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ABSTRACT
Large scale production of concrete using conventional aggregates such as gravels drastically reduces the stone deposits
and affects the environment causing ecological imbalance. At the same time due to rapid industrialization disposal of
waste material is also causing ecological imbalance to the environment. There are only two option either we reduce the
waste production or utilized it in concrete as an alternate material. Nowadays, most of the research has been done on the
material which can reduce the cost of the construction. India is third largest coconut producing country.

Large amount of waste is produced by the coconut as the coconut shell left unused. The use of coconut shell as an
aggregate in concrete can reduce its disposal problem as well as it also reduces the overall material cost of concrete.
The mixing of coconut shell in concrete helps to produce lightweight concrete.

In present study, nominal mix M20 with different combination of natural material and coconut shell in proportion of 0%,
20%, 50%, 100% will be replaced. The compressive strength behavior of each of cube specimen will be done for 7, 14,
and 28 days. The properties of coconut shell as aggregate will be studied in this paper. The aim of this project is to
encourage the use of coconut shell as an aggregate in low cost housing as well as in mass concrete structure using high
strength mix. The paper also focuses on the sustainable use of concrete in construction.
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1. INTRODUCTION
Following normal growth in population, the amount and type of waste material have increased accordingly.
Many of the non-decaying material will cause air pollution and will remain in environment for thousand of
year. They cause soil pollution, thereby contributing to environmental problem. Thus the environmental
problem can be reduced by making economical use of waste.

Concrete is mixture of cement, coarse aggregate and fine aggregate with proper proportion of water so
as to make concrete of desirable strength and quality. More than 50% of cement products would account in
India. It has good compressive strength. Although it is weak in tension, but by using reinforcement we can
overcome the tensile weakness. As it easily available, it is almost use in all major project. Global volumes
have doubled over the last decade, from 1.8but in 2002 to 3.7 but in 2012, reflecting a CAGR of 7.4%. As per
statistics of 2014 India consumed 243 million metric tons of cement in 2013. About 7.53 billion tons of
concrete is produced every year. Concrete increase due to high growth of infrastructure development and
construction activities in the world. Concrete is the second most consumed substance on Earth after water. On
average, each year, 3 tons of concrete are consumed by every person on the planet. Cement production is
growing annually by 2.5% it expected to rise 3.7 to 4.4% by 2050.

Concrete consist of constituents like aggregate, cement, water and admixture. Out of this aggregate occupy
major part of concrete. The large scale production of concrete using conventional coarse aggregate such as
granite is indirectly reducing the natural stone deposits and affecting the environment and thus causing
ecological imbalance. Increasing demand of natural aggregate show that crushed stone demand will be 2050
million metric tons in 2020. This huge demand of aggregate has raised the question about the prevention of
natural aggregate for economical development. The current concrete practice is said to be unsustainable
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because, not only it is consuming large quantity of stone, sand and drinking water but 2 billion tons of
Portland cement a year which is releasing green house gases

Processing and extraction of aggregate is also a major environment problem. Thus consumption of alternate
waste material in place of natural aggregate in concrete production not only protects the environment but also
make concrete economical and environment friendly construction material. There is current trend in all over
the world to utilize the treated and untreated industrial by-products, domestic waste, etc as raw material in
cement and concrete. Nowadays, most of the researchers are doing the research on the material which can
reduce the cost of construction as well as increase the strength. Some of the waste materials are used in
concrete according to their properties. These not only help to reuse of waste materials but also create cleaner
and greener environment. In many developed countries, various artificial and natural lightweight aggregate
have been identified that can replaced conventional aggregate there by reducing size of structural members. It
has brought the revolutionary change in construction of high rise building using lightweight aggregate. But in
Asia the construction sectors is yet to utilized the advantage of light weight concrete (LWC) in construction of
high rise structure.

Pumice, perlite, expanded clay or vermiculite, coal slag, sintered fly ash, rice husk, straw, sawdust, cork
granules, wheat husk and coconut shell are some of the lightweight aggregate use for the LWC. These light
weight aggregate not only used in the production of LWC but also it is possible to produce high strength
LWC.

