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Te aim of this study was to improve the strength of black cotton soil for its suitability for road subgrade construction using wastes
from plastic bottles and glass waste powders. Currently, nondecomposable wastes from plastic and glasses have become threats to
the human health and the environment.Tis study used the wastes to replace cement, since the cost of cement raised due to energy
and raw material to use as stabilizer in weak soil. Te glass powder (WGP) and the plastic chips were mixed with the soil sample
with a percentage by dry weight of 6%, 12%, 18%, and 24% ofWGP and 2%, 4%, 6%, and 8% of plastic chips, respectively.Te glass
waste can be prepared similar to the soil as the requirement of test standards and plastic wastes was used as reinforcement for the
soil-glass-mix; hence, its purpose was geomechanical. Laboratory tests for soil-mix physical properties and strength parameters
were conducted. Soil laboratory test results proved that the natural soils were classifed to A-7-5 as per the AASHTO Soil
Classifcation System and CH as per the Unifed Soil Classifcation System (USCS). Te Unconfned Compressive Strength (UCS)
improved from 91.92 kPa to 688.83 kPa, and the California Bearing Ratio (CBR) improved from 2.64 to 17.5. Te improvement of
subgrade soil properties was increased with increased ratios of powder glass and plastic strips. Te result indicated that the two
stabilizers were very efective in improving strength parameters and index parameters.

1. Introduction

Soil property plays a big role in the construction world. Most
of the structures are constructed on soil or use soil as
a construction element. In light of this, the type of soil
present on the construction site afects the project’s cost and
safety. Black cotton (BC) soils are a particular kind of clay
soil that has undesirable properties for the construction
industry and a high degree of expansion. Te sort of soils
that fuctuate in volume in response to changes in water
content is called expansive clay soils. A severe risk to
structures placed over them is posed by their behavior of
swelling and contracting. During the dry season, these soils
are extremely hard and absorb water, becoming sticky. Due
to ground heave and structural settlements brought on by
the soil’s erratic behavior, it is less desirable for construction.
Te presence of swelling clay minerals gives expansive soils
their unique properties. Tese minerals, which may contain

montmorillonite, absorb water when they are moist, and as
they dry out, they shrink, leaving deep holes and fractures in
the soil. Emphasis is constantly needed on foundations in
expansive soil to ensure the structural integrity and safety of
the building that is built upon them. In some high terrains,
unstable soils can cause landslides. If the clay content is
greater than 5% by weight, swelling clays can dominate the
qualities of any type of soil [1–4].

Soils are called highly expansive when the free swell
index exceeds 50%, and such soils undergo volumetric
changes leading to pavement distortion, cracking, and
general unevenness due to seasonal wetting and drying. Te
type and proportion of the clay mineral found in the soil can
determine the soil’s engineering properties. Te montmo-
rillonite clay mineral has high contribution for the swelling
properties of the black cotton soil [5, 6]. For many years,
buildings, roads, and houses have been constructed without
the knowledge of the existence of expansive soils as
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a consequence of the structural damages on buildings, roads,
and other similar structures; problems associated with ex-
pansive soils have been recognized and preventive measures
are being incorporated in to new designs and construction
works [7–10].

Soil stabilization increases the shear strength of a soil,
reduces its swelling properties, and improves its load-
bearing capacity. Stabilization mainly consists of mechani-
cal and chemical methods. Mechanical stabilization is
achieved by compaction of interlocks of soil-aggregate
particles with higher density material. Te mechanical sta-
bilization is mainly associated with strength improvement
through reinforcement and density increment. Chemical
stabilization is done by adding a material which can alter the
chemical property of the existing soil.Te chemical stabilizer
avoids or reduces the poor-quality mineral by undergoing
a chemical reaction. Te chemical reaction is done by ex-
changing ions. Tis enhances the stabilized soil’s non-
expansive or less expansive material [11–17].

Plastic wastes are found abundantly in most part of the
world. As revealed by the United Nations environment
program [18], currently, about 400 million tons of plastic
wastes are produced every year and less than 10% of them
have been recycled. According to [19], an estimated amount
of 60 to 99 million metric tons of mismanaged plastic wastes
were produced globally in 2015. Jimma City produced ap-
proximately 88,000 kg of garbage per day, with an average
per-capita generation rate of 0.55 kg/day [20]. In addition,
there is a lot of glass trash in the globe, and the recycling rate
is still much lower than the rate of production [21]. Although
Ethiopia has implemented environmental policy, municipal
solid waste management proclamations, and other related
rules, the country has poor enforcement and implementa-
tion practices [22].

