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ABSTRACT 

Due to rapid growth of population and industrialization, there is a need for need for tremendous growth in the 

infrastructure development. This leads to the depletion of natural resources because they are excavated at high rate. In that 

way natural resources available for construction materials are also being rapidly depleted which hikes the cost of these 

materials. Hence more focus is essential for finding out the alternative materials for construction. In the present study the 

focus was made on the coarse aggregates and an attempt was made to replace the conventional coarse aggregates using 

coconut shells in concrete. A control mix was designed for M 25 grade of concrete and then the crushed granite aggregates 

were replaced with coconut shells by volume in different levels such as 20%, 40%, 60%, 80% and 100%. The mechanical 

properties of concrete such as compressive strength, split tensile strength, and flexural strength were determined as per the 

relevant Indian standards. From the test results it was found that the properties of concrete decreased as the level of 

replacement of coconut shell aggregates increased. The density of concrete also decreases as the percentage of coconut 

shell is increased. The test results of this study showed that up to 40% replacement gave better strength. Hence the use of 

coconut shells up to 40% can be encouraged for field applications that help in protecting the environment, as well as 

producing the light weight concrete. 
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1. INTRODUCTION 

Concrete is widely used as structural material in 

the world today. The high demand for concrete in 

construction drastically reduces the natural stone deposits 

such as gravel and granite and this has damaged the 

environment thereby causing ecological imbalance. The 

demand to make this material lighter has been the subject 

of study that has challenged scientists and engineers alike. 

The challenge in making a lightweight concrete is 

decreasing the density while maintaining strength and 

without adversely affecting cost. Introducing new 

aggregates into the mix design is a common way to lower 

a concrete’s density. Normal concrete contains four 

components, cement, crushed stone, river sand and water. 

The crushed stone and sand are the components that are 

usually replaced with lightweight aggregates. The use of 

alternative aggregate has become necessity for the 

construction industry because of the economic, 

environmental and technological benefits derived from 

their use. 

The high cost of conventional building materials 

is a major factor affecting housing delivery in India. In 

developing countries where abundant agricultural and 

industrial wastes are discharged, these wastes can be used 

as potential material or replacement material in the 

construction industry. This will have the double 

advantage of reduction in the cost of construction material 

and also as a means of disposal of wastes. It is at this time 

the above approach is logical, worthy and attributable. 

One such alternative is coconut shell (CS), which is a 

form of agricultural solid waste. Coconuts show a wide 

diversity in size, weight, shape and colour, depending on 

genetic variety and maturity of the nut at harvest. It is one 

of the most promising agro wastes with its possible use as 

coarse aggregate in the production of concrete. This has 

good potential to be used in areas where crushed stones 

are costly. Statistical data of coconut production shows 

that, India is producing nearly 27% of total world 

production and the annual production of coconut is 

reported to be more than 12 million tons. The 

development of lightweight aggregates is in different parts 

of the world, among which few are reviewed below. 

Okafor (1988) was one of the pioneers to study 

the use of natural materials in light weight concrete. The 

use of palm kernel shell as a lightweight aggregate for 

concrete was investigated with three concrete mixes of 

widely differing water / cement ratios with palm kernel 

shell as coarse aggregate. The properties tested include 

the physical properties of the shell, the compressive, 

flexural and tensile splitting strengths of the concrete. 

These properties were compared with similar concrete 

specimens made with crushed granite as coarse aggregate. 

Results of the tests showed that the palm kernel shell 

cannot produce concrete with compressive strength above 

30 MPa. However, for concrete grade 25 and below, the 

material was found to compare favorably with other 

conventional aggregate such as crushed granite [1]. This 

was the pioneering study on the use of palm kernel shell 

as lightweight concrete, which was later improved and 

studied by several others like Basri et al 1999; Mannan 

and Ganapathy 2001; Mannan and Ganapathy 2004; 

