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Abstract
This study investigates the potential application of utilizing plastic bag strips (PBS) in improving the
strength and compressibility behavior of soils. A series of uncon�ned compressive strength (UCS) and
consolidation tests were carried out for different proportions of plastic bag strip reinforced soil. The
effect of the thickness (t) and aspect ratio (AR) on the UCS and compressibility characteristics of PBS
reinforced soil was investigated. The thicknesses of PBS used were 15 µm, 30 µm and 45 µm which were
added in varying concentrations (0.1%-0.7%) at different aspect ratios 1, 2 and 2.5. The laboratory results
clearly show that PBS have a signi�cant in�uence on the UCS and compressibility behavior of soil. In
addition, the peak value of UCS (qu) increases with the thickness and AR of PBS. A signi�cant
improvement in qu has been found for 0.5% addition of PBS. Moreover, the swelling behavior of soil has
signi�cantly reduced with the addition of PBS.

1 Introduction
Plastic waste is a major concern in urban and rural areas in India. Littering of plastic waste and its by-
products may lead to major health concerns for all living beings. These days plastic has become an
essential part of our lives; however, the data on plastic pollution is shocking. It is produced on a gigantic
scale all over the world and its global production exceeds 150 million tons per year (Peddaiah et al.,
2018).Recycling of plastics is not a promising alternative for plastic waste management since it is costly.
Recently many research studies have been made on the effective reuse of plastic waste in civil
engineering applications (Sobhanand Manshad, 2003, Peddaiah et al., 2018). In India, it is now
mandatory for all road developers to use waste plastic, along with bituminous mixes, for road
construction. Therefore, in this study, an attempt has been made on the feasibility of using plastic waste
in improving the properties of subgrade soil.

In the recent past, plastics were used in the form of �bers for improving the performance of both
cemented (Kaniraj and Havanagi, 2001 and Correiaet al., 2015) and uncemented (Santoniet al., 2001 and
Consoliet al., 2002) soils. Fiber inclusion (any type) had more in�uence on the cemented soils in reducing
the brittleness behavior of soil by bridging the failure plane (Deb and Narnaware, 2015). Further studies
that have emphasized the use of �bers on uncemented soft soil (Botero et al., 2015 and Tang et al., 2007)
observed greater improvement in the compressive and shear strength of soil for �ber dosages of 0.25–
1%. The addition of plastic waste in the form of �bers (0.25% and 0.5%) (Tang et al., 2007 and Chen et al.,
2015) improved the uncon�ned compressive strength (UCS) of cemented clay by about 207%.
Thorneycroft et al. (2017) mixed different types of plastic waste with cement to produce sturdy and
�exible concrete slabs. Plastics were used along with other additives such as lime (Muntohar et al., 2009,
Muntohar et al., 2013 and Boz et al., 2018) to improve the strength of soft soil. The stability of
infrastructure such as foundation and roadbeds improved with the technique of reinforcing lime
stabilized or unstabilized soil with polypropylene �ber. The increase in the amount of plastic waste in the
range of 0.4–0.8% improved the shear strength, compressive strength, and the CBR values of lime
stabilized soft soils. Okoro et al. (2011) added fused plastic bottles to clay to improve the consolidation
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characteristics of the soil. Plastic bottles heated at 2750C were mixed with the soil (plastic to soil ratio of
1) and it was found that the plastic waste stabilized specimen exhibited a lower initial void ratio. Plastic
bottle strips added in various aspect ratios at plastic content ranging from 0.4–1% improved the shear
strength of soil by 39–121% (Babu and Chouksey, 2011 and Peddaiah et al., 2018)whereas the
compressibility reduced by 37% (Babu and Chouksey, 2011). The addition of perforated plastic strips
(Kalumba et al., 2013) led to a notable improvement in the friction angle compared to the addition of
solid plastic strips to sandy soil at 0.1% plastic content. Choudhary et al. (2010) observed that the use of
4%HDPE plastic bag strips on locally available sand improved the CBR values by 189%. Plastic wastes in
the form of Recycled Plastic Pins (RPPs) were used by Khan et al. (2016) to provide additional resistance
along the slip surface to mitigate a shallow slope failure. A new method of adding polyethylene wastes in
the form of grains (passing through 4 mm sieve and retained on 0.25 mm sieve) to soil was introduced
by Ilies et al. (2017) to improve the shear strength. Production of poly-ethylene grains as a stabilizing soil
material has a lower carbon footprint than cement or other hydraulic binders. Recent studies conducted
to analyze the potential of using shredded plastic waste in improving the properties of soil (Jegan and
Salini, 2019) showed that the compressive strength of soil increased by 12% for �nely shredded mixed
plastic wastes. The increase in the size of the shredded plastic waste reduced the compressive strength
of the soil. It was reported that the addition of plastic waste had a signi�cant improvement in the strength
as well as the compressibility characteristics of the soil. However limited studies have been conducted to
analyze the performance of soil strengthened with plastic carry bags. Therefore, this study examines the
in�uence of plastic carry bag strips of various thicknesses and aspect ratios on the strength and
compressibility characteristics of subgrade soil.

