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ABSTRACT 

A large part of Central India and a portion 
of South India are covered with black cotton soils. 
These soils have  high swelling and shrinkage 
characteristics and extremely low CBR value and 
shear strength. Hence, there is need for 
improvement of these properties. The practice of 
using reinforced earth has been well established in 
soil engineering profession. The concept of  soil 
stabilization with natural fibers like coir fiber, 
banana fiber, sisal fiber etc. is a relatively new 
development to improve the properties of soil. The 
present study is aimed at stabilization of black 
cotton soil with banana fiber in a random manner. 
The soil used is a type of black cotton soil collected 
at Kopparthi, Kadapa district, and all laboratory 
works done in KSRM College, Kadapa. The fibers 
are cut to length (1.5cm) and mixed randomly with 
soil in varying percentages (0%, 0.3%, 0.6% and 
0.9%,1.2%) by dry weight of soil and compacted to 
maximum dry density at optimum moisture 
content. The test results indicate a reduction in the 
maximum dry density and the optimum moisture 
content of soilis increase due to the addition of 
banana fiber. It also indicates an improvement in 
the CBR value and Unconfined compressive 
strength of soil due to the addition of banana fiber.  

Keywords - Black Cotton Soil,  Banana fiber,  
Unconfined compressive strength, California 
bearing ratio, Fiber content. 

I INTRODUCTION 
Innovative methods of soil stabilization 

are in great demand all over the world. There is 
growing concern over the cost of transporting large 
quantities of good soil from distant borrow areas 
for the construction of embankments and sub 
grades for roads. There is another concern 
regarding disposal of industrial wastes to avoid 
environmental problems. Black cotton soil which is 
occupying nearly 23% of the area in India is a 
problematic soil, available up to a depth of 3.7 
meters on an average. The black cotton soil has 
various problems like less stability, less shear 
strength and large expansion & shrinkage in 
volume with changing seasons. This causes major 
damage to property constructed on it. These soils 
contain minerals such as montmorillonite that are 
capable of absorbing water. When they absorb 
water their volume increases. Although mechanical 
compaction, dewatering and earth reinforcement 
have been found to improve the strength of the 
soils, other methods like stabilization using 
admixtures are more advantageous. The different 

admixtures available are lime, cement, fly ash, blast 
furnace slag etc. At present cement stabilization, 
nowadays is not preferable because of the 
increasing cost of cement and environmental 
concerns related to its production. Lime is also not 
suitable for a soil which contains sulphates. 
Presence of sulphates can increase the swelling 
behaviour of soil due to the formation of swelling 
minerals such as ettringite and Thomasite. With 
these considerations, the requirement of finding the 
other alternative materials is most promising one.  

 
INDIAN STANDARD SOIL 
CLASSIFICATION SYSTEM  

IS:1498-4970 describes the Indian 
Standard on Classification andIdentification of 
Soils for general engineering purposes (first 
revision). Significant provisions of this system are 
given below. Soils shall be broadly divided into 
three divisions: 

 Coarse grained Soils 
 Fine grained Soils 
 Highly Organic Soils 

 
FORMATION OF SOIL 

Soils are formed by the physical and 
chemical weathering of rock. Physical weathering 
may be one of two types. First, there is 
disintegration caused primarily by wetting and 
drying (or) by freezing and thawing in cracks in 
the rock. Second, there is erosion- caused by the 
action of glaciers, water, (or) even wind. These 
processes produce a range of particles are varying 
sizes which are still composed of the same 
material as the parent rock. Sand and silt particles 
produced by physical weathering generally consist 
of single rock minerals, rather than combinations 
of these, as in the case in their parent rock (or) in 
gravel - sized material. It is important to recognize 
that no matter how fine the particle size of the 
material produced by physical weathering may be, 
it can never have the properties of clay because 
the chemical conversion needed to form true clay 
particles is not present. 
OBJECTIVES OF THE STUDY  

 To determine the basic properties of the 
given Black Cotton soil.  

 Know the amount of Sisal fiber to stabilize 
the black cotton soil. 

 To increase the stability and strength of 
the black cotton soil.  

