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Abstract - Expansive soils are known all over world for its volume change as per its swell - shrink behaviour due to 
variation in the water content. In India, clayey soils containing montmorillonite mineral are commonly known as black 
cotton soils and cover 20 percent of the country’s area in all the states. To improve the strength properties of expansive soils 
the common method followed worldwide is stabilization. In the field chemical solution can be applied through bore hole or 
by using ponding method. In present paper laboratory investigations and analysis carried out on expansive black cotton soil 
for the improvement of geotechnical property using sodium silicate solution by diffusion technique. In the present research 
work a different attempt is made to study effect of sodium silicate solution on swelling behavior of soil with different initial 
physical states. 
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I. INTRODUCTION 
 
Soil is naturally and locally available material. Civil 
engineering structures are always supported on the 
locally available soil. Engineers using land in past 
and nowadays worldwide are facing the problem of 
good quality land for the work of construction. 
Natural expansive soils have been encountered in arid 
and semiarid region in the world. In India expansive 
soil is commonly known as Black Cotton soil because 
of their colour and their suitability for growing 
cotton. All the Black cotton soils are not expansive 
soils. These soils are having high strength in summer 
and decrease rapidly in winter. Swelling and 
shrinkage of expansive soil cause deferential 
settlement which result in severe damage to the 
construction structures. Black cotton soil is one of the 
major natural soil deposits in India covering about 
20% of the area of country and are predominantly 
located in the  states of Maharashtra, Gujarat, 
Madhya Pradesh, Karnataka, Andhra Pradesh, Tamil 
Nadu, Uttar Pradesh and Rajasthan. 
The present work deals with the study of black cotton 
soil, Characteristics of black cotton soil, improving 
the swell – shrink properties. It shows the 
contribution in the investigation of in-situ 
improvement of black cotton soil sites by diffusion of 
chemical solutions. 
 
Many researchers and investigators have developed 
various techniques and methods of improving the 
undesirable characteristic strength of expansive soil. 
The widely used method is using of additives, organic 
or inorganic, like fly ash, lime, cement, different 
chemicals, randomly distributed geosynthetic fibers 
and many of the  waste materials etc. is found to be 

effective in improving the swell – shrink property of 
black cotton soil. However, in many of the 
geotechnical construction problems one is faced with 
the construction on natural locally available grounds 
in which case soil functions as a foundation material. 
Thus the improvement in expansive soil 
characteristics by any appropriate ground 
improvement technique is of prior importance in civil 
engineering construction sites in expansive soil areas. 
 
II. LITRATUER REVIEW 
 
SOIL 
Stabilization has to be carried out in soft and highly 
expansive soils such as clayey, silty, peat, loamy or 
organic soils, in order to obtain considerable good 
engineering properties. According to Sherwood 
(1993) fine grained granular materials are the easiest 
to stabilize due to their large surface area in relation 
to their particle size (diameter). A clayey soil 
compared to others has a large surface area due to flat 
and elongated particle shapes. On the other hand, silty 
materials can be more sensitive to small change in 
water content and, therefore, may prove difficult 
during stabilization (Sherwood, 1993). Organic soils 
have high exchange capacity; it can hinder the 
hydration process by retaining the calcium ions 
liberated during the hydration of calcium silicate and 
calcium aluminate in the cement to satisfy the 
exchange capacity. 
 
BLACK COTTON SOIL 
The black cotton soils possess very low bearing 
capacity and strength and undergo maximum volume 
changes, making their use as a construction and 
foundation material very difficult. The properties of 
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the expansive black cotton soil may be altered in 
many ways viz, mechanical, thermal, chemical and 
other means. Black cotton soils are expansive clays 
with high swell – shrink under changing moisture 
condition. Therefore these soils cause maximum 
damage to structures, particularly light weight 
buildings and pavements (flexible and rigid), than any 
other natural hazard, including earthquakes and 
floods. They are black in colour due to presence of 
compounds of iron and aluminum. These soils are 
deficient in nitrogen, phosphoric acid and organic 
matter but are rich in calcium, potassium and 
magnesium. 
 
