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Abstract. Research was being carried-out all over the world on expansive soils
to mitigate their problematic behaviour and suggested various ground im-
provement techniques in the recent times among which chemical stabilization is
quite popular. In this stabilization process, the soil is mixed with cement, lime
and several industrial reactive by-products such as, fly ash, bagasse ash, etc.,
have been used for stabilization of soil in weak deposits. Even unreactive by
products like crumb rubber and polypropylene which are produced from scrap
tyre and polymers respectively are also being utilized that reduces the burden
on landfills. In this study, crumb rubber and polypropylene were used to assess
the modification in geotechnical properties of a lime cemented black cotton
soil. The geotechnical properties of virgin soil were determined and a lime con-
tent of 4% which was fixed for carrying out subsequent experiments based on
the pH test and the Atterberg limits. A 0.25% polypropylene content and varied
crumb rubber contents of 0, 1, 2, 5 and 10% was added to the lime cemented
soil in order to find the optimum dosage using the unconfined compressive
strength (UCS) testing. Based on the test results, 5% crumb rubber was found to
be the optimum content that could be effectively used to improve the strength.
Keywords: Crumb Rubber, Polypropylene, Blending.

1 Introduction

The Indian Black Cotton (BC) soils are well known for their expansive behaviour and
appears predominantly in black colour which is abundantly used for cotton crops.
These soils cover about one-fifth of the total land area in India [23]. With the ever-
growing population and the infrastructure needs of the society, it becomes almost
impossible to carry-out construction activities only on the limited good soils that of-
fers adequate strength and reliability [21]. Carrying out the construction activities on
these BC soils results in severe damage of structures which can be easily observed in
the walls. Several researchers across the globe studied the volume change behaviour
of the expansive soils and provided various ground improvement techniques to miti-
gate the excessive swell-shrink behaviour [18, 20, 25, 26, 32]. Besides swell-shrink
behaviour, the BC soils are also possess very low strength and the research has been
carried out in improving the strength of the BC soil by chemical modification [20, 27,
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32, 35, 39], by inclusion of various kinds of natural [5, 7, 18] and artificial fibres [1,
5,19, 23, 27, 30].

The ground improvement techniques not only help in modifying the existing poor
soils but also providing basis for utilization of a lot of wastes and industrial byprod-
ucts that require a lot of inputs in terms of cost and space [34]. Research has been
initiated in recent years in utilizing this geotechnical engineering arena for effective
utilization of plastic wastes [33, 37] and rubber wastes [12, 22, 29]. The utilization of
rubber wastes in the ground improvement applications offer not only in effective dis-
posal of wastes but also additional advantages of being the light weight material [10,
11] and high damping efficiency in earthquake engineering applications [24, 28, 38].
Inclusion of tyre material in the clayey soil improves the load carrying capacity of soil
[4]. The amount of improvement in the strength, quantity of material and the durabil-
ity are some important factors to be considered in soil-rubber mixtures [31, 40].

Several studies have shown that there is an optimum lime content up to which the
increase in strength is marginal and later which it decreases [3, 6, 9]. For further im-
provement in lime stabilized soil, additional treatment can be done by reinforcing the
material with some non-reactive materials [36, 39]. Several studies were carried out
on lime-fibre mixtures and rubber mixed with cemented soils. In this study, an at-
tempt is made to check the effect of blended polypropylene fibres & crumb rubber on
the compaction and strength behaviour of lime cemented black cotton soil.

2 Materials

2.1  Soil

The BC soil sample used in the current study was collected from Alampur town,
Gadwal District of Telangana, India. Based on the physical observation, it was found
to be black cotton soil. The soil was tested for its basic properties as per 1S:2720 [13-
17] and were presented in the table 1 and the grain size analysis was presented in
figure 1.
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Fig. 1. Grain Size Distribution of Soil Sample.
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Table 1. Soil Properties.

