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Abstract

Objectives: To determine the strength and swelling behavior of black cotton
soil (expansive soil) using a shredded rubber tyre as an additive. Methods:
Series of unconfined compressive strength and California Bearing Ratio (CBR)
tests were carried out on black cotton soil mixed with 0%, 5%, 10%, and 15%
of shredded rubber tyres, and the results were compared with untreated
soil samples. The study also investigated the influence of shredded rubber
on swelling characteristics of black cotton soil by performing the swelling
pressure test. Findings: From the experimental results, it is inferred that the
optimum addition of a 10% shredded rubber tyre can effectively improve the
strength behavior of black cotton soil. The unconfined compressive strength
and California Bearing Ratio (CBR) of soil stabilized with 10% of shredded
rubber tyre increased by 32 % and 49.3% respectively as compared to the
untreated soil. An illustration presented shows the effect of increased CBR in
terms of the reduction of 18% pavement thickness. This may reduce the total
cost of the project. The present study also investigated the swelling potential
of Black cotton soil and it is found to be decreased by 33.33% for the addition
of 15% shredded rubber soil as compared to untreated soil. Novelty: The
use of shredded rubber in expansive soil increased its CBR value, leading to
a reduction in 18% of pavement thickness. Hence, it may lead to a further
reduction in the total cost of the project. Also, the disposal problem of waste
rubber tyres is resolved up to a certain extent.

Keywords: Shredded Rubber Tyre; Black Cotton Soil; Unconfined
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1 Introduction

In India, almost 20% of the land is covered by Black cotton soil (expansive soil). The
special characteristics of this soil is its swelling and shrinkage behavior. Large volume
changes are observed due to change in the moisture content of soil (2. These moisture
variations develop deformations in soil and are responsible for damage or destruction
to the civil engineering structures®. The swelling and shrinkage characteristics of
expansive soil can be minimized by using various techniques viz. prewetting the soil,
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complete or partial replacement of expansive soil, location of foundation below the depth of minimum volume change and
soil stabilization by mechanical and chemical means®. Chemical soil stabilization is one of the most economical techniques
which improves the engineering properties of expansive soils®). In chemical soil stabilization, numerous materials are used
as an additive (traditional and non-traditional) such as cement, lime, bitumen, silica fume, furnace slag, stone dust, fly ash,
bottom ash, pond ash, rice husk ash, fibers etc.(®-®). Researchers studied the capability of these additives in expansive soil
and observed the improvement in the engineering properties of expansive soil. However, these additives are having some
problems associated with sulfate attack, environmental pollution due to the cement manufacture process, which is questionable
considering the sustainability of using these traditional additives '), Also, few researchers reported that the addition of cement
or lime increases the stiffness and brittleness of the expansive soil 11-9). While this issue can be resolved by reinforcing the
expansive soil by using natural or synthetic fibers such as polyester, polypropylene, glass, steel fiber *!319) this technique is
costly and also requires trained personnel for its application 1), One of the cost-effective and sustainable solutions for the
above problems is the use of the shredded/crumb waste rubber tyre for the stabilization of expansive soil.

In India, a large number of automobile industries have been noticed and every year about 112 million waste rubber tyres
are generated 7). One of the biggest challenges is their safe disposal and management '), The common practice for disposal
of waste tyres is stockpiling, landfilling, and incineration '), these practices cause a threat to the environment and various
hazards to human health. Recycle and reuse of these waste rubber tyres can minimize the above issues. Researchers have
studied the use of waste rubber tyres in concrete and asphalt pavement as partial replacement of fine or coarse aggregates 119,
However, in geotechnical engineering field, the research is limited especially in cohesive (clayey) soil ?*), Few researchers ?!-2%
studied the compaction characteristics of the clayey soil with addition of waste rubber tyres and found it to decrease with the
increment of rubber content, whereas few researchers >>-27) reported no change in optimum moisture content with the inclusion
of rubber content in clayey soil. On the other hand, few studies ?2%) observed the increment in the optimum moisture content
of clayey soil with addition of rubber content. The effect of rubber tyre on strength behavior of clayey is also studied by various
investigators in terms of unconfined compression strength and or California Bearing Ratio (CBR). Many researchers (20-2230:3)
observed increment in unconfined compressive strength of clayey soil while few investigators ?>323% reported a reduction in
unconfined compressive strength of clay with addition of rubber particles. Few studies ***% reported that the inclusion of waste
rubber up to 5% increases the CBR of clayey soil. Contrary to this, few researchers *>** found the reduction in CBR of clayey
soil with inclusion of rubber particles. Based on the above literature, it is clearly observed that further investigation is still
required regarding the inclusion of waste rubber tyres on the strength behavior of clayey soil. Hence, the present study aims to
examine the effect of shredded rubber tyres on the strength as well as swelling behavior of locally available black cotton soils.

