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ABSTRACT Researchers around the globe have recognised the potential need for lightweight, reliable,
easy to use, affordable, and even more sustainable building materials. One of the vanguard proposals has been the procurement, development and use of alternative, non-conventional local building
materials, which includes the possibility of utilising lightweight foamed concrete (LFC). LFC is excellent under compression but poor in tensile stress, as it produces multiple microcracks. LFC cannot
withstand the tensile stress induced by applied forces without additional reinforcing elements. This
research was conducted to examine the potential utilisation of oil palm mesocarp fibre-reinforced
(OPMF) LFC in terms of its durability. Two densities, 600 kg/m3 and 1,200 kg/m3 , were cast and tested
with five different percentages of OPMF, which were 0.00% (control), 0.15%, 0.30%, 0.45% and 0.60%.
The parameters evaluated were water absorption, porosity, drying shrinkage, ultrasonic pulse velocity.
The results revealed that the inclusion of OPMF in LFC helps to minimise water absorption and the
porosity of LFC. Moreover, the inclusion of OPMF also improves the drying shrinkage and ultrasonic
pulse velocity of LFC.
© The Author(s) 2021. This article is distributed under a Creative Commons Attribution-ShareAlike 4.0 International license.

1. INTRODUCTION
Lightweight foamed concrete (LFC) is a material low in
mechanical properties compared with contemporary concrete of a normal weight (Serri et al. 2014). It can be defined
as a cementitious material containing at least 20% by volume of mechanically trained moisture in the mortar slurry,
in which air pores are fixed in the matrix utilising a suitable
foam (Ramli et al. 2013; Mydin and Zamzani 2018). LFC can
be created with the introduction of a foaming agent into
a cement-based mortar (Claramunt et al. 2016). The foaming agent can be added, and the foam develops through a
gentle yet rigorous mixing (Mydin et al. 2014). Alternatively,
the foaming agent can be aerated before it is applied to the
mixture (Musa et al. 2019).
LFC has gained a large amount of attention for its
high flowability, low self-weight, lower use of aggregate,
low strength, and its thermal insulation (Suhaili and Mydin
2020). Moreover, LFC is an environmentally friendly material because of its minimal usage of aggregate and high potential to incorporate waste material such as fibre (Raj et al.
2019). The high amount of cement usage and low elastic
modulus of the aggregate in the production of LFC increases
its drying shrinkage (Mydin et al. 2018). The addition of fibre
into LFC is to strengthen its durability properties. Adding
small volumetric fractions of short fibres can reduce the impact of early-age reduction of the concrete’s durability. It
can also restrict the growth of cracks under loads.
Natural fibre-reinforced composites have many benefits, such as being light in weight, affordable, highly sturdy,
and having good strength and inflexibility. Oil palm meso-

