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Abstract- Unpaved roads that are constructed on weak soil Subgrade result in large deformations combined with 
interruption in traffic operations resulting in high maintenance costs. This limits their usage for low volume of traffic and to 
serve as access roads. Limited studies have been conducted on the use of crushed coconut shells to improve the strength of 
the Subgrade. In the present study, crushed coconut shells are added in different amounts to study the strength of the black 
cotton soil subgrade which is a weak soil. The results of the study indicate improvement in the CBR values of the weak 
Subgrade soil with  the inclusion of crushed coconut shells.  
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I. INTRODUCTION  
 
Subgrade is the lower portion of the road which is 
constructed in close conformance with the lines, 
grades and cross-sections indicated on the plans, to 
receive the base and surface layers. The performance 
of the pavement structure depends on the strength and 
stability of the subgrade under adverse loading and 
climatic conditions.  The pavement failure is 
attributed to the poor performance of subgrade and 
needs proper attention. 

The soil subgrade is a layer of natural soil 
prepared to receive the load of the layers of pavement 
materials placed over it. The loads on the pavement 
are ultimately received by the soil subgrade for 
dispersion to the earth mass. It means that the 
pressure transmitted on the top of the subgrade is 
within the allowable limit. It is essential that at no 
time, the soil subgrade is over stressed.  

The weak subgrade whether in cut or fill should 
be well compacted to utilize it’s full strength and to 
there by economize the overall thickness of the 
pavement required. The subgrade soil which is weak 
has to be  treated or stabilized to suit the 
requirements. 

Black Cotton soil is one of the fertile soils which 
is very good for agriculture. Due to presence of good 
irrigation systems and the rainfall causes the people 
to settle around in these areas. However black cotton 
soils are preferable for carry out agricultural 
activities, but they are not preferred for laying the 
durable roads.  

The subgrade comprising of black cotton soil is 
highly unpredictable and therefore the behaviour of 
this soil plays  a vital role in design, construction and 
maintenance operations of the pavement. Improper 
treatment of this soil leads to failures in the pavement 
in the form of potholes, cracks, undulation, 
deformation, fissures or more.  

 
With rapid increase in population and huge 

development in infrastructure the demand for land 

has increased considerably for the past few decades. 
This has lead to limited availability  
of land resources. Hence an engineer is forced to 
carry out the various construction activities even on 
problematic soil. 

The behaviour of road surface depends on the 
strength of the fill material and the sub-grade below 
it. Road construction over soft sub-grade soil is a 
major issue affecting cost and scheduling of highway 
projects in regions where soft sub-grades are 
common. The strength of the sub-grade is most often 
expressed as California Bearing Ratio (CBR), which 
is the ratio of test load to standard load at a specified 
penetration, by a standard plunger. The values of 
modulus of sub-grade reaction and resilient modulus 
of soil have been correlated with CBR value. In India 
the design of f1exible pavement is primarily on the 
basis of the CBR value of sub-grade CBR (IRC: 37 - 
2001). 

The use of coconut shell powder in the field of 
soil stabilization has been completely explored. 
Hence an experimental study on effect of Crushed 
Coconut Shells(CCS) on strength of soil is made. It 
has the basic required properties that makes it suitable 
as soil stabilizer - such as durability, high toughness, 
abrasion resistance etc. Coconut shell has long 
standing use and it is environmental friendly. 

I. LITERATURE REVIEW 
Soil stabilization refers to the procedures 

employed with a view to altering one or more 
properties of soil so as to improve its engineering 
performance. The main objective of soil stabilization 
is to increase the strength or stability of the soil and 
to reduce its sensitivity to moisture changes. 

Daniel Yaw Osei [4] conducted experimental 
studies on coconut shells as aggregate in concrete and 
found that a potential exists for the use of coconut 
shells as replacement of conventional aggregate in 
both conventional reinforced concrete and lightweight 
reinforced concrete construction. The use of coconut 
shells as partial replacement for conventional 
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aggregates should be encouraged as an environmental 
protection and construction cost reduction measure. 

As per the study conducted by  Arathy V B, 
Christina Jery,  Jumy Raj and Lakshmi V S [3], the 
effect of coconut shell powder on soil samples were 
studied by conducting tests with various 
percentage(1%,2%,3%, and 4%) of coconut shell 
powder and the following conclusions were drawn. 
Max dry density was obtained when 1% CCS was 
added to the soil and minimum OMC was obtained 
for 2%, increase in soil strength could be seen from 
results of various experiments. It was recommended 
for short term stabilization of slope.  

Johnson R, Solomon and Olukorede [6] aimed at 
assessing the effects of coconut husk ash on the 
stabilization of poor lateritic soil deposit found at Otu 
in Itesiwaju Local Government Area in Oyo State, 
Southwestern Nigeria, using 0, 2, 4, 6, 8, and 10% of 
coconut ash by mass of soil sample. The following 
laboratory soil tests were carried out on the stabilized 
soil samples: particle size distribution analysis, 
Atterberg limit test, compaction test, and California 
Bearing Ratio in accordance with British Standard. 
Chemical composition analysis of the coconut husk 
ash was done as well. The result indicated that 
coconut husk ash is suitable for improving the 
California bearing ratio because this parameter 
increases with addition of coconut husk ash. Addition 
of coconut husk ash also increased the plastic limit 
but reduced the plasticity index. Therefore, this study 
showed that coconut husk ash can be effectively used 
to improve lateritic soils with low CBR values. 