However, recently efforts have been made on the use of agricultural waste, coconut shell (CS) as lightweight
aggregate to produce structural LWC. The coconut tree is one of the important plants in the world. Coconut is
mostly as an ornament, making fancy items, household utensils, and as source of activated carbon from its
charcoal the powdered shell is also used in industries of plastics, glues, and abrasive materials and it is widely
used for the manufacture of insect repellent in the form of mosquito coils. Experiment has been performed on
the waste material like rubber tier, e-waste, blast furnace slag, demolished concrete constituents, waste water
etc. Construction waste recycle plants are now installed in many countries but they are the partial solution to
the waste problem.

1.1 COCONUT SHELL
Coconut is grown in more than 93 countries. India is the third largest countries having cultivation of

coconut tree on an area of about 1.78 million hectares. Overall production is about 7562 million nuts with an
average of production is about 7564 million nuts with an average of 4254 nuts per hectare. The coconut
industry in India accounts for over a quarter of the world's total coconut oil output. The major four countries
India, Indonesia, Sri Lanka and Philippines contribute 78% of world’s productions. At present India is the
main producer of coconut with maximum production at global level with production of 13 billion nuts per
year. But it is also the main contributor to the world’s pollution problem as a solid waste in the form shells.
Coconut shells annual production of 3.18 million tones. In present condition it is giving serious disposal
problem as it is harmful to local environment.

Figure No.1 : Coconut shell Aggregate
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Utilization of coconut shell (CS) as an aggregate to produce LWC is relatively a new field of application. It is
the important breakthrough for the society in our way towards sustainable development. In developing country
like India where abundant coconut shell waste is discharge, these waste can be used as a alternate material for
the replacement in construction industrial. It has increased the advantage of reducing the construction cost as
the natural aggregate is costly; beside it is also protecting the environment.

1.2 COCONUT SHELL AS AN AGGREGATE
The use of coconut shell as an aggregate in not a common practice among the people, particularly in areas
where concrete is required for load bearing wall. Concrete using Coconut Shell aggregates resulted in
acceptable strength required for structural concrete. Coconut Shell may offer itself as a coarse aggregate as
well as a potential construction material in the field of construction industries and this would solve the
environmental problem of reducing the generation of solid wastes simultaneously. Coconut shell coarse
aggregate is compatible with concrete as it required no treatment before making concrete. The concrete
obtained using coconut shell as a coarse aggregate satisfy the minimum requirement of concrete, as it is giving
acceptable strength which is required for structural concrete. It has also making reduction in disposal waste as
well as in cost of construction.

It has smooth surface on one side which presents concrete better workability. Coconut shell concrete shows
good impact resistance. But the water absorbing and moisture retaining capacity of coconut shell is more, as
compared to natural aggregate.  Density of coconut shell is in the range of 550-650 kg/m3 and these are within
the specified limits for light weight aggregate. Hydration test on coconut shell fines with cement indicates that
the inhibitory index for coconut shell fines with cement can be classified as low and no pre-treatment is
required. Coconut shell-cement ratio has been optimized to satisfy the criteria of structural light weight
concrete. Coconut shell aggregates are potential candidates for the development of new composites because of
their high strength and modulus properties. An approximate value of coconut shell density is 1.60 g/cm3.

1.2.1 PROPERTIES OF COCONUT SHELLS
Some of the properties of coconut shell are as follows.

1. Coconut has high strength properties

2. It also has high lignin content. Lignin is a natural polymer which makes coconut shell wrought resistant.

3. It has low cellulose content due to which it absorbed less moisture comparing other agricultural products.

4. As the coconut shell are naturally available in nature and their shell are non-biodegradable; they can be
used readily in concrete which can fulfill overall the qualities.

2. METHODOLOGY
2.1 TESTING OF MATERIALS
2.1.1 Fineness of cement by sieving method
The objective of this test is to check the proper grinding of cement, as finer cements have a quicker action
with water and gain early strength.

Figure No.2: IS sieve no. 9(90µ)
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Table 1 : Fineness of cement by sieving method

Sample No. 1 2 3

Weight of cement (w) gm. 100 100 100

Weight of cement retained after sieving
through 90 micron (w1) gm. 0.4 0.1 0.2

% weight of retained on the sieve

1001 
W

W
0.4 0.1 0.2

Average % Weight Retained on The Sieve. 0.23%

The fineness of given sample of cement by sieving method is found to be 0.23%.
2.1.2 Standard consistency
Standard consistency of cement paste is defined as ‘that consistency which will permit a Vicat's plunger
having 10 mm diameter and 50 mm length to penetrate to a depth of 33 to 35 mm from the top of the mould’.
Standard consistency of cement is required to find out the initial setting time, final setting time, and soundness
of the cement.

