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Wastes generated as a result of agricultural and industrial activities has become an environmental
concern. In recent time global attention has been focused on environmental preservation, in an attempt
to reduce environmental degradation, the use of agricultural and industrial wastes in concrete
production has gained steady increase. Concrete being one of the major building materials that is used
virtually in all aspects of construction, because it could be delivered to the job site, and be molded in
situ or pre-cast to any form or shape. This makes it a material of choice in construction. This research
work reports the investigation carried out to determine the use of coconut shell as an aggregate in light
weight concrete. Concrete samples were produced with different mix ratios, to determine the best and
economic proportions that will give acceptable compressive strengths. Concrete specimen were
produced with coconut shell as coarse aggregate, ordinary river sand as fine aggregate and ordinary
Portland cement as binders. Trial mixes which include (1:1:1, 1:1%:2, 1:2:2, 1:2%:3, 1:1%4:3, 1:2:4,
1:2:3, 1:3:3, 1:3:4, 1:4:4) were done and it was observed that mix ratio 1:1:1 and 1:2:2 gave good
consistency and workability with water cement ratio 0.5. The mix ratio 1:1:1; 1:2:2 gave compressive
strength of 16N/mm? and 7.71N/mm? at 28day strength test respectively.
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INTRODUCTION

Concrete is the most commonly used structural material in the
construction industry, its importance and the usage in the
modern society cannot be ignored. Concrete is a product of
mixing cement, fine aggregates, coarse aggregates and water in
the right proportion. The water acts as the lubricating agents
and it initiates chemical process that leads to hydration. The
mixture when placed in modes or forms and allowed to cure
hardens into a rock-like mass known as concrete (Sule, 2013).
Advances in concrete technology have brought about the use
of waste materials either from agricultural or industrial origin.
The usage of agricultural wastes such as coconut shell as
aggregate in concrete may lead to reduction in the depletion of
ozone layer, because the energy hither to required in
manufacturing process of concrete ingredients would have
been conserved. It was reported by Mehta (2001) that “cement
production, coarse aggregate mining, processing and
transportation operations accounts for about 7% of the global
loading of carbon dioxide into the atmosphere due to
considerable amount of energy consumed, thereby affecting
the ecology of the forested areas and river beds. In civil
engineering practice and construction works, large volumes of
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coarse aggregates are usually used in the production of
concrete. Gambhir (2005) reported that coarse aggregate
constitutes about 75% to 85% of the concrete matrix. Hence
the significance and relevance of coarse aggregate in concrete
production in all areas of civil engineering practice and
building construction cannot be ignored. Nigeria being a
developing country is faced with inadequate provision of
physical infrastructure; shelter and related amenities, which are
typical factors of under development that need to be addressed
through provision of alternative, cheap and affordable
materials. In these areas development require the use of
cement and other related materials such as coarse aggregate.
Technologies which can provide means of upgrading shelter
within the scope of the socio economic and cultural
environment need to be developed (Elinwa, 2003). Currently,
research efforts have been geared towards sourcing,
development and the use of local alternative construction
materials including the possibility of using some agricultural
wastes as construction materials. Hence the focus of this
research is to investigate the use of coconut shell as an
aggregate in concrete through experimental investigation.
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MATERIALS AND METHODS

Materials
Cement

Ordinary Portland cement manufactured by Dangote company
cement was used in this investigation. It was obtained from
open market from accredited dear in Kaduna, Nigeria.

Fine aggregate

The fine aggregate (sand) was obtained from naturally
occurring clean sand from River Kaduna, in Kawo area,
located within latitude 10° 30" N and longitude 7° 27 E.

Coconut Shell Aggregate

The coconut shell aggregate was obtained from the local
hawkers of coconut (popularly called in Hausa “Kwakwa”) in
the central market area, Kaduna, located within latitude 10° 30”
N and longitude 7° 27E.

Water
Water used for all the investigation was obtained from the

laboratory and it is portable water, adequate for drinking. Thus,
it is assumed good for making concrete.

NIS 446(2003); NIS 447(2003) and British standards, BS 4550
(1978) and BS 12 (1991) and EN 196-1: 1995 on dangote
manufactured Portland cement used in this investigation. The
results are summarized below in tables 2.1 to 2.4. The Dangote
Portland cement conformed to the standards.