 
II. MATERIALS AND  METHODOLOGY 
 
A. Black Cotton soil 

The present investigations have been made on the 
black cotton soil obtained from Hospet, Ballari 
district, Karnataka state, India. This is a residual soil 
and is collected from an open excavation,at a depth of 
30cm below the natural ground surface. The soil was 
air dried, pulverized and then passed through IS sieve 
size of 425 µ before being used for the study. The 
physical properties of the black cotton soil are 
presented in Table 1. 
TABLE  1 PHYSICAL PROPERTIES OF BLACK COTTON 

SOIL 

Property Observation 
Colour Black 

Liquid limit 60% 

Plastic limit 29% 

Plasticity Index 31% 

Shrinkage limit 12.87% 

IS classification CH 
Optimum moisture 
content 22% 

Maximum dry density 1.55gm/cc 

Gravel 0.21% 

Sand 94.6% 

Silt 5.2% 
B. Crushed Coconut shells(CCS) 

Coconut shells used in the present experiment is 
collected from farms, home and near temples. 
Coconut shells collected for the study have shell 
thickness in the range of 2mm-8mm. They were 
crushed to the required sizes in the range 1cm to 2 cm 
using hammer and mechanical crusher. The physical 
and mechanical propeties of CCS is given in Table 2. 

 
TABLE  2  PHYSICAL AND MECHANICAL 

PROPERTIES OF  CRUSHED COCONUT SHELLS 
Physical and Mechanical 

properties Observations 

Moisture content  4.20% 
Water absorption  24% 
Specific Gravity 1.4 
Impact value  8.15% 
Crushing value 2.58% 
Abrasion value  1.63% 
Bulk density 55kg/m3 
Coconut Shell thickness 2-8mm 

 
C. Strength tests on the normal black cotton soil 

sample 
The basic laboratory tests on the soil were followed 
by strength tests namely Unconfined compression test 
and California bearing ratio test as per standards. 

The unconfined compression strength value of 
soil sample was found to be 380.28kN/m2 as given in 
Fig.1 

 

 
Fig 1. Stress-strain curve of normal black cotton soil 

 
California bearing ratio(CBR) tests were conducted to 
determine the load-
penetration curve for the normal black cotton soil 
sample for three trials for unsoaked conditions and 
the results obtained are given in Table 3. 

TABLE  3 CBR VALUES OF SOIL SAMPLE FOR 
UNSOAKED CONDITION 

Penetration 
at 

CBR value for Unsoaked 
condition 
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Trial 1 Trial 2 Trial 3 
2.5mm 2.48% 2.55% 2.49% 
5mm 1.99% 2.04% 1.99% 

CBR test was conducted on the soil sample under 
soaked conditions and the results are tabulated in 
Table 4. 

 
TABLE  4 CBR VALUES OF SOIL SAMPLE FOR SOAKED 

CONDITION 

Penetration 
at 

CBR value for Soaked 
condition 

Trial 1 Trial 2 Trial 3 
2.5mm 1.27% 1.33% 1.26% 
5mm 0.98% 0.99% 0.98% 
 
Load-penetration curve of normal black cotton 

soil for a typical trial is represented in Fig.2 
 

 
Fig 2. Load-Penetration curve of normal black cotton soil 
 
The quantity of CCS in black cotton soil was then 

varied and different trails were conducted to 
determine the CBR value of this treated soil for both 
soaked and unsoaked conditions. CCS was added at a 
depth of 0.2H of the CBR mould where H is the 
height of the mould. 
D. Black cotton soil treated with 25gm of CCS 

The load-penetration curve for black cotton soil 
treated 
with 25gm CCS is given in Fig 3. 

 

 
Fig 3. Load-Penetration curve of black cotton soil treated with 

25gm of CCS 

E. Black cotton soil treated with 50gm of CCS 
The load-penetration curve for black cotton soil 

treated 
with 25gm CCS is given in Fig 4. 

 

 
Fig 4. Load-Penetration curve of black cotton soil treated 

with 50gm of CCS 

 

F. Black cotton soil treated with 75gm of CCS 
The load-penetration curve for black cotton soil 

treated 
with 25gm CCS is given in Fig 5. 
 

 
Fig 5. Load-Penetration curve of black cotton soil treated with 

75gm of CCS 
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III. RESULTS 
 
The CBR values obtained for different amounts of 
CCS under unsoaked and soaked condition for typical 
trials is given in Table 5. A graphical representation 
of variation in CBR values under different conditions 
of the study is given in Fig 6. 

 
TABLE  5 CBR VALUES OF SOIL FOR 

DIFFEREAMOUNT OF CCS 

 

 
Fig 6. Variation of cbr values with different amount of ccs 

 
DISCUSSIONS AND CONCLUSIONS 
 
Based on the observation of the study it is found that 
the strength of black cotton soil is improved by the 
addition of CCS. The experimental results give a 
clear indication of influence of CCS on CBR value of 
soil. The normal black cotton soil which is otherwise 
not suitable for pavement construction is found to 
have improved CBR value with the addition of CCS. 
From the laboratory study it is observed that increase 
in CCS results in increase in CBR value. This results 
in increased strength of subgrade soil, reduced base 
course thickness for same repeatitions of traffic load.  

Use of CCS is found to be effective and eco-
friendly method of stabilizing the weak subgrade soil. 

The study can be further enhanced by determining 
the optimum amount of CCS for stabilization of weak 
subgrade soil. 
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