2 Materials and Methods

2.1 Black cotton soil

Black Cotton soil is collected from the vicinity of Bhugaon, Pune (India). The properties (physical and engineering) of the
collected soil are obtained in a geotechnical engineering laboratory and the results are tabulated in Table 1.

Table 1. Physical and Engineering properties of Black Cotton Soil

Sr. No Properties Value
1 Colour Black
Atterberg limits:
5 a. Liquid limit (%) 56.8
b. Plastic limit (%) 41.9
c. Shrinkage limit (%) 16.83
3 Specific gravity 2.51
4 IS Soil classification MH
5 Maximum dry unit weight (kN/m?) 16.97
6 Optimum moisture content (%) 24.30
; Grain size distribution: a. Gravel and Sand (%) 23.1
b. Silt and Clay (%) 76.9
8 Unconfined Compressive Strength (kN/ m?) 149
9 Unsoaked California Bearing Ratio (%) 4.87
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2.2 Waste rubber tyre

The waste rubber tyre was collected from the local dumping area and it was shredded into small pieces ranging from 2mm to
10 mm in length. The shredded rubber was sorted from steel or nylon wires as shown in Figure 1. The physical properties of
the shredded rubber tyres are presented in Table 2.

Table 2. Physical properties of shredded rubber tyre

Sr.no Properties Value

1 Type Shredded rubber
Dimensions:

2 a. Length 2to 10 mm
b.Thickness 1to3 mm

3 Specific gravity =~ 1.12
Colour Black

e

Fig 1. Shredded rubber tyre

2.3 Mixing proportions

The proportions of black cotton soil and shredded rubber tyres are decided and mixed systematically to obtain a uniform and
compatible mixture. Table 3 shows the sample designation with soil and shredded rubber tyre proportion.

Table 3. Sample designation and % of shredded rubber tyre
Sample designation ~ Soil (%)  Shredded rubber tyre (%)

0% SR 100 0
5% SR 95 5
10% SR 90 10
15% SR 85 15

In the present study, the shredded rubber tyre is selected as an additive and randomly mixed with the soil for 0%, 5%,10%,
and 15% by weight of soil. The % of rubber content is decided on the basis of previous studies ?22%27:31:33:3436) The strength
characteristics and swelling potential of treated soil are examined by performing the Unconfined compression strength test,
CBR test, and Swelling pressure test respectively.
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3 Result and Discussions

3.1 Compaction characteristics

The maximum dry unit weight and optimum moisture content for the untreated and shredded rubber soil were obtained by
performing the Standard Proctor test as per IS: 2720 (Part -VII) 7). The compaction test result of untreated and shredded rubber
soil (5%,10%, and15%) is shown in Figure 2. It is found that the maximum dry unit weight and optimum moisture content of
soil decreases as the percentage of shredded rubber increases. The addition of 0%,5%,10% and 15% of rubber content decreases
the maximum dry unit weight of expansive soil from 16.97 kN/m?to 15.59 kN/m?,15.30 kN/m? and 14.71 kN/m? respectively.
This may be because of the lightweight nature of rubber (specific gravity of 1.12) as compared with the soil grains (specific
gravity=2.51), which turns into a lesser maximum dry unit weight. Also, the rubber shows the elastic (rebound) response during
compaction which ultimately reduces the compaction effort/energy and hence the decrease in dry unit weight '), Similarly, the
optimum moisture content decreases for shredded rubber soil. This is because of the less water retention capabilities of rubber
as compared to soil. These results are found to be comparable with the previous studies 1429, The compaction testresult shows
that the inclusion of rubber in expansive soil can be used as a light weight backfill material in case of retaining wall 4.

