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Mechanical Properties of Low Densities Lightweight Foamed Concrete Strengthen with
Raw Empty Fruit Bunch Fibre
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Abstract: Lightweight foamed concrete (LFC) is well known as a low-density concrete with a wide range of applications. LFC is good under compression but very poor in
bending and tensile stresses, as it produces multiple microcracks and cannot withstand the additional stress induced by applied forces without supplementary reinforcing
components especially in low densities LFC. Hence this study experimentally examined the effectiveness of the inclusion of oil palm empty fruit bunch (EFB) fibre in low
densities lightweight foamed concrete (LFC) to enhance its mechanical properties. LFC specimens were reinforced with EFB fibre at volume fractions of 0.15%, 0.30%,
0.45%, and 0.60%. Three low densities LFC had been considered in this study namely 550 kg/m?, 750 kg/m?3 and 950 kg/m3with a constant cement-to-sand ratio of 1:1.5,
and cement-to-water ratio of 0.4. The parameters assessed were compressive strength, bending strength and splitting tensile strength. The results revealed that the inclusion
of 0.45% of EFB fibre in LFC helps to give the best results for the compressive, bending and splitting tensile strengths. EFB fibre acts as fillers bridging the gaps and micro-
cracks within the LFC, resulting in the high strengths. The EFB fibre helped to avoid the promulgation of cracks in the plastic state in the cement matrix when the load was
applied. Though, beyond the optimum level of EFB fibre addition, agglomeration, and the non-uniform dispersion of fibres was observed, which results in the lowered

performance of the low densities LFC.
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1 INTRODUCTION

Recently, lightweight foamed concrete (LFC) has
gained major attention among the industrial players and
building material manufacturers owing to its excellent
thermal and mechanical properties such as high
flowability, low self-weight, good thermal performance
and sound insulation properties [1-3]. Besides, LFC is an
environmentally friendly building material because of its
minimal usage of aggregate and high potential to integrate
waste material such as natural fibres [4]. LFC is a mixture
of cement paste (slurry) and homogeneous foam
introduced using a suitable foaming agent, which can be
regarded as self-compacting materials [S]. LFC has an air
content of more than 25% by volume, thus distinguishing
itself from highly air entrained materials [6].

In practice, it delivers pleasing solutions to address
numerous encounters faced in the construction activities.
The low self-weight of LFC makes it capable for load
reduction in tunnel construction [7] and it could reduce the
size of foundation in structure design of building [8].
Though increasing consideration has been given to LFC
worldwide, its application in Malaysian construction
industry is still in its infancy. Nevertheless, it has been
utilized in a number of applications such as in the smart
tunnel project Kuala Lumpur, Malaysia [9]. The cost of
LFC is majorly dependent on the cement content and the
foam dose used in the mixture [10]. Therefore, the
development of LFC is envisaged to be a contribution
towards green construction and sustainability [11]. One of
the drawbacks of LFC is weakness in tension although it
has reasonable compressive strength to be used as semi-
structural components in building construction [12].
Despite that, LFC is not only being applied primarily for
level correction in housing development and as fill-in
material for load works, but is also being used as a semi-
structural element in construction [13].

Hence this research attempts to study the potential use
of empty fruit bunch fibre produced by oil palm industry in
LFC to improve its mechanical properties. The addition of

natural fibres into LFC is to improve the bonding between
cementitious composite [14]. It should be pointed out that
addition of small volumetric fractions of short natural
fibres can reduce the impact of early-age reduction of the
concrete's durability and mechanical properties [15, 16]. It
also can restrict the growth of cracks under loads. Natural
fibre-reinforced LFC has many benefits, such as being light
in weight, inexpensive, durable, and of good rigidity [17,
18].

2.0 MATERIALS, MIX DESIGN AND EXPERIMENTAL SETUP
2.1 Materials

Ordinary Portland Cement was the cement used, in
accordance with BS EN 12 [19] standard, which was
supplied by YTL Castle Cement Marketing Sdn Bhd. All
the cement used was in good condition and stored in a
covered area. The fine sand utilized for this investigation
was natural fine sand attained from the local supplier. This
fine sand had a maximum width of 2 mm and a 600 -
micron sieve, and a passage of 60% to 90%. The suitability
of the sand had to follow BS EN 822 [20]. Next, the
foaming agent used was a protein-based foaming agent,
specifically Noraite PA-1. The foam was produced by a
portable foaming generator machine, namely the
Portafoam TM-1 machine. The water-cement ratio used for
this research was 0.45, because this ratio can achieve
reasonable workability. The fibre used was raw empty fruit
bunch fibre, which was freshly collected from an industrial
unit after processing. The EFB fibre was placed under the
sun to dry (Fig. 1).
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Fig. 2 shows the surface morphology details of EFB
fibre. Tab. 1 and Tab. 2 visualize the chemical composition
and mechanical properties of EFB fibre respectively.

