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ABSTRACT 
The need for techniques of soil stabilization is now 
well recognized. A number of factors increased 
construction volume, more sever load conditions 
and growing shortage of select soils and building 
sites have greatly extended and intensified the need 
and interest in soil stabilization. Large scale 
stabilization must usually be cheaper than other 
available techniques such as replacing the 
unsuitable soil with a satisfactory one like gravel or 
crushed stone. For economy it is desirable to use 
local materials. With such materials certain 
procedures are available. They include 
modification of the grading of the material, use of 
special stabilizing substances and the development 
of most stable combination. The effective 
utilization of locally available soil and other 
construction materials and stabilizers would enable 
construction of low cost pavements. In its broadest 
sense, soil stabilization implies improvement of 
soil so that it can be used for sub base, bases and in 
some instances, surface courses.  
As in all engineering design problems, the 
economics of the problem in light of benefits 
derived from the stabilization process will 
determine whether it is warranted. The main aim of 
the project is that, to determine the geotechnical 
properties of the Black Cotton soil which is used in 
this project and bring out the effect of sisal fibre on 
compaction characteristics and the strength of 
treated soil. To study the behavior of strength in 
black cotton soil using sisal fibre as stabilizing 
agent along with that to arrive the optimum dosage 
of sisal fibre. Study carried out with Treatment of 
Black Cotton Soil: Dosage of Sisal fibre: 
Representative soil is treated with 0.25%, 0.5%, 
0.75%, 1%, 1.25%.  

I INTRODUCTION 

The term soil has different meanings in different 
scientific fields. It has originated from the latin 
word solum. To an agricultural scientist, it means 
‘the loose material on the earths crust consisting of 
disintegrated rock with an admixture of organic 
matter, which has not been transported from the 
place of origin. But to a civil engineer, the term 
soil means the loose unconsolidated inorganic 
material on the earths crust produced by 
disintegration of rocks overlying hard rock with or 
without organic matter. Foundation of all 
structures has to be placed on or in such soil, 
which is the primary reason for our interest as civil 
engineers in the engineering behavior. 

Black cotton soils or expansive soils are 
problematic for civil engineers, because of their 
unconventional behavior. These soils show large 
volume changes with respect to variation of 
seasonal moisture content. These soils show when 
subjected vehicular traffic, road pavement gets 
heaved and cracked due to swelling and shrinkage. 

Infrastructure projects such as highways, railways, 
water reservoirs, reclamation etc., require earth 
material in very large quantity. In urban areas, 
borrow earth is not easily available which has to be 
hauled from a long distance. Quite often, large 
areas are covered with highly plastic and 
expensive soil, which is not suitable for such 
purpose. The need for techniques of soil 
stabilization is now well recognized. A number of 
factors increased construction volume, more sever 
load conditions and growing shortage of select 
soils and building sites have greatly extended and 
intensified the need and interest in soil 
stabilization. Large scale stabilization must usually 
be cheaper than other available techniques such as 
replacing the unsuitable soil with a satisfactory one 
like gravel or crushed stone. 

Expansive Soils: 

Expansive soils are found extensively in tropical 
areas. The presence of expansive soils greatly 
affects the construction activities in many parts of 
south-western United States, South America, 
Canada, Africa, Australia, Europe, India, China 
and the Middle East. More and more expansive 
soil regions are being discovered each year with an 
increase in the amount of constructional activities, 
particularly in the underdeveloped nations. These 
soils are characterized by the presence of a large 
pro-portion of highly active clay minerals of the 
montmorillonite group which are responsible for 
the pronounced volume change capability of the 
soils 

The stability and bearing power of the soil is 
considerably improved by soil stabilization 
through controlled compaction, proportioning and 
the addition of suitable admixtures. Swelling soil 
is not suitable for the construction work on 
account of its volumetric changes. It swells and 
shrinks excessively with change of water content. 
Such tendency of soil is due to the presence of fine 
clay particles which swell, when they come in 
contact with water, resulting in alternate swelling 
and shrinking of soil due to which differential 
settlement of structure takes place. Stabilization of 
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black cotton soil has been done in this project 
work by using waste Kadapa slab dust as 
admixture.  

Problems associated with black cotton soil: 

Black Cotton soils are problematic for 
engineers everywhere in the world, and more so in 
tropical countries like India because of wide 
temperature variations and because of distinct dry 
and wet seasons, leading to wide variations in 
moisture content of soils. 

The following problems generally occur in black 
cotton soil. 

 High compressibility 

Black Cotton soils are highly plastic and 
compressible, when they are saturated. Footing, 
resting on such soils under goes consolidation 
settlements of high magnitude. 

 Swelling 

A structure built in a dry season, when the natural 
water content is low shows differential movement 
as result of soils during subsequent wet season. 
This causes structures supported by such swelling 
soils to lift up and crack. 