Sl. No. Property Value
1. Specific Gravity, G 2.73
2. Grain Size Analysis:

Gravel (%) 1.05

Sand (%) 33.13

Fines (%) 65.28
3. Atterberg’s Limits

Liquid Limit, LL (%) 68.3

Plastic Limit, PL (%) 19.29

Plasticity Index, PI (%) 49.01
4. Indian Standard Soil Classification CH
5. Differential Free Swell Index (%) 65%
6. Compaction Characteristics:

Optimum Moisture Content, OMC (%) 19.5

Maximum Dry Density, MDD (%) 1.41
7 Unconfined Compressive Strength (kPa) 53.5

2.2 Lime

The negatively charged surface of the fine clayey particles absorbs the free calcium
ions from the lime resulting in the alteration of the mineralogy of the particles. At
higher concentrations of Ca?*, isomorphous substitution takes place resulting in an
increased strength of the soil because of pozzolanic reactions and formation of ce-
mentitious products. Lime addition to the highly reactive clay minerals not only in-
creases the strength but also reduces the swell-shrink behaviour as the mineralogy
itself gets altered. Commercially available hydraulic lime was used for the study.

2.3 Polypropylene fibres

Polypropylene, a monomer of petroleum-based polymer, propylene, is a 100% syn-
thetic fibre which is transformed from 85% polypropylene. Polypropylene is thermo-
plastic, white, mechanically rugged material, and is resistant to many chemical sol-
vents, acids and bases. The polypropylene to be used in this study was obtained from
the local market.

2.4 Crumb rubber

Crumb rubber is a granular form of rubber recycled from the truck scrap tyres and
automotive. The tyre cord (fluff) and the steel are removed from the tyre rubber dur-
ing the recycling process, leaving a granular consistency material. The crumb rubber
was procured from the locally available market and used for the study. The gradation
of tyre crumbles was found equivalent to poorly graded sand (SP) as per I.S. Classifi-
cation. Mixing crumb rubber with the clayey soil is similar to replacement of some
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portion of clayey soil with granular material. In the virgin soil and the cemented soil,
the bond between the clayey particle and the crumb rubber could be studied with the
help of microstructural analyses which was out of the scope of current study.

3 Experimental Methodology

In this study, blended polypropylene fibres and crumb rubber are used to reinforce the
lime cemented BC soil. The methodology adopted for this study is as explained be-
low:

3.1  Crumb rubber reinforcement

In the current study, the BC soil was mixed with varying percentages of crumb rubber
i.e, 0,05, 1, 2, 5and 10% by weight of soil. The OMC and MDD of the respective
specimens were respectively calculated and the specimens were prepared for testing.

3.2 Lime treatment

The BC soil was mixed with the optimum lime content which is found based on the
initial lime consumption value found from pH test as per ASTM D6276 [2]and the
Atterberg limits as per 1S:2720 [14]. The compaction characteristics of the lime ce-
mented BC soil are found by carrying out the Light compaction test as per 1S:2720
[15]. The Unconfined Compressive Strength (UCS) value of the cemented soil was
found as per 1S:2720 [16] by preparing the specimens at OMC and MDD obtained
and curing them in desiccators for 7, 14 and 28 days respectively.

3.3  Lime + crumb rubber reinforcement

The crumb rubber was added along with 4% Lime into the BC soil at varying percent-
ages of 0.5, 1, 2, 5 and 10% by weight of soil. The OMC and MDD of all the mixtures
were respectively calculated and specimens were prepared for testing. The UCS value
of the specimens were found after 7, 14 and 28 days curing in desiccator.

3.4  Lime + polypropylene + crumb rubber reinforcement

The lime cemented BC soil was further reinforced with short discrete polypropylene
fibres of 12mm length. An optimum of 0.25% is chosen as fibre content based on the
available literature [19, 35, 36]. The OMC and MDD of reinforced lime cemented soil
was found and the specimens were prepared for UCS testing at 7, 14 and 28 days
curing in desiccator.

Furthermore, the lime cemented BC soil was mixed with varying percentages of
crumb rubber at 0, 0.5, 1, 2, 5 and 10% by weight of the BC soil plus 0.25% polypro-
pylene respectively. The OMC and MDD of all the mixtures were found and the spec-
imens were prepared for UCS testing at 7, 14 and 28 days curing in desiccator.
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4 Results and Discussion

The results of various tests conducted as discussed in the methodology were described
in the following sub-sections. In the subsequent sections, BC stands for Black cotton
soil, L stands for hydraulic lime, PP stands for polypropylene and CR stands for
Crumb Rubber.

