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Abstract: 

This paper discusses the result of the experimental investigations conducted on the rigid inclusions and stone columns that are 

introduced in the black cotton soil, in order to min imize the settlement of the windmills that are constructed on this type of soil. Black 

cotton soil is an expansive soil, which has the characteristic of shrinkage and swelling due to moisture movement through them, 

because of its high clay content. Instability of these soils cause more damage to structures, than any other natural hazard. Rig id  

Inclusions is a ground improvement technique that transfers loads from the weak strata to a firm underlying stratum using high 

modulus, controlled stiffness columns. Stone column is a soft ground improvement process, where vertical columns of compacted  

aggregate are formed through the soils to be improved. The main objective of this paper is to investigate the characteristics of black  

cotton soil, its suitability for construction, and to suggest some methods to overcome the negative outcome of the shrink-swell 

behavior of this soil, in the structures constructed above it, mainly windmills.  
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I.INTRODUCTION 

 

Black cotton soil is found mainly in the region of Deccan 

Plateau in  Indian. They are the layers of soft clay deposits, that 

are not suitable for construction This soil when comes in contact 

with water it either swells or shrinks, resulting in high 

volumetric changes, which leads to structural damage, thus 

making the soil not suitable for construction. It swells and 

shrinks excessively due to the presence of fine clay particles. 

Alternate swelling and shrinking of this soil is responsible for 

differential settlement of the structure, constructed above it. 

With the decreasing land space in urban areas, it is wise to 

utilize these soils for construction after adopting necessary 

ground improvement techniques. so black cotton soil must be 

stabilized before starting any construction above it, especially 

for huge structures like windmills in my research work, 

stabilization of b lack cotton soil is done by using rigid inclusions 

and stone columns. I have carried out the experimental 

investigations with one, two and three numbers of both, rigid 

inclusions and stone columns in the black cotton soil. From these 

the bearing capacity of the black cotton soil can be improved, 

thus min imizing the possibilities and degree of settlement. Rig id 

inclusions are stiff Ground Improvement elements that consist of 

aggregate mixed with cement or grout, or elements made of 

plain concrete, that are stiff enough to transfer the stress from 

footing through soft soil layers down to a firm soil or weathered 

rock layer. A stone column is one of the soil stabilizing methods 

that is used to increase strength, decrease the compressibility of 

soft and loose fine graded soils, accelerate a consolidation effect 

and reduce the liquefaction potential of soils. The columns 

consist of compacted gravel or crushed stone arranged by a 

vibrator. 

 

 

II.EXPERIMENTAL S ET-UP: 

 

In this investigation, all the experiments were carried out in the 

black cotton soil by inserting 26 mm diameter rigid inclusion 

pile and of same diameter stone column, of varying numbers, 

both separately. The cylindrical tank of d iameter 280 mm and 

height 310 mm was used. The L/d ratio fo r both is 9. With this 

ratio, the length of the pile and spacing between two piles were 

determined to be 200 mm and 2D, respectively. The testing of 

these piles was done with one, two, three numbers indiv idually. 

All the models in this study were prepared by the vibro-

replacement method, which means that soil is removed from a 

hole and not compacted to the sides such as in the vibro-

displacement method.  

 
Figure.1.Test Frame Set-Up [1] 
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The testing of soil is done with the help of a loading frame setup. 

The setup consists of proving ring and dial gauge. In this 

experiment, I have used proving ring of capacity 30 KN. The 

rig id inclusion piles and stone columns were tested with the help 

of a loading frame set-up, through which the load is applied. The 

set-up consists of a proving ring and dial gauge. The load is 

applied and observed up to a total settlement of 5 mm. The dial 

gauge readings are calibrated by mult iplying with 0.0123mm. 

The load is applied on the soil with the help of a loading plate of 

60 mm diameter based on the specification given in IS 

codebook. 

 

Table. I. Properties of black cotton soil [1] 

 

S.No EXPERIMENT VALUE 

   

1 Specific gravity  2.7 

   

2 Liquid limit  57.6% 

   

3 Plastic limit  31.58% 

   

4 Shrinkage limit  16.45% 

   

5 Free swell 40.5% 

   

6 Angle of internal friction  0° 

   

7 Unconfined   compression  

 test 

2  

Shear strength  

24 kN/m   

   

8 Classification CH 

   

9 Soil bulk density 18.44 kN/m
2 

   

10 Safe bearing capacity 100 kN/m
2 

 

III.PROPERTIES OF BLACK COTTON SOIL 

 