2 Materials And Methodology
The soil used for the study was collected from Mangalapuram, Trivandrum (Kerala, India). Detailed
laboratory tests were carried out to determine the physical properties of soil. The speci�c gravity of the
soil is 2.56. The liquid limit, plastic limit and shrinkage limit of the soil are 53%, 37%, and 22%
respectively. The particle size distribution curve highlights that the soil is composed of clay (27%), silt
(32%), sand (40%), and gravel (1%). The soil was classi�ed as MH according to the USC system. The
plastic bag strips (PBS) having a thickness (t) of 15 µm, 30 µm, and 45 µm and aspect ratios (AR) of 1, 2,
and 2.5 were used for testing. A wide-width tensile strength test was carried out according to ASTM
D4595 to determine the tensile strength of PBS (Fig. 1). The inset of Fig. 1 shows the wide-width tensile
testing of PBS and PBS having a thickness of 15µ m used for the testing program. It is shown that the
peak tensile strength increases with the thickness of the PBS.

The uncon�ned compressive strength (UCS) tests were performed to analyze the strength characteristics
of PBS-soil mixtures. The speci�ed quantity of dry soil was mixed with a different amount of PBS (χ = 
0.1–0.7%) to form a homogenous mixture. The amount of PBS (χ) was determined based on the dry
weight of the soil. The PBS -soil mixtures were prepared at the optimum moisture content (OMC) of the
soil (i.e. OMC = 20.5%) and statically compacted in a split mold of size 38 mm in diameter and 75 mm in
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height. A series of UCS tests were carried out on soil to investigate the effect of PBS, t, and AR on the
strength of the soil. PBS- soil samples were prepared for χ = 0.1% − 0.7%.

Consolidation tests were also carried out to study the compressibility behavior of PBS –soil mixtures as
per ASTM D2435. Samples of PBS-soil mixtures were prepared in a standard consolidation ring (60 mm
diameter x 20 mm height) having water content equal to the liquid limit of soil. All the PBS-soil specimen
was loaded with a load increment ratio of 1. All specimens were loaded up to a vertical pressure of
800 kPa to capture the compression index (Cc) before unloading to determine the recompression index
(Cr). The coe�cient of consolidation (cv) of PBS reinforced soil was determined using Taylor’s √t method.

3 Results And Discussion
3.1 Effect of PBS on the UCS of Soil

The uncon�ned compressive stress-axial strain relationship of soil reinforced with PBS having a
thickness 30 µm is presented in Fig. 2. It is evident from Fig. 2 that PBS has a signi�cant in�uence on the
UCS and initial tangent modulus of the soil. The UCS increases with an increase in the amount of PBS up
toχ = 0.5%. Thereafter, UCS decreases with a further addition of PBS. The initial tangent modulus also
increases with an increase in χ. The increase in UCS may be due to the increased interaction between PBS
and soil mobilizing the reinforcement effect of PBS. Moreover, the axial strain (ε) corresponding to the
peak value of UCS (qu) also increases with the addition of PBS up to χ = 0.5%. A similar response on the
increase of qu with χ is also reported on plastic bottle strips reinforced sand (e.g. Babu and Chouskey,
2011).

The performance improvement in qu is expressed by the UCS improvement factor (qif) de�ned as the ratio
of qu of reinforced soil to that of unreinforced soil. The values qif for different percentage of PBS (χ) are
presented in Table 1. It is shown that the qu, forχ = 0.5%, has increased as high as 3 times to that of
untreated soil. As expected, qif decreases with an increase in χ (χ > 0.5%).

  
Table 1

Performance improvement in qu and E50 (AR = 1)

Thickness of plastic strips, t (µm) PBS content, χ (%)

0.3 0.5 0.7

qif Eif qif Eif qif Eif

15 2.4 2.3 3.1 2.7 2.5 1.4

30 1.2 1.5 1.6 1.9 0.9 1.2

45 1.4 1.7 1.9 2 0.9 1.3
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3.2 Effect of Thickness of PBS on the UCS of Soil
The in�uence of the thickness (t) of PBS on qu for different proportions of PBS is shown in Fig. 3. It can
be inferred that the15 µm thickness PBS has shown signi�cant improvement in qu compared to the
thickness of 30 µm and 45 µm, irrespective of χ. The qu decreases with an increase in the thickness of
PBS. It is expected that an increase in t may decrease the soil interaction leading to a decrease in qu.
3.3 Effect of Aspect Ratio (AR) of PBS on the UCS of Soil

