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ABSTRACT 
Kota city is having major problem of disposing of Kota stone slurry powder. It is aby–productwhich is 
obtainedduringcutting, grinding and polishing operations of locally available Kota stone in stone industries. One of 
the innovative ground improvement techniques can be practiced by using Kota stone slurry powder (KSSP) as 
stabilizing agent or admixture. This technique of may simultaneously offer the other advantages such as space 
saving, environmental sustainability, material availability etc. In the present study, Kota stone slurry powder is used 
as a stabilizing material for black cotton soil. Thecone penetration, shrinkage limit, differential free swell, standard 
proctor test, UCS test andswell pressure test are conducted on soil and mix specimens to predict and ascertain the 
behaviour of mix. Results of these experiments concluded that engineering properties of the black cotton soil like 
shrinkage limit, maximum dry density (MDD), optimum moisture content (OMC) and UCSare improved bymixing 
Kota stone slurry powder depending on its proportion.With the percentage increase of Kota stone slurry powder, 
swelling characteristics of expansive soil is also improved such as decrement in the swelling percentage and 
swelling pressure. UCS value decreases beyond 20% of mixing of slurry. 
 
 
 
1. INTRODUCTION 
 

Kota stone are generally used for cladding of the 
walls, decorating the floors and many other ways. It is 
having oil resistant, non-water absorbent, non–slippery 
and excellent stone resolvability properties. It is 
available in the form of slabs and tiles. Kota stone 
deposits spread in some areas of Kota and some part of 
Jhalawar District in Rajasthan.Fine slurry is produced 
duringcutting, grinding andpolishingof the Kota stones in 
stone industries. Every year approximately 3 to 3.25lakh 
metric ton of stone slurry is produced and disposed of 
into local convenient places. This influences about 5 to 
10 hectares useful land every year. This waste causes 
general environmental and economical drawback and 
health problems. Some of them are enlisted as loss in 
soil fertility due to increase of alkalinity in soil, 
contamination of underground water, health problem 
due to slurry dust suspended particles in air, stone 
slurry clusters or heaps etc. Kota stone slurry is a semi 
liquid substance consisting of particles originated from 
the sawing and polishing process and water is used to 
cool and lubricate the sawing and polishing 
machines.Kota stone slurry powdercan beused as a 
filler or stabilizing material and as apozzolanic material. 
In this paper through various laboratory experiments, 
results are presented for a possible use of KSSP as 
stabilizing or filler material.Kota stone slurry powder is 
obtained by drying of Kota stone slurry. Kota stone is 
basically a flaggy lime stone. This slurry is having the 
characteristics which are very useful for improving the 
properties of expansive soiland helps in escalating the 
solid waste dumping problem. 

Black cotton soil is in general highly expansive soil 
and thevariation of seasonal moisture content is 
responsible for substantial distress to the structures that 
are built over the soils. In black cotton soil, when water 
content decreases the soil gets shrink and particles get 
rearranged and movement takes place. Differential 
settlement may occur during swelling or shrinkage of 
soil. Alternate swelling & shrinkage in black cotton soil 
leads to development of cracksin the 
structure.Therefore,the treatment of black cotton soil is 
required to avoid such a situation. 

Stabilization is a technique to improve the properties 
of natural soil by using chemical or physical means. The 
aim of this study is to improve the geotechnical 
properties of black cotton soil economically. 
Todetermine the improvement in geotechnical 
properties of black cotton soil, the standard proctor test, 
shrinkage limit, swell index, swell pressure and 
unconfined compressive strength (UCS) tests are 
conductedwith different percentage of Kota stone slurry 
powder in laboratory. 
 
 
2. LITERATURE SURVEY 
 
Many research works have been introduced worldwide 
in the direction of utilizing marble 
dust/ash/lime/cement/lime containing material to 
stabilize expansive soil for enhancing the characteristics 
of black cotton soil or expansive soils. 

ErdalCokca (2001) founded that use of fly ash to 
improve engineering properties of an expansive soil. 
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E.A. Basha et. al (2005) presented paper on 
stabilization of expansive soil with rice husk and 
cement. From the test results it is observed that the 
plasticity of soil reduces but other engineering 
properties improves at optimum dosage of rice husk 
and cement. 

KoonnamasPunthutaecha, et. al. (2006) conducted 
tests to analyse the effectiveness of volume change of 
expansive soil with recycled ash with fibre.  

Palaniappan KA et. al. (2009) concluded that marble 
dust powder is effective waste material for stabilization 
of expansive soil. It improves the engineering properties 
of the expansive soil. 