carp fibre (OPMF) has a potential to be used as an additive
in LFC to enhance its durability properties. OPMF acts as a
reinforcement to improve its composites’ behaviour. There
are some advantages to using fibre introduced into the concrete, such as the resulting composites offering more flexural strength compared with that of a reinforcement bar
(Risdanareni et al. 2016). In addition, it will increase the
impact toughness and post-failure integrity, and enhance
the bending strength of the composites. It will also arrest the propagation of micro-cracks, increasing the tensile strength of concrete and reducing air and water voids
(Mohamad et al. 2018).
The durability properties of concrete, such as porosity, abrasion, resistance to weathering action, ultrasonic
pulse velocity, and chemical attack, are mostly improved
by incorporating natural or synthetic fibres. Synthetic fibres including polypropylene, steel, glass, and carbon fibres have been studied extensively in LFC (Awang et al.
2015; Bing et al. 2012; Falliano et al. 2019; Awang and Ahmad
2014). However, synthetic fibre in LFC is not advisable for
numerous reasons. Synthetic fibre such as that from steel
is heavy and may sink and lead to high thermal conductivity
in the mixture of high-porosity LFC. Most synthetic fibres
are weighty in comparison with natural fibres. Meanwhile,
the synthesis of synthetic fibres from petroleum products
releases a high level of CO2 and generates environmental
pollution and, consequently, is not sustainable.
There has been a wide application of natural fibres in
producing lightweight concrete due to the increasing interest in natural fibres in adhering to a more environmental
and cost-effective value in construction industries. How-
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ever, it should be understood from a structural standpoint
that the primary purpose of adding fibre in cementitious
material is to improve the durability of engineering properties. Natural fibre can play an important role in enhancing the matrix bond that will help to develop the tensile
strength and structural integrity of the concrete (Lau et al.
2018). Moses et al. (2015) determined that the finest fibres have a very good essence that assists to improve the
strength and qualities of concrete. Their study also revealed that the use of natural fibre can help to improve
shrinkage and ductility. Reinforced concrete with the inclusion of fibres is able to reduce plastic shrinkage and improve durability, which is in line with the study conducted
by Grégoire et al. (2019), which postulated that the flexural
resistance and durability of concrete will be improved by
incorporating fibres into the concrete.
Malaysia produces a surplus of 15,000 tonnes of solid
waste per day in the form of biomass that consists of forest
and mill residues, agricultural waste, wood wastes, and municipal wastes. The increase in the quantity of agricultural
industries in Malaysia chains economic growth positively,
but it distresses the environment defiantly by producing
large amounts of wastes. Globally, 1,000 million tonnes of
agricultural waste are reportedly produced in a year and in
Malaysia, 1.2 million tonnes of agricultural waste is disposed
into landfills every year (Yusoff et al. 2010).
OPMF refers to agricultural waste or by-products that
can be obtained through the distribution of oil palm and
can be accumulated in a large amount in Malaysia. It should
be understood that OPMF is often discarded in the form
of agricultural waste. Yet, several schemes concentrating
on the lower cost of materials have been recommended
despite the important need of green concrete production
and a reasonably priced housing system both for people
who live in the countryside as well as those residing in
metropolitan areas in Malaysia. As a result, it has been recommended that agricultural wastes and residues should be
utilized as partial or full replacement of building materials
(Balasubramanian et al. 2015). Accordingly, it is crucial to
note that OPMF has the potential to be utilized as substitute
coarse aggregate in foamed concrete for the purpose of improving durability properties. Currently, there is a dearth

of studies in the utilization of OPMF in the production of
foamed concrete, though it has been reported to have good
pozzolanic properties necessary for the replacement of cement or as an additive in foamed concrete. Hence, this research was executed to grasp the potential utilization of oil
palm mesocarp fibre in LFC with the intention of enhancing
its durability properties.

2. MATERIALS AND METHODS
2.1 Materials
For this particular experimental work, ordinary portland
cement was utilized in accordance with BS12 Standard
(British Standards Institution 1996), which was supplied by
YTL Castle Cement Marketing Sdn Bhd. All of the cement
used was in good condition and stored in a covered area.
Next, the fine aggregate used was natural fine sand obtained from a local distributor. The sand was fine with 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
BS822:1992. The foaming agent used was a protein-based
foaming agent, namely Noraite PA-1. This Noraite PA-1 was
chosen as the foaming agent due to its stability and smaller
bubbles, which create a stronger bubble bonding structure
compared with a synthetic-based protein. Next, the tap water used had to be clear and clean. Water was required for
the preparation of the mortar, mixing the foam concrete,
and the curing work. The water–cement ratio used for this
research was 0.45, because this ratio can achieve reasonable workability, based on previous research. Last but not
least, the fibre used was oil palm mesocarp fibre, which was
freshly collected from an industrial unit after processing.
The mesocarp fibre was covered by a skin of grease which

TABLE 1. Chemical composition, physical properties, and mechanical
properties of oil palm mesocarp fibre (OPMF).
Chemical composition
Composition

Dry weight (%)

Lignin

20.1

Cellulose

42.2

Hemicellulose

28.8

Extractives

4.1

Ash

2.0

Moisture

2.8
Physical properties

Component

Properties

Fibre length

15 mm
309 µm

Fibre diameter

17.45 µm

Lumen width

0.82 g/cm3

Density
Runkel ratio

0.275

Fibril angle (°)

42
Mechanical properties

Component
Tensile strength (MPa)
Young’s modulus (MPa)
FIGURE 1. Transverse section of mesocarp fibre.
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Elongation at break (%)