4.1 Lime treatment

The initial lime consumption value was found using the pH testing on the lime mixed
soil and the Atterberg’s limit tests whose results were shown in figure 2 and figure 3
respectively. Based on the results of these tests, it was identified that 4% hydraulic
lime could be sufficient to modify the behaviour of BC soil. At this lime content, the
soil obtained a pH value of about 12.4 which is suggesting that long term stabilization
reactions could be achieved and also the soil is behaving almost non-plastic (P1=6%).
The UCS of the lime modified soil was found to be 263.9kPa after 28 days curing
which is about 490% of that of the virgin soil.

pH

Lime Content (%)

Fig. 2. Variation of pH of soil with Different Hydraulic Lime Content.
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Fig. 3. Variation of Atterberg’s Limits with Different Hydraulic Lime Content.
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4.2  Crumb rubber reinforcement

The results of the UCS test on the BC soil mixed with varying percentages of crumb
rubber were presented in figures 4 and 5. Based on the test results, it was observed
that the UCS value of the BC soil increased with the addition of the CR up to 5% and
then decreased with maximum value being 149.1kPa which is about 280% of that of
the original soil. The initial modulus of elasticity was not found to be varied much
except in case of 1% CR addition.
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Fig. 4. UCS values of BC+CR Mixtures.
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Fig. 5. Stress vs. Strain curves for BC+CR mixtures.
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4.3  Lime + Crumb rubber reinforcement

The UCS test results of the lime modified BC soil mixed with varying percentages of
CR were presented in the figure 6 and the average stress vs. strain variations of differ-
ent specimens after 28 days curing were presented in figure 7. Examination of test
results provides a basic understanding of the improvement possible with the rubber
crumbles added together with lime. The strength of the BC+4%L+CR samples shown
a similar trend as in the case only BC+CR mixtures giving the maximum strength at
5% CR addition. An increase in the UCS value, after 28 days curing, of about 700%
and 140% was observed compared to that of virgin BC soil and 28 days strength of
BC+4%L mixture respectively.
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Fig. 6. UCS values of BC + 4%L + CR Mixtures.
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Fig. 7. Stress vs. Strain curves for BC + 4%L + CR Mixtures.
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4.4 Lime + Polypropylene + Crumb rubber reinforcement

Furthermore, a little strength increase was observed when the PP and CR was blended
together with the Lime and BC soil which can be seen from figure 8. The stress strain
variation of these specimens after 28 days curing were presented in figure 9 which
shows the improvement in the initial modulus of elasticity with PP reinforcement in
BC+4%L mixture and further similar increase with CR blending. 5%CR addition was
found to optimum value giving the highest UCS value. This value corresponds to
about 920%, 188% and 130% times that of the Virgin BC soil, BC+4%L and
BC+4%L+0.25%PP mixtures after 28 days curing.
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Fig. 8. UCS values of BC + 4%L + 0.25%PP + CR Mixtures.
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Fig. 9. Stress vs. Strain curves for BC + 4%L + 0.25%PP + CR Mixtures.
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5 Conclusions

Tyre being a hazardous industrial waste requires a lot of available land for its dispos-
al. Geotechnical engineering applications being a suitable option for bulk use of these
materials, it is very important to study their applicability. Hence, a series of tests were
performed to study the effect of the randomly distributed CR and discrete short PP
fibres on the strength of the uncemented and lime cemented soil. The addition of CR
to the virgin soil and the lime modified soil resulted a noticeable increment in the
UCS values. Increasing CR content increased the strength up to 5% and then got re-
duced which shows that 5% CR can be the optimum amount to be adopted to use for
soil stabilization. Blended PP and CR addition also shows a similar trend. The bridg-
ing effect of the fibres could impede the growth of tension cracks. Addition of 4%
hydraulic lime modified the highly plastic BC soil to almost non-plastic soil thereby
offering sufficient bond strength to the fibres that contributed to the strength of PP
reinforced lime cemented soil. 5%CR addition resulted in a strength of about 2.8
times the virgin BC soil. In the lime modified soil, 5%CR addition resulted a strength
of about 1.4 and 7 times the strength of lime modified and virgin BC soil respectively.
Further, addition of 0.25%PP+5%CR to the lime modified soil shown a strength of
about 1.3, 1.9 and 9 times the strength of PP reinforced Lime modified soil, Lime
modified and virgin BC soil. It was concluded that 5% CR can be adopted as opti-
mum additive for BC soil improvement provided the other characteristics like Swell-
shrink behaviour, durability behaviour, and microstructure etc. also were studied.
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