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ABSTRACT: This study investigates the potential of using Elephant Grass Straw (EGS)
as a reinforcing fibre in Coconut Shell Concrete (CSC) to enhance its mechanical
properties. CSC, with a target compressive strength of 20 N/mm?2, was prepared using
coconut shells as coarse aggregate. EGS was incorporated at varying percentages (1-5%
by weight of cement). The coconut shell was tested for its properties while the fresh
concrete was tested for its workability. The hardened concrete was tested for its density,
water absorption capacity, compressive and split tensile strengths. The results indicate
that the addition of EGS negatively impacts the workability, compressive and splitting
tensile strengths of the concrete specimens. After 28 days of curing, the control sample
(without EGS) exhibited the highest compressive strength at 23.1 N/mm?2 and splitting
tensile strength at 1.74 N/mm2. Furthermore, a decrease in compressive strength,
workability and density was observed, while water absorption capacity increased with
EGS inclusion. Overall, this study demonstrates that the incorporation of EGS does not
improve the quality of CSC.
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1. Introduction

Concrete is an essential construction
material globally, with its utilization on the
rise, driven by increased infrastructure and
construction  activities (Crow, 2008;
Odeyemi et al., 2022a). Comprised of fine
aggregate (sand), coarse aggregate (crushed
stones), cement and water (Bamigboye et
al., 2015) its production predominantly
relies on traditional, heavy aggregates like
gravel and granite, raising environmental

concerns due to resource depletion (Kakade
and Dhawale, 2015).

Surging construction costs are closely
linked to escalating material expenses, with
concrete a key concern for budget-
conscious firms. Its robust properties,
mirroring natural limestone, result from a
mix of aggregates and cement. This study
explores coconut shells, a lightweight
aggregate often disregarded as agricultural
waste, offering a potentially cost-effective
alternative (Nunes et al., 2020).
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Concrete fibres fall into two main types:
steel and natural/synthetic options such as
polypropylene, glass, and basalt. Adding
these fibres boosts concrete’s mechanical
properties, notably increasing compressive,
tensile and flexural strengths. Steel fibres,
for example, enhance post-cracking
behaviour, making concrete more ductile
and less prone to brittle failure (Modarres
and Ghalehnovi, 2023; Wang et al., 2021).

Additionally, polypropylene fibres have
been shown to improve the properties of
concrete structures and cement-stabilized
sand, making them more suitable for harsh
environmental conditions (Aisheh et al.,
2022; Ghanbari and Bayat, 2022). Glass
and basalt fibres, being inorganic materials,
enhance the compressive strength of
concrete, making it more resilient to heavy
loads and impacts (Yahiaoui et al., 2022).

While effective, these options come
with  high  costs,  energy-intensive
production  processes and  adverse
environmental impacts. As a result, the
pursuit of environmentally sustainable
alternatives has gained momentum
(Odeyemi et al., 2023). A growing body of
research explores the feasibility of
incorporating annually renewable, cost-
effective crops and residues as viable fibre
reinforcement in concrete (Adeniyi et al.,
2022a,b).

Natural fibres, abundant and budget-
friendly in many agricultural regions, are
emerging as a promising option. Research
indicates that the use of natural fibres in
concrete can positively affect its tensile and
flexural strength (Ayyappa et al., 2020;
Chin et al., 2020; Micelli et al., 2020).

For instance, when coconut coir fibres
are introduced into a concrete mix, they
enhance its tensile strength while also
providing crack control and durability (Yan
et al.,, 2015). While prior studies have
explored the use of agricultural waste in
concrete as cement or aggregate
replacements, there is a dearth of research
on the impact of fibre reinforcement on
coconut shell concrete. This study aims to
address this gap by investigating the effects

of fibre reinforcement on Coconut Shell
Concrete (CSC).

2. Materials and Methods

The materials for this research are cement,
fine aggregate (sand), coconut shell (coarse
aggregate) and natural fibre (Elephant
Grass straw). Dangote brand of Limestone
Portland Cement (LPC), Grade 42.5 R, with
a specific gravity of 3.13 was used for the
concrete.

Natural sand passing through sieve 4.75
mm having a fine modulus of 2.27, specific
gravity 2.63 and water absorption capacity
of 2.54% meeting the standard specified in
BS EN 12390-2 (2019) was used as fine
aggregate. Potable water with a pH of 7 as
recommended by Odeyemi (2022b) was
used in mixing the concrete.

Coconut shells, sourced from Oja Oba in
Ilorin, Kwara State, Nigeria, were manually
crushed, water-rinsed, and air-dried for
days to eliminate impurities potentially
harmful to concrete. Figure 1 illustrates
particle size distribution. Table 1 details
other properties, determined following BS
EN 12620: 2002 + Al: 2008 standards
(2008).