 Shrinkage 

A structure built at the end of the wet season when 
the natural water content is high, shows settlement 
and shrinkage cracks during subsequent dry season. 

Soil Stabilization: 

Soil stabilization refers to the process of 
changing soil properties to improve strength and 
durability. There are many techniques for soil 
stabilization, including compaction, dewatering and 
by adding material to the soil. Mechanical 
stabilization improves soil properties by mixing 
other soil materials with the target soil to change 
the gradation and therefore change the engineering 
properties. Chemical stabilization used the addition 
of cementitious or pozzolanic materials to improve 
the soil properties. Chemical stabilization has 
traditionally relied on Portland cement and lime for 
chemical stabilization. 

Principles of Reinforced Soil: 

Soil mass is generally a discrete system consisting 
of soil grains and is unable to withstand tensile 
stresses and this is particularly true in the case of 
cohesion less soil like sand. Such soils cannot be 
stable on steep slopes and relatively large strains 
will be caused when external loads are imposed on 
them. Reinforced earth is a composite material, a 
combination of soil and reinforcement suitably 
placed to withstand the development of tensile 

stresses and also to improve the resistance of soil in 
the direction of greatest stress. The presence of 
reinforcement modifies the stress filed giving a 
restraint mostly in the form of friction or adhesion 
so that less strains are induced and tension is 
avoided.  
Aim and Objectives: 

 To determine the geotechnical properties of 
the Black Cotton soil which is used in this 
project.  

 To bring out the effect of sisal fibre on 
compaction characteristics and the strength of 
treated soil. 

 To study the behavior of strength in black 
cotton soil using sisal fibre as stabilizing 
agent. 

 To arrive the optimum dosage of sisal fibre. 

 
II. LITERATURE REVIEW 

 
Manjunath K. R Asst. Prof. Dept. of Civil Engg, 
Dayananda sagar college of Engineering, 
Bangalore, This paper evaluated the effect of sisal 
fibre on the strength and compaction characteristics 
of lime treated black cotton soil. A series of tests 
were performed to study the effects of lime on 
strength characteristics of black cotton soil. For a 
given fibre percentage contents in the compaction 
tests, the maximum dry density of stabilized soil 
increased and optimum moisture content decreased. 
The maximum dry density of sisal fibre reinforced 
with 3%lime treated soil increased the density 
value and OMC value. Addition of various 
percentages of lime to black cotton soil gives 
increased value in the unconfined compressive 
strength upto 3% and addition of lime with sisal 
fibre also gave increase in compressive strength 
upto 0.75% sisal fibre. The curing period with 
addition of lime and sisal fibre gave higher strength 
values. Hence, 3% of lime content and0.75% of 
sisal fibre is considered as optimum percentages for 
black cotton soil. Addition of various percentages 
of lime to black cotton soil gave increased value in 
the CBR upto3% as we can observe in bar graph. 
Then the addition of sisal fibre gave increased 
value of CBR for 0.75%sisal fibre. The 
combination of 3% lime and 0.75%sisal fibre gives 
more increased value than addition of lime and 
sisal fibre. Hence, 3% of lime content and0.75% of 
sisal fibre can be considered as optimum 
percentages for black cotton soil to increase the 
CBR value. 

Vishnu T.C, #Faculty of Civil Department, RCET 
Akkikavu, India, The various samples of soils were 
collected from paddy field. The natural water 
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content of soil samples was obtained as 53.39% by 
oven drying method. The specific gravity of the 
soil sample was found to be 2.69.The liquid limit, 
plastic limit and Shrinkage limit was found to be 
41%, 21.635% and27.3% respectively. Using the 
Indian Standard Classification System (ISCS), the 
soil was classified as CI(Inorganic Clay of 
Intermediate compressibility).The optimum 
moisture content for the clayey soil sample is 
14.7%.The California Bearing Ratio Test was done 
and its value is 20.92%. 

The addition of various percentages of Lime and 
RHA into the soil progressively decreases the 
OMC and increases MDD. The combination of 6% 
Lime and 6% RHA was obtained as optimum. 
Addition of various percentages and aspect ratio of 
jute in Optimum Soil-Lime-RHA Mixture 
progressively increases OMC, decreases MDD, 
increases UCS and increases CBR. Among various 
combinations of jute, 2% jute of aspect ratio 25 
proves to be more effective as compared to lower 
percentages because when the length of the jute 
fiber increases, more and more soil particles will 
get bonded together precisely increased length of 
jute fiber increases the reinforcement among the 
soil and jute fiber. 

