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Abstract - The present study focuses on the stabilization of
Expansive Soil using lime and sisal fiber to improve its
engineering properties and reduce its swelling behavior. Black
cotton soil, being highly expansive, poses serious challenges for
civil engineering structures due to its low strength and high
plasticity. To overcome these limitations, the soil was
stabilized by adding lime in varying proportions of 2%, 4%,
6%, and 8% by dry weight of soil. Based on laboratory
investigations, the optimum lime content was found to be 6%,
which resulted in a significant improvement in strength and
reduction in plasticity. Further, the soil with optimum lime
content was reinforced with sisal fiber at different percentages
of 0.5%, 0.7%, 0.9%, and 1.1%, and the optimum fiber content
was determined as 0.9%. The results revealed that the
combined addition of lime and sisal fiber substantially
enhanced the load-bearing capacity and reduced plasticity,
swelling, and shrinkage of the soil. The study concludes that
stabilization using 6% lime and 0.9% sisal fiber provides the
most effective improvement in the geotechnical performance
of expansive soil, offering a sustainable and cost-efficient
solution for subgrade and foundation applications.
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1. INTRODUCTION

Black cotton soil is one of the most problematic
expansive soils, known for its high shrink-swell
characteristics and low bearing capacity. These properties
make it unsuitable for construction purposes without proper
stabilization. To improve its engineering behavior, lime is
commonly used as a chemical stabilizer, which reacts with
soil minerals and reduces plasticity. However, lime-treated
soil may still lack sufficient tensile strength. To overcome
this, natural fibers such as sisal fiber are added to improve
the soil’s ductility and strength. The combination of lime and
sisal fiber provides a sustainable and effective method for
enhancing the strength and stability of black cotton soil.

1.1 Lime

Lime is one of the most widely used materials for soil
stabilization in geotechnical engineering. Itis a calcium-based
binder that reacts chemically with clay minerals in the soil,

leading to improved strength and reduced plasticity. When
lime is added to expansive soils such as black cotton soil, it
initiates reactions like cation exchange, flocculation, and
pozzolanic activity. These reactions decrease the soil’s
swelling potential and enhance its load-bearing capacity.
Lime treatment also improves the workability and durability
of soil, making it suitable for use in road subgrades,
foundations, and embankments. Due to its availability, cost-
effectiveness, and long-term performance, lime stabilization
is considered an efficient and sustainable method for
improving weak soils.

1.2 Sisal Fiber

Sisal fiber is a natural, biodegradable fiber extracted from
the leaves of the Agave sisalana plant. It is known for its high
tensile strength, durability, and resistance to environmental
degradation. In soil stabilization, sisal fiber is used as a
reinforcing material to improve the strength, ductility, and
toughness of weak soils. When mixed with soil, the fibers act
as tension-resisting elements that control crack formation
and enhance load-bearing capacity. Unlike synthetic fibers,
sisal is eco-friendly, cost-effective, and easily available in
many regions. The inclusion of sisal fiber in lime-treated
black cotton soil helps to improve shear strength and reduce
brittleness, providing a sustainable approach to soil
reinforcement.

2. LITERATURE REVIEW

1.Jairaj et al. (2019): Conducted an experimental study on
the stabilization of black cotton soil using lime and sisal
fiber. Lime was added in different proportions (1%, 2%, 3%,
and 4%), and sisal fiber was mixed at varying percentages
(0.5%, 1%, 2%, and 3%). The results showed that the
addition of 0.5% sisal fiber with optimum lime content
improved the unconfined compressive strength (UCS) and
shear strength significantly. The study concluded that the
combination of lime and sisal fiber provides better results
than using lime alone.

2.Manjunath K. R. et al. (2013): Studied the behavior of black
cotton soil reinforced with sisal fiber and lime. Lime was
added in 3% proportion, and sisal fiber was varied from 0%
to 1% by dry weight of soil. The study observed that the
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mixture containing 3% lime and 0.75% sisal fiber achieved
the highest California Bearing Ratio (CBR) and unconfined
compressive strength values. The results indicated that
fibers increase ductility and tensile resistance while lime
reduces plasticity and swelling.

