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Abstract: Black cotton soil is highly sensitive to the seasonal variation which causes distress to the structures that are built 

over it. Civil engineering infrastructures especially pavement suffer from premature failure. Stabilizing black cotton soil 

with chemical, cement, industrial waste, geo-textiles, fibers etc have found to be effective in improving the strength of the 

black cotton soil. In the present study an attempt is made to study the effect of sisal fiber and cement with black cotton soil. 

In present work, experiment were conducted by replacing  black cotton soil with the various percentage of sisal fiber from 

0.2 to 1.2%  by keeping the 5% of cement as constant,  Compaction and Strength chatericties tests are  Made. Due to the 

addition of sisal fibers to the soil there is a predominant increase in the strength of soil. It is observed that the UCS value 

of normal soil has been increased from 73.81 KN/m
2 
to 148.81 KN/m

2
to for zero day condition. Similarly, the UCS value is 

increased even in the case of soaking condition for 7 days and 14 days from 186.79 KN/m^2 to 273.39 KN/m^2 

respectively. Overall, it can be concluded that fiber reinforced soil can be considered to be good ground improvement 

technique specially in engineering projects on weak, expansive soils. 

 

I. INTRODUCTION 

Soil stabilization is skill aimed at improving the0stability of soil0mass and chemical0transformation of soils to improve 

their0engineering behaviour. Stabilization can0be used to treat a large amount of0sub-grade soil from expansive0clays 

to0granular materials.0This enable for the setting up of design0criteria as well as0the assurance of the proper0chemical0additive 

and admixture0to be used in order0to achieve the0desired engineering0properties. Benefits of the0stabilization method can 

include0higher stability values, deceased in0plasticity, less0permeability, thickness of0pavement reduced, reducing of 

excavation0material hauling or0 handling. Stabilization of0expansive soils with0admixtures controls0the potential of soils 

expansion0volume, and improves0the strength0of soils. In the field0of highway engineering, it has been0known that0swelling of 

black0cotton soils caused by moisture change result in significant0distresses and hence  severe damage to  structures which are 

built above. Expansive soils are known as swelling soils. Distinct clays have0different susceptibility0to swelling. Such soils 

expand when they are wetted and shrink when dried. This movement0exerts pressure to create the distress and lead to the low 

serviceability. There is significant harm to developed structures. The harm to structures is fundamentally by differential hurling of 
the dried - up soil. Natural changes is the most essential for the swelling and shrinkage conduct of these dirt’s. Other than this, 

nearby man - rolled out conditions likewise cause improvements in dampness substance and volume of the dirt mass. Expansive 

soils are soils are soft bedrock expand as they get wet and shrink as they dry out. In India this Expansive soil is called “Black 

Cotton Soil”. Colour of  soil reddish brown to black and this soil is suitable for the growing of cotton, hence it is know as black 

cotton swelling soil surrounds about 30% of the total area in India 

 

II. SCOPE AND OBJECTIVE OF THE STUDY 

The basic need of study is the Construction of pavements in areas with black cotton soil without barrowing materials from the 

barrow pits which reduces the cost of construction and to increases strength of pavement. This is done by improve the property of 

black cotton soil by stabilizing soil with different admixture. Which in turn  reduce the deflection of pavements by stabilizing the 

sub grade material and  improve the property of black cotton soil, there by reduces the thickness of  pavement. 

a. To increase strength of  black cotton soil by adding admixtures like sisal fibre and cement. 

b. To check the effectiveness of cement and sisal fibres on BC soil. 

c. Comparison of UCS and compaction properties of BC soil with varying percentage of sisal fibres and cement before and 

after stabilisation. 

d. To check the effect of curing   period on various mix proportion of admixtures with BC soil. 

e. To stabilize the black cotton soil  for the construction of pavement. 

III. MATERIALS USED IN THE STUDY 

1. BLACK COTTON: Black cotton soil was brought from Hassan district of Karnataka, Engineering properties of black 
cotton soil was tested as per IS 2720. In present study Cement of the grade OPC- 53 was used and the Sisal fibres of length 2cm 

were used. 
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Table 1 : Properties of Black Cotton Soils 

S.N Properties Value( IS 2720 ) 

1 Dry Density 1300 to 1800 kg/m^3 

2 Fines(<75 Micron) 70 to 100% 

3 Liquid Limit (%) 50 to 120 

4 Plastic Limit 20 to 60 

5 Soil Classification CH or MH 

6 Specific Gravity ,G 2.60 to 2.75 

7 Free Swell Index 40 to 180 % 

8 Max Dry Density 1350 to 1600 kg/m^3 

9 Optimum Moisture  

Content 

20 to 35% 

10 C.B.R 1.2 to 4.0 

 

2. CEMENT: Cement used is an ordinary Portland cement of 53 grade which doesn't include any Industrial wastes. It was 

used to act as a binding agent in order to increase0the strength and0stability of the0soil. It also reduces the0permeability of soil 

hence reduces the water absorption in later stage 

 

Table 2 : Physical properties of 53 grade cement 

 

S.N 

 

Properties  

IS(12269-

1987) 

 

1 

Compressive strength(N/mm2) 

3Day 

7day 

28day 

 

27 

37 

53 

 

2 

Setting time (mint) 

Initial 

final 

 

30 

600 

 

3 

Soundness, le chatelier 

test(mm) 

 

 

10 
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3. SISAL FIBERS: For the present study, sisal fibers were obtained from Ganga Jamuna Industries, Coimbatore Tamil 

Nadu State.The obtained fibers were cut in to 2cm length. The properties of sisal fibers are given in Table 3.  