Properties
139.6
14300
9.76
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TABLE 2. LFC mix proportions at densities of 600 kg/m3 and 1,200 kg/m3 .
Dry density (kg/m3 )

OPMF (%)

Mix ratio (C:S:W)

600

0.00

1:1.5:0.45

0.15

1:1.5:0.45

0.30

1200

Cement (kg)

Fine sand (kg)

Water (kg)

0.000

20.72

31.08

9.32

0.098

20.72

31.08

9.32

1:1.5:0.45

0.195

20.72

31.08

9.32

0.45

1:1.5:0.45

0.293

20.72

31.08

9.32

0.60

1:1.5:0.45

0.390

20.72

31.08

9.32

0.00

1:1.5:0.45

0.000

40.22

60.33

18.10

0.15

1:1.5:0.45

0.178

40.22

60.33

18.10

0.30

1:1.5:0.45

0.356

40.22

60.33

18.10

0.45

1:1.5:0.45

0.534

40.22

60.33

18.10

0.60

1:1.5:0.45

0.712

40.22

60.33

18.10

would cause fungal growth and spoilage. The fibre needed
to be washed until it was free from the grease. The mesocarp fibre was then placed under the sun to dry. Figure 1
visualizes the transverse section of the OPMF considered
in this investigation.
Table 1 shows the chemical composition, physical properties, and mechanical properties of OPMF. OPMF has a
high cellulose percentage that may assist greatly when in
composite action with the cement matrix. According to
Ardanuy et al. (2015), fibres with high cellulose content,
generally, present a low deformation capacity with excellent young’s modulus and this is confirmed by the experimental evidence achieved in their study. Additionally, it
was reported that the tensile strength and young’s modulus
of plant fibre generally increases with increasing cellulose
content of the fibres (Yusoff et al. 2010).

2.2 LFC mix design
A total of 10 LFC mixes consisting of two densities (600
kg/m3 and 1,200 kg/m3 ) were fabricated. These two densities were chosen to represent low density and medium
density LFC, which tend to have low durability properties
compared with high density foamed concrete (more than
1400 kg/m3 ). The volume fractions of the OPMF utilized
in this laboratory assessment were 0.00% (control), 0.15%,
0.30%, 0.45%, and 0.60%. A range of fibre volume fraction
between 0.15% and 0.60% was opted in this research, owing
to a previous pilot study where the researcher found that
the addition of an OPMF volume fraction of more than 0.6%
led to agglomeration and non-uniform dispersion of fibres
during mixing. The sand-cement (C:S) ratio used was 1:1.5
and the water-cement (W:C) ratio used was kept constant
at 0.45 for all of the mixes. Table 2 shows the mix proportions of this study.

2.3 Mixing process
The general practices implemented by normal concrete
mixing were utilized in the mixing process of LFC in this

OPMF (kg)

investigation; hence, all the mixings were performed manually. Subsequently, the weight for cement, sand, and OPMF
were evaluated, and then mixed in a concrete mixer until
they were homogeneously mixed. The next step involved
the weighting of the water that was poured into the dry mix.
The mixer was run until the wet mix was blended evenly. In
the next step, a certain amount of foam was measured and
regularly included into the wet mix until the ideal thickness
was achieved. Meanwhile, a flow table test was completed
before the new LFC was filled into the mould, while some
grease was added into the steel mould to enable the LFC to
be removed easily. After being poured into the steel mould,
the LFC was left to dry. It is important to note that LFC
needs about 24 h to dry before it is ready to be removed.

2.4 Experimental setup
Several tests were performed to inspect the durability properties of LFC, namely a porosity test, water absorption test,
drying shrinkage test, and ultrasonic pulse velocity test. Table 3 displays the details of the samples and standard codes
referred to in these tests for the durability properties.