ADDITIVES 
Very Poor subgrade soil conditions can result in an 
inadequate pavement support and reduces the 
pavement life.  Expansive soils such as black cotton 
soil can be improved as per its strength phenomenon 
through the addition of chemical or cementitious 
additives. Such chemical additives range from waste 
products to manufactured materials and include lime, 
fly ash, Portland cement and other chemical 
stabilizers.  These additives can be used with a 
variety of soils to help improve their swell – shrink 
potential and other engineering properties with 
respect to construction. The effectiveness of these 
additives depends on the soil treatment and the 
amount of additives used. 
In the present study chemical solution of Sodium 
silicate is used in a diluted form to improve the 
properties of expansive soil (Black cotton soil). 
Sodium Silicate Liquid Glass is clear colorless to 
light brown solution. The additive is used in soil by 
diffusion method. (87%) 
 
THE MAIN AIMS & OBJECTIVE OF THE 
STUDY 
When the soil is in different initial state with respect 
to wetness what volumetric changes and strength is 
exhibited by the expansive soil by two considerations 
as :- 
i) When water is absorbed by the soil, what 
will be the volumetric changes and strength that is 
exhibited by the soil, and, 
ii) To assets the development of the strength 
and volumetric changes when the expansive soil 
absorbs sodium silicate solutions. 
 
PRINCIPLE AND BASIC CONCEPT 
It is realised that the in-situ expansive clay has certain 
water imbibing capacity of varying magnitude 
depending on its initial water contents. Expansive 
clay with its electrochemical activity and the 
associated adsorptive forces exhibits certain osmotic 
pressure and water suction characteristics. Water thus 
diffuses in to the soil mass in a definite zone 
surrounding the point of water supply source. It is 
thought that water soluble chemical may also enter in 
to the soil body if its solution is diffused in to it. The 

diffused chemical solution after entering into the soil 
mass may interact with the electrochemically active 
clay particles of expansive soil and change the nature 
and thickness of the adsorption complex surrounding 
the particles, thereby altering its characteristics like 
plasticity, strength, stiffness, swell-shrink nature etc. 
 
III. EXPERIMENTAL INVESTIGATION 
 

 
Fig. 1 The Experimental Setup 

 
As highlighted earlier, the primary purpose of the 
present work was to evaluate the volume change and 
strength of black cotton soil at different initial water 
content and diffusion of sodium silicate fluid. 
To achieve the above mentioned objectives, a 
laboratory investigations programme was planned 
and the results have been analyzed. 
The test results obtained from experimentation and 
analysis were tabulated to evaluate the volumetric 
changes and strength of black cotton soil at different 
water contents and diffusion method. 
The laboratory investigations were carried out on 
reconstituted expansive black cotton soil samples 
(simulating the drying process of field soil) to study 
the diffusion effects of sodium silicate solution with 
respect to wetness or water content conditions. The 
diffusion effects on the final volumetric strain and 
unconfined compressive strength exhibited by wet 
soil at the end of full diffusion were studied. 
 

 
‘Water content change – volume change’ 
relationships for diffusion by Sodium Silicate 
solution’. 
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 ‘Volume changes exhibited by soil at different 
initial water contents for sodium silicate diffusion 
media’. 
 

 
 
Result obtained from the tests for calculation of 
strength. 
 
CONCLUSION 
 
The following important conclusions are drawn from 
the laboratory investigations: 
 
 The diffusion of chemical solution in expansive 

soil is possible and it develops the positive 
effects in respect of improving the strength 
characteristics and reducing the swelling 
behavior. 

 The initial water content condition significantly 
governs the maximum water content change and 
the corresponding swelling during diffusion. 
Different chemicals have different effects on 
these values of volumetric strain ∆h/h. However, 
the rate of change in volumetric strain with 
change in water content is almost the same for all 
the diffusing fluids for a particular swelling soil. 

 The decrease in swelling caused by diffusion of 
chemical solutions depends significantly on the 
initial water content state of soil. 

 Diffusion of chemical solutions effects is 
increasing the UCS of expansive soil 
significantly. The percent increase in strength of 
treated soil is found to be marginally dependant 
on the initial water content of soil. 

 
SCOPE OF WORK 
 
The Scope & objectives of the study of the proposed 
work are highlighted as under: 
“Stabilisation of natural expansive soil by using 
addmixtures” by conducting the various tests in 
expansive soils by using sodium silicate additive. The 
specific objectives of this study are as follows: 
 To identify the appropriate soil properties and 

variables which control the swelling behavior of 
a saturated and unsaturated soil during the test. 

 The decrease in swelling caused by diffusion of 
sodium silicate chemical solution depends 
significantly on the initial water content state of 
soil. 

 Diffusion of chemical solutions effects is 
increasing the UCS of expansive soil 
significantly. The percent increase in strength of 
treated soil is found to be marginally dependant 
on the initial water content of soil. 

Thus, the expansive soil treated by using additives 
which will increase the strength and decrease in 
swelling can be used as a construction material or 
foundation material. 
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