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ABSTRACT

The first principle in construction works is to have resistant land to build a building. Soil improvement is one

of the common methods of improving geotechnical properties and increasing the usability of soil materials. One
of the ways to improve the properties of the soil and transform the land into a place where construction is

possible is to modify the soil by using additives to it. The use of waste as a material to improve the physical
properties of the soil has attracted the attention of researchers. Among these wastes, we can mention rubber

wastes, which, in addition to the large volume they occupy, will also cause environmental pollution. In this
article, the effect of adding plastic bottle ash on the Zetterberg range and paste properties, the California
bearing ratio, and the resistance properties of clay mixed with sand has been investigated. The results of the

laboratory tests obtained from this research show the improvement of soil properties by adding plastic bottle

ash.
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INTRODUCTION:
Having resistant land is one of the most fundamental

principles in civil works. From the point of view of
engineering, the role of soil as a support that must
resist the forces and stresses caused by the construction
of buildings and roads is important. Clay soils usually
have low resistance and bearing capacity and swelling
problems. Soil stabilization includes activities that im-
prove the engineering characteristics of the soil and
bring it closer to the desired characteristics. These me-
asures increase resistance, reduce swelling, reduce per-
meability, increase efficiency and other very beneficial
effects. The use of lime and cement are common met-
hods of stabilizing clay soils (Zhu and Liu, 2008;
Muntohar et al., 2012). On the other hand, with the
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rapid progress of the industry and the increase in the
production of waste materials, we are witnessing the
large dispersion of waste materials in nature and the
emergence of many environmental problems, Espe-
cially since plastics are one of the wastes that generally
have high mechanical and tensile strength and usually
hardly react with acids, bases and other chemical sub-
stances, they are also completely resistant to microor-
ganisms and therefore last for years in nature remain
unchanged. In this regard, many researches have been
carried out to determine the appropriate solution to re-
move waste or to reuse them, to reduce and control this
problem, various methods have been presented. One of
these methods is recycling these materials and using
them in the industry. In the reinforced soil method, due
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to the fact that the soil does not have enough tensile
strength to withstand the incoming loads, a series of
tensile elements including: metal strips, geosynthetics,
plastic waste, etc. are used inside the soil (Munfakh,
1997; Babu and Chouksey, 2011). It is worth men-
tioning that the use of plastic waste in soil improve-
ment does not cost much, and therefore, this type of
reinforcement is important from an economic point of
view (Consoli et al., 2002; Fauzi et al., 2016). A large
amount of these waste materials cannot be used in the
previous industry and cannot be used in the production
of the same materials, so they are used in other indus-
tries. The use of waste materials and their ash in soil
stabilization is a solution that helps to control environ-
mental problems and pollution caused by waste mate-
rials, and also improves properties of stabilized soils if
appropriate materials are selected (Tingle & Santoni,
2003; Choudhary et al., 2010; Kar et al., 2021).

Another of its advantages is reducing the destruction of
natural resources for the Extraction of common road
stabilization materials. It is also very suitable for incre-
asing soil resistance, soil strength, soil permeability, as
well as for limiting water absorption, soil erosion con-
trol, water loss and soil settlement from an economic
point of view. During the last few years, environmental
and economic issues have caused attention to the use
of waste from worn tires, bottles, glasses, etc. To mo-
dify and improve soil properties. Soil stabilization and
strengthening methods are often done using geo-syn-
thetics, cementing agents (lime, cement, etc.), synthe-
tic and non-synthetic fibers, or rubber scraps. By add-
ing these materials, it is possible to increase resistance,
reduce deformation/settlement, volume stability (swe-
lling and shrinkage control), reduce corrosion, increase
durability and reduce soil permeability. Stabilized or
rein-forced soils are often composite materials that
result from combining and optimizing the proper-ties
of individual ingredients. One of the most recent met-
hods in the field of improving soil properties is the use
of plastic materials obtained from bottles (Kalumba &
Chebet, 2013; Yarbas1 & Kalkan, 2019a).

