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Abstract— The foundation is the most important part of any 

structure and to ensure that the foundation is stable, the soil 

beneath has to be strong, thus playing a critical role. 

Expansive soils are weaker than conventional sols, and India 

has almost 20% of expansive soil cover. An attempt has 

been made to study the stabilization of an expansive soil 

such as black cotton soil using a combination of rice husk 

ash, lime and stone dust in different proportions. 
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I. INTRODUCTION 

Any structure, be it land-based or water-based, the 

foundation is very important and has to be strong to support 

the entire structure which in turn means that the soil around 

it should be strong and stable in order to support the 

structure. In order to work with soils, we need to know their 

properties and factors which affect their behavior. The 

process of soil stabilization helps to achieve the required 

properties in a soil needed for construction work.  

From the beginning of construction work, the 

necessity of enhancing soil properties has come to the light. 

Ancient civilizations of the Chinese, Romans and Incas 

utilized various methods to improve soil strength etc., some 

of these methods were so effective that their buildings and 

roads still exist.  

In India, the modern era of soil stabilization began 

in early 1970’s, with a general shortage of petroleum and 

aggregates, it became necessary for the engineers to look at 

means to improve soil other than replacing the poor soil at 

the building site. Soil stabilization was used but due to the 

use of obsolete methods and also due to the absence of 

proper technique, soil stabilization lost favour.  

In recent times, with the increase in the demand for 

infrastructure, raw materials and fuel, soil stabilization has 

started to take a new shape. With the availability of better 

research, materials and equipment, it is emerging as a 

popular and cost-effective method for soil improvement.  

Expansive soils are known to behave differently 

than conventional soils. In India these soils also known as 

black cotton soil cover almost 20% of the total area of the 

country. The major areas of their occurrence are states of 

Maharashtra, Gujarat, southern part of Uttar Pradesh, 

eastern parts of Madhya Pradesh, parts of Andhra Pradesh 

and Karnataka. The major problems governing with black 

cotton soil are swelling, shrinkage and heaving 

characteristics. The black cotton soil swells when it comes 

in contact with and shrinks on drying.  

A number of investigators have proposed ground 

improvement techniques for the foundation of structures on 

such soil deposits. The foundation techniques can be broadly 

classified into four categories as; 

1) Conventional practices 

2) Stabilization method 

3) Methods based on analytical and structural design 

approaches and 

4) Innovative techniques 

Ground improvement is a general term used for the 

modification of soil to enhance the strength additives by 

Chemical and thermal stabilization etc.  

Apart from the several other grounds improvement 

techniques, chemical stabilization is the only option for 

certain types of soils. In chemical stabilization, the lime, 

cement, fly ash and bio enzymes are used as admixtures to 

improve the properties of the soil.  

Here, in this project, soil stabilization has been 

done with the help of. The improvement in the shear 

strength parameters has been stressed upon and comparative 

studies have been carried out using different methods of 

shear resistance measurement. 

II. SCOPE OF INVESTIGATION 

The present investigation aims at studying the strength 

properties of black cotton soil by adding various 

combinations of rice husk ash, lime and stone dust. It 

investigates the improvement in the strength and post peak 

behaviour of black cotton soil by adding various percentages 

of these admixtures and develops a relational approach to 

use of these naturally available materials as a stabilisation 

material of black cotton soil. Utilizing rice husk ash more 

effectively also reduces the disposal problems. 

On adding these components in varying degrees, 

mechanical properties of black cotton soil would be 

enhanced such as density, liquid limit could be decreased, 

shrinkage limit could be increased and plastic limit could be 

increased. Workability and pozzolonic reaction could be 

increased. Swell shrink behaviour could be reduced as well 

as maximum dry density and optimum moisture content 

increased.  

III. METHODOLOGY 

Soil samples are have been collected from Bidar District of 

Karnataka, located around 650 km. from Bengaluru.  

Preliminary experiments are conducted on black 

cotton soil to know its basic properties. The tests conducted 

are: 

1) Specific gravity determination by pycnometer method 

2) Atterberg’s limits for black cotton soil 

3) Shrinkage limit test 

The index property results obtained in the preliminary tests 

are as follows:  

Colour = Dark Grayish Black 

Natural Moisture Content = 8.51 % 

Specific Gravity = 2. 59 

Liquid Limit = 48 % (from graph)      
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Plastic Limit = 34.44 % 

Plasticity Index = 13.56 %  

Shrinkage Limit = 22.73 % 

After the preliminary experiments, the major 

experiments are conducted on the sample black cotton soil 

and the results analysed.  

A. Direct Shear Test 

In many engineering problems such as design of foundation, 

retaining walls, slab bridges, pipes, sheet piling, the value of 

the angle of internal friction and cohesion of the soil 

involved are required for the design. Direct shear test is used 

to predict these parameters quickly. The shearing strength of 

the soil is determined using the direct shear apparatus. 