The standard consistency of cement sample is found to be 30%

2.1.3 Initial setting time test
The objective of finding up initial setting time is to determine the time required for various operations, like
mixing, transportation, placing and compaction of cement mortar or concrete.
Initial setting time is 30 Minutes.
2.1.4 Bulking of Sand
Bulking of sand means ‘increase in its volume due to presence of surface moisture’. Because of bulking, the
volume of sand appears more than the actual volume of sand used. So, if the sand content is less, the mix
design affects the properties of concrete and hence the concrete become harsh.

The average % bulking of sand = 10.25

2.1.5 Specific gravity test
Average specific gravity (G27

o
C) of given soil sample is =2.63

2.1.6 Natural aggregate and Coconut shell aggregate

Table no. 2 : Water absorption of coarse aggregate

Sr.
No.

Name of
Material.

Wt. of Dry
Sample in gm

(W1).

Wt. of 24hours
Saturated sample in

gm (W2).

% Water Absorbed
W.A.=(W2-W1)/W1 x

100

Average %
Water

Absorption

1
Coarse
Aggregate 2000 2019 0.95

1

2
Coarse
Aggregate 2000 2021 1.05
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Table no. 3 : Water absorption of Coconut shell

Sr.
No.

Name of
Material.

Wt. of Dry
Sample in
gm (W1).

Wt. of 24hours
Saturated sample

in gm (W2).

% Water Absorbed
W.A.=(W2-W1)/W1 x

100

Average %
Water

Absorption

1

Coconut
Shell

20mm.
1000 1080 8

9.0%
2

Coconut
Shell

20mm. 1000 1100 10

1. The average water absorption of coarse aggregate is 1%
2. The average water absorption of coconut shell (20mm) is 9.0%

Table no. 4 : Impact value of coarse aggregate

Sr.
No

Wt. Of Aggregate
Sample in Kg (W1).

Wt. Of Aggregate Pass Through 2.36
mm Sieve in Kg (W2).

Aggregate Impact
Value.

= (W2 /W1) x 100

1 0.35 0.105 30%

2 0.35 0.105 30%

Table no. 5 : Impact value of Coconut Shell aggregate

Sr.
No.

Wt. Of Coconut
Shell Sample in Kg

(W1).

Wt. Of Coconut Shell Pass Through
2.36mm Sieve in Kg (W2).

Coconut Impact
Value.

= W2 /W1 x 100

1 0.145 0.02 13.79%

2 0.145 0.025 17.24%
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1) The average impact value of natural aggregate is found to be 30%
2) The average impact value of coconut shell is found to be 15.515%

Table no. 6 Fineness modulus of coarse aggregate

Sr.
No.

Sieve Size
in mm.

Wt. Retained
in Kg.

%Wt. Retained =
Wt. Retained / Total Wt. x100

Cumulative %
Wt. Retained.

1 50 0 0 0

2 40 0 0 0

3 31.5 0.035 0.35 0.35

4 25 1.395 13.95 14.3

5 20 3.27 32.7 47

6 16 2.83 28.3 75.3

7 10 2.47 24.7 100

8 4.75 0 0 100

Total ---- 10Kg 100% 336.95

Table no. 7 Fineness modulus of Coconut shell aggregate
Sr. No. Sieve Size in mm. Wt. Retained in Kg. %Wt. Retained =

Wt. Retained / Total Wt. x100
Cumulative %
Wt. Retained.

1 50 0 0 0
2 40 0 0 0
3 31.5 0.035 0.35 0.35
4 25 1.395 13.95 14.3
5 20 2.1 21 35.3
6 16 4 40 75.3
7 10 2.47 24.7 100
8 4.75 0 0 100

Total ---- 10Kg 100% 325.25

1. The fineness modulus of coarse aggregate is found to be 3.3
2. The fineness modulus of coarse coconut shell is found to be 3.2

3. MIX DESIGN AND PREPARATION OF CONCRETE
Mix design: M 20 Grades
Mix design for a concrete of M 20 grade as per IS 10262-1982 is given below:

A) Design Stipulations

a) Characteristic strength required at site = 20 N/mm2

b) Maximum size of aggregate = 20mm

c) Degree of workability = 0.9 Compacting factor

d) Degree of quality control = Good

e) Type of exposure = Mild

B) Test Data for materials

a) Cement used (As per IS: 269-1976)                    = 43 grade OPC
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b) Specific gravity of cement                                  =   3.15

c) Specific gravity

i) Coarse aggregate =   2.60

ii) Fine aggregate =   2.60

d) Water absorption

i) Coarse aggregate =   0.5%

ii) Fine aggregate                                        =   1.0%

e) Free (surface) moisture

i) Coarse aggregate =   Nil

ii) Fine aggregate =   2.0%

f) Sieve analysis

i) Coarse aggregate confirming to table 2 of IS: 383-1970

ii) Fine aggregates confirming to grading zone III of table 4 of IS: 383-1970.

Step I: - To determine the target mean strength as per (IS: 10262-1982)

Where 1.65 from table no. 2

The value of standard deviation from table no.1 SD =4.6 N/mm2

Target mean strength= fck + (1.65 x SD)

= 20 + (1.65 x 4.6)

= 27.6 N/mm2

Step 2:- Selection of water cement ratio

For fig. no. 1 of IS 10262-1982, the water- cement ratio required for the target mean strength of  27.6  N/mm2

0.49 this is lower than the maximum value of 0.50 prescribed for sever exposure; so W/C ratio is adopted

Water/Cement = 0.50

Step 3:- Selections of Water and Sand Content

From Table 4 of IS 10262-1982, for 20 mm nominal maximum size aggregate and sand conforming to grading
Zone II, W/C 0.6 and compaction factor is 0.8

Water content per cubic meter of concrete = 186 kg and

Sand content as percentage of total aggregate by absolute volume = 35 %.

Table no. 7: % Adjustment required

Change in condition
% Adjustment required

Water Content Sand in total aggregate

For decrease in w/c by

0.6 – 0.5 = 0.10
0 -2.0

For increase in compacting factor

0.9 – 0.8 = 0.10
+3 0

For sand confirming to zone III 0 -1.5

Total +3 -3.5
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For change in values in water-cement ratio, compacting factor and sand belonging to Zone III, the following
adjustment is required:

Therefore after applying the above correction, required sand content as a percentage of total aggregate by
absolute volume is  35% - 3.5% = 31.5%

Also, required water content is (For 1.5%)   = 186 + (186/100 x 3)

= 191.58 liters

Step 5:-
Determination of Cement content

Having known w/c ratio as 0.50 and water content 191.6 liters.

Therefore, Cement = 191.6/0.50

= 383 kg/ m3

This cement content is adequate for sever exposure condition.

Step 6:- Determination of Coarse and Fine Aggregate Content

From Table 3 of IS 10262-1982, for the specified maximum size of aggregate of 20 mm, the amount of
entrapped air in the wet concrete is 2 %.

V = [W + (C / SC) + (1/P) x (fa/ Sfa)] x (1/1000)…………………. (i)
V = [W + (C / SC) + (1/ (1-P)) x (Ca/ Sca)] x (1/1000)…………… (ii)
Where,

V   = absolute volume of fresh concrete,

V   = Gross volume – volume of entrapped air = 100% – 2% = 98%

V   = 0.98 m3

W = mass of water (kg) per m3 of concrete,

C   = mass of cement (kg) per m3 of concrete,

Sc = specific gravity of cement,

P   = ratio of fine aggregate to total aggregate by absolute volume,

fa = total masses of fine aggregate (kg) per  m3 of concrete ,

Ca= total masses of coarse aggregate (kg) per m3 of concrete,

Sfa= specific gravities of saturated surface dry fine aggregate,

Sca= specific gravities of saturated surface dry coarse aggregate

0.98 = (191.6 + . + . . ) x ( )

Fa = 546 kg

For Coarse aggregate

V = ( + + x ) x ( )

0.98 = (191.6 + . + . x . ) x ( )Ca = 1187 kg

Step 7:-
This proportion is now required to be corrected to site condition,

Correction for surface moisture carried by sand at 2% and absorption in case of coarse aggregate at 0.5%
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Table No. 8: Proportion by weight and Proportion by Ratio

Table No.9 : Initial data for mix design.