3. Patel and Desai (2017): Investigated the improvement of
expansive soil using lime and natural fibers. The researchers
found that the addition of 6% lime reduced the plasticity
index and improved the load-bearing capacity. When 1%
sisal fiber was incorporated, further enhancement in
strength and reduction in cracks were observed. The study
emphasized that natural fibers can effectively complement
lime stabilization for sustainable soil improvement.

4. Chittaranjan et al. (2018): Examined the influence of lime
and coir fiber on expansive soil and concluded that adding
fibers with lime improves the soil’s toughness and tensile
strength. Although the study used coir fiber instead of sisal,
the results demonstrated the general advantage of fiber
reinforcement in reducing brittleness of lime-treated soils.

5. Kharade et al. (2014): Conducted experiments on black
cotton soil treated with different percentages of lime (2%,
4%, 6%, and 8%) and found that the optimum lime content
was around 6%. Beyond this value, further increase in lime
content did not yield significant improvement in soil
strength. The study supports the selection of 6% lime as an
optimum stabilizer in expansive soils.

6. Ramesh et al. (2020): Studied the effect of lime and
bamboo fiber on expansive soil as an alternative to sisal
fiber. The research revealed that adding 6% lime and 1%
fiber content resulted in maximum strength gain. This
finding further supports that combining lime with natural
fibers can significantly enhance the engineering behavior of
black cotton soil.

3. METHODOLOGY

The experimental program was conducted in multiple
stages to study the improvement of expansive soil using lime
and sisal fiber. The process involved collecting the soil
sample, drying, and preparing it for testing. Lime was added
to the soil in different proportions of 2%, 4%, 6%, and 8% to
find the optimum content, which was determined as 6%. The
optimum lime-treated soil was then mixed with sisal fiber in
varying percentages of 0.5%, 0.7%, 0.9%, and 1.1%. Various
laboratory tests such as Atterberg limits, compaction, CBR,
and UCS were performed to assess the strength and stability
of the treated soil.

3.1 Mix Proportions

The expansive soil was mixed with lime and sisal fiber
in different proportions to study their combined effect on
soil stabilization. Lime was added to the soil in varying
percentages of 2%, 4%, 6%, and 8% by dry weight of soil to

determine the optimum content. Based on the test results,
6% lime was found to be the optimum percentage for
maximum strength improvement. The optimum lime-treated
soil was then reinforced with sisal fiber in different
proportions of 0.5%, 0.7%, 0.9%, and 1.1% by dry weight.
Each mix was prepared by thoroughly blending the materials
in dry condition, followed by the addition of water
corresponding to the Optimum Moisture Content (OMC)
obtained from compaction tests to ensure uniform mixing
and consistency.

Table -1: Mix Proportions for testing Soil

S.NO Stabilizing Agent % content
1 Lime 2,4,6,8
2 Sisal Fiber 0.5,0.7,09,1.1

3.2 Laboratory Testing

Specific Gravity Test (IS: 2720 Part 3 - 1980)
This test determines the specific gravity of soil solids, which
helps in identifying the type and classification of soil. It is an
essential property used in calculating various soil
parameters such as void ratio, degree of saturation, and unit
weight relationships.

Differential Free Swell (DFS) Test (IS: 2720 Part 40 -
1977) The DFS test determines the swell potential of
expansive soils. It measures the difference in volume change
when the soil is immersed in water compared to kerosene.
Lower DFS values after stabilization indicate a reduction in
swelling behavior due to lime and fiber addition.

Atterberg Limits Test (IS: 2720 Part 5 - 1985)
The liquid limit, plastic limit, and plasticity index of the soil
were determined to study its consistency and plastic
behavior. These parameters indicate the soil’s swelling and
shrinkage potential, which are especially important for black
cotton soil.

