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Abstract— This paper presents the results of a laboratory 

study undertaken to investigate the effect of fly ash, lime 

and coconut husk on the index properties of black-cotton 

soil. The black-cotton soil has a poor supporting capacity 

and large change in volume on variations of moisture 

content. Such expansive soils may need to be improved to 

make them suitable for construction activities. To 

investigate the effect of fly ash, lime and coconut husk on 

index properties of black-cotton soil a series of laboratory 

experiments have been conducted on black-cotton soil 
samples mixed with 0% to 20% of fly ash, lime and coconut 

husk by weight of dry soil. The test results showed a 

significant change in consistency limits of samples 

containing fly ash, lime and coconut husk. The liquid limit 

would decrease from 57.67% to 38 %. The plasticity index 

decreased from 28.35% to 19.85 % and shrinkage limit 

increased from 8.00% to 19.39% with the addition of fly 

ash, lime and coconut husk from 0% to 20% of the dry 

weight of the black-cotton soil. Also the differential free 

swell decreased from 63.15% to 23.0%, showing 

appreciable decrease in swelling behaviour. 
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I. INTRODUCTION 

In Indore area BC Soil is spread over whole part of District. 

Rich proportion of montmorillonite is found in BC Soil from 

mineralogical analysis. High percentage of montmorillonite 

renders high degree of expansiveness. These property results 

cracks in soil without any warning. These cracks have 

sometimes extent severe limit like ½” to 12” deep. 
Use of this type of land and may suffer severe 

damage to the construction with the change in atmospheric 

conditions. Soil stabilization is the alteration of one or more 

soil properties, by mechanical or chemical means, to create 

an improved Soil material possessing the desired 

engineering properties. Soils may be stabilized to increase 

strength and durability or to relevant erosion and dust 

generation. 

Expansive and shrinkable soils stick to the footing 

base and pull the footing down when they shrink causing 

horizontal cracks in the walls. Cracks are formed due to 
movement of the ground on account of alternate swelling 

and shrinkage. The cracks thus formed are sometimes 15 to 

20 cm wide and 2.5 to 4 m deep. 

 

 
Fig. 1: Condition of black cotton soil 

A. Atterberg Limits of Soil 

The Atterberg limits are a basic measure of the nature of a 

fine grained soil. Depending on the water content of the soil, 

it may appear in four states namely Solid, Semi solid, 

Plastic, Liquid. In each state the consistency and behaviour 

of a soil is different and thus so are its engineering 
properties. Thus, the boundary between each state can be 

defined based on a change in the Soil’s behaviour. These 

limits were created by Albert Atterberg, a Swedish Chemist 

in the late 1980s. The limits were later refined by Arther 

Casagrande. 

B. Liquid Limit of Soil 

Atterberg's original liquid limit test involved mixing a pat of 

clay in a round-bottomed porcelain bowl of 10–12 cm 

diameter. A groove was cut through the pat of clay with a 

spatula, and the bowl was then struck many times against 

the palm of one hand. Casagrande subsequently 

standardized the apparatus and the procedures to make the 

measurement more repeatable. Soil is placed into the metal 

cup (Casagrande cup) portion of the device and a groove is 

made down at its centre with a standardized tool of 2 

millimetres (0.079 in) width. The cup is repeatedly dropped 

10 mm onto a hard rubber base at a rate of 120 blows per 
minute, during which the groove closes up gradually as a 

result of the impact. The number of blows for the groove to 

close is recorded. The moisture content at which it takes 25 

drops of the cup to cause the groove to close over a distance 

of 12.7 millimetres (0.50 in) is defined as the liquid limit. 

The test is normally run at several moisture contents, and the 

moisture content which requires 25 blows to close the 

groove is interpolated from the test results. The liquid limit 

test is defined by ASTM standard test method D 4318. The 

test method also allows running the test at one moisture 

content where 20 to 30 blows are required to close the 
groove; then a correction factor is applied to obtain the 

liquid limit from the moisture content. 



A Study on the Swelling Behaviour of Black Cotton Soil with Fly Ash, Lime and Coconut Husk 

 (IJSRD/Vol. 7/Issue 12/2020/160) 

 

 All rights reserved by www.ijsrd.com 603 

C. Plastic Limit of Soil  

The plastic limit of a soil is the moisture content at 

which soil begins to behave as a plastic material. At this 

water content (plastic limit), the soil will crumble when 

rolled into threads of 3.2mm (1/8in) in diameter. 

II. PLASTICITY INDEX 

Plasticity Index is the numerical difference between the 

liquid limit and the plastic limit of a fine grained soil. 

 
Fig. 2: Range of plasticity index 

A. Shrinkage Limit 

The shrinkage limit of soil is the water content of 
the soil when the water is just sufficient to fill all the pores 

of the soil and the soil is just saturated. The volume of 

the soil does not decrease when the water content is reduced 

below the shrinkage limit. 

The shrinkage limit (SL) is the water content where 

further loss of moisture will not result in any more volume 

reduction. The test to determine the shrinkage limit is 

ASTM International D4943shrinkage limit is much less 

commonly used than the liquid and plastic limits. Shrinkage 

limit can be determined from the relation 

shrinkage limit = 
(𝑀1 − 𝑀𝑆) − (𝑉1 − 𝑉2)𝜌𝑤

𝑀𝑆

× 100 

Where M1= initial wet mass, 

V1= initial volume 

Ms = dry mass of soil 

V2 = volume after drying 

B. Free Swell Index  

Free Swell Index is the increase in volume of a soil, without 

any external constraints, on submergence in water. 

Free swell index=
𝑉𝑑 − 𝑉𝑘

𝑉𝑘

× 100 

Where,  

Vd = Volume of the soil specimen read from the graduated 

cylinder containing distilled water. 

Vk = Volume of the soil specimen read from the graduated 

cylinder containing kerosene. 

C. Water Content 

The moisture content of soil also referred to as water 

content is an indicator of the amount of water present in soil. 

By definition, moisture content is the ratio of the mass of 

water in a sample to the mass of solids in the sample, 

expressed as a percentage. 
Calculate the moisture content on a wet-weight 

basis using the following formula: 

moisture content=
𝑤2 − 𝑤3

𝑤2 − 𝑤1

× 100 

Where, 

W1 = weight of container with lid;   

W2 = weight of container with lid and sample before drying. 

W3 = weight of container with lid and sample after drying. 

III. CHEMICAL COMPOSITION OF SOIL 

 
Table 1: Table of Properties of Black Cotton Soil with Its 

Ranges 

IV. RESULTS 
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Table 2: Free Swell Index of Black Cotton Soil with 

Different Composition 

 
Fig. 3: Graph showing % variation of fly ash in soil and free 

swell index 

 
Fig. 4: Graph showing % variation of lime in soil and free 

swell index 

 
Fig. 5: Graph showing % variation of coconut husk in soil 

and free swell index 

 
Fig. 6: Graph between % of material used versus free swell 

index 

V. CONCLUSION  

1) The Minimum Free Swell Index with Lime was 
obtained at a 15 % of the total weight of the soil. 

2) The minimum free swell index with Fly ash was 

obtained at a 15% of the total weight of the soil. 

3) The minimum free swell index with Coconut husk was 

obtained at 20% of the total weight of the soil. 

4) The liquid limit of the soil also decreases with the 

addition of Lime, fly ash and coconut husk.  

5) A change in the plastic limit of the soil was also 

observed. 

6) A change in the shrinkage limit was also observed. 
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