Target strength (MPa) 27.6

Water/cement ratio 0.50

Weight of cement per bag (kg) 50

Table No. 10: Percentage of aggregate used in all 4 batches of mixes.

Table No. 11: Quantity for preparation of cube

Sr. No. Replacement Percentage (%) For 1 Cube For 3 Cubes

1 20%
Natural     80% 3.69 11.07

Coconut   20% 0.36 1.08

2 50%
Natural     50% 2.03 6.09

Coconut   50% 0.900 2.7

3 100%
Natural     0% 0 0

Coconut   100% 1.8 5.4

Table No. 12: Quantity of coconut shell in replacement.

Sr. No. Description For 1 Cube quantity For 12 Cube quantity

1 Volume of cube 0.003375 m3 0.0405 m3

2 Volume of cube + 32% wastage 0.004455 m3 0.05346 m3

3 Cement =383 kg/m3 1.706 20.475

4 Sand =546 kg/m3 2.432 29.189

5 Aggregate =1187 kg/m3 5.288 63.457

6 Water =191.6 kg/m3 0.853 10.242

Material Water Cement Sand Aggregate

Ratio 0.50 1 1.42 3.09

Kg/m3 191.6 383 546 1187

Batch 1 Batch 2 Batch 3 Batch 4

Natural aggregate (%) 100 80 50 0

Coconut shell (%) 0 20 50 100+Add



234 B.R. Gautam, L.R. Gangwani

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386

Volume 4, Issue 12
December 2017

4. Preparation of concrete specimens

Figure No. 3: Moulds for the Concrete Specimens.

Figure No. 4: Curing Tank for Concrete Specimens
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5. ADMIXTURE USED:
5.1 AaddagePlast PCE 816
(High early strength, high range water reducing superplasticising admixture for precast concrete)

We are engaged in wide range of super plasticizers which are widely used to enhance the plasticity or fluidity
of the concrete and to increase its strength. Apart from our range of superplasticizers which include
sulphonated melamine formaldehyde (SMF), Sulphonated Naphthalene Formaldehyde (SNF), We are also
manufacturing the third generation of superplastisizer i.e. ultraplasticizer called the Polycorboxylate Ether
(PCE).

6 . TESTS RESULTS AND INTERPRETATION
Table No. 13: The slump result for each batch of mix M-20concrete

Percentage of Recycled Aggregate (%) Average Slump (mm)

0% CSA 63

20% CSA 12

50% CSA 2

100% CSA 1

The target strength for this project is 27.6MPa for M-20 concrete. From the obtained result, it shown that the
only batch that met the target strength is the batch with 0% CSA and batch with 20% CSA. The compressive
strength for other batches is around 20.06MPa. This may because of the usage of CSA in these concrete
specimens that may reduce the compressive strength. The compressive strength of the concrete specimens for
20% and 50% CSA with same water/cement ratio is reduces for both batches and workability also decreases.

The results also show that the concrete specimens with more replacement of NCA by CSA show low strength
when compared to the concrete specimens with less CSA percentage.

7. Conclusion
 From the experimental results coconut shell has the ability as a light weight aggregate. It also helps in making light

weight concrete.

 The strength of 20% coconut shell concrete was not less than target mean strength so it has developed potential of
using it in building and flat scheme only we have to use high strength mix.

 Coconut shell is more suitable as compared to other natural aggregate for replacing coarse aggregate. It can be used
for low cost housing areas. It is also reduce general construction cost and material cost.

 By comparing conventional concrete with concrete with 50% replacement of conventional aggregate by coconut
shell aggregate, it has been seen that cost reduces by 11.09%.

 By comparing conventional concrete with concrete with 20% replacement of conventional aggregate by coconut
shell aggregate  it has been seen that cost reduces by 4.43%.

 By comparing conventional concrete with concrete with 50% replacement of conventional aggregate by coconut
shell aggregate, it has been seen that weight reduces by 17%.

 By comparing conventional concrete with concrete with 100% replacement of Normal coarse aggregate by CSA it
has been seen that weight reduces by 12%.

 By comparing conventional concrete with concrete with 20% replacement of conventional aggregate by coconut
shell aggregate it has been seen that weight reduces by 6.28%.

 The average strength is found for 0%,20%,50%,100%,100%+admixture respectively are 22.29mpa, 17.57mpa,
16.49mpa, 9.74mpa, 10.18mpa.
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