Grain Size Analysis (IS: 2720 Part 4 - 1985)
This test identifies the distribution of different particle sizes
within the soil sample. It helps in classifying the soil as clay,
silt, sand, or gravel and provides information on gradation
and texture, which influence compaction and strength
characteristics.

Standard Proctor Compaction Test (IS: 2720 Part 7 -
1980) This test determines the Optimum Moisture Content
(OMC) and Maximum Dry Density (MDD) of the soil. It is
conducted to understand the compaction characteristics and
to obtain the moisture content at which the soil achieves
maximum density, ensuring better field performance.

California Bearing Ratio (CBR) Test (IS: 2720 Part 16 -
1987) The CBR test measures the load-bearing capacity of
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soil and is commonly used in the design of road subgrades
and pavements. Higher CBR values indicate improved
strength and stability of the treated soil compared to
untreated soil

Triaxial Compression Test (IS: 2720 Part 11 - 1993)

4. RESULTS AND DISCUSSION
4.1 Expansive soil Treated with Lime

Table -3: OMC and MDD of Expansive soil with Various
Percentage of Lime

The triaxial compression test is conducted to determine the Mix Proportion OMC (%) MDD (%)
shear strength parameters of soil, namely cohesion (c) and : :
angle of internal friction (¢), under different drainage and Expansive Soil (ES) 2449 147
loading conditions. It provides a realistic simulation of field ES + 2% Lime 25.67 1.48
stress conditions by applying both confining and axial o
pressures on the specimen. The test helps in understanding ES + 4% Lime 29.17 1.52
the behavior of soil under controlled stress paths and is ES + 6% Lime 32.64 1.55
useful for analyzing the stability of slopes, foundations, and
yzing y ol s10p ES + 8% Lime 324 1.52
embankments.
Table -2: Properties of Expansive Soil
MPT
S.NO Soil type Expansive 1.56 . 1.5
Soil 154 ES+ 2% Lime
152 ES + 4% Lime
1 Particle size distribution o b 5% Lime
150 —8— E5 + 8% Lime
Sand, (%) 12 9 148 v
- Z 146 L
Silt, (%) 37 L 1.43
Clay, (%) 51 142
140
2 Atterberg’s limit 138
15.00 20.00 25.00 30.00 35.00 40.00
Liquid limit, (%) 67 OMC
Plastic limit, (%) 26.38 Graph -1: OMC & MDD Values of expansive Soil treated
Plasticity index, (%) 4062 with Various percentage of Lime.
3 Modified compaction results Table - 4 : CBR of Expansive §01l with various
percentage of Lime
Optimum moisture content, (%) 24.49
Mix Proportion CBR
Maximum dry density, (g/cc) 1.47 Expansive Soil (ES) 139
4 Differential free swell, (%) 110 ES + 2% Lime 245
5 Specific Gravity, 2.59 ES +4% Lime 433
ES + 6% Lime 7.34
6 IS Classification CH
ES + 8% Lime 6.21
7 California bearing ratio, C.B.R (%) 1.39
8 Cohesion, C (kN/m?) 38
9 Angle of internal friction, g (°) 3
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California Bearing Ratio
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Graph - 2 : CBR of Expansive soil with various
percentage of Lime

Table - 5: Properties of Expansive Soil treated with Lime

Expansive Expansive
S.No Property pan soil + 6%
soil .
Lime
1 Liquid Limit (%) 67 48
2 Plastic Limit (%) 26.38 29.87
3 Plasticity Index (%) 40.62 18.13
Differential free
4 swell (%) 110 65
5 Specific Gravity 2.59 2.54
Optimum Moisture
6 Content (%) 24.49 32.64
Maximum Dry
7 Density (g/cc) 1.47 1.55
8 CBR (%) 1.39 7.34
9 Cohesion (KN/m?2) 38 62
Angle of Internal
10 friction () 3 9