Dry Unit Wt (kN/cu

25 27 29

15 17 15 21 23
Moisture Content (%)

Fig 2. Dry unit weight and moisture content variation for untreated and shredded rubber soil

3.2 Strength characteristics

The strength characteristics of untreated and shredded rubber soil are obtained by performing the Unconfined compression
strength test and California bearing test as per IS: 2720 (Part-X and Part- XVT) ®%3%

3.2.1 Unconfined compression strength (UCS)

The untreated and shredded rubber (5%,10%, and 15%) soil samples were prepared at maximum dry density and optimum
moisture content which was obtained corresponding to the soil/soil shredded rubber mixture. The axial stress-strain variation
of untreated and shredded rubber soil is shown in Figure 3.

Itis found that the peak axial stress of shredded rubber soil is increased with an increase in rubber content (5 % to 10%), while
it is decreased for 15% addition of shredded rubber. This may be attributed to the development of reinforcement mechanism
due to interlocking and frictional resistance forces between the shredded rubber and soil particles *?). The reinforcement effect
may reduce the compression and heave of soil matrix and hence produce higher resistance to penetration. While for higher
shredded rubber content (15%) there may be a possibility of an increase in the rubber-to-rubber particle interaction leading
to a decrease in the stress value. The failure strain of expansive soil is increased from 0.33% to 0.48% with the addition of 15%
shredded rubber. This indicates that the inclusion of rubber in soil shows strain hardening behavior after achieving of the peak
axial stress and decreases the rate of post- peak strength loss. This eventually increases the ductility of expansive soil V). Figure 4
shows the variation of UCS with the addition of a shredded rubber tyre.
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Fig 3. Stress- strain variation for untreated and shredded rubber soil
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Fig 4. Variation of UCS with % of shredded rubber

It may therefore be inferred that the UCS value increases up to 10% addition of shredded rubber, beyond which the addition
of a higher percentage of shredded rubber creates the soil + rubber mixture in more compressible nature, which is further
responsible for resisting the lesser load and lesser UCS value.

3.2.2 California Bearing Ratio (CBR) test

Unsoaked CBR test was conducted as per IS: 2720 (Part XVI)©? on untreated and shredded rubber (5%,10%, and15%)
soil samples. These samples were prepared at maximum dry density and optimum moisture content which was obtained
corresponding to the soil/soil shredded rubber mixture. Figures 5 and 6 show the variation of load Vs penetration and CBR Vs
shredded rubber content respectively.

200 —e—0% SR

—e—5%h5R

Load (ke)

150 10%5R

——15%5R

2 4 6 8 10 12 14
Penetration {mm]

Fig 5. Load - penetration curve for the soil with varied % of shredded rubber
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Fig 6. Variation of CBR value with different percentage of shredded rubber content in soil

Figure 5 clearly shows that the resistance to penetration of soil increases with an increase in the rubber content up to 10% and
the CBR value of soil (Figure 6) increases from 4.87% to 9.61% with the inclusion of 10 % rubber content. This may be because
of the increment in the frictional component of composite matrix, which leads to increasing the load carrying capacity of soil
mixture and hence the CBR value ®®, The inclusion of rubber content beyond 10% resulted in a loss of CBR value (decreased
up to 7.01%). This may be due to the availability of more quantity of rubber which may cause compressibility into the soil
matrix. As rubber is more compressible than soil, the more quantity of rubber in the soil matrix results in more deformation
which ultimately lowers the resistance to penetration. These findings are in good agreement with the observation made by other
researchers @*3% and also are consistent with the UCS result.

