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Abstract - Black cotton soils are able to absorb a lot of water, experience significant volume 

fluctuations, and experience seasonal expansion and contraction depending on the water 

availability. Structures built on such soils frequently suffer from this and fail. To address the 

swelling aspects related to these soils, techniques like preloading, moisture control, replacement 

of impacted soil, and additives have been employed. Various Researchers conducted research to 

alter the brick powder and other industrial wastes, in this examination, the soil's engineering 

qualities alone are studied, they correspond to the features of black cotton combined 5% 10% 

and 15% by weight of brick powder. The geotechnical characteristics dealt with in this study 

include plasticity, compaction, and swelling shrinking of that black cotton soil in terms of free 

swell index value 

Keywords- Stabilizing black cotton, brick powder plasticity, compaction, behaviors of soil 

 

1. INTRODUCTION 

1.1 GENERAL 

Black cotton soil shrinks and swells in response to variations in moisture content. This variance in 

the soil causes significant soil disturbance, which is followed by harm to the structures above. 

During times of greater precipitation, such as the monsoon, these soils absorb water and swell; as 

a result, they become spongy and lose some of their ability to hold water. Conversely, during the 

summer, these soils lose they had absorbed while evaporation, making them strong. The Indian 

subcontinent's Deccan trap (Deccan lava tract), which encompasses, Gujarat, Madhya Pradesh, and 

a few remote areas of Odisha, is where black cotton soils are most commonly found. The valleys 

of the Narmada, Godavari, and Krishna rivers may also include these soils. These are the soils 

that remain at a disaster site after various decomposition agents have chemically broken-down 

rocks like basalt [1]. Clay-sized particles make up a large majority as black cotton soils. The 

majority particles are clay-sized, and it ranges in color from black to reddish brown. Expansive 
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soils have a tremendous ability to retain moisture, which makes them perfect for dry farming and 

the growth of crops like cotton. Ionic exchange, or soil stabilisation, works to stop soil from 

swelling and moving beneath the foundation of your house or place of business. There are 

various methods available on the market today, many of which reinforce the soil by adding stuff 

to it. But the most effective method is chemical soil stabilisation[2]. The application of chemical 

soil stabilisation is a practical and affordable way to enhance the characteristics of the soil.  

 

1.2 NEED OF STABILIZATION 

1. Sometimes the locally available soil lacks the properties necessary to satisfy design 

requirements, and it is not cost-effective to import suitable soil from elsewhere [4]. 

2. The only option accessible to the civil engineer is to adjust the soil's qualities using the 

necessary processes. 

3. Soil stabilization is also used for military and other emergency demands to quickly make a 

location passable. 

4. Soil stabilization is occasionally utilized to increase the noise absorption of city and 

suburban streets. 

5. The methods for improving the soil should be both useful and economical. 

 

1.3 STABILIZATION METHOD 

The methods described below are only a few that can be used to alter a soil's characteristics. 

 Compaction and structural stability 
 Stabilization through chemical methods drainage methods 

 Consolidation techniques 

 The use of vibration 
 Soil fortification 
 Heat treatment 

 Electro-osmosis 
 Vibration approach 

 

1.4 SOIL STABILIZATION APPLICATION 

The following conditions benefit from soil stabilization: 
1. Roadway development. 
2. Wetland regions 
3. The foundations for large projects are embankments. 
4. Bridge abutments and retaining walls 
5. Locations with constrained space and right of way 

 

1.5 HEAT TREATMENT 

Using heat to stabilize soil is a method for enhancing the surface. Discussions are made 

regarding the idea, process, and applications of soil thermal stabilisation [17]. It has been noted 

that soil qualities vary noticeably when heated or cooled.  

1.6 BENEFITS OF SOIL STABILIZATION 

Stabilized soil can be used to build steep slopes in embankments, reducing the amount of filling 

material needed and increasing the covered area of the embankment [6]. 

1. It increases the level of safety against sloping. 
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2. The carrying capacity of the soil is greatly increased through soil stabilization. 

3. It increases the soil's binding power, making it possible to use it to build inclined structures 

and on the sides of bridges. It is therefore advantageous in areas with a high population 

density [7]. 

4. Soil stabilization is a practical method for enhancing soil qualities because it merely makes 

use of inexpensive waste and raw materials. 

5. Soil stabilization provides a sturdy base. There is no settlement in the case of gravity walls 

or R.C. cantilever walls. As a result, construction is feasible even in poor soils. 

6. Utilizing waste materials to stabilize soil is environmentally friendly. 

 

1.7 OBJECTIVE OF WORK 

My research aims to examine the qualities of black cotton soil had been examined by mixtures 

of black cotton soil at 5%, 10%, and 15% by weight brick powder. 

1. The black cotton soil's swelling features. 

   2.The flexibility of black cotton soil is studied there. 

 

2. MATERIAL AND PROCEDURE 

2.1 BLACK COTTON SOIL (BCS) 

Black cotton soil is expansive soil type utilized for experiments for this study, vast A sample 
of the black cotton soil is obtained. location JAM NAGAR GUJRAT IN plastic sacks, the lab 
received the black cotton soil. 
 