Table 3 : Chemical composition of Sisal Fibre 

S.N Details In % 

1 Cellulose 65% 

1 Hemicelluloses 12% 

2 Lignin 9.9% 

3 Waxes 2% 

IV. EXPERIMENTAL RESULTS AND DISSCUSSIONS 

 Experimental0results of black0cotton soil treated0with sisal fibres and cement0 are tabulated. Based on the experimental 

results of various test conducted on BC soil with different percentage of sisal fibre and 5% cement comparisons were made on the 

strength charterers of BC soil. 

Table 4 : Basic Test Results of Black Cotton Soil 

S.N TEST ON  

NORMAL BC SOIL 

RESULT LIMIT(IS 

2720) 

1 Specific Gravity 2.3 2.1- 2.75 

2 Liquid Limit 66.99% 50 – 100% 

3 Plastic Limit 23.49% 20-60% 

4 Optimum Moisture 

Content 

OMC= 16.40% 20-35% 

5 Maximum Dry 

Density 

MDD=1.42g/cc 1.35 -

1.6g/cc 

6 UCS Test Result 93 kN/m2 - 

7 CBR Test Result 15% 12% -40% 

 

 

A. Compaction Characteristics of Black Cotton Soil Treated with Sisal Fibre and Cement 

 
Fig 1 : Graph of maximum dry density variation with different Percentage sisal fibre and Cement 

The above graph shows the maximum dry density variation  with varying percentage of sisal fibre and 5% of cement . with the 

increasing percentage of sisal fibre  there is increase in maximum dry density up to 0.8% further addition of sisal fibre deceases 

(MDD)maximum dry density. The0optimum OMC was found to be 20.17% and the MDD  was 1.621g/cc 
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B. Comparison of UCS test results of black cotton soil with varying percentage of sisal fibre and  5% cement at zero 

day. 

 

Fig 2 : Graph Shows the Comparision of UCS Values at zero Day 

The figure shows that the UCS value of treated  black cotton soil increased up to certain limit and beyond that the addition of 

fibre results in decrease in UCS value. The UCS value increased up to 0.8%  replacement of fibre and 5% cement with soil. The 

rate of increase in the strength is very high and is due to the cementations action soil and fibre. It is observed that maximum UCS 
value obtained at zero day for 0.8% replacement sisal fibre and 5% cement. 

C. Comparison of UCS test results of  Black cotton soil with varying Percentage of sisal fibre and 5% cement at 7 

day of Curing: 

 

Fig 3 : Graph Shows the Comparision of UCS Values at 7day of curing. 

The figure shows that the UCS value of treated  black cotton soil increased up to certain limit and beyond that the addition of 

fibre results in decrease in UCS value. The UCS value increased up to 0.8%  replacement of fibre and 5% cement with soil. The 

rate of increase in the strength is very high and is due to the cementations action soil and fibre. It is observed that maximum UCS 

value obtained at 7 day of curing  for 0.8% replacement sisal fibre and 5% cement. 

D. Comparison of UCS test results of  Black cotton soil with varying Percentage of sisal fibre and 5% cement at 14 

day of Curing: 

 

Fig 4 : Graph Shows the Comparision of UCS Values at 14 days of curing. 

The figure shows that the UCS value of treated  black cotton soil increased up to certain limit and beyond that the addition of 

fibre results in decrease in UCS value. The UCS value increased up to 0.8%  replacement of fibre and 5% cement with soil. The 
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rate of increase in the strength is very high and is due to the cementations action soil and fibre. It is observed that maximum UCS 

value obtained at 14 day of curing  i.e, 273.39kN/m2 for 0.8% replacement sisal fibre and 5% cement. 

V. CONCLUSION 

In the present study a series of tests were conducted to study the effect of cement and Sisal fibres on strength characteristics of 

black cotton soil by varying curing periods. Following are the concluding remarks. 

a. Due to the addition of sisal0fibres and cement0to the black soil there is a predominant increase in the   strength of soil. 

b. From the present study it is observed that Optimum percentage of cement was found to be 5% from standard compaction 

test. 

c. Maximum0dry density of black0cotton soil increases with0increases in percentage of sisal fibre up to 0.8% and then it 

decreases  with further addition of fibre. Maximum dry density of 1.62g/cc was obtained at 0 .8% sisal fibre with 5% cement as 
constant.  

d. It is0Observed that the UCS value of black0cotton  soil has been increased from 73.81 kN/m2  to 148.81 kN/m2 for 0.8% 

sisal fibre and 5% cement at zero day condition. 

e. Similarly, the UCS value is increased even in the case of soaking condition for 7 days and 14 days as 186.79 kN/ and 

273.39 kN/m2  respectively. 

f. Overall, it can be concluded that sisal fibre with 5% cement shows predominate increases in strength value with the 
increases in curing period.  

g. From the present study it is observed that 0.8% of sisal fibre and 5% of cement is considered to be optimum percentage 

for stabilizing  black cotton soil. 

h. Hence, Sisal fibre and cement can be considered as the good soil stabilisation technique specially in pavement projects 
on weak and expansive soils. We can conclude that sisal fibre and cement reduces expansive nature of black soil by increases the 

bonding between the soil particles. 
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