3.2.3 Swelling characteristics
The swelling characteristics of untreated and shredded rubber soil are obtained by performing the swelling pressure test as per
IS: 2720 (Part-41) “? and the variation of swelling pressure with % of shredded rubber content is as shown in Figure 7.

Swelling Pressure (kPa)

0 2 4 B B 10 12 14 16

% Rubber content

Fig 7. Variation of swelling pressure with % of shredded rubber content

It is observed that the swelling pressure of black cotton soil is decreased steadily as the % of shredded rubber content is
increased. The swelling pressure of untreated soil is 71.3 kPa, while it is decreased up to 47.5 kPa for 15% addition of shredded
rubber. This may be because of the replacement of swelling behavior soil particles by non-swelling rubber particles *3). Also,
the inclusion of non-polarized rubber content is responsible for the creation of drainage path and hence reduction in the pore
pressure of the composite matrix, which ultimately reduces the swelling pressure ).
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4 lllustrative Example

In order to determine the impact of improvement of shredded rubber stabilized soil in the flexible pavement, data for a certain
flexible pavement has been considered. The effectiveness of shredded rubber soil has been demonstrated through a reduction
in flexible pavement thickness by using the Indian Road Congress (IRC)37-2001 44,

The design data is as follows;

CBR of untreated soil = 4.74%

CBR of shredded rubber soil =9.61%

Design life (n) = 15 years

Vehicle damage factor (V.D.F) = 2.5

Traffic growth rate(r) = 7.5%

Lane correction factor (LCF) = 0.75

Traffic (A) = 400 equivalent single axle load /day

N W=

As per IRC 37, the designed traffic in terms of the cumulative number of standard axles is obtained by the following equation

y_ 365a(1+0)"]

r

1
xAxV.D.F x LCF

N = 3OO 400x 2.5x0.75

N = 7.2 million standard axles (msa)
Hence Design traf fic is 7.2 msa

For untreated soil, the CBR value is 4.74% and traffic is 7.2 msa (from IRC 37-2001 page 24)
Total pavement thickness = 620 mm
For subgrade soil stabilized with shredded rubber, the CBR value is 9.61 % and traffic is 7.2 msa (from IRC 37-2001 page 28)
Total pavement thickness= 508 mm
Hence, reduction in total pavement thickness is = 620-508 =112 mm
Thus, the reduction of pavement thickness is 18%. Hence, it may lead to a further reduction in the total cost of the project.

5 Conclusions

From the experimental study;, it is concluded that the maximum dry unit weight and optimum moisture content of expansive
soil decreases as the % of shredded rubber content in the soil increases. This may be because of the lightweight nature of rubber
and less water absorption capacity as compared with soil grains. The inclusion of shredded rubber content up to 10% improves
the UCS value of expansive soil. Further addition of shredded rubber leads to a decrease in the UCS value. Unsoaked California
bearing ratio increased from 4.87 to 9.61% with 10% addition of shredded rubber, for the further increment of rubber content
the CBR value is decreased. For the addition of a 10% shredded rubber tyre, the strength behavior of black cotton soil viz. UCS
and CBR increased by 32 % and 49.3% respectively as compared to untreated soil. The swelling pressure of soil is decreased
continuously as the rubber content is increased. For untreated soil, it is 71.3 kPa, while for 15% addition of shredded rubber it
is 47.5 kPa.

From the illustration, it is observed that the increase in CBR value of shredded rubber soil reduced the total pavement
thickness by 18% and hence the total cost of the project. This, therefore may also resolve the disposal problem of waste rubber
tyre up to a certain extent.

Hence it is concluded that the shredded rubber up to 10% can be effectively used to improve the strength and swelling
characteristics of Black cotton soil.

Limitation and Future Scope

In the present study, the shredded rubber tyre was mixed at the range of 5% increment, while to obtain the exact optimum %
of shredded rubber content this increment may be reduced up to 1% and further experimental investigations can be carried
out. To better understand the interaction effect between the waste rubber tyre and expansive soil a microscopic analysis can be
carried out by using Scanning Electron Microscopy (SEM) or any other method.
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