.2%, 0.3%, and 0.4% of plastic strips by weight of soil, and the experimental results were compared to
the control soil sample with 0% plastic. Laboratory tests on the Standard compaction test, Unconfined
compression test (UCS), and California bearing ratio (CBR) were conducted according to the American
Society for Testing and Materials (ASTM). The results of the study reveal that there are significant
improvements in the strength of weak soil stabilized with plastic waste strips. Accordingly, the Standard
Proctor test shows that there is a small increment in the maximum dry density of the soil when it is
mixed with plastic strips. The result from the CBR test shows that there is a significant increment of
CBR value with the plastic strip content. The unconfined compressive strength test also shows that
increasing the percentage of plastic strips from 0 to 0.4% resulted in increased strength of soil by 138%
with 2 cm length plastic strips. Therefore, this study recommends the application of plastic strips for
improvement of the strength of soft clay for subgrade construction in civil engineering practice as an
alternative weak soil stabilization method.
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1. Introduction

Nowadays, waste management is the main concern of the world. Several researchers
have beenworking on developing solutions for the reuse of various types ofwastes generated
in recent years, which has become one of the primary difficulties for environmental issues
in many countries. Plastic waste is one of the common abundant waste types, especially
in urban areas, as it is not biodegradable. These are the most commonly used materials in
our everyday life. Plastic waste, such as plastic bottles made of polyethylene terephthalate
(PET) and plastic sacks and carpets made of polypropylene (PP), is manufactured in large
quantities. According to [1], the total daily production of plastic waste is estimated to
be 15.4 billion pieces. The daily use of plastic products such as bottles, polythene bags,
food containers and crates, pallets, kitchenware, appliances, and toys are increasing day by
day, causing many environmental concerns. It has a negative impact on the environment
and human health. Polyethylene products are considered to be the significant components
of waste materials in Ethiopia and in 2015, the plastic consumption volume in Ethiopia
reached around 172,000 tons [2]. It is expected to increase to some 308,000 tons of plastic
by 2025.
On the other hand, weak soils cannot be used as a construction material as they cause

excessive settlement and instability to the structures. Therefore, some treatment is required
before they are used as construction subgrade. Recently, engineers have been looking
for new environmentally friendly techniques to improve the geotechnical properties of
problematic soils. Cement and lime, among other traditional soil stabilizers, are commonly
used to improve the geotechnical properties of soft soils [3–5]. Various researchers have
verified the effectiveness of these materials in improving soil properties [5–9]. However,
despite of their widespread use, these products are not cost effective [10].
Recently, the usage of plasticwastematerials as a soil stabilizer for constructionmaterial

has been studied as an alternative to weak soil stabilizers [11, 12]. As a result, this will
solve the environmental issue by reducing the amount of generated waste and recycling it
to improve soil properties. The plastic strips can be used for soil stabilization [13], when
mixed with soil, they act like fiber-reinforced soil. Different experimental studies have been
done by various researchers on the effectiveness of soil improved by plastic waste [14–21].
They discovered that stabilizing weak soils using plastic waste materials enhances their
properties by increasing unconfined compressive strength (UCS), California Bearing Ratio
(CBR), and maximum dry density (MDD) while lowering soil plasticity.
Plastic waste has been also found to improve the shear, stiffness, and bearing capacity

of pavements when used as a replacement for aggregate in base and subbase of road
construction [22]. Choudhary et al. [23, 24] and [25] observed similar results, concerning
improved characteristics in pavement reinforced with recycled plastic strips. Arulrajah et
al. [26] investigated the feasibility of using plastic waste granules with demolition waste
in road construction mixtures. Their study revealed that polyethylene plastic granules of
about 5%content is suitable as a road constructionmaterial, when blended in supplementary
amounts with demolition wastes. Their research is important because the use of plastics
as a construction material, along with demolition wastes, will speed up the acceptance
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of recycled by-products by the construction industry. The high tensile strength of fiber
contributes to the soil’s ability to withstand more loads and raise its UCS [27]. To improve
the compressive and tensile strength of clayey soils, Abousninal et al. [28] combined
polyethylene waste material (water bottles) in the form of fibers with cement. The fiber
contents consisted of 0.4%, 0.8%, and 1.2% of the dry soil weight, and the fiber lengths
were 1.0 cm, 2.0 cm, and 3.0 cm. He found that fiber-stabilized soil was more effective in
unconfined compressive strength (UCS) than tensile strength. The optimum fiber content
and fiber lengths were 1.2% and 2.0 cm, respectively.
The study by Alemneh et al. [29] shows that the soil in Jimma town is not suitable