Pankaj R. Modak and Prakash B. et al. (2012) 
completed their work to improvement in black cotton soil 
by using admixtures. 

Vishvakarma Amit et. al. (2013) studied the 
utilization of marble with expansive soil to enhance the 
soil properties. 

ParteShyam Singh et. al. (2014) studied the effect of 
marble dust on index properties of black cotton soil on 
different of water content. They mixed 0% to 40% 
marble dust in black cotton soil and concluded that the 
differential free swell, plastic limit and liquid limit of 
black cotton soil is decreasing by increasing the 
percentage of marble dust. It is also observed that the 
shrinkage limit of black cotton soil increasing. 

Gupta Chayan and Sharma Ravi Kumar (2014) 
determined the influence of marble dust, fly ash and 
Beas sand on sub grade characteristics of expansive 
soil. The series of test conducted in laboratory on fly 
ash, sand stabilized black cotton soil which further 
blended with 0% to 20% marble dust and concluded 
that the 15% marble dust is sufficient to increase the 
California bearing ratio-soaked value up to 200% 
approximately.  

Akshay Kumar Sabat et. al. (2014) performed 
experiments to determine the improvement of 
expansive soil by mixing marble powder with rice husk 
ash. 

Muthukumar M. et al. (2015) completed their work to 
improve the engineering properties of expansive soil. It 
also helps to disposal problem of marble powder and 
ecological system.  

Vikash Malik et. al. (2017) completed their work 
based on compaction and swelling behaviour of black 
cotton soil mixed with non – cementitious materials. A 
series of proctor tests and one dimensional swell test 
were conducted to study the effect of the compaction 
and swelling behaviour. The specimens were prepared 
by adding 4%, 8%, 12%, 16% and 20% non – 
cementitious materials in black cotton soil. This 
percentage was taken by weight of the dried back 
cotton soil and from the test results, it was observed 
that swelling pressure, OMC were increasing but MDD 
remained same. 

The main objective of this study is to utilize the 
waste material Kota stone slurry powder to improve the 
geotechnical properties of black cotton soil. A laboratory 
investigation was conducted on black cotton soil and 
Kota stone slurry powder mixed in varied percentage. 
The test results showed a significant improvement in 
consistency, compaction, UCS, and swell properties of 
black cotton soil. 

 
3. MATERIALS USED 

 

3.1 Kota Stone Slurry Powder 

Locally available Kota Stone Slurry is used in 
mixwhich is produced from cutting, polishing in stone 
industries. 

3.2 Black Cotton Soil 
 

The Black cotton soil isfound mostly in the central 
and western parts and covers approximately 20% of the 
total area of India. Black cotton soil is inorganic clays of 
medium to high compressibility and forms a major soil 
group in India. Black cotton soil is characterized by high 
shrinkage and swelling properties. The samples of black 
cotton soil were taken from a field in Amrit Nagar, 
Bohrkhera, District Kota in Rajasthan for this study. 

 
 

4. EXPERIMENTAL PROGRAM, RESULT AND 
DISCUSSION 
 
4.1 Objective: 

To study the behaviour of expansive soil using Kota 
stone slurry powder by stabilization technique, the 
percentage of mixing Kota stone slurry powder is 0% to 
20% at interval of 5%. 

4.2 Experimental details, result and discussion 

The following geotechnical properties were studied by 
using various percentage of Kota Stone Slurry Powder. 

 Atterberg limits (Liquid 
limit,Plasticlimit),Freeswell index,Shrinkage 
limit. 

 Optimum moisture content,maximumdry 
density by standard proctor test. 

 Specific gravity and swell pressure 
Laboratory testresultsof black cotton soil and Kota 

stone slurry powderare presented in the Table 1. 
 
 

Table 1. Characteristics of black cotton soil and Kota 
stone slurry powder 
 

Properties Black Cotton 
Soil                                   

Kota Stone 
Slurry 
Powder 

Liquid limit 55% 32.8 

Plastic limit 28.62% NP 

Swell index 50% - 

Shrinkage limit 7.52% 22.49% 

Specific gravity 2.57 2.63 

MDD 1.67gm/cm3 1.69gm/cm3 

OMC 
UCS 
Swell pressure 
Volumetric shrinkage 

19% 
2.80kg/cm2 

1.89kg/cm2 

86.70% 

20.70% 
- 
- 
16.88% 

 
 

From the test results, it is observed that the black 
cotton soil and KSSPis having 55% and 32.8% liquid 
limit respectively. The plastic limit of soil is 28.62% but 
Kota stone slurry powder is found as non – plastic 
material. The maximum dry density of black cotton soil 
and Kota stone slurry powder is determined as 1.67 



3 
 

gm/cm3 and 1.69 gm/cm3 respectively atoptimum 
moisture content of 19% and 20.70%. 