Mannan et al 2006.Numerous investigations on concrete 

with Oil Palm Shell as coarse aggregate were carried out 

by Md Abdul Mannan et al. The properties of oil palm 

shell concrete namely compressive strength, flexural 

strength, splitting tensile strength, modulus of elasticity, 

drying shrinkage and initial surface absorption, have been 

determined and a comparison was made with control 
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concrete. Two conditions of curing, namely, one to 

simulate the practical curing condition and another 

laboratory curing condition were employed. It is observed 

that Oil Palm Shell concrete has sufficient strength to be 

accepted as structural lightweight concrete and that the 

trend of behaviour of Oil Palm Shell concrete and control 

concrete is very similar. However, the modulus of 

elasticity of OPS concrete is lower compared to control 

concrete [2-6] 

Johnson Alengaram et al. (2010) compared the 

mechanical and bond properties of Oil Palm Kennel Shell 

(OPKSC) concrete with normal weight concrete. Oil Palm 

Kennel Shell, an industrial waste was used as lightweight 

aggregates in OPKSC with mineral admixtures, 10% of 

silica fume and 5% fly ash. The OPKSC produced a 

density reduction of about 20% compared to NWC. The 

addition of silica fume enhanced the compressive strength 

and thus OPKSC produced 28 days compressive strength 

up to 37 MPa. The bond stress of the OPKSC was found 

to be about 86% of the corresponding Normal Weight 

Concrete. Further the ultimate experimental bond stress of 

OPKSC was found nearly 2.5 times higher than the 

theoretical values calculated based on BS standards [7]. 

Gunasekaran et al. (2010) studied the mechanical 

and bond properties of coconut shell concrete. The 

properties of concrete using coconut shell as coarse 

aggregate were studied. Compressive, flexural, splitting 

tensile strengths, impact resistance and bond strength 

were measured and compared with the theoretical values 

as recommended by the standards. Two- different water 

cement ratios were made to study the effect on the 

flexural and splitting tensile strengths and impact 

resistance of coconut shell concrete. The results showed 

that coconut shell concrete has better workability because 

of the smooth surface on one side of the shells and the 

size of CS used in this study. The 28-days air-dry 

densities of CS concrete of the typical mixes ranged from 

1930 to 1970 kg/m
3
 and these are within the range of 

structural light weight concrete of density less than 

2000kg/m
3 

(Alengaram et al. 2006). The flexural strength 

of CSC is approximately 17.53% and 16.42% of its 

respective compressive strengths (26.70 N/mm
2
 and 25.95 

N/mm
2
). The splitting tensile strength of CSC is 

approximately 10.11% and 9.17% of its respective 

compressive strengths. The impact resistance of coconut 

shell aggregate concrete is high when compared with 

conventional concrete. The experimental bond strength of 

CSC is much higher compared to the theoretical bond 

strength as stipulated by IS 456:2000 and BS 8110. In 

general, the bond strength of CSC is comparable to the 

bond strength of normal and other light weight aggregate 

concretes. The experiments prove that coconut shells 

fulfill the requirements for use as lightweight aggregate 

[8]. 

The main objectives of this study are as follows: 

 

 To study the strength characteristics of the concrete 

by the replacement of crushed granite with coconut 

shell aggregates in various percentages such as 20%, 

40%, 60%, 80% and 100% by volume. 

 To study the effect of addition of coconut shell 

aggregates on the compressive strength, split tensile 

strength and flexural strength. 

 To determine the optimum percentage of coconut 

shell aggregates that can be added in concrete without 

affecting the strength to a considerable extent. 

 

2. EXPERIMENTAL PROGRAM 

 

2.1 Materials 
The cement used was Portland Pozzolona Cement 

(PPC) having specific gravity of 3.14. Ordinary tap water 

was used for mixing of concrete. The water was clear in 

appearance and thus suitable for the concrete mixing. 