Soundness of Cement Paste

The soundness test for the brand of ordinary Portland cement
used was conducted using the ‘Le Chatelier’ method of
measuring expansion in accordance to NIS 447(2003) and BS
4550 (1978). The results of the soundness tests are presented in
Table 2.1.

Setting times of cement paste

The tests for determination of initial and final setting times of
the OPC used were done using Vicat apparatus in accordance
with NIS 447 (2003) and BS4550 (1978). The results of the
tests are presented in Table 2.2. The average results of the
samples are as show in the table.

Fineness Test
The test was carried out in accordance with BS 12 (1991) and

NIS 448, (2003). The test results are presented in table Table
2.3. The test was performed using the Blaine air permeability

Table 1. Soundness test results of ordinary Portland cement used

OPC samples

Average Expansion (mm)

Total average Expansion

Specimen A 4.80
Specimen B 4.75
Specimen C 4.80

4.78

Table 2. Initial and Final setting time for the OPC used

Samples Of OPC Average initial ~ Overall average initial setting time (mins) Average final setting time ~ Overall average initial
setting time (mins) setting time (mins)
Sample A 1hr. 42mins 3hrs. 02mins
Sample B 1hr. 45mins 3hrs. 08mins
Sample C lhr. 48 mins lhr. 45mins 3hrs.05mins 3hrs.05mins
Table 3. Fineness Test Result of OPC used (BS 12 1991 and NIS 448 2003)
OPC Samples Specific surface area (m/Kg) Average Specific surface area (m*/Kg)
Sample A 658
Sample B 659 658
Sample C 657
Table 4. Fineness Test result of cement according to NIS 11 (1974)
Samples of OPC % Passing sieve number Average % Passing sieve % Retained on sieve average % Retained on sieve
200(75um) number 200(75um) number 200(75um) number 200(75um)
Sample A 96.13 3.87
Sample B 96.15 96.09 3.85 391
Sample C 96.00 4.00
Table 5. Particle size distribution — fine aggregate
Sieve size mm 5.00 3.35 2.36 1.18 0.60 0.30 0.15 0.075 Pan
% passing cumulative 99.23 96.72 90.18 81.16 60.16 2599 17.28 5.20 0.00
Methods

The physical tests on OPC were carried out in accordance to
Nigerian Industrial standard: NIS 11(1974); NIS 445(2003);

in accordance with NIS 11 1974 which provides an alternative
test for fineness.
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Fine Aggregate Testing

The tests carried out gave 2.66 as specific gravity, 1535.67
Kg/m® bulk density and the particle size distribution analysis
shows that it is within Zone 1. These tests were performed in
accordance to BS 812 part 2, 1995, BS 812 part 101, 1990 and
BS 812 part 103, 1989 respectively. The results are shown in
Table 3.1. and figure

Coconut shell

It was sun dried for two months before being crushed in the
quarry. The crushed Coconut shell material was later
transported to the laboratory where they were thoroughly
cleaned and washed, then allowed to dry under ambient
temperature. The coconut shells were available in various
shapes, such as curved, flaky, elongated, roughly parabolic and
other irregular shapes as shown in Plate I and II. The sizes
shown below were obtained before crushing. Plate II shows
coconut shell aggregates after crushing from the quarry mill.
The particle size distribution analysis of the coconut shell was
carried out in accordance with BS 812 Part 101, 1984. Figure 2
shows the particle size distribution of coconut shell aggregate.
While Table 3.2 is the physical characteristics of the coarse
and coconut shell aggregates.

Table 6. Physical characteristics of the coarse and coco nut shell
aggregates

Physical characteristics Coarse aggregates Coconut aggregates

Specific gravity 2.64 1.31
Bulk density Kg/m® 1367.33 630.15
Impact value % 19.23 1.30
Aggregate crushing value %  25.67 1.16
Abrasion value % 27.67 223
Absorption capacity % 1.8 23.72
Elongation index % 8.78 26.69
Flakiness index % 36.89 86.12