The elephant grass straw fibre used for
this study was obtained from Malete, Kwara
State, Nigeria. The fibre was chopped into
small, homogeneous strips and dried for 7
days. Coconut shells served as coarse
aggregate, while fibre was added at 1%, 2%,
3%, 4%, and 5% of cement weight. Fresh
concrete workability was assessed using the
slump method. Cube moulds (100 x 100 x
100 mm) and cylindrical moulds (100 x 200
mm) were cleaned, oiled, and filled with
well-compacted concrete. Labels indicated
fibre content percentages (0%, 1%, 2%, 3%,
4%, and 5%). The mix ratio was 1:0.5:0.5
for cement, sand, and aggregate with a
water-binder ratio (w/b) of 0.5 for CSC,
targeting a compressive strength of 20
N/mm? (Grade 20).
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Fig. 1. Particle size distribution curve for coconut shell aggregate
Table 1. Physical properties of coconut shell
S/N Description Test value
1 Specific gravity 1.04
2 Water absorption 12%
3 Fineness modulus 6.9
4 Moisture content 15.2%
5 Aggregate impact value 2.56%
6 Abrasion 7.9%
7 Bulk density 717.6 kg/m?®
8 Surface texture Smooth in inner surface and rough outer surface

After casting, the concrete samples
were left to set for 24 hours, then
demoulded and immersed in water at 21°C
as prescribed by BS EN 12390-2 (2019) for
thorough hydration. Before density and
water adsorption testing at 28 days, excess
moisture was removed by airing the
samples for 30 minutes. Compressive and
split tensile strengths were evaluated at 7,
28, and 56 days in the University of llorin
Concrete Laboratory.

2.1. Workability

A slump test of the freshly prepared
CSC was carried out to determine the effect
of straw fibre on the workability of concrete
at the University of Illorin Concrete
Laboratory. The test was conducted
following BS EN 12350, 2 (2009)
specifications.

2.2. Density

A set of three concrete specimen
cylinders were removed from storage after
28 days of curing to undergo an ASTM C

642 density test. By wiping the surfaces dry,
these specimens were brought into
Saturated Surface Dry (SSD) condition.

The SSD specimen’s weight in air (C)
was then determined. The samples were
then heated to between 100 °C and 110 °C
for 24 hours in the oven. The specimen’s
weight was then determined. This is the
samples air-filled oven dry weight (A).

The specimens were then submerged in
water in a bucket to determine their weight
underwater (D). Water density (p) for that
temperature was determined using the
water's test day temperature (T), which was
also recorded. Concrete density was then
determined using Eq. (1).

AXp
(€C-D)

Dry density = (1)

where A: is mass of oven-dried sample in
the air (gr), C: is mass of saturated surface-
dry sample in the air (gr), D: is mass of
sample in water after immersion (gr), p: is
density of water at T °C (kg/m®).
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2.3. Water Absorption

The fine aggregate, CSC and concrete
specimens were weighed and given the
designation (A) to calculate the aggregates
water absorption. These samples were
placed in an oven for 24 hours to dry before
being removed and allowed to cool at room
temperature. To achieve saturation, the
aggregate samples were removed from the
oven, placed in pans and left submerged in
water for 24 hours. When the samples were
completely soaked, they were surface-dried
by rolling them in a towel until all
observable water films were gone.

Surface-dry saturated sample weight
was calculated and given the letter (B)
designation. Eq. (2) was used to determine
the aggregates water absorption capacity in
percentage.

Water absorption = (A.%B) X 100% 2

2.4. Compressive and Split Tensile
Strength

Similar to the density test, a set of three
concrete specimens each was prepared for
the compressive strength and split tensile
test after 7, 28, and 56 days of curing

140 ~

Slump height (mm)
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0

following the procedure in BS EN 12390-3
(2019) and BS EN 12390-6 (BS EN 12390-
6:2000, 2000).

According to standards, the cube’s
length and cylinder’s diameters were
measured and their cross-sectional areas
were calculated. Compressive load was
applied to specimens using a Universal
Testing Machine (UTM) at the desired
loading rate. The specimens' axis was
correctly aligned, the specimens were
positioned inside the bearing blocks and
compression was then applied. By dividing
the greatest force attained during the test by
the specimen's cross-sectional area, the
compressive strength and split tensile of the
specimen were determined by the UTM.