Parth D. Daxini, found the value of liquid limit 
and plastic limit and which is very high and high 
content of water so we cannot use directly for the 
construction or highway pavement purpose. In the 
test of proctor of soil we found that their is high 
value of optimum moisture content and as well as 
low dry density of soil. And more air voids in the 
soil. So soil loose their strength. In the test of 
C.B.R. we found the value of the C.B.R. is less and 
high value of the swelling pressure and due to low 
C.B.R. value soil has no high strength and no 
stabilization. So we require the stabilize the black 
cotton soil and increase the strength of soil and 
decrease the swelling pressure and decrease the 
liquid limit and plastic limit. The increase in 
strength of lime-stabilized materials in compression 
as well as in tension is attributed to the reactions 
between clay particles and lime. The clay content 
of lime-stabilized materials can affect the strength 
of the materials. The clay–lime compound provides 
the cemented material in soil.  

SOIL STABILIZATION 
Essentials of soil reinforcement 
Soil can often be regarded as a combination of four 
basic types they are gravel, sand, clay, and silt. It 
generally has low tensile and shear strength and its 
characteristics may depend strongly on the 
environmental conditions (e.g. dry versus wet). On 
the other hand, reinforcement consists of 
incorporating certain materials withs ome desired 
properties within other material which lack those 
properties. Therefore, soil reinforcement is defined 

as a technique to improve the engineering 
characteristics of soil in order to develop the 
parameters such as shear strength, compressibility, 
density; and hydraulic conductivity.  
 
Sisal fiber 

Sisal is a lingo-cellulosed fiber in which its 
traditional use is as a reinforcement for gypsum 
plaster sheets in building industry with 60–70% of 
water absorption and diameter about 0.06–0.4 mm. 
Sisal fibers are extracted from the leaves of the 
plants, which vary in size, between 6–10 cm in 
width and 50–250 cm in length. In general, Brazil, 
Indonesia and East African countries are the 
world’s main producers of sisal fibers. Ghavami et 
al. found that inclusion of 4% sisal, or coconut 
fiber, imparted considerable ductility and slightly 
increased the compressive strength. It was also 
found that introduction of bitumen emulsion did 
not improve the bonding between the soil and 
fibers, but did significantly improve soil durability. 
Factors Affecting the Strength RDFS  

The factors on which the strength 
characteristics and other engineering properties of 
RFDS depend:  

i. Type of soil it includes soil gradation 
expressed in terms of mean grain size (D50) 
and uniformity coefficient (Cu).  

ii. Type of Fibre: Mono-filament or fibrillated  

iii. Denier of Fibre: It is the weight (in gm) of 
9000 m long fibre.  

iv. Fibre length  

v. Aspect ratio: It is defined as the ratio of the 
length of fibre to its diameter  

vi. Fibre soil surface friction. 

III MATERIALS AND METHODOLOGY 

Black cotton soil: 

For the present research work the black 
cotton soil was collected from Koppolu (v), 
Kamalapuram, Kadapa district, Andhra 
Pradesh state, India.The soil is excavated at a 
depth of 1 to 1.5 meter below the natural 
ground surface. The obtained soil was air 
dried and pulverized manually. All the tests 
were conducted as per IS-2720 Standards. 
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Fig.: Black Cotton Soil 

Characteristics of Black Cotton Soil: 

Black Cotton Soils are generally reddish brown in 
colour and occur from 0.5m to 1m deep and have 
high compressibility. The general characteristics of 
black cotton soil are recorded in table below 

Table. Characteristics of Black Cotton Soil 

 
Sisal Fibres: 

For the present study, sisal fibre was obtained near 
kopparthy village, Kadapa dist, Andhra Pradesh. 
The fibres are peel from the plants and those fibres 
are cut to pieces of 20mm length and are randomly 
mixed with soil in varying percentages (0.25%, 
0.5%, 0.75%, 1% and 1.25%) by dry weight of soil. 
The properties of sisal fibre are shown 

Table. Properties of Sisal Fibre 

Property Range 

Colour White 

Average length, mm 10 

Average tensile strength, 
N/mm2 

405.9 

Density, g/cc 1.45 

 

 

Fig.: Sisal Fibre 

Methodology: 

a) Preparation of representative soil sample: 

Black cotton soil procured was spread 
and hand sorted. It was beaten to remove 
lumps. Then the soil was sieved through 4.75 
mm I.S sieve. The sieved sample was then 
stored in tin container, ready to use. 

b) Conduction of tests to determine the 
properties of black cotton soil: 

Grain size analysis, Specific gravity, 
Atterberg’s Limit, Compaction test, 
Unconfined Compression Test. 

c) Treatment of Black Cotton Soil: 

 Dosage of Sisal fibre: Representative soil 
is treated with 0.25%, 0.5%, 0.75%, 1%, 
1.25%.  