Ordinary river sand is used as the fine aggregate. The 

sand is sieved in 2.36 mm sieve and the sand passing 

through this sieve is used as fine aggregate. Specific 

gravity and bulk density of fine aggregate used is 2.37 and 

1560 kg/m
3
 respectively. The fineness modulus of fine 

aggregate is found out by using the sieve analysis test and 

the results concluded that the fine aggregates used for this 

study confirms with Grading zone II with the fineness 

modulus being 2.76. The crushed granite, which is the 

conventional coarse aggregate is sieved in 20 mm sieve 

and the aggregates passing through this sieve are used as 

coarse aggregates. The coconut shell was taken from the 

college mess and it was then broken into the required size 

by using the hammer as shown in Figure-1. The broken 

shells passing through 20 mm sieve were used for the 

concrete. The properties of crushed granite and coconut 

shells are given in Table-1. 

 

Table-1. Physical properties of coarse aggregates. 
 

S. No. Property 
Crushed 

granite 
Coconut shell Test method 

 Bulk Density (kg/m
3
) 1660 642 IS: 2386(Part III)-1963 

 Fineness modulus 6.45 6.84 IS: 2386(Part I)-1963 

 Specific gravity 2.71 1.21 IS: 2386(Part III)-1963 

 Crushing Value (%) 12.17 22.05 IS: 2386(Part IV)-1963 

 Impact Value 21.54 22.22 IS: 2386(Part IV)-1963 
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Figure-1. Coconut shell aggregates. 

 

2.2 Mix design  

A concrete mix was designed for M25 grade of 

concrete using the recommendations given in IS 

10262:2009 and IS 456:2000 [9, 10]. The quantities of 

ingredients per cubic meter of concrete were determined 

with a cement content of 370 kg/m
3
 and the water cement 

ratio being 0.5. The mix ratio arrived for M25 grade of 

concrete is 1: 1.7: 3.17: 0.5 (Cement: Fine aggregate: 

Coarse aggregate: Water). After getting the ratio for 

control mix, the quantities of materials required for 

various replacement levels of conventional coarse 

aggregates with coconut shells were determined and the 

details of mix proportions are given in Table-2. 

 

Table-2. Mix proportions. 
 

Mix ID 
Cement 

kg/m
3
 

Water 

kg/m
3
 

Fine 

aggregate 

kg/m
3
 

Coarse 

aggregate 

kg/m
3
 

Coconut shell 

aggregate 

kg/m
3
 

CS-0 370 185 629 1173 - 

CS-20 370 185 629 937 105 

CS-40 370 185 629 702 209 

CS-60 370 185 629 468 313 

CS-80 370 185 629 234 418 

CS-100 370 185 629 0 523 

 

2.3 Specimen details 

The mechanical properties of concrete like 

compressive strength, split tensile strength and flexural 

strength were evaluated using standard test specimens. 

For each mix ratio, 3 cubes of size 100 mm x 100 mm x 

100 mm, 3 cylinders of 150 mm diameter and 300 mm 

height and 3 prisms of size 100 mm x 100 mm x 500 mm 

were cast for testing their 28 days compressive strength, 

split tensile strength and flexural strength respectively. 

Before casting, the cast iron moulds were well cleaned, 

and then oil coating was applied to the inner sides of the 

moulds. Then the concrete was poured into the moulds, 

and compacted manually followed by the compaction 

using table vibrator and then finishing was done by using 

a trowel. Then the specimens were kept undisturbed for 

one day for the purpose of the hardening of the concrete. 

After one day, the specimens were removed from the 

moulds, and then kept inside the curing tank. After 28 

days from the day of casting, the specimens were taken 

out of the curing tank, and kept in open air for about 2 

hours for water getting dried away from the surface of the 

specimens. Then, finally the specimens were tested. The 

cube specimens were weighed before doing compression 

test in order to find their density. The average strength of 

the three specimens was found out and this was taken as 

the final result. The compression test and flexural tests 
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were conducted as per the specifications of IS 516: 1959 

[11]. The split tensile test was carried out using the 

guidelines prescribed in IS 5816:1999 [12]. 

 

3. RESULTS AND DISCUSSIONS 

 

3.1 Density 
The density results for different mix proportions 

are given in Figure-2. From the test results it can be 

observed that the density of concrete decreases as the 

percentage of coconut shell increases. The decrease in 

density with respect to control mix is about 9%, 10%, 

14%, 18% and 23% respectively for replacement levels of 

20%, 40%, 60%, 80% and 100%. This is due to the fact 

that the specific gravity of coconut shell is comparatively 

very much lower than conventional coarse aggregates. 