2.4.1 Porosity test
A porosity test was performed using the vacuum saturation
method demonstrated by Kearsley and Wainwright (2001).
This test was carried out on day-28 by immersing the specimen into a vacuum desiccator. The purpose of this test
was to determine the percentage of air voids in the LFC
specimens of different densities, which will influence their
strength. The lower the percentage of porosity in LFC, the
higher its strength. This is because the presence of more
air voids in the cement matrix will cause it to be more brittle and susceptible to cracks. Three specimens of LFC with
a diameter of 45 mm and height of 50 mm were placed in
an oven to remove moisture for 72 h or until no changes
in weight were recorded. Then, each specimen was cooled,
and its weight recorded as Wdry . The specimens were fully
immersed in a vacuum chamber for 72 h or until no visible

TABLE 3. Mechanical and durability properties tests.
Type of Experiment

Sample size

Testing Code

Porosity test

Cylinder (45 mm diameter × 50 mm height)

BS 1881: Part 122 (British Standards Institution 1983)

Water absorption test

Cylinder (75 mm diameter × 100 mm height)

BS 1881: Part 122 (British Standards Institution 1983)

Drying shrinkage test

Prism (75 mm × 75 mm × 275 mm)

ASTM C878 (ASTM C878/C878M-14a 2014)

UPV test

Prism (100 mm × 100 mm × 500 mm)

BS 12504: Part 4 (British Standards Institution 2004)
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bubbles appeared. The weights of the specimens in the water (Ws,a ) and in the air (Ws,w ) were recorded. Equation 1
was used to measure the percentage of porosity in the LFC.
The average value of the three specimens was recorded as
the final result for the total porosity test.
(
Total porosity (%) =

Ws,a − Wdry
Ws,a − Ws,w

readings were recorded as Li. Then, the steps were repeated for the next testing ages, namely days 1, 3, 7, 14, 21,
28, and 56. These readings were recorded as Lx where x
represents the subsequent testing age.

2.4.4 Ultrasonic pulse velocity test

)

× 100%

(1)

where Ws,a is the weight of the saturated sample in air, Wdry
is the weight of the oven-dried sample, and Ws,w is the
weight of the saturated sample in water.

2.4.2 Water absorption test
The water absorption test is important for determining the
percentage of water absorbed by an LFC sample at a given
time. Furthermore, a higher percentage of water absorption in LFC can affect its density and compressive strength.
The water absorption test was carried out as prescribed in
BS 1881-122 (British Standards Institution 1983). Cylindricalshaped specimens (75 mm Ø × 100 mm h) were used in this
study. At the aging day of the test, three specimens were
unwrapped and oven-dried for 72 h. Then, the weight of
each cooled oven-dried specimen was recorded as Wd , and
then fully submerged in a water tank for 30 min. Next, a dry
cloth was used to remove any excess water present on the
test specimen and its weight was recorded in a saturated
condition as Ws . The water absorption was expressed as a
percentage as Wa , and was calculated using Equation 2. The
average water absorption of these three samples was taken
as the final result for the water absorption test.

The ultrasonic pulse velocity (UPV) test was carried out by
measuring the propagation velocity of a transmitted longitudinal ultrasonic pulse across the cross-sectional area.
Mortar prisms were measured at the dimensions of 100
mm × 100 mm × 500 mm. An electro-acoustical transducer was used to examine transmission of the ultrasonic
pulse. It was held in contact with an electrical signal by a
second transducer after the pulse traversing a known path
length in the specimen. An electromagnet transducer was
then showed the transmitted time and velocity. The standard procedures were conducted according to the standard prescribed in BS EN 12504-4 (British Standards Institution 2004). A mortar prism with the dimensions of 100 mm
× 100 mm × 500 mm was constructed for all mix designs
and examined at day 7, day 28, day 60, and day 180 during
the curing stage. Readings were taken and the average velocity of the UPV result was taken.

3. RESULTS AND DISCUSSION
3.1 Water absorption

The drying shrinkage test was carried out using a Mitutoyo
(Kawasaki, Japan) digital indicator with a 298 mm reference
bar according to the ASTM C157 standard. There were three
samples of the prism (75 × 75 × 285 mm) installed with a
pair of steel screws and cap nuts. After demoulding, the
LFC specimens were placed in the length comparator as
setup in and rotated anti-clockwise to get the data. The