 
4.2.1 Specific gravity 
 
The specific gravity is determined by density meter (50 
ml) in laboratory. The specific gravity of black cotton soil 
and mix specimen is calculated andresults of mix 
specimen is given in Table 2. 
 
 
Table 2. Specific Gravity of Specimen 
 

Particulars Sp. Gravity 

Black cotton soil 2.57 

Kota Stone Slurry Powder 2.63  

Black cotton soil + 5% KSSP 2.59  

Black cotton soil + 10% KSSP 2.60 

Black cotton soil + 15% KSSP 2.608 

Black cotton soil + 20% KSSP 2.61  

Black cotton soil + 25% KSSP 2.615  

 
 

Specific gravity of black cotton soil is 2.57 and 
specific gravity of Kota Stone Slurry Powder is 2.63. By 
the adding of Kota stone slurry powder, it is observed 
that the specific gravity of mix specimen increases with 
increasing the percentage of KSSP in soil. Percentage 
increase in specific gravity of mix is up to 1.6% with 
increase of Kota Stone Slurry Powder to 25%. 

 
4.2.2 Differential Free Swell(DFS) 
 
 

DFS =     

 
 
The DFS test is also performed in laboratory and it is 
observed that the black cotton soil is highly expansive 
soilin nature. If KSSPpercentage is varied from 5% to 
20%, the differential free swell is continuously 
decreasing. The test results are presented in Table 3. 
 
 
Table3. Swelling index of specimen 
 

Particulars Swell index Percentage 
decrease 

Black cotton soil 50% - 

Kota Stone Slurry 
Powder 

NS - 

Black cotton soil + 
5% KSSP 

45% 10% 

Black cotton soil + 
10% KSSP 

40% 20% 

Black cotton soil + 
15% KSSP 

40% 20% 

Black cotton soil + 
20% KSSP 

35% 30% 

Black cotton soil + 
25% KSSP 

30% 40% 

 

The DFS value for black cotton soil is 50%while 
KSSP is non-swelling in nature. The DFS value of black 
cotton soil continuously decreases with increasing the 
percentage of Kota stone slurry powder as shown in the 
Table 3. The maximum decrease in DFS value is 
determined for 25% mix specimen, which is decreased 
by 40% from the DFS value of black cotton soil. 
 
4.2.3 Plastic limit 
 
From the results, it is observed that when the mixing 
percentage of KSSP increases, the plastic limit 
decreases continuously. With the increaseof mix 
percentage from 5% to 25%, the plastic limit decreases 
from 26.21% to 22.51%.Correspondingpercentage 
decrements in plastic limit are 1.54% to 15.4% 
respectively in comparison to black cotton soil. The test 
results are given in Table 4. 
 
 
Table 4. Plastic Limits of Specimen 
 

Particulars Plastic limit (%) Per. Decr. 

Black cotton soil 26.62% - 

Kota Stone Slurry 
Powder 

NP - 

Black cotton soil + 
5% KSSP 

26.21% 1.54% 

Black cotton soil + 
10% KSSP 

25.82% 3.0% 

Black cotton soil + 
15% KSSP 

25.14% 5.55% 

Black cotton soil + 
20% KSSP 

22.51% 15.40% 

Black cotton soil + 
25% KSSP 

19.86% 25.39% 

 
 
4.2.4 Liquid limit test 
 
The liquid limit of black cotton soil, Kota stone slurry 
powder and mix specimen of Kota stone slurry is 
determined by cone penetration test. The liquid limit of 
black cotton soil and Kota stone slurry powder is 
obtained 55% and 32.80% respectively.With the mix 
percentage of KSSP increases 5% to 25%, the 
percentage decrease in liquid limit isfrom 1.82% to 
14.16% respectively. The test results of the liquid limit 
are given in Table 5. 
 
