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Abstract 

 

Stabilization of soil is important to enhance the engineering properties of expansive soil like strength, volume stability and 

durability. The Black cotton soils are very hard when dry, but lose its strength completely when in wet condition Expansive soils 

(black cotton soil) are a worldwide problem that poses several challenges for civil Engineers. In this research has been made to 

stabilize the soil using Fly ash and Lime. Experimental work has been carried out with 10%, 20%, and 30% of Fly ash as well 5 

%, 10 % and 15% of lime content. The experimental work is based on different percentages of Fly ash and lime content in soil on 

tests for soil Atterberg limit, California Bearing Ratio test, Unconfined Compression Test and Standard Proctor Test. The aim of 

this project was done by utilizing binding materials to improve the engineering properties of the black cotton soil. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Expansive soil (Black cotton soil) is mostly found in the arid   and semi-arid regions and it cover very large area of the world. 

The It covers nearly 30% of the land in India and includes approximately the entire Deccan Plateau.  Andhra Pradesh, Karnataka, 

Maharashtra, Parts of Gujarat and Western Madhya   Pradesh. The name “Black Cotton” as an agricultural origin. Black cotton 

soil is a type of expansive soil with high plasticity and can maintain water throughout the summer season. However in 

developing country like India, due to industrial development there is increase in a demand for energy which has resulted in 

construction of considerable thermal power plants. At the moment there are total 87 working thermal power plants in India. This 

development has resulted in production of by-product like fly ash in large quantity. Though fly ash has little cementations value 

but in the presence of moisture it reacts chemically and forms cementations compounds and attributes to the improvement to the 

strength and compressibility characteristics of soils. Studies have been conducted in the past by many investigators regarding the 

use of fly ash alone or in addition with lime for improving the properties of soils. 

II. MATERIAL PROPERTIES 

 Characteristics of the Experimental Soil 

Locally available soil was used for the experimental investigation. Natural black cotton soil was obtained from Dharmapuri 

district in Tamilnadu state. The soil was excavated from a depth of 1.5 m from the natural ground level. The soil is dark brown to 

black in color. The obtained soil was air dried, pulverized manually and passing through 425 micron IS sieve was used. Different 

experiments were conducted to characterize the soil. 
Table – 1 

Properties of Black Cotton Soil 

S.NO PARAMETER VALUES 

1 Specific gravity 2.26 

2 Liquid limit 27% 

3 Plastic limit 48.20% 
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4 Plasticity index 21.10% 

5 MDD 1.31kg/mm
2

 

6 OMC 2.51kg/mm
2

 

7 CBR 2.96% 

 Chemical composition of Lime 

The Lime used as stabilizing agent was procured in 25 kg bag from a reputable chemical storeand stored in a cool and dry place      

away from whether effects. 
Table – 2 

Physical and Chemical Properties of Lime 

S.NO CONSTITUENTS % DRY 

1 Calcium hydroxide ca(OH)
2
 >88% 

2 Magnesium Oxide ,Mgo <0.8% 

3 Iron Oxide, Fe
2
O

3
 <0.3% 

4 Aluminum Oxide,AL
2
O

3
 0.4-0.8% 

5 Silicon Dioxide,Sio
2
 <1.3% 

6 Loss on Ignition <26% 

7 Acid Insoluble <3% 

8 Specific gravity 2.2 

9 Bulk density 450-500kg/m
3

 

 Chemical Properties of experimental fly ash 

Fly ash for the present investigation was collected from the coal based thermal power plant located in mettur thermal power 

plant, Salem Ditrict. It was collected in dry form from the hoppers and transported in air tight double polythene bags. The 

chemical properties of fly ash 
Table – 3 

Physical and Chemical Properties of Fly Ash 

S.NO CHEMICAL PROPERTIES UNIT % BY MASS 

1 Silica(sio
2
) % 58.66 

2 Magnesia(mgo) % 1.82 

3 So
3
 % 0.76 

4 Na
2
O % 0.62 

5 SiO
2
+AL

2
O

3
+Fe

2
O

3
 % 92.56 

6 Total chloride % 0.027 

7 Loss on ignition % 1.94 

8 Moisture content % 0.25 

9 Specific gravity - 2.23 
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III. METHODOLOGY 

 

IV. RESULTS AND DISCUSSIONS 

Table – 4 

Specific gravity; 

S. No Samples Result 

1 Black cotton soil 2.60 

2 Black cotton soil(05%lime+10%flyah) 2.30 

3 Black cotton soil(10%lime+15%flyah) 2.34 

4 Black cotton soil(15%lime+20%flyah) 2.96 

Table – 5 

Atterberg limit 

S.NO SAMPLES LL PL PI 

1 Black cotton Soil 27% 48.20% 21.10% 

2 Black cotton Soil (5%lime+10%fly ash) 26% 46.87% 20.87% 

3 Black cotton Soil (10%lime+20%fly ash) 25.4% 42.85% 17.45% 

4 Black cotton Soil (15%lime+30%fly ash) 23.2% 39.02% 15.82% 
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Fig. 1: Liquid limit 

Liquid Limit due to addition of different Percentage of Fly Ash and lime. From graph it can be observed Liquid Limit decreases 

with increase in Percentage of fly ash and lime. The addition of 5%, 10%and 15% lime and 10%, 20%, 30%Fly Ash decreases 

the Liquid Limit from 27% to 26%,25.4% and 23.2% respectively. 