Industry wastes such as plastic bottles are associated with
environment pollution. Glasses from residential house,
hotels, and construction sites may be crushed and remain as
a solid waste material. Solid waste recycling or reusing is one
of the sustainable technologies that get attention in most
parts of the world. Plastic and glass wastes are non-
decomposable wastes that have an adverse efect on the soil
fertility and the environment. In addition, these materials
are not environment friendly. When they are burnt, large
amount of smoke and nonpleasant odor has been noticed
[23–25]. According to the review of [26], waste plastic can
efectively be used as a reinforcing material and it is an
ecofriendly solution. Utilization of such materials as
a construction input enhances achieving a dual purpose.Te
frst one is cleaning the environment in a safe way, and the
other one is substituting costly stabilizer materials such as
cement and lime.

Tere are many literatures that encourage the use of
industrial, agricultural, and construction wastes as stabilizer
materials. However, there is no direct evidence to apply the
blend of plastic and glass wastes for weak soil stabilization.
Terefore, the main concern of this study is to prove the
possibility of these materials as an alternative type of sta-
bilizers where they abundantly existed. Expansive soils are
abundantly existing soil types in Ethiopia, particularly in

Jimma. In order to manage this problem, this research was
carried out to evaluate the engineering properties of ex-
pansive clays found in Jimma town which was stabilized with
plastic chips and glass powders as admixture. Tis study
contributes a safe way of removing decomposable wastes
through recycling as a construction material and can replace
the expensive way of soil stabilization.

2. Materials and Methods

2.1. Materials and Preparation of Samples. Te materials
used in carrying out this project were black cotton soil,
plastic bottles, and crushed glass wastes. A soil sample was
taken from a road side of newly constructed road around
Merkato, Jimma. A clayey subgrade is reported to exist on
the study area according to previous researchers [15].
Plastic bottles and waste glass were collected and prepared
from a neighboring garbage disposal location. Cleaning
the waste glass to eliminate dirt and then crushing it were
part of the preparation. Te plastic chips are prepared and
glass wastes are powdered enough to get fner materials for
mixing with the expansive soil, as shown in Figure 1.Tese
wastes can be collected from household goods, crushed or
deformed materials, from bar and restaurants, cafés,
construction sites, and waste disposal places. Glass is an
amorphous noncrystalline material which is typically
brittle and optically transparent. Te familiar type of
waste glass materials found around are drinking vessel
and windows, and most of the readily available waste glass
materials are soda-lime glass, composed of about 75%
silica (SiO2) with Na2O, CaO, and several additives
[27, 28]. Tis material is added to clay soil in its powdered
form for soil stabilization. In order to investigate the
utilizing of this material to improve the subgrade of weak
soil, laboratory tests were conducted by the researcher on
samples that were collected from Jimma town. Plastic
wastes were observed in many places including the side of
streets, drainage diches, hotels, and other similar loca-
tions. Tese plastic bottle wastes are nonbiodegradable
and do not decompose through time, thus it has an advert
efect on the soil fertilization as well as the agriculture
center in general. Tese wastes can pollute the environ-
ment, seas, oceans, rivers, and land as reported by pre-
vious researchers [29, 30]. Te plastic is prepared by
cutting into strips and used as reinforcement on the soil.
Tus, the plastic strip would have the mechanical strength
enhancement with the glass powder on the expansive soil.

2.2. Research Design. Te study included laboratory ex-
periments to examine particle size distribution, consistency,
moisture density relationship, and mechanical strength of
soil and soil-stabilizer mixes. Te investigation was carried
out experimentally and was backed by evidence from the
literature. A qualitative and quantitative study had been
carried out. Te qualitative investigation conveys an im-
pression of the fndings, whereas the quantitative study
describes the numerical components of the fndings. Te
fowchart depicted in Figure 2 describes the research study.
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2.3. Mix Preparation. Te laboratory tests were performed
by mixing according to the size and grain requirements of
each test type. Te black cotton (BC) soil was mixed with
diferent percentage of the stabilizers. Te stabilizers were
prepared in a ratio of 3 :1 (glass waste powder to plastic
waste chips) by mass of the total mix. Te amounts of the
stabilizer added are presented in Table 1. Since the density of
the plastic strips weighed a smaller value, the mass is reduced
during the mixing process. Te waste glass powder can be
fned enough to be mixed with the test requirement of the
soil. However, the plastic is used as strips that reinforce the
mix of soil and waste glass powder with the provided
percentage by weight.