 
Table 5. Liquid Limit of Specimen 
 

Descriptions Liquid limit in 
% 

Percentage 
decreasing (%) 

Black cotton soil 55 - 

Kota Stone Slurry 
Powder 

32.80 - 

Black cotton soil + 
5% KSSP 

54 1.82 

Black cotton soil + 
10% KSSP 

53.22 3.23 

Black cotton soil + 
15% KSSP 

52.11 5.25 

Black cotton soil + 48.86 11.16 
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20% KSSP 

Black cotton soil + 
25% KSSP 

47.21 14.16 

 
 

4.2.5 Volumetric Shrinkage 
 
Shrinkage limit is the water content where further loss of 
moisture will not result in any more volume change. The 
volumetric shrinkage is determined for black cotton soil, 
Kota stone slurry and mix specimen. The volumetric 
shrinkage is defined as the change in volume 
expressed as a percentage of the dry volume when 
water content is reduced from a given value of the 
shrinkage limit. The volumetric shrinkage of black cotton 
soil, Kota stone slurry is determined 7.52% and 
16.88%respectively. By adding and increasing the Kota 
stone slurry powder in soil, a continuous increment in 
shrinkage limit and a continuous decrement in 
volumetric shrinkage is observed.The test results of 
shrinkage limit and volumetric shrinkage are shown in 
Table 6. 
 
 
Table 6. Shrinkage limit and Volumetric Shrinkage of 
Specimens 
 

       Descriptions Shrink-
age 
Limit 

Per. 
increase in 

SL % 

Volumetric 
shrinkage 

in % 

Black cotton soil 7.52 - 86.70% 

Kota Stone Slurry 
Powder 

22.49 - 16.88% 

Black cotton soil + 
5% KSSP 

8.04 6.91 97.61% 

Black cotton soil + 
10% KSSP 

8.54 13.56 90.74% 

Black cotton soil + 
15% KSSP 

9.36 24.47 86.0% 

Black cotton soil + 
20% KSSP 

10.26 36.46 74.2% 

Black cotton soil + 
25% KSSP 

11.08 50.00 71.11% 

 
 

4.2.6 Proctor Test: 
 
The standard proctor test is performed to determine the 
optimum moisture content (OMC) and maximum dry 
density (MDD) of black cotton soil, Kota stone slurry 
and mix specimen.The MDD of black cotton soil and 
Kota stone slurry powder is found to be1.67gm/cm3 and 
1.685gm/cm3 for corresponding OMC of 19.4% and 
20.7%. From the mix specimen results, it is observed 
that the maximum dry density continuously increases 
with increasing the percentage of Kota stone slurry 
powder in black cotton soil.  The test results of proctor 
test are given in Table 7. 
 
 
 
 
 
 

Table 7. Proctor Test for Specimen 
 

Descriptions Optimum 
Moisture content 
in % 

Maximum Dry 
density in  
gm /cm3 

Black cotton soil 19.4 1.67 
Kota Stone 
Slurry Powder 

20.7 1.69 

Black cotton soil 
+ 5% KSSP 

19.3 1.676 

Black cotton soil 
+ 10% KSSP 

19.05 1.679 

Black cotton soil 
+ 15% KSSP 

18.26 1.702 

Black cotton soil 
+ 20% KSSP 

18.2 1.707 

Black cotton soil 
+ 25% KSSP 

18.01 1.712 

 
 

Maximum dry density (MDD) is slightly increases by 
2.7% with increasing of Kota stone slurrypowder up to 
20% on 18.01% OMC. The graphical presentation of 
proctor test for black cotton soil and mix specimen of 
Kota stone slurry is shown in figure 1. 

 
 

 

Figure 1. Moisture content v/s Dry density 
 
 

The percentage variation of maximum dry density is 
shown in figure 2. 

 
 

 
Figure 2. Percentage Variation in MDD of Mix Specimen  
4.2.7 UCS Test 
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The unconfined compressive strength (qu) is the 
load per unit area at which the cylindrical specimen of a 
cohesive soil is in compression. The test result of UCS 
is given in Table 8. 
 
 
Table 8. UCS Test for Specimen 
 

Descriptions UCS inkg/cm2 Per. Variation 

Black cotton soil 2.80 - 

Kota Stone  
Slurry Powder 

- - 

Black cotton soil 
+ 5% KSSP 

2.91 8.86 

Black cotton soil 
+ 10% KSSP 

3.10 17.83 

Black cotton soil 
+ 15% KSSP 

3.55 32.34 

Black cotton soil 
+ 20% KSSP 

4.11 46.21 

Black cotton soil 
+ 25% KSSP 

3.18 13.13 

 
 

 
Figure 3. Strain v/s Stress 
 
 

The UCS value of black cotton soil is obtained as 
2.80kg/cm2and it is increased up to 4.11kg/cm2 when 
20% KSSP is mixed in black cotton soil. The 
percentage increase in UCS value is up to 46.21%for 
the 20% mixingof Kota Stone Slurry Powder.The 
percentage increasein the UCS value is shown in figure 
4. It is observed that the UCS value decreases beyond 
20% mixing of slurry powder. Hence, it is advised to use 
of slurry as a mixing material only upto 20%. 