Production Procedure

Prior to commencement of the trial mixes the coconut shells
were pre soaked for 24 hrs and subsequently air dried under
normal laboratory condition. This is because the coconut shell
has high absorption capacity thereby reducing the available
water for workability of the concrete. Ten trial mixes were
conducted before arriving at a reasonable mix ratio. The trial
mixes include the following (1:2:4, 1:2:3, 1:3:3, 1:1%:3,
1:2Y5:3, 1:3:4, 1:4:4, 1:1%:1, 1:1:1 and 1:2:2). Using mix ratio
1:2:4 as an example it means that one part of cement to two
part of sand and to four part of coarse aggregate. After carrying
out mix ratio 1:2:4, it was observed that there was segregation
on removing the mould (See Plate III). Similarly mix ratio
1:2:3, 1:3:3, 1:1%:3, 1:2%:3, 1:3:4 and 1:4:4 failed on
removing the mould after 24 hours. Plate IV shows cubes
produced from mix ratio 1:3:3. However, cubes produced from
mix ratio 1:1:1 and 1:2:2 retained their shape after de-molding.
The compressive strength results at different age are shown in
table 3.3. The water - cement ratio and aggregate - cement
ratio of 0.5 and 2 were adopted for all the mixes. The coconut
shell aggregate used was mixed at saturated surface dry
condition based on 24hr submersion in portable water. The
major experiment is to determine the best mix ratio using
coconut shell aggregate concrete. The specimens were made in
accordance with BS 1881 Part 108 (1983). The molded
concrete cubes were given 24 hours to set before demoulding.

They were then immersed into curing tank, to promote increase
in strength, hydration, eliminate shrinkage and absorb heat of
hydration until the age of test. The cubes prepared were cured
for 3 days, 7 days, 14 days and 21 days and 28days. The cubes
were weighed before testing and the densities of the cubes at
different time of testing were measured. Prior to testing, the
specimen were brought out of the curing tank, left inside in the
open air for about 2 hours before crushing. The compressive
strengths of the cubes were tested in accordance to BS 1881
Part 116 (1983) using universal testing machine. The results
are shown in tables 3.3 for different size of aggregate for mix
1:1:1and 1:2:2

Table 7. Compressive strength results for the Coconut shell
aggregate

Mix  Aggregate Average compressive strength

ratio  size 3day 7day 14day 21day 28day
I:1:1  16mm 241 4.67 8.18 12.47 16.00
1:2:2  16mm 1.15 2.32 3.81 6.30 7.71

ANALYSIS AND DISCUSSION OF RESULTS
Ordinary Portland cement (OPC) Test
Cement Soundness

The test results are presented in table 2.1 the average
expansion is 4.78 mm with the specification in BS 4450 and
NIS 447 which recommends that average expansion should be
less than or equal to 10mm. The cement samples satisfied the
code of practice in terms of expansion.

Setting time of cement paste

The results of the setting time of the cement used were
presented in table 2.2 the results are compared with the
standard requirement which states that both initial and the final
setting time should be greater than or equal to 45 minutes and
less than or equal to 600 minutes respectively. From the results
above the cement samples satisfied the code provision of
setting time requirement. The lowest initial setting time being
1hr 2mins and the highest final setting time was 3hrs 08mins.
Similarly, provisions of 45mins in European standards EN
196-1:1983 and EN 196-6 with respect to initial setting time
was satisfied. Therefore, the Dangote cement used in the
experiment satisfied the codes specification for ordinary
Portland cement from the initial setting.

Cement Fineness

Fineness is an important property of cement and need to be
carefully checked and controlled. The results of the test were
presented in table 2.3 and 2.4 and compared with standard
requirement specified in Bs 12 and NIS 448. The specific
surface and the percentage retained on sieve 200 should be
greater than or equal to 225mm2/Kg and less than 10%
respectively. All the samples tested were satisfactory in terms
of fineness.