2.4. Testing Procedures and Methods. Soil samples along the
road section from diferent location were collected to
conduct this study. Te collected samples were disturbed
and taken from 1.5–3.0m depth. Te soil samples were frst
exposed to air for up to 21 days and well dried.Te tests were
performed by adopting standard laboratory test specifcation
and procedures of the American Society of Testing and
Material (ASTM) and American Association of State
Highway and Transportation Ofcials (AASHTO) [31–35].
Table 2 shows the tests with the corresponding test methods.
In addition to the geomechanical tests, the mineralogical

characterization of the materials was examined by the X-ray
difraction (XRD) method. Te graphical analysis Microsoft
2016 and Origin 2022 software were used. For mineral

(a) (b) (c)

Figure 1: Materials: (a) air dried soil, (b) crushed glass, and (c) plastic chips.

Samples
collection

Black cotton soil
Plastic bottele
Crushed glass

Mix
preparation

Laboratory tests

Result and
Analysis

Discussion Conclusion

Figure 2: Study design.

Table 1: Soil-stabilizer compositions.

BC soil (%)
Stabilizers

Glass (GWP) (%) Plastic (PW) (%)
92 6 2
84 12 4
76 18 6
68 24 8

Table 2: Tests and the corresponding test methods.

Tests Methods
Water content ASTM D2216
Specifc gravity ASTM D854
Grain size analysis ASTM D422-63
Atterberg’s limit ASTM D4318-17
Unconfned compression strength ASTM D2166
California Bearing Ratio (CBR) AASHTO T193-93
CBR swell AASHTO T193-93
Free swell Holtz and Gibbs (1956)
Modifed compaction ASTM D-18
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identifcations and characterization of the samples from
XRD tests, match and X’pert high score software were used.

3. Results and Discussion

3.1. Material Properties

3.1.1. Geotechnical Properties of Soil. Geotechnical proper-
ties of soil are important to identify the soil density index,
consistency limits, particle size analysis, settlement behav-
iors, compaction properties, and shear strength behaviors.
Tese properties can control that either the soil is used as
a construction material or not. If the soil encountered on the
construction site is a problematic soil, there can be possible
damages on the structure and the environment associated
with the weak soil, and remedial measures should be
implemented. Te properties of the natural soil were de-
termined before the stabilizers were added. Te natural
moisture content, specifc gravity, free swell, grain size, the
Unconfned Compressive Strength, the Atterberg’s limits,
the California Bearing Ratio, and CBR swell are determined
by laboratory tests, as presented in Table 3. According to the
laboratory results, it is proved that the native soil is highly
expansive with free swell of 128%, UCS of 53 kPa, CBR of 2.6,
and 94.7% of clays and silts. For classifcation of the soil from
its index properties and grain size analysis, the American
Association of State Highway (AASHTO) Classifcation
System and the Unifed Classifcation System were used.
Terefore, according to the AASHTO and Unifed Soil
Classifcation System, the study was classifed as A-7-5 and
CH, respectively. Te geotechnical properties of this soil
indicate that it is a weak and soft soil that cannot resist loads
and may cause settlements, cracks, and expansions.

3.1.2. Particle Characterization of Soil and the Stabilizers.
Temineral characterization of the materials was done using
X-ray difraction (XRD).Te natural soil had higher peaks at
26°. As analyzed from match software’s and high score
expert, the soil was highly dominated by montmorillonite
clay. Te XRD of the glass powder shows amorphous
mineral microstructure. Te glass powder is highly domi-
nated by silicon dioxide (SiO2), as shown in Table 4. When
the soil particles are mixed with the glass powder particles,
they reacted and mineral change occurred as studied by
previous researchers [15, 36–39]. However, the plastic chips
are mixed as a mechanical stabilizer; hence, its efect is only
geomechanical. Plastic chips were used as soil re-
inforcement, and they increased the bondage and strength of
the weak soil. According to researchers, plastic strips can
modify a weak soil and their efect is mechanical [40–42].
Figure 3 provides the XRD output graphs for individual
materials. As characterized by [1], the soil owes expansive
property. Te native soil was dominated with the expansive
clay minerals (see Table 4).

