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Abstract: This study presents the compressive strength and crack propagation of cement composites
reinforced coconut fibre. The development of cement composites in this research were done by substituting
coconut fibre to the portion of sand based on the ratio of cement to sand. Cement composites were mixed with
3,6,9,12, 15 wt. % of coconut fibre and amount of water per cement ratio was fixed at 0.55. They were then
cured in water for 7, 14 and 28 days of curing. The result obtamned that the cement composite with 9 wt. % of
coconut fibre gives highest compressive strength and the crack propagation is controlled by coconut fibre

addition.
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INTRODUCTION

In Malaysia, there have many agricultural waste
products such as palm ash, coconut fibre, rice husk and
o1l palm frond fibre. If the waste can not be disposed
properly, it will lead to social and environmental problem.
At present, there are many researches focus on natural
fibres addition m construction materials field such as
development of cement composites (Palomar et al., 1997,
Khedari et al., 2005; Asasutjarit et al., 2009). Most of them
focused on physical and mechanical properties of cement
composites. None of them are focusing on crack profile
after the sample was loaded during compression stress
test. This crack profile study 1s important in order to relate
the role of fibre in strengthening cement composite. In
this study, cocomut fibre 13 added to substitute the
portion of sand in the ratio of cement to sand. This
proposed design mixture was aimed to reduce the use of
sand in order to preserve our natural resources. The
selection of coconut fibre in this study 13 a good effort in
order to reduce a bulk of coconut fibre waste m Malaysia.
According to a survey that is conducted by Ministry of
Agricultural Malaysia (Hashim, 2005), there are about
156,000 ha of coconut plantation i Penmsular Malaysia.
There will be a huge amount of waste with these huge
plantations. Recycling the waste material is one of the
best methods with the intention of treating the agricultural
waste. Coconut fibre 1s the most interesting fibre as it has
the lowest thermal conductivity and bulk density. Some
researchers have reported that the addition of coconut

fibre reduced the thermal conductivity of the composite
samples (Asasutjarit ef al., 2007; Khedari et al., 2001).

MATERIALS AND METHODS

In this research, there are five steps have been done
to produce composite samples. The 1st step is to prepare
the raw materials which are coconut fibre, sand, cement
and water. The 2nd step 15 to weight all of the raw
materials. As for this research, the study has focused on
six different ratios of cement to sand. These raw materials
were then mixed together n a mechanical mixer to obtain
a homogenous mixing of cement composite’s sample. The
4th step 18 to transfer the umform wet mix to an empty
mould according to the mould’s size to make composite.
The size of mould is depending on the test that will be
carried out for the composites. The final step 15 to cure the
composite in water for 7, 14 and 28 days. In this curing
process, the composite get the initial strength. Once the
samples were taken out from the curing tank, the testing
for mechamical and physical properties of cement
composite was done. Figure 1 shows the flow for the
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Fig. 1.Flow chart of the development of cement
composite reinforced coconut fibre
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Table 1: Proportions of cement composites

Samples Cement:Sand Water/cement  Coconut fibre (wt. %)
0 1:1.00 0.55 0
3 1:0.97 0.55 3
6 1:0.94 0.55 6
9 1:0.91 0.55 9
12 1:0.87 0.55 12
15 1:0.84 0.55 15

developments of cement composites reinforced coconut
fibre. As for Table 1, the study has focused on six
different ratios of cement to sand and then coconut fibre
was added to the mixture replacing the portion of sand.

RESULTS AND DISCUSSION

Morphology: The micrograph for coconut fibre observed
under Scanmng Electron Microscope (SEM) was shown
m Fig. 2a, b. From the Fig. 2a, the fibre were observed
using low magnification (100x) and it shows that fibre
surface is covered with protrusions and also some small
voids and long crack.

Compressive strength of cement composite: Compression
test in this study has been done by using Gotech
Universal Testing Machime (UTM). By referring to the
British Standard of BS5669 Part 1, the sample with size of
160x40=40 mm was prepared for the compression test.
Five samples for each different ratio were tested and the
average results were recorded.

Table 2 shows all the result of compressive strength
for cement composites reinforced coconut fibre for 7, 14
and 28 days. After 7 days of curing, it was indicated that
the composite cement remnforced with 9 wt. % of coconut
fibre gives the highest compressive strength which is
31.08 MPa and the lowest compressive strength is
22.47 MPa given by the composite cement reinforced with
15 wt. % of coconut fibre.