In recent years, many studies have been conducted on
the use of clay soil to increase the bearing capacity of
granular soils. Almost in most cases, it has been seen
that the studies are limited to embankment reinforced
with geosynthetics and metal belts and strips, and the
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use of plastic waste in embankments is not considered
(Dutaa and Sarda, 2007). Among the recent researches
in this field, we can refer to the researches of Yarbassi
and colleagues. In their research, they investigated the
stabilization of sandy soils using plastic bottle waste,
stabilization using the combination of stone soil and
polyethylene terephthalate fibers, and the mechanical
performance of soils reinforced with polyethylene tere-
phthalate fibers and the results proved the better resis-
tance of soils reinforced with these materials (Poor
noori & Hajisotode, 2014). In this study, the effect of
adding ash from plastic bottles on the geotechnical
properties of clay soils mixed with sand has been in-
vestigated. After conducting various geotechnical tests
on the desired soil with different percentages of plastic
bottle ash, the desired goals are:

1) Investigating the effect of plastic bottle ash on
Zetterberg limits and the pasty properties of clay
mixed with sand

2) Investigating the effect of plastic bottle ash on the
bearing ratio of California clay mixed with sand

3) Investigating the effect of plastic bottle ash on the
resistance properties of sandy clay.

In the rest of the article, we have described the work-
ing method & tests performed and the analysis of the
obtained results, & finally we have drawn conclusions.

MATERIALS AND METHODS:

In this article, we will examine the materials used and
their various laboratory parameters, the method of
making and preparing the tested samples, and explain
the basics of the Etterberg limit test, uniaxial test and
CBR, the method and steps of the test and the work
method in the soil mechanics laboratory.

Sand

The sand soil used in this study is from the sand mines
around the city of Sanandaj. After it was transported to
the laboratory and washed on a 200 sieve, it was
placed in a greenhouse at a temperature of 110 degrees
Celsius for 24 hours to dry. Then, in order to determine
the size distribution of the particles, it was subjected to
a granulation test. Sampling for grading should be
done according to the standard method (AASHTO
T74-248). According to the percentage of soil passing
through each sieve, the granulation diagram of this soil
was obtained according to Fig. 1.
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Fig. 1: Sandy soil gradation curve.

According to the obtained values for the coefficients of
uniformity and curvature from the granulation dia-
gram, this soil is placed in the SP group (poorly gra-
nulated sand) (Halder et al., 2022).

Clay

The clay used in this study is kaolin industrial soil with
more than 60% pure kaolin, which was obtained from
Iran Chinese Soil Company. The soil prepared in order
to granulate the soil was tested by the hydrometric
method according to the ASTM D 422 standard. 152H
type hydrometer was used in this experiment. Accor-
ding to the results obtained from this experiment, the
grain size diagram of clay soil is given in Fig. 2. After
grading the soil, the Zetterberg test was performed to
determine the type of soil. This test was done accor-
ding to ASTM D 4318 standard. The results of the
Zetterberg limit test are given in Table 3.
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Fig. 2: Clay gradation curve.

Table 1: Chemical composition of plastic bottle ash.

Plasticity e L
(PT» “index Liquid limit  Plastic limit Soil
(LL} (PL)
(LL — PL>
23.57 51.45 27.87 Clay

Therefore, the nomenclature of the clay used is based
on the unified CH system (clay with a high paste limit)
and based on the Ashto A-7-6 standard.

UniversePG | www.universepg.com

Ashes of plastic bottles

The obtained plastic bottle ash has a specific density of
2.01 and its chemical characteristics are listed in Table
2. The chemical composition of plastic bottle ash
meets the requirements of ASTM C618-03 standard
for fly ash for use in concrete because the total weight
percentage of SiO,, Al,O; and Fe,O; is more than 70%
and its combustion loss is less than 6%.

Table 2: Chemical composition of plastic bottle ash.

Wi Composition
63.04 5102
5.72 AlOs
417 FeaOs
523 Ca0
0.13 MgO
5.03 ignition loss

Laboratory program and how to prepare samples
In this research, by adding different percentages of
plastic bottle ash to clay soil, which is made by mixing
70% clay and 30% sand, the effect of this material on
the soil was investigated in the experiments described
below. After naming the soil, in order to better un-
derstand the characteristics of the soil, a standard com-
paction test was performed on it based on the ASTM D
698 standard, the results of which are given below.
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Fig. 3: Clay density curve.