3. Results and Discussion

3.1. Workability

The results of the slump test in this
study, presented in Figure 2, show that as
the quantity of straw increases, the
workability of the concrete decreases which
is evident with the reduction in the slump
height. This result follows the same trend as
the one reported by Olanipekun et al.
(2006).

Fig. 2. Slump for CSC with different percentages of straw fibre

3.2. Density

Figure 3 shows the density of the
concrete samples with varying percentages
of straws. The density of the concrete
specimen was found to range from 1989.7
to 2103.54 kg/m?® with different straw fibre

content.

The maximum density of 2103.54
kg/m®was obtained at 0% replacement. The
minimum density of 1989.7 kg/m® was
obtained at 5% replacement. It was
observed that as the straw content
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increased,
reduced.

the density of the concrete

3.3. Water Absorption Test
At 28 days after curing, the samples
were tested for water absorption capacity.
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Figure 4 shows how different percentages
of straw fibre content affected water
absorption. The percentage of water
absorption increased as the percentage of
straw fibre increased with CSC.
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Fig. 3. Density of CSC with straw flbre content (%) at 28 days of curing
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Fig. 4. Water Absorption Capamty of CSC W|th varying straw flbre content (%)

The highest water absorption was found
in CSC with a straw fibre content of 5%,
followed by 4%, 3%, 2%, 1% and 0%. The
maximum  absorption  required  for
lightweight aggregate concrete is 45%
(Domagata, 2015), indicating that the
specimens meet the requirements.

3.4. Hardened Properties (Compressive
Strength and Split Tensile Strength)
Figure 5 shows the compressive
strength and split tensile strength of the
CSC specimens at 7, 28, and 56 days of
curing. In Figure 5a, the correlation
between compressive strength and split
tensile of CSC with straw fiber content at 7

days shows a consistent decline in strengths
as straw content increases. The highest
compressive strength (18.3 N/mm?) occurs
at 0% straw, dropping to 6.27 N/mm? at 5%
straw. Similar trends are observed in split
tensile strength. Figure 5b at 28 days depicts
a decline in compressive and split tensile
strengths with increasing straw content,
reaching 23.1 N/mm?2 and 1.74 N/mmg2
respectively, at 0% straw.

Figure 5c¢ at 56 days shows the highest
compressive strength (23.03 N/mm?) and
splitting tensile strength (1.71 N/mm?) at
1% straw, decreasing to 10.53 N/mm? and
1.01 N/mm? at 5% straw. Results indicate
that exceeding 1% straw adversely affects
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compressive strength, while the water
absorption capacity and straw fiber addition
contribute to a sudden decrease in strength
at 56 days. This study suggests that
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mix ratio can yield Grade 20 lightweight
concretes, with compressive strength
increasing with age.

Compressive strength (N'mny’)

—=— Comprossiva strongth
—w— Spil tensile strangth

Compresswve strength (N/mm*)

N6

faa  \

00,
T3 \n\rz,_; _1053

Split tensile strength (Nimm?)

-

115

Amount of straw (%)

‘

Fig. 5. Relationship between compressive strength and split tensile of CSC with straw fibre content (%) at:
a) 7 days; b) 28 days; and c) 56 days of curing

4. Conclusions

From the findings of the study, the
following conclusions were derived:

- The workability of Coconut Shell
Concrete (CSC) displays a noticeable
decline as the proportion of straw content
increases. This inversely proportional
relationship suggests that the incorporation
of straw fibres comes at the expense of
concrete workability, a crucial factor in
construction.

- An obvious reduction in density was
observed in CSC as the percentage of straw
content increased. This trend underlines the
impact of straw fibres on the structural
characteristics of the concrete, potentially
influencing its load-bearing capacity and
overall performance.

- The study reveals a clear association

between the percentage of straw fibre
content in CSC and increased water
absorption. Notably, the highest water
absorption was recorded in CSC samples
with a 5% straw fibre content. This insight
underscores the necessity for careful
consideration of water resistance in
concrete mixtures containing straw fibres.
- Analysis of the hardened concrete
properties demonstrates a consistent
reduction in both compressive and split
tensile strengths with a rising percentage of
straw fibre in the CSC mixture. Although it
Is important to note that strength improves
with age, it becomes evident that the
inclusion of 1% straw content in CSC yields
concrete of Grade 20, implying a potential
balance  between sustainability and
structural ~ performance in  specific
applications. These findings provide
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valuable insights into the effects of straw
fibre reinforcement on the properties of
Coconut Shell Concrete, offering practical
guidance for engineering applications and
sustainable construction practices. Further
research may explore optimization
techniques to harness the benefits of straw
fibres in CSC while mitigating their adverse
impacts on workability and strength.