4.2 Expansive soil treated with optimum
percentage of lime and various percentage of
sisal fiber

Table -6: OMC and MDD of Expansive soil with optimum

percentage of lime and various percentage of sisal fiber

MPT
162
169 59
1.60 158
1.58
1.58 TS
1.56456 .
1 %65
1.56
144, 1.54
2 15 !
1.54 :
= 2
. Aot
——@—ES + 6% LIME +0.5% SF
1.50

1.50 ES + 6% LIME + 0.7% SF

ES + 6% LIME + 0.9% SF
1.48 1z 1.47

ES + 6% LIME + 1.19% SF
1.46

20.00 25.00 30.00 35.00 40.00 45.00
OMC

Graph -3: OMC and MDD of Expansive soil with optimum
percentage of lime and various percentage of sisal fiber

Table - 7: CBR of Expansive soil with optimum percentage
of lime and various percentage of sisal fiber

Mix Proportion CBR %
ES + 6% LIME + 0.5% SF 8.47
ES + 6% LIME + 0.7% SF 9.23
ES + 6% LIME + 0.9 % SF 10.17
ES + 6% LIME + 1.1 % SF 9.79

California Bearing Ratio

200

175

150

_
N
v
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g 100 —— ES + 6% LIME + 0.5% SF

©

3 4

— 75 ’,’/ ES + 6% LIME + 0.7% SF

ol + 6% + 9
50 / ES + 6% LIME + 0.9 % SF
25 ES + 6% LIME + 1.1 % SF
(o]
0 2 4 6 8 10 12 14

Penetration (mm)

Graph -4: CBR of Expansive soil with optimum percentage
of lime and various percentage of sisal fiber

Table -8: Properties of Expansive Soil treated with Optimum
percentage of lime and Sisal Fiber

Mix Proportion OMC (%) MDD(g/cc)
ES + 6% LIME +0.5% SF 33.83 1.57
ES + 6% LIME + 0.7% SF 34.34 1.58
ES + 6% LIME + 0.9% SF 35.21 1.6
ES + 6% LIME + 1.1% SF 36.43 1.59

Expansive
. soil + 6%
Expansive Expansive Lime +
i 0,
S.No Property soil 501l.+ 6% 0.9 %
Lime .
Sisal
Fiber
Liquid Limit
1 (%) 67 48 44
Plastic Limit
2 (%) 26.38 29.87 30.21
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Plasticity
3 Index (%) 40.62 18.13 13.79
Differential
4 free swell (%) 110 65 5
Specific
5 Gravity 2.59 2.54 2.57
Optimum
6 Moisture 24.49 32.64 35.21
Content (%)
Maximum Dry
7 Density (g/cc) 1.47 1.55 1.6
8 CBR (%) 1.39 7.34 10.17
Cohesion
9 (KN/m?) 38 62 84
Angle of
10 Internal 3 9 15
friction ()

5. CONCLUSIONS

1.

The experimental study showed that the engineering
properties of expansive soil can be effectively improved
by using lime and sisal fiber together.

Adding lime lowers the plasticity and swelling behavior
of black cotton soil through chemical reactions like
cation exchange and pozzolanic activity. This leads to
stronger soil aggregates.

The best lime content was 6%, where the soil showed
the greatest improvement in strength and the lowest
plasticity index.

Adding sisal fiber to the lime-treated soil further
improved its performance. This made the soil more
resistant to cracking and shrinkage during drying, and
itincreased tensile strength and flexibility.

Among the fiber contents tested (0.5%, 0.7%, 0.9%, and
1.1%), 0.9% sisal fiber produced the highest values for
CBR indicating the best percentage for reinforcement.

Combining 6% lime with 0.9% sisal fiber resulted in
higher dry density, better bearing capacity, and less
swelling potential compared to untreated soil.

It is observed that the CBR of the Expansive Soil has
beenincreased from 1.39% to 7.34% on the addition of
6% Lime and it has been further increased from 7.34%
to 10.17% with addition of 0.9% Sisal Fiber.

The results confirm that natural fibers like sisal can
effectively work with lime to create a sustainable and
cost-effective method for stabilizing expansive soils.
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