Hence, the use of coconut shell as coarse aggregates will 

be useful for producing the light weight concrete. 

 

 
 

Figure-2. Density. 

 

3.2 Compressive strength 
From the test results of compressive strength 

shown in Figure-3, it can be seen that the compressive 

strength of concrete goes on decreasing as the percentage 

of coconut shell is increased. It can also be seen that at 

40% replacement of coarse aggregates by coconut shell 

aggregates, the compressive strength is 25.18 N/mm
2
 

which means that the characteristic compressive strength 

of M25 grade of concrete is achieved. But after that, as 

the percentage of coconut shell is increased beyond 40%, 

the compressive strength is less than 25 N/mm
2
. Hence, 

the replacement up to 40% can be done for producing the 

required strength. But even in 60% replacement, the 

compressive strength is 22 N/mm
2
, which is greater than 

the characteristic compressive strength of M20 grade of 

concrete. Hence, for practical applications that require 

M20 grade of concrete, the task can be achieved by using 

60% of coconut shell aggregates. Beyond 60% 

replacement, the rate of decrease in compressive strength 

is drastic. The decrease in compressive strength with 

respect to control mix is about 16%, 22%, 31%, 43% and 

63% for replacement levels of 20%, 40%, 60%, 80% and 

100% respectively. 
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Figure-3. Compressive strength. 

 

3.3 Tensile strength 

The test results of split tensile strength are shown 

in Figure-4. The decrease in split tensile strength with 

respect to control mix is about 20%, 23%, 36%, 42% and 

54% for replacement levels of 20%, 40%, 60%, 80% and 

100% respectively. The replacement of conventional 

coarse aggregates by coconut shells upto 40% causes a 

gentle decrease in split tensile strength whereas beyond 

40% a severe reduction in split tensile strength was 

noticed. Based on the test results of the compressive 

strength and split tensile strength at 28 days, a 

relationship was established between the square root of 

the characteristic compressive strength and the split 

tensile strength through regression analysis as shown in 

Figure-5. By regression analysis we get the values of split 

tensile strength as 0.45 √fck. 
 

 
 

Figure-4. Split tensile strength. 
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Figure-5. Relation between split tensile strength and compressive strength. 

 

3.4 Flexural strength 

The test results of flexural strength are shown in 

Figure-6. The decrease in flexural strength with respect to 

control mix is about 13%, 26%, 28%, 38% and 67% for 

replacement levels of 20%, 40%, 60%, 80% and 100% 

respectively. The replacement of conventional coarse 

aggregates by coconut shells upto 60% causes a gentle 

decrease in flexural strength whereas beyond 60% a rapid 

reduction in flexural strength was noticed. Based on the 

test results of the compressive strength and flexural 

strength at 28 days, a relationship was established 

between the square root of the characteristic compressive 

strength and the flexural strength through regression 

analysis as shown in Figure-7. By regression analysis we 

get the values of flexural strength as 0.9√fck. 

 

 
 

Figure-6. Flexural strength. 
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Figure-7. Relation between flexural strength and compressive strength. 

 

4. CONCLUSIONS 

From the experimental investigations carried out, 

the following conclusions were drawn: 

 

 As the percentage volume of coconut shell aggregates 

is increased, density, compressive strength, split 

tensile strength, and flexural strength of the concrete 

decreased. 

  The concrete made with 40% replacement of 

conventional coarse aggregates with coconut shells 

has acceptable strength.  

 Based on the results empirical equations were 

developed to establish the relationship between 

compressive strength and the flexural strength of 

concrete. 

 Further studies should be carried out to determine the 

durability of the coconut shell concrete. If the 

durability of the coconut shell concrete is good 

enough even in aggressive  environments, then the use 

of coconut shells as partial replacement of ordinary 

coarse aggregates  can be encouraged up to a level of 

40% replacement. 
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