 Reduce the construction cost by making 
best use of locally available materials 
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II. LITERATURE REVIEW 

 
Prabakar (2002) Done experiments on 

the case of random introducing of sisal-fibre on the 
strength –performance of soil and from the results 
it is observe that the increasing in fibre-pieces and 
fibre dosage reduce the M.D.D and O.M.C And the 
shear-strength and cohesion also increase with the 
adding of fibre. 

Abdi (2008) did experiments by using the 
polypropylene fibre on consolidation settlement 
and swelling characteristics of clay soils with 
inclusion of clay-soil with inclusion of 0.5cm, 
1.0cm, and 1.5cm pieces of fiber with dosage of 
1.0%, 2.0%, 4.0% and 8.0% by weight of dry-soil. 
By results it is concluded that adding of arbitrary 
spread polypropylene-fibers resulted in 
substantially decreasing the settlement-properties 
of the clay soil. 

Viswanadham (2009) studied the 
swelling performance of geo-fiber reinforced –
expansive –soils (CH) with casual addition of 
polypropylene –fibre width of 0.2cm and thickness 
of about 0.021mm. The application of fiber dosage 
range from 0.25% -0.50% by dry –weight of B.C 
soils and the application of aspect-ratio lb of the 
fibers was like 15,30 and 45. Santhi Krishna k, 
SayidaM.K, (2009) conduct experiments on 
applications of sisal-fiber on B.C soil. The O.M.C 
and the M.D.D decreases as the fiber-content and 
fiber-piece increases. For different fiber-pieces it is 
find out that the 0.50% was optimum dosage. The 
maximum CBR value of 14.21% was attain for 
25mm length and 0.50% of sisal-fibers which was 
2.74 times over raw soil. Similarly, the UCSalso 
increased 7.8 times over raw soil for 2.5cm and 
0.5% fibers. They also conducted durability test, 
the results shown that the tensile strength decreased 
with time. 

Kar-Pradhan (2011) done experiments 
on the shear-strength and settlement-characteristics 
of local cohesive-soil (C.L) with casual application 
of both polypropylene-fiber and coir-fibers and 
observed that compression index as well as the 
coefficient of volume change decreased with 
increase in the fiber content. The coefficient of 
consolidation(mv) increased by increasing in fiber 
dosage. 

Manjunath K.R, (2013)the tests were 
conducted on influence of sisal-fibers on strength 
properties of expensive soil. They conducted 
unconfined compressive test and CBR test different 
% of sisal-fibers with different % of lime. They 
concluded that with addition of 3% and 0.75% 
sisal-fiber are optimum dosages. 

III MATERIALS AND METHODOLOGY 

In the current study, the following materials are 
used 

1. Expansive soil is collected from near to 
the kadapa 

2. Banana fiber is collected at kadapa 

B.C Soil 

The type of soil used in this investigation is of 
having high clay content, Expansive soil . The soil 
was brought from near to the Kadapa. The soil was 
air dried pulverized and passing through IS: 425-
micron sieve is taken for study of properties. 
Different Engineering properties are soil initially 
can be find by conducting corresponding the 
experiments according to IS code specification. 

Banana Fiber 

In the present study we are selected with different 
percentages of fiber content for the evaluation of 
engineering behaviour of soil. Banana fiber is 
added up to 1.20%  to the expansive soil at 0.30% 
intervals. 

 

Figure: Banana fiber 

Table: Properties of Banana fiber 

Property of fiber Value 

Colour Whitish brown 

Average diameter (mm) 0.10 

Aspect Ratios (L/D) 150 

Cut length (mm) 15 

 

IV EXPERIMENTAL INVESTIGATION 
 
CHARACTERIZATION TESTS   

 Moisture content  

 Free Swell Index  
 Liquid Limit 
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 Plastic Limit 
 Shrinkage Limit 

 Standard Proctor Test 

COMPACTION TESTS 

 Standard or Modified Proctor Compaction 
Test 

 California bearing ratio test 
 Unconfined compressive strength test 

TESTING PROGRAMME 
Testing program to study the compaction test at 

various mixes for 
soil. 

 
Testing programme to study the CBR test at 
various mixes for Black Cotton soil 

 
Testing programme to study the UCC test at 
various mixes for Black Cotton soils 

 
 

RESULTS & DISCUSSIONS 

The results obtained from the experimental study 
on the properties of Black Cotton soil and Black 
Cotton soil treated with Banana Fiber materials in 
various proportions (0%, 0.3%, 0.6% and 
0.9%,1.2%) are presented.  
The present investigation aim at studying the 
application of fiber with the one, type of soi1. The 
research is done by conducting the series of 
laboratory test on soil. From the investigation 
results presented the following important 
conclusion may be observed. 
 