5. References

Adeniyi, A.G., Abdulkareem, S.A., Ighalo, J.O.,
Abdulkareem, M.T., Iwuozor, K.O. and
Emenike, E.C. (2022a). “A study on the hybrid
polystyrene composite filled with elephant-
grass-bio char and doped-aluminium-content”,
Functional Composite Sand Structures, 4(3),
035006, https://doi.org/10.1088/2631-
6331/ac8ddf.

Adeniyi, A.G., Adeyanju, C.A., Iwuozor, K.O.,
Odeyemi, S.O., Emenike, E.C., Ogunniyi, S. and
Te-Erebe, D.K. (2022b). “Retort carbonization
of bamboo (Bambusa vulgaris) waste for thermal
energy recovery”, Clean Technologies and
Environmental  Policy, 25(3), 937-947,
https://doi.org/10.1007/s10098-022-02415-w.

Aisheh, Y.ILA., Atrushi, D.S., Akeed, M.H., Qaidi,
S. and Tayeh, B.A. (2022). “Influence of
polypropylene and steel fibres on the mechanical
properties of ultra-high-performance fibre-
reinforced geopolymer concrete”, Case Studies
in Construction Materials, 17(April), 1-11,
https://doi.org/10.1016/j.cscm.2022.e01234.

Ayyappa, R.A., Sandeep Reddy, B.G., Swamy
Yadav, G. and Swetha Sudarshan, D. (2020).
“Partial replacement of cement and coarse
aggregate by egg shell powder and coconut
shells”, International Journal of Innovative
Technology and Exploring Engineering, 4, 1242-
1246,
https://doi.org/https://doi.org/10.35940/ijitee.D1
573.029420.

Bamigboye, G.O., Ede, A.N., Egwuatu, C,,
Jolayemi, J. and Olowu, O. (2015). “Assessment
of compressive strength of concrete produced
from different brands of Portland cement”, Civil
and Environmental Research, 7(8), 31-39.

BS EN 12350-2. (2009). Testing fresh concrete-
slump test, British Standards, Standards Policy
and Strategy Committee, BSI  Group
Headquarters, London, UK.

BS EN 12390-2. (2019). Testing hardened concrete
- Making and curing specimens for strength tests,
British Standards, Standards Policy and Strategy
Committee, BSI Group Headquarters, London,
UK.

BS EN 12390-3. (2019). Testing hardened concrete,

Compressive strength of test specimens, British
Standards, Standards Policy and Strategy
Committee, BSI Group Headquarters, London,
UK.

BS EN 12390-6:2000. (2000). Testing hardened
concrete, tensile splitting strength of test
specimens, British Standards, Standards Policy
and Strategy = Committee, BSI  Group
Headquarters, London, UK.

BS EN 12620:2002 + A1:2008. (2008).
Specification for Aggregates from natural
sources for concrete, British Standards,
Standards Policy and Strategy Committee, BSI
Group Headquarters, London, UK.

Chin, S.C., Tee, K.F., Tong, F.S., Doh, S.I. and
Gimbun, J. (2020). “External strengthening of
reinforced concrete beam with opening by
bamboo fibre reinforced composites”, Materials
and Structures, 53(6), 1-12,
https://doi.org/10.1617/s11527-020-01572-y.

Crow, J.M. (2008). “The concrete conundrum”,
Chemistry World, Royal Society of Chemistry,
https://www.chemistryworld.com/features/the-
concrete-conundrum/3004823.article

Domagata, L. (2015). “The effect of lightweight
aggregate water absorption on the reduction of
water-cement ratio in fresh concrete”, Procedia
Engineering, 108, 206-213,
https://doi.org/10.1016/j.proeng.2015.06.139.

Ghanbari, M. and Bayat, M. (2022). “Effectiveness
of reusing steel slag powder and polypropylene
fibre on the enhanced mechanical characteristics
of cement-stabilized sand”, Civil Engineering
Infrastructures  Journal, 55(2), 241-257,
https://doi.org/10.22059/CE1J.2021.319310.174
2.

Kakade, S.A. and Dhawale, A.W. (2015). “Light
weight aggregate concrete by using coconut
shell”, International Journal of Technical
Research and Applications, 3(3), 127-129.

Micelli, F., Renni, A., Kandalaft, A.G. and Moro, S.
(2020).  “Fibre-reinforced  concrete  and
ultrahigh-performance fibre-reinforced concrete
materials”, In  New Materials in Civil
Engineering, (pp. 273-314), Butterworth-
Heinemann, https://doi.org/10.1016/B978-0-12-
818961-0.00007-7.