TABLE 1 Black cotton soil characteristics 
 

S.NO PROPERTIES TEST VALUE 

1. SPECIFIC GRAVITY 2.5 

2. LIQUID LIMIT (%) 64% 

3. PLASTIC LIMIT (%) 22% 

4. PLASTICITY INDEX 42% 

5. OMD (%) 23% 

   6. MDD (g/cm3) 1.46 

 

2.2 BRICK DUST 

Large amounts of brick dust are created as a waste product in brick kilns, tile industries, and old 

brick structures. It is fine in nature. The study looks at how black cotton soil's engineering 

qualities are affected by brick dust and black cotton soil together [3]. 

2.2 ADOPTED METHODOLOGY 

In a series of tests, brick dust that ranged from 5% to 15% by weight of the total amount 

obtained was added to expansive soils to see how it affected the soil's ability to stabilize. The 

following test was carried out according to Indian Standard codes: 
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1. IS: 2720 - 1980 SPT 
2. IS 2720  - 1977 – Free swell index test 
3. IS 2720 - 1985 Atterberge Limit test for liquid and plastic limit 

 

TEST PROCEDURE 

1. STANDARD PROCTOR TEST 

 

 
FIG-1-SOIL SAMPLE 

 

  

FIG-2 -SAMPLE WEIGHT + MOULD 

2. FREE SWELL INDEX 

FIG-3-INDEX SAMPLE 
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2. ATTERBERGE LIMITS 

FIG-4-LIQUID LIMIT SAMPLE FIG-5- PLASTIC LIMIT SAMPLE 

 FIG-6        FIG-7 

3. DATA ANALYSIS 

This chapter presents the effects of the tests performed for this investigation. The behavior 

combination on black cotton and brick dust was examined using the free swell test, S.P.T, and 

Atterberg limit. Investigated were the effects of compaction, water content, and for different 

percentages brick dust. From 5% to 10% of the mixture contains brick dust. The Galgotias 

University civil engineering department's soil mechanics laboratory served as the site for all 

laboratory investigations.  

 

 

STANDARD PROCTOR TEST 

  
S.P.T for black cotton soil only  
Soil sample taken (passes 4.75 mm sieve)  

Volume of mould = 943 cm3  

MOIST UNIT WEIGHT (g/cm3) =  
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DRY UNIT WEIGHT (g/cm3) =  

WATER CONTENT (%) =  
 

TABLE 2-STANDARD PROCTOR TEST 

SAMPLE DESCRIPTION MDD (g/cm3) OMC (%) 

BLACK SOIL 1.46 23 

BLACK SOIL + 5% BRICK 

POWDER 

1.47 21.6 

BLACK SOIL + 10% BRICK 

POWDER 

1.59 18.6 

BLACK SOIL + 15% BRICK 

POWDER 

1.60 18 

 

 

 
FIG- 6-VARIATION OF MDD WITH BRICK POWDER 

 

 
FIG-7- VARIATION OF OMC WITH BRICK POWDER 
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       TABLE-3-FREE SWELL INDEX 

Sr.no Description Free swell index (%) 

1. Black cotton soil 
only 

42 

2. Black soil + 5% brick dust 39 

3. Black soils + 10% brick dust 35 

4 Black soils + 15% brick dust 34 

 

 
FIG 8 - VARIATION OF FSI WITH BRICK POWDER 

     TABLE 4-ATTERBERGE LIMIT 

Description Black 

cotton  soil 

only 

Black 

cotton soil 

+ 5% 

brick 

powder 

Black 

cotton soil 

+ 10% 

brick 

powder 

Black cotton soil + 

15% brick powder 

Liquid limit 

(%) 

64 48 42 37 

Plastic limit (%) 22 19 15 13 

Plasticity index 

(%) 

42 29 27 24 
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FIG 9 - VARIATION OF LL WITH BRICK POWDER 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

FIG 10 -VARIATION OF PL WITH BRICK POWDER 
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FIG 11-VARIATION OF PI WITH BRICK POWDER 

 

 

4.RESULTS 



study the behaviour of black cotton soil brick powder with the soil is multiple 5% by 
weight  

The MDD of black cotton increase when we add brick powder in black cotton soil and 

OMC decreases. 

The LL and PL of black cotton decreases whenever brick powder are mixed with black 
cotton soils.  

 

5.CONCLUSIONS 

 

1) MDD 

 With  MDD increased when we increases percentage of        brick powder 

 after 10% of brick powder mixture with black cotton soil the MDD is almost as almost 

constant 

 maximum dry density at 15% mixture of brick powder with black cotton soil is 

1.60g/cm3 

 
2) OPTIMUM MOISTURE CONTENT 

 The ideal moisture level of the soil slowly decreases as the amount of brick powder in 

black cotton soil rises. 

 OMC at 15% brick dust mix with black cotton soil is 18% 

3) ATTERBERGE LIMIT 
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 By increasing brick dust percentage in the black cotton soil, notified that the LL and PL 

both are decreases However, because the decline in the liquid limit is higher the decline 

plastic limit, the PI also falls. 

 At 15% mixture of brick powder with black cotton soil liquid limit is 37% plastic limit is 

13% and plasticity index is 24% 
4) FREE SWELL INDEX 

 Experimental study concluded that Increased brick dust content in black cotton soil 

reduces soil swelling. 
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