3.2. Improvement on Consistency. Atterberg’s limits are
determined by the soil moisture content. Te moisture
content at which the soil transitions from semisolid to plastic

(fexible) is the plastic limit. Te liquid limit is the point at
which the soil transitions from a plastic to a viscous fuid
state. Atterberg’s limits are used to classify fne-grained soils
according to the Unifed Soil Classifcation System or the
AASHTO method. Soil sample pass through #40 sieve (425
micron) and stabilizers with diferent percentage being
mixed and soaked for 24 hours.Te output of this laboratory
test is shown in Figure 4. Liquid limit is the moisture content
at which the soil suspension passes from no strength to
a very small strength. Plastic limit is the moisture content at
which the sample, when it is rolled into a thread, starts to
crumble rather than distort plastically. From this consistency
limit test, the efect of stabilizer on improving Atterberg’s
limit is observed.Te liquid limit, plastic limit, and plasticity
index are improved in each addition of the stabilizer.
Terefore, it is concluded that the admixture controls the
expansiveness and reduced water absorption of the soil since
the stabilizers are not water absorbent.

Te result of Atterberg’s limit tests showed that there is
a reduction in the plasticity index as there is an increasing
percentage of stabilizers.Te liquid limit decreases as there is
an increase in the addition of stabilizers, and the plastic limit
increases as the percentage addition of stabilizers increases.

3.3. Improvements on Free Swell and Linear Shrinkage.
According to Holtz and Gibbs (1956), ten grams (10 cm3) of
oven-dried soil and soil-stabilizer mix samples that pass
through #40 sieve (0.425-micron sieve) are placed in two
diferent graduated cylinders and flled with water and
kerosene until it reaches 100ml. Te bottle is shacked by
hand and rod then placed in a protected area for about 24 hr
until all the sample completely settles on the bottom of the
cylinders. Ten, the results are compared and the percent
swell of each sample was calculated. Te soil had high value
of percent swell (128%), and the addition of 8% of the
stabilizers reduces the range to 84.3%. Te sample is still
expansive. Addition of 16% and 24% of the stabilizers
brought the percent swells to 55.7% and 32.5%, respectively
(see Figure 5). However, at 32% addition of the stabilizer,

Table 3: Geotechnical properties of the natural soil.

Geotechnical properties Values

Grain analysis

Gravel (%) 2.4
Sand (%) 2.9
Silt (%) 38.6
Clay (%) 56.1

Natural moisture content (%) 44
Average specifc gravity (g/cm3) 2.67
Free swell (%) 128
Linear shrinkage (%) 25
Liquid limit (%) 87
Plastic limit (%) 34.4
Plasticity index (%) 52.6
Maximum dry density (g/cm3) 1.4
Optimum moisture content (%) 25.1
California Bearing Ratio 2.6

Unconfned Compressive Strength (kPa) Native soil 53
Remolded 91.2
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a signifcant value was achieved. Te percent swell became
only 18.4%. On a similar study by [43], the efectiveness of
fber reinforcement on strength, swell, and shrinkage
characteristics of expansive clays is proved.

Linear shrinkage value is a method of obtaining the
amount of shrinkage experienced by clay soils. Tis test is
done by taking a soil sample that passes 425 µm sieve and

using the liquid limit previously determined for each pro-
portion of the mix. Initially, the linear shrinkage for native
soil was 25%. As the percentage of stabilizers added in-
creased, the linear shrinkage is observed reducing. At 8%,
16%, 24%, and 32% addition of the stabilizer on the blend,
the linear shrinkage values were improved to 17.2%, 11.4%,
7.7%, and 3.5%, respectively. Te degree of expansion of the

Table 4: Chemical composition.

Compound name Chemical formula Percentage (%)

Soil

Montmorillonite Na0.3(Al, Mg)2Si4O10(OH)21·6H2O 40.4
Illite Al2H2KO12Si4 26.3
Quartz SiO2 21.8
Others — 11.5

Glass
Sodium oxide Na2O 11.1

Calcite CaCO3 39.4
Silicon dioxide SiO2 49.5
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Figure 3: XRD graphs of the materials: (a) native soil and (b) glass powder.
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natural soils was critical. 24% and 32% addition of this
stabilizer brought the blend to a noncritical stage of ex-
pansion (see Figure 5). Experimental studies by Dang et al.
[44] revealed that the linear shrinkage of stabilized expansive
soils decreased with increasing hydrated lime and bagasse
fber proportions.