The various tests are performed in the soil as per the standard 

codes and the corresponding results are obtained. These results 

are used in the testing of this soil with rig id inclusions and stone 

columns. The soil used here is found to be black cotton soil, 

based on the characteristics that are obtained from the results 

above. This black cotton soil is taken from Kurunchery (Latitude 

N 10.5852 and Longitude E 77.2479) in Udumalpet reg ion, 

Tirupur district, Tamilnadu, India. The properties of the black 

cotton soil are as follows: 

 

IV.EXPERIMENTAL PROCESS 

 

The soil containing moisture content should be dried, either 

naturally or in oven. Then it must be pulverized with the help of 

a standard proctor compaction rammer of weight 2.6 kg with a 

drop height of 310 mm, so that it can be used for the further 

process. The compaction energy is of 6065 kg cm/per 1000 ml of 

soil or 595 kJ/m
3
. Then from this, 26 Kg is taken and it is mixed 

with optimum moisture content (16.3%). After mixing 

thoroughly, the soil sample is filled in the test tank by 

compacting it in three layers of approximately equal heights. For 

each layer, 386 numbers of blows should be given. It is found by 

using the formula, 

 

E = (P x n x N x h) / (V) where, E is compaction energy in kg 

cm P is the weight of hammer in kg  n is the number of b lows  N 

is the number of layers  h is the height of drop of ammer V is 

the volume of soil to be compacted The blows should be given 

uniformly all over the surface of the layers. The top surface of 

the preceding layer should be grooved little before p lacing the 

second layer, for proper bonding between the layers. The 

second and third layers are also compacted similarly. After the 

complete compaction of all, layers up to the required level, the 

cylindrical mould is covered tightly and left for four days for 

the purpose of curing. The load is applied vertically, on the soil 

that is inserted with either rigid inclusions with and without 

granular mattress, or with the stone columns, with the help of 

the loading frame. The corresponding values for each load are 

noted in the dial gauge, up to the maximum settlement of 5mm. 

The load settlement behaviour is studied for rigid inclusions 

and stone columns individually. Similar ly, this test process is 

followed for various number of piles, and the corresponding 

values are noted. 

 

V.CONSTRUCTION OF STONE COLUMNS & RIGID 

INCLUS ION PILES  

 

The soil is compacted well and the rigid inclusions and stone 

columns are installed and tested for their load carrying capacity. 

The size of stone column pile used is 26 mm d iameter. The stone 

column is installed to a height of 200 mm to maintain the stress 

isobar produced due to load applied on the soil. The aggregate 

used is the one passing through 12 mm sieve and retained on 10 

mm sieve with a density of 1.14 g/cc. The rig id inclusion pile is 

made of plain cement concrete of ratio 1:4:8 and of density 

2.025 g/cc. The size of rig id inclusion pile used is of 26 mm 

diameter and installed to a height of 200 mm from top to 

maintain the stress isobar produced due to application load on 

the soil. The aggregate used in concrete is the one passing 

through 12 mm sieve and retained on 10 mm sieve with specific 

gravity of 2.7.The cement used is OPC of grade 43 with specific 

gravity of 3.15.The fine aggregate used is of specific gravity 

2.65. The water-cement rat io adopted is 0.55. 

 

VI.RES ULTS AND DISCUSS IONS 

 

The load settlement curve is plotted for various cases, from 

which the ultimate load carrying capacity in each case is 

determined. The bearing capacity of the black cotton soil 

increases when stone columns are used, which further increases 

when the rig id inclusion piles are used comparat ively. The load 

settlement curve is plotted for three numbers of rigid inclusions 

with and without granular mattress, and for stone columns. The 

corresponding loads are plotted against the deflection obtained in 

the dial gauge. 
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Figure.2.Load Settlement Curve For Three Rigid Inclusion 

Piles With And Without Granular Mattress , And Three 

Stone columns.[2 ] 

 

VII.CONCULS ION 

 

The experimental investigations lead to the main conclusions 

that: The settlement of the soil with the stone column is 26%  

lesser than the natural soil. The settlement of the soil with the 

rig id inclusions is 59%  lesser than the natural soil. The 

settlement of the soil with the rigid inclusions is 26%  lesser than 

that of the stone column The load carrying capacity of the 

expansive soil, ie, the black cotton soil increases with the 

insertion of the stone columns and further increases with that of 

the rigid inclusions. Thus, the settlement of the windmills can be 

minimized by using the ground improvement techniques, ie, the 

stone columns and the rigid inclusions. The stone columns and 

the rigid inclusions are effective, adaptable and also economical, 

in minimising the settlement failure of the windmills, mainly in 

the expansive soil reg ions. 
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