 

Figure 4. Percentage increase in UCS for mix 
specimen. 
 
 
4.2.8 Swell Pressure Test: 
 
The swelling pressure testsare performed for black 
cotton soil and mix specimen of Kota stone slurry 
powder. The test results of the specimensare given in 
Table 9 and graphical presentation of results is shown 
in figure 5. 
 
 
Table 9. Swelling Pressure for Specimen 
 

Descriptions Total 
swelling 

Per. 
swell 

Swell 
pressure 
in kg/cm2 

Black cotton soil 0.82 4.1 1.89 
Kota Stone Slurry 
Powder 

 
- 

  

Black cotton soil + 
5% KSSP 

0.65 3.25 1.62 

Black cotton soil + 
10% KSSP 

 
0.65 

 
3.25 

 
1.50 

Black cotton soil + 
15% KSSP 

 
0.58 

 
2.90 

 
1.21 

Black cotton soil + 
20% KSSP 

 
0.55 

 
2.75 

 
1.09 

Black cotton soil + 
25% KSSP 

 
0.50 

 
2.45 

 
1.08 

 
 

 
Figure 5.  Dial gauge reading with swell pressure of 
black cotton soil and mix specimen 
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Figure 6. Percentage variation of mix v/s Swell pressure 
 
 

From figures 5 and 6, it is established that with the 
increasing percentage of Kota stone slurry powder, the 
value of swelling pressure is decreasing. The 
percentage decrements in swelling pressure of black 
cotton soil are 14.29% and 42.12% with the 
corresponding percentage of mixing of Kota stone slurry 
powder of 5% and 20%. 

 
 

5 CONCLUSION 

Based on the experimental investigations, the 
conclusions are obtained: 
1. It is observed that when the Kota stone slurry 

powder is mixed with black cotton soil, the specific 

gravity continuously increases with its increasing 

percentage but effect is marginal. 

2. The liquid limit and plastic limit of black cotton soil is 

determined 55% and 28.62%. The Kota stone slurry 

powder is non – plastic material. When the 

percentage of mixing of Kota stone slurry powder is 

increased, the plastic limit decreases from 26.62% 

to 22.51%. The liquid limit of black cotton soil also 

decreases with increasing the percentage of Kota 

stone slurry powder. 

3. The black cotton soil is having shrinkage limit of 

7.52% with volumetric shrinkage of 86.7%. The 

shrinkage limit of soil increases with the increase of 

mix percentage of KSSP and the reason for 

increment in it asKota stone slurry powder particles 

are finer than black cotton soil particles. The 

volumetric shrinkage decreases with increasing the 

percentage of Kota stone slurry Powder in black 

cotton soil. 

4. The maximum dry density of black cotton soil is 

determined 1.67 gm/cm3 at 19.4% OMC. The 

maximum dry density of Kota stone slurry powder is 

also determined 1.69 gm/cm3 at 20.7 OMC. It is 

observed that when the percentage of Kota stone 

slurry powder increases in black cotton soil, the 

maximum dry density increases and optimum 

moisture content decreases. The reason of 

increasing maximum dry density of black cotton soil 

after adding KSSP is the Kota stone slurry powder 

particles works as filler and also bonding material. 

5. From the swell index, it is observed that the black 

cotton soil is highly expansive soil and Kota stone 

slurry powder is non – swelling materials. From the 

mix specimens of Kota stone slurry powder, the 

swell index of black cotton soil decreases from 50% 

to 35% with increasing the percentage of Kota stone 

slurry powder.  

6. The Unconfined compressive strength of the black 

cotton soil is 2.80 kg/cm2. It is concluded that the 

Kota stone slurry powder works as filler material, 

which increases the UCS value of black cotton soil 

by adding Kota stone slurry powder. It is also 

observed that the unconfined compressive strength 

increases with increasing percentage of Kota stone 

slurry powder in black cotton soil upto 20% and 

beyond 20% mixing of slurry powder, the value of 

UCS decreases. Thus it suggests the reasonable 

use of mixing of slurry powder up to 25% only. 

7. The swelling pressure of black cotton soil is 

determined 1.89 kg/cm2. It is explained that Kota 

stone slurry powder is a non - plastic material and it 

decreases the expansive behaviour of black cotton 

soil. Due to this reason the swelling pressure of 

black cotton soil decreases with increasing 

percentage of Kota stone slurry powder. 
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