for highway subgrade and they recommend to stabilize the soil before use. Hence, in this
study, the application of plastic waste recycling for the stabilization of weak subgrade was
proposed. A series of laboratory tests concerning the strength and compaction character-
istics of natural soil from the campus of Jimma University and the mixtures of natural
soil-plastic strips from PET bottles were considered. A variety of standard geotechnical
laboratory experiments such as standard Proctor test, unconfined compression test, and
California bearing ratio (CBR) were carried out to identify the effects of plastic fibers
content on the mechanical properties of the improved soil.

2. Experimental program

2.1. Materials

For this study, two soil and plastic waste strips were used. The soil used was collected
from Ethiopia, inside Jimma university. The geotechnical properties of natural soil were
described in Table 1 below. The previous study [30] shows that the majority of the soil
covering the study area was soft clay showing swelling behavior. The X-ray diffraction
(XRD) pattern identified by Alemneh et al. [29] shows that the dominant minerals present
in the soil in the study areas are illite, kaolinite, quartz, montmorillonite, and anorthite.
Another material used for this study was plastic waste as shown in Fig. 1, prepared as
plastic strips of length 1 cm and 2 cm with a width of 2.5 mm and 3 mm, respectively.

Table 1. Physical properties of the natural soil

Soil Properties Results

Specific gravity (g/cm3) 2.8

Liquid limit (%) 49

Plastic limit (%) 32

Plasticity Index (%) 17

Maximum dry density (g/cm3) 1.51

Percentage of finer than 0.075 mm (%) 95
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Fig. 1. Materials used for the study

2.2. Research methods

For this study, sufficient amount of soil sample was prepared in the laboratory. Plastic
waste from water bottle plastic was collected. Plastic strips were made by cutting waste
bottles and mixed thoroughly with dry soil. The following percentage of plastic content
was used: 0.20%, 0.30%, 0.40% of the dry weight of the soil. Different laboratory tests,
such as the Standard Proctor test, unconfined compression test, and California bearing ratio
(CBR), were done according to ASTM to study the mechanical properties of both natural
and stabilized soils. For all investigations, the adopted fiber material was manually blended
with the air-dried soil in small increments. Great care was taken to achieve a uniform
mixture. The necessary amount of water was then added according to the type of test to be
conducted. The results of laboratory tests for stabilized soil were analyzed and compared
with that of natural soil. Lastly, graphs and charts are used to present the outcomes.

3. Result and discussion

3.1. Compaction test

In this study, the standard Proctor test was used to compact soil samples at a given
water content in a standard mold with standard compaction energy. The standard Proctor
test uses a 105 mm diameter mold with the compaction of three separate layers of soil using
25 blows by a 2.5 kg hammer with compaction energy of 593.7 kJ/m3. American Society
for Testing and Materials (ASTM) standard manual was used for the test methods. As
a result, the soil was first air-dried before adding water to each sample to regulate the water
content. The plastic strips prepared for this test weremixed into the soil. The soil mixedwith
plastic strips was then deposited and compacted in three layers in the Proctor compaction
mold, with each layer receiving 25 standard hammer blows. The surface of the previous
layers is scratched before each new layer is placed to guarantee uniform distribution of the
compaction effects. After removing and drying the sample at the end of the test, the dry
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density and water content of the sample are determined for each Proctor test. Plastic strips
did not break after the compaction. A compaction curve was plotted based on the entire
set of results. The optimum water content for the achieved maximum dry density can be
determined from the curve as shown in Fig. 2.
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Fig. 2. Materials used for the study