3.4. Improvement on Compaction. Te optimum moisture
content and the maximum dry density for the natural soil
and diferent combinations of soil-stabilizer mixes were
determined in the laboratory using the compaction test.
Compaction can increase the density of the soil and the load-
bearing capacity as well (see Figure 6). Te stabilizers

improved the density of the weak soil. Te natural soil had
a maximum dry density of 1.4 g/cm3 with an optimum
moisture content of 25.1%. After that, the addition of 8%,
16%, and 24% of the stabilizers changed the maximum dry
density value to 1.43 g/cm3, 1.46 g/cm3, and 1.5 g/cm3, re-
spectively. With the maximum addition of the stabilizer
(32%), the maximum dry density improved to 1.54 g/cm3.
Te main reason associated with this improvement is the
increase in density of the soil-stabilizer mix for treated soil
due to stabilizers [13, 15].

Te study by Shah et al. [45] revealed that soil strength
can be improved by addition of stabilizer at an optimum
level of compaction energy. Similarly, a review by Afrin [46]
shows that stabilization can alter the value of maximum dry
density and optimum moisture content. However, when the
soil is stabilized by low density and cementitious materials,
they may show a reduction in their maximum dry density.
According to [47], the correlation between optimum degree
of saturation and optimum water content shows that OWC
is lower for soils with larger maximum dry density. Besides,
with optimum water content being less than 40%, the re-
lationship between optimum degree of saturation and OWC
depends very much on soil type and particle size.

3.5. Unconfned Compressive Strength (UCS). Te test is an
undrained (quick) test and is based on the assumption that
there is no moisture loss during the test. Te value of σ1 at
failure is known as the Unconfned Compressive Strength
and is designated by the ASTMD 2166 standard test method
for the Unconfned Compressive Strength of cohesive soil.
Since the sample is laterally unconfned, only cohesive soils
can be tested. Te sample is tested quickly and there is no
drainage. In this simple test, a cylindrical cohesive specimen
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without any lateral support is subjected to axial loading, till
the sample fails either due to shear along a diagonal plane or
by the lateral bulging [1, 2]. According to the ASTM
standard, the Unconfned Compressive Strength (qu) is
defned as the compressive stress at which an unconfned
cylindrical specimen of soil will fail in a simple compression
test. Te UCS tests are performed at 7 days of curing period
for the remolded and the soil stabilizer mixes. Curing can
increase the UCS according to previous researchers [15, 48].
Te result of this UCS tests shows that as the stabilizer
increased through process or trial, its compressive strength
of the expansive soil had increased. Natural soil or the soil
without any treatment has a cohesion (cu) value of
45.96 kPa, but after an improvement, its cu value increased
to 154.3 kPa, 186.8 kPa, 262.52 kPa, and 344.41 kPa for 8%,
16%, 24%, and 32% addition of stabilizers, respectively. A
study by Zha et al. [49] on behavior of fy ash stabilized soil at
7 days curing of the fy ash-treated soils, and the Unconfned
Compressive Strength increased signifcantly. Similar study
by Abdelkader et al. [50] on the infuence of waste marble
dust shows similar improvement on the Unconfned
Compressive Strength of the stabilized soil. Tis improve-
ment is due to the higher bondage between the stabilizers
and the natural soil after treatment. Stabilization can develop
a brittle material. As proved by [51], stabilization causes
a decrease in deformability of soil samples and gives more
brittle materials. Te strain versus the stress is graphically
presented in Figure 7.

3.6. Improvements onCBR and Swell. Te California Bearing
Ratio (CBR) test is the most important test to determine the
load-bearing strength of the subgrade soil. Tree-point CBR
tests at 10, 30, and 65 blows were conducted according to
AASHTO T193-93, and the CBR at 95% MDD was de-
termined and results are presented in Figure 8. Te study
area is characterized by high annual rainfall and tropical
rainforest climate, and to consider the worst efect in hu-
midity, the CBR test is conducted under samples prepared

with heavy energy of compaction under soaked condition for
96 hours. Both during soaking and penetration tests, the
specimens are covered with equal surcharge weights to
simulate the efect of overlying pavement or the particular
layer under construction.

From the CBR test result, the CBR value is increased
when the mix percentage of the stabilizer is increased.
Initially, the CBR value of the natural soil was 2.6 only. Each
percentage addition of the stabilizer signifcantly increased
the CBR value, as observed in Table 5. Addition of 8%, 16%,
and 24% of the stabilizer improved the CBR value to 4.2,
11.4, and 15, respectively. Later, when the soil is stabilized by
32%, the stabilizer changed the CBR further to 17.5.
Terefore, the stabilizer improved the CBR of the weak soil
by 673%. Te stabilizer was successful in reducing the water
absorption tendency of the soil and increased the density of
the weak soil, hence the CBR value increased.