Descriptio

n 
Cohesion (Kg/Cm^2) 

Angle Of Internal  

Friction 

 0.5 kg 1.0 kg 1.5 kg 
0.5 

kg 

1.0 

kg 

1.5 

kg 

BCS+15

% RHA + 

10% L 

+5% SD 

0.065

0 

0.056

5 
- 

57.7

9 

56.4

4 
- 

BCS+15

% RHA + 

10% L 

+10% SD 

0.100

3 

0.072

8 

0.100

8 
45 47 51 

BCS+15

% RHA + 

10% L 

+15% SD 

0.081 0.081 
0.155

5 

51.7

8 

38.6

8 

58.9

5 

BCS+15

% RHA + 

10% L 

+20% SD 

0.089

3 

0.094

5 
0.144 59 

55.4

5 

49.3

4 

BCS+15

% RHA + 

10% L 

+25% SD 

0.060

0 

0.104

2 

0.109

5 

65.3

8 

48.5

4 

56.0

2 

Table 1: Direct Shear Test Results 

B. Standard Proctor Test 

In geotechnical engineering, soil compaction is the process 

in which a stress applied to a soil causes densification as air 

is displaced from the pores between the soil grains. It is an 

instantaneous process and always takes place in partially 

saturated soil (three phase system). The Proctor compaction 

test is a laboratory method of experimentally determining 

the optimal moisture content at which a given soil type will 

become most dense and achieve its maximum dry density. 

Samples Description 

Dry 

Density 

(gm/cm3) 

Water 

Content 

(%) 

Sample 

1 

BC-80%+RHA-

10%+LIME-

10%+SD-0% 

1.75 20.25 

Sample 

2 

BC-75%+RHA-

10%+LIME-

10%+SD-05% 

1.76 25.80 

Sample 

3 

BC-70%+RHA-

10%+LIME-
1.805 23.50 

10%+SD-10% 

Sample 

4 

BC-65%+RHA-

10%+LIME-

10%+SD-15% 

1.79 24.60 

Sample 

5 

BC-60%+RHA-

10%+LIME-

10%+SD-20% 

1.77 25.30 

Table 2: Standard Proctor Test Results 

 
Fig. 3: Graph showing variation in dry density for different 

% of Stone Dust keeping Rice Husk Ash 10% and Lime 

10% constant 

C. Unconfined Compression Test  

This experiment is used to determine the unconfined 

compressive strength of the soil sample which in turn is 

used to calculate the unconsolidated, undrained shear 

strength of unconfined soil. The unconfined compressive 

strength (qu) is the compressive stress at which the 

unconfined cylindrical soil sample fails under simple 

compressive test. The experimental setup constitutes of the 

compression device and dial gauges for load and 

deformation. The load was taken for different readings of 

strain dial gauge starting from ε = 0. 005 and increasing by 

0.005 at each step. The corrected cross-sectional area was 

calculated by dividing the area by (1- ε) and then the 

compressive stress for each step was calculated by dividing 

the load with the corrected area.  

Sample No Proportions Taken 

Sample No 1 75:00:15:10 

Sample No 2 70:05:15:10 

Sample No 3 65:10:15:10 

Sample No 4 60:15:15:10 

Sample No 5 55:20:15:10 

Sample No 6 50:25:15:10 

Sample No 7 45:30:15:10 

Sample No 8 80:00:10:10 

Sample No 9 75:05:10:10 

Sample No 10 70:10:10:10 

Sample No 11 65:15:10:10 

Sample No 12 60:20:10:10 

Sample No 13 55:25:10:10 

Sample No 14 50:30:10:10 

Table 3: Test Sample Compositions BCS=A, SD=B, 

RHA=C, L=D; A:B:C:D % 
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Fig. 4: Variation in UCS for different percentage of Stone 

Dust keeping Rice Husk Ash 15% and Lime 10% constant. 

 
Fig. 5: Variation in UCS for different percentage of Stone 

Dust keeping Rice Husk Ash 10% and Lime 10% constant 

 
Fig. 6: Variation in UCS for various percentage of stone 

dust keeping Rice husk ash 10 % and lime 10 % constant 

 
Fig. 7: Variation in UCS for various percentage of stone 

dust keeping Rice husk ash 15 % and lime 10 % constant 

IV. CONCLUSION 

Tests after adding Rice Husk Ash (RHA), Lime and Stone 

Dust were conducted and the following conclusions were 

made: 

A. Direct Shear Test: 

Varying the percentage of stone dust impacts the shear 

strength of black cotton soil stabilized with rice husk ash 

and lime. 

On adding stone dust up to 20% by weight of soil the 

maximum cohesion (kg/cm^2) was obtained for: 

1. 5 kg as 0. 144 kg/cm^2 

Angle of internal friction (in degrees) for: 

1. 5 kg as 49. 34˚ 

B. Standard Proctor Test: 

The dry density of the sample increases with decreases in 

water . Maximum water content during standard 

proctor test of mixed sample is found to be 23.50 % at the 

maximum dry density of 1.805 gm/cc.  

The mixture composition for maximum dry density is  

Black Cotton Soil: 70% 

Rice Husk Ash: 10% 

Lime: 10% 

Stone Dust: 10% 

C. Unconfined Compression Test: 

It is seen that varied percentage of stone dust has a 

substantial impact on the unconfined compressive strength 

of the black cotton soil stabilized with rice husk ash and 

lime. On adding stone dust up to 20% the compressive 

strength of black cotton soil is maximum of a value 1.95 

kg/cm2. On further adding of stone dust the compressive 

strength decreases.  

The composition for maximum stress is 

Rice Husk Ash: 15% 

Stone Dust: 20% 

Lime: 10% 
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