The results of the water absorption capacity test of LFC at
28 days are shown in Figure 2. The general trend of the
graph was a steady decrease from plain LFC to the LFC
with 0.60% of OPMF. The plain LFC at both 600 kg/m3 and
1,200 kg/m3 densities showed the highest water absorption capacity (22.6% and 12.1%, respectively). The inclusion
of 0.15% of OPMF at both 600 kg/m3 and 1,200 kg/m3 densities showed the second-highest water absorption capacity, 19.8% and 10.0%, respectively. Adding 0.30% of OPMF
into both 600 kg/m3 and 1,200 kg/m3 achieved a water absorption capacity of 18.0% and 9.0%, respectively. Furthermore, the inclusion of 0.45% of OPMF, at both 600 kg/m3
and 1,200 kg/m3 densities, showed the second-lowest water absorption capacity, at 19.8% and 10.0%, respectively.
The lowest water absorption capacity was with the inclusion of 0.60% of OPMF at both 600 kg/m3 and 1,200 kg/m3
densities (16.9% and 8.0%, respectively). These results collectively showed that the higher the percentage of OPMF
added in the LFC, the lower the water absorption capacity of the LFC. From the overall perspective, the water ab-

FIGURE 2. Influence of different percentages of mesocarp fibre on water
absorption of LFC.

FIGURE 3. Influence of different percentages of mesocarp fibre on porosity of LFC.

(
Water absorption (%) =

Ws − Wd
Wd

)

× 100%

(2)

where Ws is the saturated surface dry weight, and Wd is the
oven-dried weight.

2.4.3 Drying shrinkage test
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sorption capacity for the density of 600 kg/m3 was higher
than that for 1,200 kg/m3 . This is because the 1,200 kg/m3
density has a higher volume of foam. The sorptivity decreases with an increase in foam volume because the former is characterised by capillary suction, and air entrained
does not contribute to the mechanism of transport (Hamad
2014). Meanwhile, the tortuosity is usually reduced, resulting from a lower foam volume.
The lower rate of water absorption of LFC, particularly
when it contained a higher OPMF volume fraction, was due
to a reduction of the size of capillary pores with the addition of the higher volume fraction of OPMF. Elsaid et al.
(2011) reported that a higher content of kenaf fibre managed
to prevent water from penetrating into concrete due to the
small size of pores and volume. Meanwhile, the OPMF lost
its dampness and shrunk back onto their sizes due to the
drying process. Rahman et al. (2008) found that the C-S-H
gel creation in a concrete matrix with a higher content of
natural kenaf fibre abridged the pore size, which resulted
in lower water absorption. Water absorption occurred because of the presence of fine void in the LFC.

3.2 Porosity
The results of the porosity percentage test of LFC at 28 days
are shown in Figure 3. The general trend of the graph was
a steady decrease from plain LFC to 0.60% of OPMF. The

plain LFC, at both 600 kg/m3 and 1,200 kg/m3 densities,
showed the highest porosity percentage, 69.7% and 35.5%,
respectively. Figure 4a and Figure 4b shows the SEM images
of 600 kg/m3 and 1,200 kg/m3 densities of LFC. It can be
seen that the average pore sizes for 600 kg/m3 LFC were
larger than the 1,200 kg/m3 LFC density. This was due to
the amount of foam added into the mix. A lower density
needs a higher content of foam to be included, hence the
pore sizes were greater compared with the higher density.
The inclusion of 0.15% of OPMF at both 600 kg/m3 and
1,200 kg/m3 densities showed the second-highest porosity
percentage, at 64.4% and 31.9%, respectively. Meanwhile,
adding 0.30% of OPMF achieved a porosity percentage of
63.5% and 30.7%, respectively. The addition of 0.45% of
OPMF at 600 kg/m3 and 1,200 kg/m3 densities resulted in
the second-lowest porosity percentage (62.4% and 30.1%,
respectively). The lowest porosity percentage was the inclusion of 0.60% of OPMF at both 600 kg/m3 and 1,200
kg/m3 densities, at 61.5% and 29.1%, respectively. This indicates that the higher the percentage of OPMF incorporated
into the LFC, the lower the porosity percentage of the LFC.
The proportion of larger voids decreased, leading to a narrower air void size distribution. In addition, for a given density, the additives in combination led to an increase in void
numbers by preventing their merging, and which produced
a narrower void size distribution compared with a corresponding conventional mix. From the overall viewpoint, the
porosity percentage for the 600 kg/m3 density was higher
than that of the 1,200 kg/m3 density. Many researchers
have stated that a higher amount of foam agent has a sub-

(a)

(a)

(b)

(b)

FIGURE 4. Pore size distribution of (a) 600 kg/m3 density LFC (control
specimen) and (b) 1,200 kg/m3 density LFC (control specimen).