According to the density curve shown in Fig. 3, the
clay used has a maximum dry specific gravity 1.66
(Ya max) grams per cubic centimeter and an optimal
moisture content 20.5%. (w op¢)- Also, Gs (density) of
the desired clay were obtained as 2.60. Finally, the
specifications of the soil used in the experiments are
given in below Table 3. The percentages of plastic
bottle ash added to the soil include 3, 6, and 9 percent
of the dry weight of the soil. The granulation tests
including granulation by sieve & hydrometric were

96


http://www.universepg.com/

Azadpour et al., / Australian Journal of Engineering and Innovative Technology, 5(3), 94-100, 2023

performed, and the main goal was to know the size of
the soil particles and their characteristics. An experi-
ment to determine soil Gs was performed for different
combinations of soil and plastic bottle ash.

Table 3: Properties of studied soil (30% s and + 70%
clay).

70 The percentage passing sieve No.
200

33.969 Liquid lirmit (0

22.07 Plastic lumit (0

11.90 Plasticity index ()

CL Unified classification

A-6 AASHO classification

1.656 Maximum dry density (Mg / m3)

20.5 Optimal moisture content(/.)

2.65 Specific gravity

White Color

Analysis of the results

In this section, the results of the tests performed on the
samples prepared with different percentages of plastic
bottle ash will be presented, which include Etterberg
limits, uniaxial resistance and CBR test charts.

Around Etterberg

The effect of plastic bottle ash on liquid limit (LL),
pasting limit (PL) and pasting index (PI) for different
percentages of plastic bottle ash is summarized in
Table (1-4) and (2-4). The graph related to the changes
of different percentages of plastic bottle ash is shown
in Fig. (1-4). According to Table 6 and Fig. 4, it can
be seen that the liquid limit (LL) and the paste limit
(PD both increase with the increase in the percentage
of plastic bottles. The increase in flow rate can be due
to the cation exchange that takes place due to the pre-
sence of plastic bottle ash in the soil, which causes the
soil to need more water to become liquid. Increasing
the amount of plastic bottle ash causes the accu-
mulation and accumulation of clay particles and incre-
ases the effective grain size and the formation of silt-
like particles, which as a result increases the pasty
limit. The soil paste index decreases & its lowest value
is observed in 6% of plastic bottle ash. Reducing the
paste index causes a significant reduction in the swe-
lling potential of the soil. These changes with the addi-
tion of plastic bottle ash are due to the physic-chemical
reaction (cation exchange) which is dependent on the
ion hydration of the particle surface and the attraction
force between the particles. Plastic bottle ash has the
potential to provide polybasic cations (Ca,+, Als+,
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Fe;+, Mg,+), which increase the aggregation of clay
particles by cation exchange.

Table 4: Atterberg limits.

Plasticity index (P Plastic imit (PL) Liquid limit (1)~ Plastic bottle esh)
1190 1207 1397 0
10.04 2434 3437 3
997 1560 3557 b
10.65 2637 3102 9

£
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S E| Plastic bottle ash (%)
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Fig. 4: Variation of Atterberg limits with different
percentages of plastic bottle ash.

This reduces the repulsive force and also increases the
effective size of the grains due to the accumulation of
clay and silt particles and as a result increases the shear
resistance. Also, this can be attributed to the increase
of plastic bottle ash, which increases the internal
friction angle of the clay-ash matrix and also reduces
the internal adhesion of the matrix, resulting in the
production of siltier materials; Attributed. The decre-
ase in PI with the increase of plastic bottle indicates
that the performances of the material as well as the
engineering properties are improved.

California CBR bearing ratio test

In order to calculate the California bearing ratio of
each soil composition, it is first calculated by dividing
the read force values by the corresponding stress pene-
tration piston area. Then the stress diagram is drawn
according to the penetration of the piston. Then accor-
ding to the diagram, the values of the stress related to
penetration of 2.5 and 5 mm are read and by dividing
these values by the standard stress corresponding to the
same amount of penetration, the CBR value is cal-
culated. But if the CBR number for 5 mm penetration
is greater than the CBR number for 2.5 mm pene-
tration, the test must be repeated, and if it happens
again, the number related to 5 mm penetration is selec-
ted as the CBR number. Otherwise, the CBR number is
the value corresponding to 2.5 mm penetration. Acc-
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ording to the diagram, the CBR of the soil can be
calculated:

2378 100cBR =354
70 o
391 _ 1o0cBR = 286

70 -

As a result, the CBR of this soil arrangement is 3.54.
After calculating the CBR of the soil related to three
different compaction energies, the CBR diagram is
drawn in relation to the dry specific gravity of the soil
& according to this diagram, the CBR corresponding
maximum dry specific gravity of the soil is read. Fig. 5
shows the CBR diagram in relation to the dry specific
gravity of the base soil. The CBR corresponding to the
maximum dry specific gravity of the soil is shown in
Fig. In this way, the CBR of stabilized soil with diffe-
rent percentages of plastic bottle ash is calculated.

AT~ o
o
o
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Dry density (gr / cm3)
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Fig. 5: CBR graph of soil dry density.
'SCBR (%)
beo
N I I I l
0% Plastic 3% Plastic 6% Plastic 9% Plastic
bottle ash bottle ash bottle ash botile ash

Fig. 6: CBR changes with the percentage of plastic
bottle ash.

According to Fig. 6, it can be seen that the CBR values
increased with the addition of plastic bottle ash. The
reason for this is the increase in soil resistance due to
the pozzolanic reaction between the bottle ash grains.

Uniaxial test

The uniaxial test is generally used to quickly determine
the compressive strength of cohesive soils. Uniaxial
resistance is defined by the following relationship:

q
o=~
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q, = Simple compressive strength (uniaxial)
C,, = Undrained adhesion (or undrained shear strength)

In this section, the graph of compressive strength in
terms of corresponding strain is presented for base soil
and soil stabilized with plastic bottle ash. Three tests
with three different omnidirectional pressures of 80
kPa, 120 kPa and 200 kPa have been performed on the
base soil and nine experiments with the mentioned
omnidirectional pressures have been performed for the
stabilized soil with 3, 6 and 9% ash. Fig. 7 to 10 show
the changes of compressive strength in terms of corres-
ponding strain for different percentages of plastic
bottle ash, and each Fig. contains three graphs related
to three different all-round pressures.

F++ Stress —gt= A-kPa

Yeu (kPa)
Yoo -
Voo -
o ' ' T Stram (1)
. V- ¥ Y- T

Fig. 7: Stress-strain curve of uniaxial test for 0%
plastic bottle ash.

¥-- Stress oY= A-kPa
kPa)
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Fig. 8: Stress-strain curve of uniaxial test for 3%
plastic bottle ash.

LR —g¥= A-kPa
Stress
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Fig. 9: Stress-strain curve of uniaxial test for 6%
plastic bottle as.
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Fig. 10: Stress-strain curve of uniaxial test for 9%
plastic bottle ash.

CONCLUSION AND RECOMMENDATIONS:
According to the results obtained from the Etterberg
limit test, the amount of the mental limit in the samples
increases from 33.97 in the virgin soil sample to 37.02
in the sample with 9% plastic bottle ash. Increasing the
amount of plastic bottle ash causes the accumulation
and accumulation of clay particles and increases the
effective grain size and the formation of silt-like
particles, which, as a result, increases the dough limit
of the soil from 22.07 in virgin soil to 26.37 in the
sample with 9% plastic bottle ash. The soil paste index
decreases and its lowest value are equal to 9.97 in 6%
plastic bottle ashes. Reducing the paste index causes a
significant reduction in the swelling potential of the
soil.

1) In this research, dry CBR tests were performed on
clay stabilized with plastic bottle ash at 0, 3, 6, and
9% of dry soil weight. CBR values of stabilized
soil increased with increasing percentage of plastic
bottle ash. The highest increase was observed in
6% plastic bottle ash, which increased the CBR
value from 9% to 14%.

2) By increasing the weight percentage of plastic
bottle ash from 0 to 6%, the compressive stress
increases. Increasing plastic bottle ash from 6% to
9% reduces soil tension and actually reduces soil
resistance.

Suggestions

1) The combination of plastic bottles with other
additives such as fly ash, rice husk ash, Nano
silica, micro silica, etc. should be investigated.

2) To evaluate the effect of time on the performance
of the combination of plastic bottle and the desired
soil.
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Reviewing the theory and using geotechnical software
to evaluate the properties of the tested soil stabilized
with plastic bottle ash and cement.
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