Figure 2 Surface morphology of EFB fibr

YT

Table 1 Chemical composition of EFB fibre

Lignin / % 29.8 +3.3
Cellulose / % 28.1£0.5
Hemicellulose / % 33.5+4.1
Extractives / % 2.8+0.3

Table 2 Mechanical properties of EFB fibre

Density / g/cm? 0.96
Length / mm 20
Diameter of fibre / pm 12.81
Diameter of lumen / pm 6.94
Tensile strength / MPa 125
Young's modulus / GPa 11.7
Elongation at break / % 11.94
2.2 Mix Design

A total of 15 LFC mixes and 3 densities, 550 kg/m?,
750 kg/m* and 950 kg/m?, were prepared. The volume
fractions of EFB fibre used were 0.15%, 0.30%, 0.45% and
0.60%. For all the mixes, the sand-cement ratio used was
1:1.5 and the water-cement ratio used was kept constant at
0.4. Tab. 3 shows the mix design of LFC in this study.

Table 3 LFC mix design

Density | EFB fibre | Cement/ | Sand/ | Water/kg | Mix Ratio /

/ kg/m? /% kg kg cisiw
550 - 21.58 32.38 8.63 1:1.5:0.4
550 0.15 21.58 32.38 8.63 1:1.5:0.4
550 0.30 21.58 32.38 8.63 1:1.5:0.4
550 0.45 21.58 32.38 8.63 1:1.5:0.4
550 0.60 21.58 32.38 8.63 1:1.5:0.4
750 - 28.93 43.40 11.57 1:1.5:0.4
750 0.15 28.93 43.40 11.57 1:1.5:0.4
750 0.30 28.93 43.40 11.57 1:1.5:0.4
750 0.45 28.93 43.40 11.57 1:1.5:0.4
750 0.60 28.93 43.40 11.57 1:1.5:0.4
950 - 36.28 54.42 14.51 1:1.5:0.4
950 0.15 36.28 54.42 14.51 1:1.5:0.4
950 0.30 36.28 54.42 14.51 1:1.5:0.4
950 0.45 36.28 54.42 14.51 1:1.5:0.4
950 0.60 36.28 54.42 14.51 1:1.5:0.4

2.3 Experimental Setup

Tests were carried out investigating the mechanical
properties with the inclusion of EFB fibre which includes
compression test, bending test and splitting tensile test. The
specimen size for compression test is 100 mm % 100 mm %
100 mm cube which was performed according to BS EN
12390-3 standard [21]. For bending test, prism of 100 mm
x 100 mm x 500 mm was used and finally for splitting
tensile strength according to ASTM C 348 standard [22],
cylinder of 100 mm diameter x 200 mm height was

considered according to ASTM C496/C 496M standard
[23]. Fig. 5, Fig. 6 and Fig. 7 show the arrangement of
compression, bending and splitting tensile tests
respectively.

Figure 5 Splitting tensile test arrangement

3.0 RESULTS AND DISCUSSION
3.1 Compressive Strength

The results of the compression strength tests carried
out are shown in Fig. 6 to Fig. 8 for all three densities
considered in this study. In general, we can clearly see from
these figures that adding EFB into LFC had improved the
compressive strength no matter what is the volume
fraction. Testing at 7, 28, and 56 days of curing
consistently showed that overall, the mixes resulted in
better compressive strength compared to the control
specimen for all densities. The optimum volume fraction
of EFB fibre was 0.45%. The highest compressive strength
achieved at day 56 was 1.72 N/mm?, 2.78 N/mm? and 3.99
N/mm? with the inclusion of 0.45% volume fraction of
EFB fibre for 550 kg/m’, 750 kg/m* and 950 kg/m?3
densities respectively compared to control specimen (with
no fibre addition) which only attained compressive
strength of 1.19 N/mm? (550 kg/m?), 2.23 N/mm? (750
kg/m?) and 3.17 N/mm? (950 kg/m?). Beyond the optimum
level of EFB fibre addition, agglomeration, and the non-
uniform dispersion of fibres was observed, which results in
the drop of compressive strength (at 0.6% volume fraction
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of EFB fibre). At 0.45% volume fraction of EFB fibre, the
fibres and the cement matrix attained high compaction,
which resulted in good mix homogeneity. Compressive
strength and bulk density are slightly enhanced with low
fibre content ranging between 0.20% to 0.45% [24]. High
addition of natural fibre into the LFC mixture, especially
the low densities, will retard the hydration process, thus
resulting in low strength of LFC although it will gain
strength after a certain age [25]. As LFC is comprised of
void gaps of a wide range of sizes and shapes in the
cementitious matrix and micro-cracks at the transition zone
between the matrix, the addition of EFB fibre will assist in
the failure of the mode under compression stress [26].
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Figure 6 Compressive strength of 550 kg/m? density LFC of different