 
Fig. 2: Plastic limit 

Plastic limit due to addition of different Percentage of Fly Ash and lime. From graph it can be observed that Plastic Limit 

decreases with increase in Percentage of fly ash and lime. The addition of 5%, 10%and 15% lime and 10%,20%,30%Fly Ash 

decreases the Plastic Limit from 27% to 26%,25.4% and 23.2% respectively. 
Table – 6 

Proctor Compaction test; 

S.No Samples O.M.C (%) M.D.D(gm/cc) 

1 Black cotton soil 2.51 1.30 

2 Black cotton soil(05%lime+10%flyah) 2.58 1.31 

3 Black cotton soil(10%lime+15%flyah) 2.59 1.33 

4 Black cotton soil(15%lime+20%flyah) 2.61 1.35 



Experimental Investigation on Stabilization of Black Cotton Soil by using Lime and Fly Ash  
(IJIRST/ Volume 3 / Issue 11/ 001) 

 

 
All rights reserved by www.ijirst.org 5 

 
Fig. 3: Proctor Compaction 

Maximum Dry Density due to addition of different Percentage of lime and Fly Ash. From the graph it is clear that the MDD 

values increases with the increase in Percentage of Fly Ash. The MDD values increased from 2.51 gm/cc, 2.58 gm/cc, 2.59 

gm/cc and 2.61 gm/cc with addition of 5%,10%,15% of Lime and 10%,20%,30% of  Fly Ash respectively. 
Table – 7 

Unconfined Compression Test; 

S.NO SAMPLES COMPRESSION STRESS(KN/M2) 

1 Black cotton soil 73.41 

2 Black cotton soil (5%Lime+10%fly ash) 78.85 

3 Black cotton soil (10%Lime+20%Fly ash 82.26 

4 Black cotton soil (15%Lime+30%Fly ash) 85.67 

 

 
Fig. 4: Unconfined compression 

Compressive Strength due to addition of different Percentage of Lime and Fly ash. From the graph it is clear that the 

Compressive Strength increases with the increase in Percentage of Lime and fly ash. The Compressive Strength increased from 

73.41KN/M2, 78.85KN/M2 82.26KN/M2 and 85.67KN/M2 with addition of 5%, 10%, 15% Lime and 10%,20%,30% of Fly ash 

respectively. 
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Table – 8 

California bearing ratio test; 

S.NO SAMPLES RESULT 

1 Black cotton soil 2.96% 

2 Black cotton soil (05%lime+10%flyah) 3.04% 

3 Black cotton soil (10%lime+15%flyah) 4.23% 

4 Black cotton soil (15%lime+20%flyah) 4.67% 

 

 
 Fig. 5: California bearing ratio  

California Bearing Ratio due to addition of different Percentage of Lime. From the graph it is clear that the CBR values 

increases with the increase in Percentage of Lime. The CBR value sin creased from 2.96, 3.07, 4.23 and 4.67 with addition of 

5%, 10%, 15% of lime and 10%,20%,30% of Fly ash respectively     

V. CONCLUSION 

The Following conclusions have been carried out from the above experimental work: 

1) Liquid limit and plastic limit of Black cotton soil decrease with increasing percentage of  lime and fly ash.  

2) Maximum dry density, unconfined compressive strength and California bearing ratio of black cotton soil increases with an   

increase in percentage of stabilizing materials. 

3) With increase in percentage of addition of lime and fly ash, maximum dry density starts increasing & optimum moisture 

content starts increasing. 

4) 30% addition of fly ash gives maximum value of unconfined compressive strength and California bearing ratio with 

increase in percentage of  lime and fly ash it starts decreasing. 

5) With increase in percentage of lime and fly ash resulting from (5%,10%,15%  and 10%,20%,30% ) Maximum dry density,  

unconfined compressive strength and California bearing ratio of black cotton soil increases. 

6) With increase in percentage of lime and fly ash, maximum dry density starts increasing & optimum moisture content starts 

decreasing. 

7) As 15 percentage addition of lime gives maximum value of unconfined compressive strength and California bearing ratio 

with increase in percentage of lime it starts decreasing. 

VI. SCOPE OF FUTURE INVESTIGATION 

1) Instead of the addition of above one stabilizing material, the Stabilization of black cotton soil can be done by using 

materials like bentonite, Plastic Wastes and cement or combination of all. 

2) Geogrids can be used as reinforcing material to increase strength of black cotton soil. 

3) Stabilization of black cotton soil also studied by using the addition of scrap & low costmaterials which are highly intense to 

the environment. 
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