The effect of AR on qu for different amounts of PBS (χ) is shown in Fig. 4. It is evident from Fig. 4 that AR
has a signi�cant in�uence on qu of the soil. It is shown that AR = 2 exhibits a higher value of qu

irrespective of χ. It is believed that the increase in AR contributes to an increase in the interaction between
soil and PBS. Therefore, irrespective of χ, an increase in qu with AR is observed in Fig. 4. As shown earlier,
for all values of AR, qu increases with the addition of PBS up to χ≤0.5%, thereafter, qu decreases with an
increase in χ. In addition, the variation of qu with χ is also compared with the experimental results
reported by Muntohar et al. (2013) on �ber reinforced lime treated silty soil. The results of the present
study compare well with the experimental �nding of Muntohar et al. (2013).
3.4 Effect of PBS on the Modulus of the Soil

The variation of E50 with PBS for different values of t is shown in Fig. 5. With the increase in PBS, E50

increases up to χ≤ 0.5% and then decreases with an increase in χ. The increase in E50 is due to the soil-
PBS interaction. However, for χ > 0.5% the interaction between the PBS increases compared to the soil-
PBS interaction, hence, E50 decreases. It can also be inferred from Fig. 5 that, irrespective of χ, PBS
having a thickness of 15 µm exhibit a higher value of E50.

The performance improvement in E50 of the PBS reinforced soil is determined using modulus
improvement factor (Eif) de�ned as the ratio of E50 of the reinforced soil to that of unreinforced soil. The
values Eif for different percentages of PBS (χ) are presented in Table 1. A two-fold increase in E50

compared to untreated soil is observed with χ = 0.5% (Eif =2.7).
3.5 Compressibility and Swelling Behavior of PBS Reinforced Subgrade Soil

A detailed one-dimensional consolidation test was carried out to understand the consolidation behavior
of PBS reinforced soil. All the tests were conducted with PBS having AR = 2. Figure 6 presents the
compression index (Cc) and recompression index (Cr) of the soil for various amounts of PBS and
thickness (t). It is evident from Fig. 6 that PBS has a signi�cant in�uence on Cc and Cr of the soil. A lower
value of Cc and Cr is observed for PBS reinforced soil. The value of Cc and Cr decreases with χ up to a
value of 0.5%. Thereafter the Cc and Cr increase slightly with the addition of PBS. Moreover, thickness (t)
has a signi�cant in�uence on Cc and Cr of the soil. Irrespective of χ, Cc and Cr decrease with an increase
in t. It is evident from the test results that PBS has the potential in controlling the swelling behavior of
soil. The variation in Cc and Cr with χ is consistent with the observation made by Okoro et al. (2011).
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The variation of cv value with an increase in effective normal stress for various percentages of PBS is
shown in Fig. 7a. The cv values were calculated using Taylor’s √t method. It is evident from Fig. 7a that,
cv increases with an increase in χ. For a particular value of σ', cv increases with the proportion of χ up to
0.5%. For χ > 0.5%, cv decreases with the addition of PBS. Moreover, as anticipated, cv decreases with an
increase in the effective normal stress. Effect of thickness of PBS (t) on cv value for various percentages
of PBS for a particular value of σ' (σ'= 392.4 kPa), is shown in Fig. 7b. It can be seen that cv increases
with the increase in t.

4 Limitations
The laboratory experiments have captured the strength and compressibility behavior of soil reinforced
with PBS. However, the laboratory tests were conducted with PBS having a maximum width of 12 mm,
which is higher than 1/6th of the specimen diameter. Therefore, the experimental data may have been
affected by the sample size.

5 Conclusions
This paper reports the results of the laboratory experiments carried out to understand the strength and
compressibility behavior of PBS treated soil. The UCS and consolidation tests were conducted by varying
the thickness and aspect ratios of the PBS for different percentages of PBS. The following conclusions
can be drawn based on the results obtained from the experimental program.

1. The inclusion of PBS had a signi�cant in�uence on the qu of the soil. The strain corresponding to qu

increases with χ and qu showed a higher value for χ = 0.5%.
2. The thickness, t, and aspect ratio, AR, of the PBS have in�uenced the qu of the soil. The qu decreases

with an increase in t, but increases with AR. The variation of qu with the addition of PBS has shown a
close agreement with the literature.

3. The PBS has in�uenced the compression index, (Cc) and recompression index (Cr) of the soil. The Cc

and Cr were reduced with the addition of PBS. The potential prospect of the use of PBS in controlling
the swelling of the soil was evident from the reduction in Cr. A 65% reduction in swell was observed
with 0.5% addition of PBS to the soil.
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Figure 1

Wide width tensile strength response of PBS; Inset (a): wide- width tensile testing of PBS, (b): PBS of
thickness, t = 15m

Figure 2
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Uncon�ned compressive stress versus axial strain response of soil reinforced with PBS

Figure 3

Variation of qu with x for different values of t (AR=1)
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Figure 4

Variation of qu with x for different values of AR (t =15m)
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Figure 5

Variation of E50 with x for different values of t (AR=1)
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Figure 6

Variation of Cc and Cr for different values of χ

Figure 7

a. Variation of cv with x for different values of x b. Variation of cv with x for different values of t