percentages of EFB fibre
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Figure 7 Compressive strength of 750 kg/m? density LFC of different
percentages of EFB fibre
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Figure 8 Compressive strength of 950 kg/m? density LFC of different
percentages of EFB fibre

3.2 Bending Strength

In general, the bending strength of LFC with the
inclusion of EFB fibre increased dramatically for all
densities in spite of the volume fraction of fibre added into
LFC mix. Fig. 9 to Fig. 11 visualize the results of bending
strength attained for 550 kg/m?, 750 kg/m* and 950 kg/m?3
densities correspondingly. The control mix (LFC with no
fibre addition) obtained the lowest bending strength
showing only a slight increment along with the testing age.
However, LFC specimens with the addition of EFB fibre
show a significant increment in bending strength by age.
At day 28, the bending strength of control LFC was 0.27
N/mm?, 0.51 N/mm? and 0.73 N/mm? for 550 kg/m?3, 750
kg/m? and 950 kg/m® densities respectively. The same as
compressive strength, the optimum volume fraction of
EFB fibre that gave the best results of bending strength was
0.45%. The uppermost bending strengths accomplished at
day 56 were 0.49 N/mm?, 0.77 N/mm? and 1.17 N/mm?
with the presence of 0.45% volume fraction of EFB fibre
for 550 kg/m3, 750 kg/m* and 950 kg/m® densities
correspondingly. The addition of EFB fibre in LFC plays
an important role in strengthening LFC cementitious
matrix and it changed the material characteristic from
brittle to ductile elastic-plastic. EFB fibre contributes to
enhancing the bending strength of LFC for all densities.
However, undue EFB fibre volume fraction added into
LFC (more than 0.45%) may lead to reducing the bonding
between the cement matrix and the fibre [27].
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Figure 9 Bending strength of 550 kg/m? density LFC of different percentages of

EFB fibre
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Figure 10 Bending strength of 750 kg/m3 density LFC of different percentages
of EFB fibre
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Utilization of a 0.45% volume fraction of EFB fibre
can be considered an optimal percentage for this type of
concrete based on the increment of results obtained. The
increase of bending strength is well-suited with the
compressive strength intensification. High bending
strength attained is due to the reduction of porosity in LFC
mixes [28, 29]. Thus, based on the result of the bending
strength gotten, it can be resolved that the addition of EFB
fibre into LFC can enhance bending strength by age.
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Figure 11 Bending strength of 950 kg/m3 density LFC of different percentages
of EFB fibre

3.3 Splitting Tensile Strength

Fig. 12 to Fig. 14 show the results of splitting tensile
strength of all the three densities considered in this research
with the addition of different volume fractions of EFB
fibre. Same trend was found in which 0.45% volume
fraction of EFB fibre inclusion led to the best results of
splitting tensile strength. As can be seen from Fig. 12 to
Fig. 14, the highest splitting tensile strength achieved at
day 56 was 0.35 N/mm?, 0.55 N/mm? and 0.83 N/mm? with
the inclusion of 0.45% volume fraction of EFB fibre for
550 kg/m3, 750 kg/m?® and 950 kg/m? densities respectively
compared to control specimen (with no fibre addition)
which only attained compressive strength of 0.20 N/mm?
(550 kg/m?), 0.31 N/mm? (750 kg/m?®) and 0.47 N/mm?
(950 kg/m®).

Beyond the optimum level of EFB fibre addition,
agglomeration, and the non-uniform dispersion of fibres
was observed, which resulted in the drop of compressive
strength (at 0.6% volume fraction of EFB fibre). The
enhancement of splitting tensile strength is due to the
increase in toughness of LFC due to the presence of EFB
fibres where 0.45% of fibre content addition enhances the
increment of tensile strength in LFC by promoting
optimum pozzolanic reaction with OPC content, thus
producing denser and stronger concrete.