Figure 2 shows the results of the compaction tests for both natural soils and soils
stabilized with plastic strips at different stabilizer content ratios. Only the result of proctor
test with plastic strip of 2 cm length was presented as there is no significant difference on
the result for different length.
The optimum moisture content (OMC) was 19.82% for the natural soil, and the max-

imum dry density (MDD) was 1.51 g/cm3. Maximum dry density was slightly increasing
with the plastic content in the soil up to 0.3%. Then a small decrease was observed. This
shows that there is an optimum plastic content that should be added to the soil in order to
get high maximum dry density as it was already found by [6, 11, 31]. They discovered that
the value of MDD reduces as the length and content of the plastic increases. The greatest
reduction was obtained when the plastic component was 1% of the dry weight of the soil
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and the best length of plastic strip inclusion was 3.0 cm, according to the researchers.
One should however note that the tests were limited to plastic content of 0.4% and we do
not have data to describe an eventual further decrease of MDD with fiber content as it is
suggested by other research data. The OMC of the improved soil is about 20%. No distinct
tendency for OMC changes with plastic content was observed. Thus, for this study, the
optimum compaction degree was assumed at 0.3% plastic waste content.

3.2. Unconfined compression strength

The Unconfined compression strength (UCS) test was aimed to find compression
strength in an unconfined condition of the soil. The clayey soil samples of natural soil
and soil reinforced with the strips of waste plastics had been subjected to unconfined com-
pression test at the maximum dry density. Four samples were compacted at their MDDwith
0, 0.2, 0.3, and 0.4% plastic waste strips addition, respectively. The height and diameter
of the sample were 120.7 mm and 102 mm respectively. The samples were then placed in
the UCS testing machine, incremental vertical load was applied to the sample, and read-
ings were taken until the samples show visible cracks. It is noticed that the soil strength
increased with plastic waste percentage. Therefore at 0.4% addition of plastic waste, the
maximum unconfined compressive strength was observed.
Figure 3 shows that the addition of PE fibers considerably increased the stabilized soil

strength at 0.4% of plastic content with 2 cm length by 76 kPa compared to the UCS of
the natural soil. According to [32], when soils are stabilized with fibers, the applied load
is transferred to the frictional interface between soil particles and fibers. The surface of
the interfaces between soil and fibers increases with fiber content, improving thus friction
between soil particles and fibers [33]. This blocks the movements of soil particles and
improves the soil cohesion [32].
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It can be seen from Fig. 3 that the UCS increases with plastic content. According
to [34], raising the fiber content beyond a certain percentage causes fiber panels to slip over
each other and soil particles to detach, lowering the soil’s strength. Such behavior was,
however, not observed in this series of tests. The UCS results clearly showed that longer
fiber lengths (2.0 cm) provide higher strength than shorter ones (1cm). This difference in
UCS attenuates with plastic content. Several researchers have studied the effect of PE fiber
length on UCS of soils providing similar results [22, 34–39]. Their findings showed that
PE admixture to the natural soil significantly increases the UCS which is confirmed by the
results of this study. One can also note that corresponding undrained shear strength of soil
increase from 39 kPa in natural soil to 77 kPa in soil improved with 0.4% of plastic content
and 2 cm length of plastic strips.