Aggregate particle size distribution analysis

The sieve analysis is conducted to determine the particle size
distribution in a sample of aggregate, often referred to as
gradation.
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Plate I: Coconut shell aggregate before crushing Plate II. Machine crushed Coconut shell aggregate
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Figure 2: Particle distribution of Coconut shell aggregate
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Table 6. Physical characteristics of the coarse and coco nut shell aggregates

Physical characteristics

Coarse aggregates

Coconut aggregates

Specific gravity 2.64 1.31
Bulk density Kg/m® 1367.33 630.15
Impact value % 19.23 1.30
Aggregate crushing value % 25.67 1.16
Abrasion value % 27.67 2.23
Absorption capacity % 1.8 23.72
Elongation index % 8.78 26.69
Flakiness index % 36.89 86.12

Table 7. Compressive strength results for the Coconut shell aggregate

Average compressive strength

Mix ratio Aggregate size

X seregale siz 3day 7day l4day 21day 28day
T T6mm 241 467 818 12.47 16.00
12:2 16mm 1.15 2.32 3.81 6.30 7.71

Plate V: Showing mix ratio 1:1:1 preparation in progress.

Plate VI: Showing specimen being casted into mould for mix ratio 1:1:1

Plate VII: Showing Coconut shell concrete cube for mix ratio 1:1:1 after test 28 day.

Plate VIII: Showing the cube produced for mix ratio 1:2:2
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A good aggregate particle size distribution implies that a
sample of aggregates contains all standard fractions. That is
aggregate in required proportion, such that the sample contains
minimum voids. The essence of particle size distribution
analysis is to have well graded aggregate which have direct
influence on producing workable concrete.

Fine aggregate particle size distribution analysis

The particle size distribution test result for fine aggregates is
presented in table 3.13 of chapter three. This was carried out in
accordance with BS 812: Part 103, 1989. The particle size
distribution graph is shown in figure 4.1. This shows that the
fine aggregate is in zone 2. The sand is also uniformly graded

Coconut shell aggregate particle size distribution

The particle size distribution analysis was carried to ensure
that the resulting concrete is workable, since good grading of
aggregates is one of the factors in producing good concrete.
The results are shown in table 3.15 of chapter 3, while the
graph showing the percentage passing against the various sieve
sizes is shown in figure 4.3. The single aggregate size used in
the analysis is reflected, as the highest percentage of the
aggregate passing fell between size 14-20mm.

Compressive strength test results

The compressive strength test results of coconut shell
aggregate concrete produced from the sizes of coconut shell
aggregates 16mm and different mix ratios (1:1:1 and 1:2:2) are
presented in table 7.

Compressive strength test results of coconut shell
aggregate (size 16mm) with mix ratio 1:1:1

The results of the compressive strength test for coconut shell
aggregate size 16mm is presented in table 7. The result shows
minimum of 2.4IN/mm’ and maximum of 16.00N/mm’
compressive strength development for 3day and 28day
respectively. This result is an indication that the aggregate
nominal size 16mm produces the highest compressive strength
development as the age and curing continued.
Compressive strength test results of coconut shell
aggregate (size 16mm) with mix ratio 1:2:2

The results of the compressive strength test for coconut shell
aggregate size 16mm is presented in table 7.The result shows
minimum of 1.15N/mm’ and maximum of 7.71.00N/mm’
compressive strength development for 3day and 28day
respectively. This result indicates that mix ratio 1:1:1 produced
higher compressive strength development as the age and curing
continued.

Conclusion and Recommendation

Conclusion

The study of the properties of coconut shell aggregate concrete
has been carried out through experimental investigation. The

experimental results indicate that coconut shell has good
potential as coarse aggregate in lightweight concrete.

Therefore, based on investigation the following conclusion can
be drawn:

i. The compressive strength of the coconut aggregate
concrete shows sensitivity to the size of coco nut
aggregate used. The concrete cubes produced from
16mm aggregate size gave high compressive strength.

ii. The compressive strength of coconut shell aggregate
concrete at 28 day test was 16N/mm” which satisfied
the requirement of lightweight concrete.

iii. The coconut shell aggregate concrete has a density
ranging from 1542 Kg/m’ to 1782Kg/m’ which is
within the lightweight concrete density.

Recommendations

Based on the scope and the results of this research the
following are the recommendation for further investigation.

i. A study of the shrinkage characteristics of Coconut
shell concrete is recommended.

ii. A long term durability study of Coconut shell concrete
should be investigated.

iii. There is the need to study the permeability of coconut
shell concrete.

iv. The study of the development of the micro structure of
the coconut shell concrete is important in predicting the
long term behavior.

v. The use of coconut shell aggregate should be encourage
in the locality where it is in abundance to enhance
environmental cleanliness.
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