Te glass-plastic-soil mixtures compacted in CBR
molds at optimum moisture content with maximum dry
density gauged for swelling characteristics before and after
soaking for four days to evaluate the percent of swell. For
each soil-glass powdered and plastic chips mix a sample
that passes sieve #9.5 is prepared for three-point CBR test
using the optimum moisture content and maximum dry
density from standard compaction test. From the CBR
swell record, the swell is signifcantly decreased for each
increment of the stabilizer. For natural soil, the CBR swell is
determined as 7.48%. Te addition of 8% mix percentage of
stabilizers has shown 4.7% improvement. Also, the 16%,
24%, and 32% additions of stabilizers improved the CBR
swell value to 1.25%, 0.82%, and 0.52%, respectively (see
Table 5). Tis reduction is acceptable according to many
specifcations of subgrade soil strength requirements. Te
main reasons corresponding to CBR and swell improve-
ments were decreased in water absorption during soaking
period and increasing interlocking between particles due to
admixtures. Figure 8 shows the load versus penetration of
the natural soil and the stabilized mixes at 10, 30, and
65 blows.
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Figure 6: Improvement on compaction.
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According to the Ethiopian Road Authority manual [52],
a soil with a CBR value less than 3% needs treatment to use as
a subgrade material. Te manual classifes the strength of the
subgrade soil, in terms of the CBR value, into six classes (S-1
to S-6). Te addition of 24% to 32% stabilizers brings the
subgrade strength class to S-5 subgrade strength class from
S-1 for natural soil. To be economical for the stabilization,
24% of the stabilizer is preferred since both amount of
addition brings the soil to the same subgrade strength class
(S-5). Tis shows that the stabilizers were highly successful
in improving load-bearing strength. Te strength of the
black cotton soil has been increased with the addition of the
stabilizer [53–55].

4. Conclusion

Te paper describes how to use plastic bottle chips and
powdered glasses to improve low quality subgrade soil,
such as black cotton soils with high expansive properties,
and turn it into a suitable material for subgrade con-
struction. Te study transforms poor soil into a dense,
impermeable media. Laboratory tests for this study in-
cluded moisture content, specifc gravity, particle size
analysis, Atterberg’s limits, Unconfned Compressive
Strength, proctor test, free swell test, California Bearing
Ratio, and CBR swell tests. Te laboratory testing was
carried out in line with AASHTO and ASTM standards.
Te subgrade soils chosen for this study were not suitable
due to high expansiveness and weak shear strength,

according to the test results on engineering parameters of
the natural soil. Te soil under research was categorized
under A-7-5 and CH by AASHTO and the Unifed Soil
Classifcation System, respectively. Soil type falls under the
category of “weak soil” for the use in construction. Fol-
lowing treatment, the soils gained a high bearing capacity
and a low expansion tendency. Te two stabilizers, glass
powder, and plastic chips were found to be efective in the
laboratory. Te soil consistency and maximum dry density
have been enhanced. After treatment, the strength pa-
rameters, Unconfned Compressive Strength (UCS), and
California Bearing Ratio (CBR) were dramatically altered.

Generally, proper stabilizer type and the amount of
stabilizer ratio to be used in future construction on ex-
pansive clay soil were investigated. Te use of glass powder
and plastic strip wastes increases the strength of expansive
soil by flling void space of soil particles and reducing
plasticity index.Te soil samples stabilized with an optimum
ratio of powdered glass and plastic chips met all the standard
for subgrade soils. Based on soil parameters and required
strength, the fndings can be utilized to pick an appropriate
stabilizer type and amount. Te laboratory results obtained
from this study will be expected to be useful in designing
better subgrade strength of road pavements for areas that are
occupied by poor soil. Te improved soils can be used for
subgrades, sub-bases, bases, and in some rare occasions for
surface courses. Te fnding can be used as a guide to select
an appropriate stabilizer type and amount based on soil
properties and the desired strength.
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Figure 8: CBR results of natural soil and stabilizers: (a) natural soil, (b) 8% stabilizer, (c) 16% stabilizer, (d) 24% stabilizer, and (e) 32%
stabilizer.

Table 5: Te efect of stabilizers on CBR and CBR swell.

Mix percentage CBR (%) Swell (%)
Natural soil 2.6 7.48
8% stabilizer (6% Gwp, 2% Pw) 4.2 4.7
16% stabilizer (12% Gwp, 4% Pw) 11.4 1.25
24% stabilizer (18% Gwp, 6% Pw) 15 0.82
32% stabilizer (24% Gwp, 8% Pw) 17.5 0.52
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