FIGURE 5. Influence of different percentages of fibre on drying shrinkage
of (a) 600 kg/m3 density and (b) 1,200 kg/m3 density.
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stantial impact on porosity (Jalal et al. 2017), because the
foam composition is largely related to the shape, size, spacing of the air, size distribution, and volume of microspores.
This finding is supported by a study undertaken by Amran (2020), who reported an increase in porosity as the fibre content increases. However, apart from this claim, the
porosity of LFC is mostly influenced by the quantity of foam
introduced into the based mix (Amran et al. 2015). Additionally, as was verified by Castillo-Lara et al. (2020), the reduction in porosity with the addition of natural fibres reported
in this study ranged between 1.28% and 6.15%, which is
very small and negligible. On another note, the alteration
and morphology variation of the OPMF causes the reduction in porosity of LFC. A higher volume fraction of fibre in
concrete assists to bridge the matrix, hence reducing the
porosity of the concrete (Nambiar and Ramamurthy 2007).

3.3 Drying shrinkage
Figures 5a and 5b show the results of the drying shrinkage
percentage test at densities of 600 kg/m3 and 1,200 kg/m3 .
As an overall observation, at day-7, the drying shrinkage
of the LFC had obviously increased. However, the drying
shrinkage of LFC slightly increased between day-28 and
day-56. This was because the concrete was not fully hardened at day-7, whereas the LFC was 100% hardened after
day-28 and the shrinkage of the LFC began to slow. Overall,
the drying shrinkage value of the 600 kg/m3 density was
higher than that of 1,200 kg/m3 . Referring to the results

(a)

obtained, the LFC had the lowest value of drying shrinkage percentage while the plain LFC had the highest value
of drying shrinkage. A higher value of drying shrinkage is
an issue for concrete because it can cause cracking in the
future. From this result, it can be seen that adding OPMF
to LFC can reduce the drying shrinkage in LFC.
From the overall viewpoint, the drying shrinkage for
the density of 600 kg/m3 was higher than that of 1,200
kg/m3 . This is because the foam volume was lower for
the density of 1,200 kg/m3 compared with that of 600
kg/m3 . It has been reported in previous research that an increase in the foam volume reduces the shrinkage due to the
growth in pore sizes (Jhatial et al. 2017). A reduction of up to
36% in drying shrinkage was found as the foam volume rose
to 50% of the total volume. Figures 6a and 6b demonstrate
the SEM result of LFC with the addition of 0.45% of mesocarp fibre. We can observe that the inclusion of mesocarp
fibre plays an important role in filling the capillary pores of
LFC, thus reducing the pore size, as well (Mydin 2016). The
addition of 0.45% of mesocarp fibre was the optimum volume fraction that resulted in the best durability properties.
These findings are supported by Zamzani (2019), who
found that the addition of 0.3–0.5% volume fraction of coir
fibre in LFC provides the best outcomes in lessening shrinkage compared with the control mix of LFC of 650 kg/m3
density. The coir fibre reacts as an aggregate or filler that
gives a compact composition of the microstructure, which
in this way lessens as well as decreases the size and measures of pores. Cracking occurring due to the effect of
shrinkage is a rather multifaceted mechanism of deformation that is predisposed by factors such as rate of shrinkage,
size of the crack, level of restraint, strength development,
and demulcent of the stress in the matrix. The utilization
of natural fibres in concrete mixes is commonly seen as a
deterrence technique for cracks formed in the external and
internal layers of the hardened concrete (Zhang et al. 2001).
Natural fibres permit the bridging of cracks, which
helps in increasing the ductility of the concrete composite after the post-cracking phase. The optimum volume
fraction of fibre between 0.4% and 0.8% in concrete aims
to produce stronger and tougher concrete, particularly improving the ductility and durability and mitigating cracking due to shrinkage (Combrinck and Boshoff 2013). Fibres
have also been reported to upsurge the fatigue life cycle
of cementitious composite structures. Fibre’s inclusion in
concrete is known to control cracking ascending from plastic shrinkage behaviour stirring in the cementitious matrix.
Figure 6b shows the close-up view of 1,200 kg/m3 LFC

(b)

FIGURE 6. (a) SEM image of 1,200 kg/m3 density LFC with the addition of
0.45% of mesocarp fibre; (b) close-up view.
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FIGURE 7. Influence of different percentages of mesocarp fibre on UPV of
LFC.