 

BLACK COTTON SOIL  
Laboratory tests have been conducted on black 
cotton soil. The tests included are compaction and 
specific Gravity etc., 
 

Table: Properties of Soil 

 
 
RESULT OF FIBER ON SOIL COMPACTION 
 

Optimum moisture content (OMC) and 
maximum dry density (MDD) of the soil was 
determined using standard proctors test. 
Preparation of the sample for proctor’s compaction 
test was done as per the code I.S.2721 Part 4 
(1974).  

A sequence of compaction tests is done on 
soil and fiber mixes. From investigation, the 
following results are made. If the soil treated with 
the Banana Fiber, it reduces the M.D. D of the soil 
due to a low specific-gravity and density of fiber. 
The increasing of the fiber-pieces and fiber amount 
also reduce the M.D.D of the soil. The variation is 
linear for L/D ratios 150. Initial introduction of 
fiber into the soil cause an increasing in OMC and 
then decrease. 

OMC and MDD values with % of fiber 
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Figure: Variation of with MDD & OMC with % 

of fiber 

 
Figure: Variation of with MDD & OMC with % 

of fiber 

 
Figure Variation of with MDD & OMC with % 

of fiber 

 
Figure: Variation of  MDD & OMC with % of 

fiber 

 
Figure: Variation of  MDD With % of fibers 

 
CALIFORNIA BEARING RATIO  

 
Figure: CBR Values of BC Soil with (0.3%, 

0.6%, and 0.9%, 1.2%,1.5%) Banana Fiber for 
1.5cm length of the fiber. 

 
Figure: CBR Values of BC Soil with (0%) 
Banana Fiber for 1.5cm length of the fiber. 

 
Figure: CBR Values of BC Soil With (0.3%) 
Banana Fiber for 1.5cm length of the fiber. 
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Figure: CBR Values of BC Soil With (0.6%) 
Banana Fiber for 1.5cm length of the fiber. 

 
Figure: CBR Values of BC Soil with (0%, 0.3%, 
0.6%, and         0.9%.1.2%,1.5%) Banana Fiber 

for 1.5cm length of the fiber. 
UNCONFINED COMPRESSIVE STRENGTH 

 
Figure: Stress Strain Curve of BC Soil with 

(0.3%, 0.6%, 0.9%, 1.2%) Banana Fiber for 1.5 
cm length of the fiber 

 

Figure: Stress Strain Curve of BC Soil with 

(0.3%, 0.6%, 0.9%, 1.2%,1.5) Banana 

Fiber for 1.5cm length of the fiber 

(7days) 

 

 

VI. CONCLUSIONS 
 

The tests conducted wereProctor 
compaction, and Unconfined Compression test and 
California Bearing Ratio tests. 

 From the experiment we concluded that by 
using 0.0% of soil we get 27.14 % of 
OMC and 1.54 gm/cc of MDD 

 By inclusion of 0.3% banana fiber it is 
observed that the OMC 18.64% is 
increased due to absorbing of the fiber. 

 Same as well as in case of maximum dry 
density it is observed that the gradually 
decreased with inclusion of the fiber . And 
it is observed that the 0.093 gm/cc 

 In case of California bearing ratio tests it 
is observed that the CBR value is 
gradually increased with adding of the 
banana fiber. In case the banana fiber is 
acting as reinforcement. 

 It is observed that the 3.80% of CBR for 
the raw soil materials and the CBR value 
gradually increased up 1.20% of fiber. It is 
observed that the 76.31%  of CBR will 
increased by application of fiber. 

 In case of soaked CBR test it is observed 
that the CBR value of soil is decreased for 
raw soils it os observed that the 1.80% and 
the max CBR value observed at the 
application of 1.20% of fiber. After 
application of the fiber the CBR value is 
gradually decreased 

 The unconfined compressive strength also 
conducted by application of fiber and it is 
observed that the for raw soils 0.89 
kg/cm2. The UCS specimen were tested at 
7 days curing and it is observed that the 
maximum strength at 1.20% of fiber is 
4.53 kg/cm2. 
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