3.3. California bearing ratio

California Bearing ratio (CBR) is one of the parameters used to indicate the load-
bearing capacity of subgrade soil for roadway pavement design. It is performed to evaluate
the strength of soil subgrades and base course materials. This test was performed according
to ASTM D1883 by measuring the pressure required to penetrate a soil sample with
a plunger of standard area. The measured pressure is then divided by the pressure required
to achieve an equal penetration in a standard soil. For this study, cylindrical soil sample
were prepared at maximumdry density at optimummoisture content. Cylindrical moldwith
inside diameter 150 mm and height 175 mm was used. Loading machine with a capacity
of 5000 kg and equipped with a movable base that moves at a constant rate of 1.25 mm/min
and the calibrated proving ring is used to record the load. The test was conducted for
both natural soil and the soil stabilized with plastic content of 0.20%, 0.3% and 0.4%.
The samples were compacted at their previously obtained OMC in CBR mold, and the
test was conducted till 12.9 mm of penetration. Measurements were taken and presented
graphically. Fig. 4 shows CBR load versus penetration for different plastic percentages.
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During CBR test, the load required to penetrate soil sample increased with the plastic
content, leading to increase the CBR value of the improved soil as given in Fig. 5. The CBR
value for natural soil indicates that the soil has a very low load-bearing capacity, implying
that the soil must be stabilized before being used as a roadway subgrade. For pavement
design, the CBR test is the most common method for determining and evaluating the load-
bearing capacity of subgrade soil, subbase, and base materials. The CBR of subgrade soil
is the most important factor in determining pavement layer thickness.
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According to Ethiopian Road Authority (ERA) manual [40], which is utilized in
Ethiopia to build a low-volume flexible paving system, the CBR value of most clay soils
is less than 15 and the soil having CBR value less than 5 is classified as poor subgrade
material and between 5 and 10, they are intermediate for subgrade material. Soils with
a CBR greater than 10 are suitable for roadbeds of subgrade soil, according to Schaefer
et al. [41]. The natural soils have low CBR value of 2.75 as shown in Fig. 5, making
them unsuitable for subgrade without modification. The acquired result is consistent with
research conducted in the same location [29, 42]. However, there is increase in CBR value
as different plastic content and length is mixed with natural soil to improve the strength
of the soil. Maximum CBR value is found at 0.4% of plastic content with 2 cm plastic
length. The result also shows that, the length of plastic strips has an effect on the CBR
value indicating 2 cm length plastic strips improve the soil more than plastic strips of 1cm
length. The maximum dry density was however decreasing for plastic content higher than
0.3%. Thus, 0.3% plastic content can be accepted as the optimum amount of stabilizer.
Hence, 0.3% plastic content with 2 cm length in the soil sample is recommended because
it provides tight soil packing with a good CBR value of 5.63%.
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4. Conclusions

Plastics play an important role in day-to-day activities of human beings and the amount
ofwaste generated at the end of their use is predictable. As a result, using these plasticwastes
for diverse construction applications is a realistic solution for theirs appropriate managing
while promoting environmental sustainability. Thus, recycling plastic waste to improve
strength of weak clay soil is proposed in this study. A series of strength and compaction
tests was performed on natural soil and the clay samples with plastic content up to 0.4%.
Accordingly, from the standard Proctor test, maximum dry density increases up to 0.3%
plastic content and then is getting lower. The change in compaction parameter (maximum
dry density) as a function of plastic content is smaller than the variation of strength
parameters considered in this study. This result is similar to the finding obtained by Soltani
et al. [43]. The unconfined compressive strength of the soil increaseswith plastic content. Its
maximum value is 154 kPa obtained at 0.4% plastic content and 2 cm length plastic strips.
It is about 138% higher than for the natural soil, where only 78 kPa is measured. While
performing the CBR test, it was observed that the CBR value are increasing from 2.75%
at 0% of plastic content to 7.95% at 0.4% plastic strip content and 2 cm length of plastic
strip. This improvements in CBR value makes the soil from unsuitable to suitable range
for subgrade in road constructions as per ERA manual [40]. From all tests, the strength of
natural soil was improved as the percentage of plastic increased, except for the maximum
dry density in which the optimum plastic content is observed. Hence 0.3% plastic content
of the strips mixed with the natural soil can be considered as the optimum percentage
in this study. At this plastic content the soil compacted at optimum moisture content is
tightly packed and the soil-plastic strip mixture provides much higher strength than natural
soil. Therefore, strips of plastic waste can be used as an alternative soil stabilization for the
construction of roads and other civil engineering structures. From this study, it is possible to
conclude that recycling plastic waste has an advantage not only in reducing environmental
pollution, but they can be also used for weak soil stabilization as an alternative to traditional
soil improvement methods. It can be also considered as sustainable solution with plastic
wastes treated as a reliable source of materials for construction purposes.
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