Mydin

with the addition of 0.45% mesocarp fibre. Components
of mesocarp fibres can be seen in the hardened cementitious matrix. The mitigation of drying shrinkage supports
the concrete visually, and also by controlling and averting
shrinkage cracks, which at the same time enhances the
durability properties of concrete (Hindy et al. 1994).

3.4 Ultrasonic pulse velocity
The UPV results of the LFC at day-28 are shown in Figure 7.
For the 600 kg/m3 and 1,200 kg/m3 densities, the inclusion
of 0.45% of OPMF showed the highest UPV, which was 1,329
m/s and 2,083 m/s, respectively. The highest UPV represents the highest quality LFC. Next, the inclusion of 0.15%
of OPMF at both densities showed the lowest UPV (1,242
m/s and 1,978 m/s, respectively). The lowest UPV represents the poorest quality LFC. The second-highest UPV was
obtained without adding any percentage of OPMF, which
was 1,284 m/s for the density of 600 kg/m3 . For the density of 1,200 kg/m3 , the second-highest UPV was with the
inclusion of 0.60% of OPMF (2,024 m/s). Moreover, the
second-lowest UPV was with the inclusion of 0.30% OPMF,
1,273 m/s for the density of 600 kg/m3 . Meanwhile, for the
1,200 kg/m3 density, the second-lowest UPV was with the
addition of 0.15% of OPMF, at 1,981 m/s. Based on these results, the value of the ultrasonic pulse velocity influences
the quality of the LFC. The higher the ultrasonic pulse velocity, the better the quality of LFC.
From the overall viewpoint, the ultrasonic pulse velocity for the density of 1,200 kg/m3 was higher than that of
the density of 600 kg/m3 . This is because the 1,200 kg/m3
density LFC is better than that of 600 kg/m3 . LFC with
higher air content tends to have larger air voids due to the
proximity of the air voids, resulting in a higher incidence of
void coalescing forming larger irregular air voids (Kim et al.
2010). A few larger pores are available, which is often due
to the likelihood of the pores mixing and combining with
higher levels of concrete foam (Kamaruddin et al. 2018).
According to Raj et al. (2020), the reduction in capillary void, entrained air void, entrapped air void, and water
voids and other heterogeneities with the addition of OPMF
increases the ultrasonic pulse velocity of LFC. The speed of
wave propagation is subjected to the density of LFC and its
flexible property. The pulse wave routes faster via a solid
medium compared with fluid and gas media. Apart from
that, the pulse wave is extremely complex and sensitive of
changes in the medium, irrespective of whether it is by declining or elevating (Yerramala and Ramachandrudu 2016).

4. CONCLUSION
For this experimental study, the durability properties of
LFC with the inclusion of different proportions of oil palm
mesocarp fibre into different densities of LFC were carried
out. Two densities of LFC, 600 kg/m3 and 1,200 kg/m3 ,
were prepared and tested with five different percentages
of OPMF added, namely 0.00%, 0.15%, 0.30%, 0.45%, and
0.60%. The experimental results revealed that the best outcomes, in terms of the durability properties (water absorption, porosity, drying shrinkage, and ultrasonic pulse velocity), were achieved with the optimum inclusion of a 0.45%
volume fraction of OPMF for both densities considered in
this research. At a 0.45% volume fraction of OPMF, the
fibres and cementitious matrix attained a maximum compaction, which resulted in good mix homogeneity. Beyond
the optimum level of the addition of OPMF, agglomeration
ASEAN J SCI TECHNOL DEV 38(2): 59–66

and the non-uniform dispersion of fibres were observed,
which led to reduction in all durability properties evaluated
in this research.
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