IV EXPERIMENTAL INVESTIGATION 
 
EXPERIMENTAL PROGRAM 

 Grain Size Analysis  

 Atterberg’s Limit 

 Liquid Limit 

 Plastic Limit 

 Shrinkage Limit 

 Free Swell Index 

 Standard Proctor Test 

 Unconfined Compressive Test 

 

Fig.: Free Swell Index of B.C Soil 
 

Degree of Expansiveness (FSI) 

Free Swell Index Degree of 
expansiveness 

<20% Low 

20% - 35% Medium 
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35%- 50% High 

> 50% Very High 

Table: Grain size analysis 

 

 
Fig.:  Particle Distribution Curve 

Table: OMC and MDD of reinforced soil fibres 

 
 

 

Fig.: Optimum Moisture Content (OMC) Vs 
Maximum Dry Density (MDD) 

 
Fig.: Influence of percentage of sisal fibre on the 

OMC 

 

Fig.: Influence of percentage of sisal fibre on the 
MDD 

 

Fig.: Stress-Strain behavior of fibre reinforced 
soil of 1 day 

 

Fig.: Stress-Strain behavior of fibre reinforced 
soil of 3 days curing 
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Fig.: Stress-Strain behavior of fibre 
reinforced soil of 7 days curing 

 
Fig.: Influence of Sisal fibre on Unconfined 

Compressive strength 
 
 
VI. CONCLUSIONS 
 
The test carried out on various proportions for the 
same methods to utilize sisal fibre in the 
stabilization of expansive soil. The conclusions are 
made based on the test carried out on various soil 
mixes. 
1. Soil stabilization method by using sisal fibre, 

successfully improves the existing poor and 
expansive black cotton soil. 

2. Sisal fibre effectively dries wet soils and 
provides an initial strength gain, which is 
useful during construction in wet, unstable 
ground conditions. 

3. According to IS 2720 part 5, the Liquid Limit 
of expansive soils is 71%. It has been seen 
that in this project the Liquid Limit of soil 
alone is obtained as 68% . therefore the soil 
best fit for expansiveness and suitable for 
testing strength parameters    

4. Sisal fibre has effectively stabilize the black 
cotton soil and has led tremendous increase in 
compressive strength of soil. 

5. There is a decrease in maximum dry unit 
weight and an increase in OMC of the soil-
sisal fibre mixtures, as the content of the sisal 
fibre increases. The decrease in the maximum 
dry unit weight is more significant at the 
higher percentage of sisal fibre in the 
composite. This maybe attributed to the 
relatively low specific gravity of the sisal 
fibre (<1). 

6. The UCS and SPC of the soil mix are found to 
increase with increasing the percentage of 
sisal fibres up to 0.75% fibre content and 
decreases with increasing the percentage of 
sisal fibre. 

7. At a higher replacement of soil by sisal fibre, 
the peak stress value is observed to be 
decreased for all mixtures. The reduction in 
the post -peak stress value may be due to the 
inability of the soil mix to impede the external 
super imposed load and a weak interaction 
between the sisal fibres and the soil particles. 

8. At fibre content, more than 0.75%, a reduction 
in the strength is observed. It is possibly due 
to decrease in the interaction between fibre to 
particles of soil and dominance of fibre to 
fibre interaction because of the increase in the 
relative volume occupied by the fibres. 

9. Hence,0.75% of sisal fibre can be considered 
as optimum percentage for black cotton soil to 
improve bearing capacity of soil. 

10. The compressive strength resistance of 
specimens is found to increase with the fibre 
content. However, the rate of increase of 
strength with fibre content is not uniform. At 
low strain levels the bearing resistance is 
found to remain almost constant with fibre 
content.  

Recommendations for further studies: 

It should be pointed out that since the 
influences of engineering properties of soil and 
fibre and the scale effects on the stress –strain –
strength characteristics of fibre reinforced soils 
have not been investigated fully, the actual 
behavior of fibre reinforced soils is not yet well 
known. Hence, further studies including especially 
large scale tests are needed to better understand the 
behavior of fibre- reinforced soils. 

11. Different fibre length may be investigated to 
see the effect of fibre length. Also different 
natural and synthetic fibres other than sisal 
fibre can provide useful information on the 
behavior of black cotton soils at a wide range 
of confining pressures. 

12. Measurement of durability and aging of fibres 
in soil composites is recommended. Large 
scale is also needed to be carried out on 
freezing- thawing behavior of soils reinforced 
with discrete fibre inclusions. 

13. Detailed microscopic analysis could also 
provide significant information regarding the 
failure characteristics and deformation 
mechanism of fibre reinforced soil. Therefore, 
detailed SEM and/or X-ray analysis would be 
very valuable in understanding the behavior of 
fibre reinforced soil at micro level. 
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