The compressive strength of the composites after
14 days of curing has similar trend in which the composite
cement reinforced with 9 wt. % of coconut fibre represents
the highest value of compressive strength (39.08 MPa).
Again, composite cement with 15 wt % content of
coconut fibre gives lowest value of compressive strength
(25.48 MPa). The result of compressive strength of the
composites after 28 days of curing also shows composite
cement reinforced with 9 wt. % of coconut fibre still gives
the highest value of compressive strength which is
43.84 MPa and the lowest value is 26.04 MPa given by the
composite remnforced with 15 wt. % of coconut fibre. From
all the compressive strength results after 7, 14 and 28 days
of curing, it can be concluded that the compressive
strength increased with increasing amount of coconut
fibre. The highest compressive strength (43.84 MPa)
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Fig. 2: a) SEM image of coconut fibre at x100; b) SEM
image of coconut fibre at x500

recorded is for the composite cement reinforced with 9 wrt.
% of coconut fibre after 28 days of curing. The lowest
compressive strength (22.47 MPa) 15 given by the
composite reinforced with 15 wt. % of coconut fibre after
7 days of curing. Day of curing also influences the
compressive strength of the samples. Compressive
strength for 28 days of curing 1s =14 and 7 days for all of
six ratios. In this study when the fibre content is increased
until its optimum value, the mixing process becomes more
compatible and workable.

In this research, the optimum content of coconut fibre
18 9 wt. %. However, further increased in the content of
%0
compressive strength. This due to the lack of water for
composites with both mixing ratio (12 and 15 wt. %)

coconut fibre =9 wit. it shows the decreased in

E

causes the mixing i3 not workable and difficult to mix
homogenously. In fact if the fibre 1s stiff because of less
water in mixture then the packing of the fibre becomes
difficult at high fibre content and voids are introduced
into the product. In this research when the amount of
coconut fibre is fixed at 3 wt %, workability and
uniformity of the mixture is difficult to achieve at 0.55 of
water per cement ratio. Excessive bleeding was found
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Table 2: Compressive strength of cement composites for 7, 14 and 28 days of curing with different portion of coconut fibre

Days of curing 0 (wt. %, MPA) 3 (wt. %, MPA) 6 (Wt. %, MPA) 9 (wt. %, MPA) 12 {wt. 9, MPA) 15 (wt. % MPA)
7 28.59 27.34 29.63 31.08 2448 22.47
14 31.23 30,09 31.36 39.65 25.78 25.48
28 41.19 33.73 38.54 5.3 27.05 26.04

Table 3: Dengity of cement composites for 7, 14 and 28 days of curing with different portion of coconut fibre

Days of curing 0 (wt. %, kg m™) 3 (wt. %, kg m™) 6 (wt. %, kgm™) 9 (wt. %, kg m™*) 12 (wt. %, kg m™) 15 (wt. % kgm™)
7 2243 2125 2080 2035 1930 1893
14 2233 2088 2030 2025 1895 1875
28 2193 2055 2025 1955 1888 1845

highest value about 2243 kg m . Density values of the
composites after 14 days of curing are also shown in
Table 3. From Table 3, it was shown that the highest value
is given by the reference sample without coconut fibre.
The value is 2233 kg m~ whereas the lowest value is
given by the composite reinforced with 15 wt. % of
coconut fibre which is about 1875 kg m™,

Density values of the composites after 28 days of
curing still indicating similar trend of result as shown after
7 and 14 days of curing. The decreasing value of density
with the addition of coconut fibre 1s shown in the result.
The highest value of density (2193 kg m™) is given by the

reference sample without coconut fibre and the composite

Fig. 3: The Slump test for cement composite with 3 wt. %  contains highest amount of coconut fibre has the lowest
of coconut fibre value of density which is 1845 kg m . From all of the
density value for 7, 14 and 28 days of curing, it shows that

during the production process. It means that the mixing density value for 28 days of curing is more stable

ratic is not workable and contributed to lowest  compared to 7 and 14 days of curing. Therefore, an
compressive strength. The concept found here is almost  analysis of decreasing trend was calculated for density
similar in concrete. The increasing of water cement ratic  value for 28 days of curing to malke the difference value
beyond the minimum required for workability for some mix ~ for each ratio were clearly seen. The density results
design will decrease the compressive strength of the  obtained in this research are similar with the previcus
concrete (Askeland and Phule, 2006, Ahmad and  studies. Aggarwal (1995) in his research about bagasse-
Nurazuwa, 2008). Figure 3 shows the slump test for  reinforced cement composite also reported that density
cement compesite with 3 wt. % of coconut fibre. Slump  values of cement composites decreased with increasing of

test measures the consistency or the wetness of the mix. bagasse content.
Among all of three types of various shapes of slump test However, this result has contradicted with the
which are true slump, shear slump and or collapse, Fig. 3 researcher who studied the effect of palm oil fibre content

shows that the slump type is collapse slump. A collapse  in concrete. The results showed that density of the
slump 1s an indication of too wet a mix or thatitisahigh  concretes with 0.25 and 0.50 vol. % of palm oil fibre higher

worlability mix. than control sample without fibre (Subramani, 2007). But
the difference in value of density for all the three different
Density of cement composites: The density test was  types of samples (control sample, sample with 0.25 and

carried out for cement composites with the size of  0.50vol % of palm oil fibre) is just slightly different. The
100x100x40 mm. Three samples were tested for each  difference only in the range of 0-1% for both added fibre

different ratios and the average value was recorded. The samples. The result between cement composite reinforced
density value for cement composites for 7, 14 and 28 days coconuts fibres with the concrete with palm oil fibre
are shown in Table 3. From Table 3, the density of cement  contradicted might because of the type of the fibre itself
composite for 7 days of curing has showed that the value as palm o1l fibre was heavier and can increase the weight

of density has decreased with increasing weight percent of the sample while coconut fibre was lighter.