The data obtained in this study indicates that the
addition of EFB fibres enhances the splitting tensile
strength of LFC regardless of any volume fraction of EFB
fibre. The elongation at break of single EFB fibre is
considered low, resulting in excellent tensile strength when
added into concrete [30, 31]. Elongation at break expresses
the ability of the fibre to resist to changes of shape without
formation of crack in cementitious composite.
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Figure 12 Tensile strength of 550 kg/m3 density LFC of different percentages of
EFB fibre
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Figure 13 Tensile strength of 750 kg/m? density LFC of different percentages of
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Figure 14 Tensile strength of 950 kg/m3 density LFC of different percentages of
EFB fibre

3.4 Scanning Electron Microscope Analysis

Scanning Electron Microscope analysis was carried
out on failed specimens under compression, bending and
tensile loads in order to obtained a better understanding on
how the specimens failed. Fig. 15 displays the SEM
micrograph result of fractured surface of LFC reinforced
with EFB fibre under compression.

Even though inclusion of EFB fibre plays an important
role to improve the interfacial bonding between the LFC
cement paste and the EFB fibre, the indication of pull-out
of EFB fibre can be observed under compressive load
especially for lower density LFC (550 kg/m®). The lower
density LFC which contains large pore sizes was incapable
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to endure extra load under compressive load due to poor
adhesion. Nevertheless, the addition of EFB fibre aided in
bounding the LFC cementitious matrix in the lateral
direction, hence enhanced the detention effect and
circuitously upsurged the compressive strength of LFC
when the specimens were under compression.

(b) 950 kg/m® density
Figure 15 SEM micrograph images of fractured LFC specimen under
compression. There was an evidence of EFB fibre pull-out can be observed from

these two SEM images

Next, Fig. 16 shows the SEM micrograph result of
ruptured surface of LFC reinforced with EFB fibre under
bending load. As far as bending load is concerned, there
was very little sign of EFB fibre pull-out denoting that the
additional stress which was transferred to the EFB fibres in
the hardenned cement matrix composite was extremly
strong resulting in EFB fibre rupture rather than fibre pull-
out as per that occuring under compressive load.

(b) 950 kg/m® density
Figure 16 SEM micrograph images of failed LFC specimen under bending load.
Ruptured EFB fibres were more dominant rather than fibre pull-out

Fig. 17 discloses the SEM microscopy result of
fractured surface of LFC strengthened with EFB fibre
under tensile load. The result revealed that EFB fibre pull-
out was not dominant compared to breakage of fibre. There
was also excellent interphase bonding between the EFB
fibre and the LFC cement matrix. As a summary, it can be
concluded that the addition of EFB fibre in LFC assists in
bounding the cementitious composite in the transversal

direction, and consequently improves the restraint effect
when the concrete is hardenned and at the same time
increases the tensile strength of LFC.

(b) 950 kg/m® density

Figure 17 SEM micrograph images of ruptured LFC specimen under tension.
EFB fibre breakage voluminously occurred with minimal indication of fibre pull-
out under tensile load

4 CONCLUSION

This research experimentally investigated the
effectiveness of the inclusion of oil palm empty fruit bunch
(EFB) fibre in low densities lightweight foamed concrete
(LFC) to enhance its mechanical properties. The volume
fractions of EFB added in LFC mixes were 0.15%, 0.30%,
0.45%, and 0.60%. Three low densities LFC had been cast
and tested namely 550 kg/m?, 750 kg/m? and 950 kg/m>.
The parameters assessed were compressive strength,
bending strength and splitting tensile strength. The
summary of the findings from this study are outlined
below:

i.Integration of 0.45% of EFB fibre in LFC aids to give the
best results for the compressive, bending and splitting
tensile strengths.

ii.EFB fibre acts as fillers and they bridge the gaps and

micro-cracks within the LFC, resulting in the high
strengths especially under bending and tensile loads.

iii.EFB fibre helped to evade the promulgation of cracks in

the plastic state in the cement matrix when the load was
applied.

iv.Nevertheless, beyond the optimum volume fraction of EFB

fibre addition (0.45%), agglomeration, and the non-
uniform dispersion of fibres was observed, which results in
the lowered strengths of the low densities LFC.
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