Modarres, Y. and Ghalehnovi, M. (2023). “The
effect of recycled steel fibres from waste tires on
concrete  properties”,  Civil  Engineering
Infrastructures Journal, 56(1), 1-18,
https://doi.org/10.22059/CE1J.2022.339592.182
0.

Nunes, L.A., Silva, M.L., Gerber, J.Z. and Kalid,
R.D.A. (2020). “Waste green coconut shells:
Diagnosis of the disposal and applications for use
in other products”, Journal of Cleaner
Production, 255(May 10), 120169,
https://doi.org/10.1016/].jclepro.2020.120169.

Odeyemi, S.0O., Atoyebi, O.D., Kegbeyale, O.S.,



https://doi.org/10.1088/2631-6331/ac8ddf
https://doi.org/10.1088/2631-6331/ac8ddf
https://doi.org/10.1007/s10098-022-02415-w
https://doi.org/10.1016/j.cscm.2022.e01234
https://doi.org/https:/doi.org/10.35940/ijitee.D1573.029420
https://doi.org/https:/doi.org/10.35940/ijitee.D1573.029420
https://doi.org/10.1617/s11527-020-01572-y
https://doi.org/10.1016/j.proeng.2015.06.139
https://doi.org/10.22059/CEIJ.2021.319310.1742
https://doi.org/10.22059/CEIJ.2021.319310.1742
https://doi.org/10.1016/B978-0-12-818961-0.00007-7
https://doi.org/10.1016/B978-0-12-818961-0.00007-7
https://doi.org/10.22059/CEIJ.2022.339592.1820.
https://doi.org/10.22059/CEIJ.2022.339592.1820.
https://doi.org/10.1016/j.jclepro.2020.120169

430

Odeyemi et al.

Anifowose, M.A., Odeyemi, O.T., Adeniyi, A.
G. and Orisadare, O.A. (2022a). “Mechanical
properties and microstructure of  high-
performance concrete with bamboo leaf ash as
additive”, Cleaner Engineering and Technology,
6,1-6,
https://doi.org/10.1016/j.clet.2021.100352
Odeyemi, S.O., Atoyebi, O.D., Odeyemi, O.T. and
Ajamu, S.0. (2022b). “Investigating the optimal
combination for gravel and granite in blended
palm oil fuel ash concrete”, Innovative
Infrastructure Solutions, 7(6), 1-8,
https://doi.org/10.1007/s41062-022-00950-5.
Odeyemi, S.O., lwuozor, K.O., Emenike, E.C.,
Odeyemi, O.T. and Adeniyi, A.G. (2023).
“Valorisation of waste cassava peel into biochar:
An alternative to electrically-powered process”,
Total Environment Research Themes, 6
(December 2022), 100029,
https://doi.org/10.1016/j.totert.2023.100029.
Olanipekun, E.A., Olusola, K.O. and Ata, O. (2006).
“A comparative study of concrete properties
using coconut shell and palm kernel shell as
coarse aggregates”, Building and Environment,
41(3), 297301,
https://doi.org/10.1016/j.buildenv.2005.01.029.
Wang, X., Fan, F., Lai, J. and Xie, Y. (2021). “Steel
fibre reinforced concrete: A review of its
material properties and usage in tunnel lining”,
Structures, 34, (December 2021), 1080-1098,
https://doi.org/10.1016/j.istruc.2021.07.086.
Yahiaoui, D., Saadi, M. and Bouzid, T. (2022).
“Compressive behaviour of concrete containing
glass fibres and confined with glass FRP
composites”, International Journal of Concrete
Structures and Materials, 16(1), 2097,
https://doi.org/10.1186/s40069-022-00525-9.
Yan, L., Su, S. and Chouw, N. (2015).
“Microstructure,  flexural  properties and
durability of coir fibre reinforced concrete beams
externally  strengthened with flax FRP
composites”, Composites Part B, Engineering,
80, 343354,
https://doi.org/10.1016/j.compositesh.2015.06.0
11.

This article is an open-access article

distributed under the terms and
conditions of the Creative
BY Commons Attribution (CC-BY)

license.


https://doi.org/10.1016/j.clet.2021.100352
https://doi.org/10.1007/s41062-022-00950-5
https://doi.org/10.1016/j.totert.2023.100029
https://doi.org/10.1016/j.buildenv.2005.01.029
https://doi.org/10.1016/j.istruc.2021.07.086.
https://doi.org/10.1186/s40069-022-00525-9
https://doi.org/10.1016/j.compositesb.2015.06.011
https://doi.org/10.1016/j.compositesb.2015.06.011
https://creativecommons.org/licenses/by/4.0/