of coconut fibre. The composite cement reinforced with

15 wt. % of coconut fibre has the lowest value which is Crack profile of cement composite: The presence of crack
1893 kg m~ whereas the reference sample indicated the in a composite may wealen it so that it fails by fracturing
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into =2 pieces. The objective of studying about crack
profile 1s to understand the correlation of cracks on every
different sample with different amount of fibre content to
the compressive strength. The crack profile of cement
composite was observed after the samples have been
tested under compression test. Figure 4a-f show
compressed samples after 28 days of curing. The load
applied to the sample was from the top of the samples.
Figure 4a shows the sample without coconut fibre
has been totally failed because of the sample is brittle and
there was no reinforced (fibre) to hold up the sample from
fracture. This failure may decrease the value of
compressive strength. Figure 4b shows one of the five
cement composites reinforced with 3 wt. % of coconut
fibre after the compression. It can be seen that after
undergoes compression test, the cement composite with
3 wt. % of coconut fibre content has cracked along the
sample. The crack propagated from the point of load
applied (top of the sample) to the bottom of the sample.
It was found that the 3 wt. % of coconut fibre content did
not enough to hold the cement composite from failure.
Figure 4 has
compression strength value for cement composite

proved the reason of the average

reinforced with 3 wt. % coconut fibre value is lowered
compared to the cement composites with 6 and 9 wt. % of
coconut fibre. Figure 4c shows one of the five cement
composites reinforced with 6 of coconut fibre after has
been loading during compression test. By observing the
type of crack profile from Fig. 4c, it can be seen that
cement composite with 6 wt. % of coconut fibre has
sheared from the point where load 1s applied to the centre
of the sample. However, the sample did not break into
plece when compared with the sample without fibre.
Figure 4d shows the random cement composites
samples which reinforced with 9 wt. % of coconut fibre
after has been tested with the compression test. From
Fig. 4, it can be seen that the crack stop at the centre of
the sample after the load has been applied. According to
Ismail, the addition of optimum value of fibre in cement
composite can overcome their brittle behaviour that
permitting a ductile behaviour in compression test. The
fibre content in this cement composite has acted as a
crack arrestor which creates a stage of slow crack
propagation and gradual failure. Tt can be one of the
reasons the compressive strength for cement composite
reinforced with ¢ wt. % of coconut fibre has the highest
value. Figure 4e shows the cement composites reinforced
with 12 wt. % of coconut fibre after has been loading
with the compression test. For this sample, it can be
observed that the crack occurred at the bottom of the
sample. This could be happen because of the segregation
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Fig. 4. The crack profile image of cement composites for
entire ratios. Samples: a) without coconut fibre
after compression test, b) Cement composite
reinforced with 3 wt. % of coconut fibre after
compression  test; ¢) composite
reinforced with 6 wt. % of cocomut fibre after
compression test, d) Cement composite
reinforced with 9 wt. % of coconut fibre after
compression  test; e) composite
reinforced with 12 wt. % of coconut fibre after
compression test and f) Cement composite
reinforced with 15 wt. % of coconut fibre after

compression test

Cement

Cement

of fibre m the cement composite since, the amount of fibre
content has exceeds its optimum value by referring to the
value of compressive strength for this ratio. Figure 4f
shows the cement composite reinforced with 15 wt. % of
coconut fibre after the compression test. Figure 4f shows
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the similar trend with Fig. 4e where the crack occurs at the
bottom of the sample. From the observation, further
addition of fibre content to the cement composite after
exceeds the optimum value will make the length of crack
at the sample increases and also contributes to the
decreasing in compressive strength value.

CONCLUSION

From this research, it was found that the coconut
fibre can be used as reinforcement and to substitute sand
m the development of coconut fibre based-green
composite. Increasing content of coconut fibre will
increase the compressive strength of the composites until
some optunum composition. In this research, the optimum
mixing ratio for cement composite was composite with
9 wt. % of coconut fibre. Further increase in coconut fibre
content in composite will decrease the strength due to
non-workable mix design because of lack of water.
Increasing mn fibre content will decrease density of the
composite. As for the crack profile, it was observed that
the most less crack was for the sample with 9 wt. % of
coconut fibre whereas composite without fibre showed
the sample failed as the load were applied to sample.
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