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ABSTRACT

Lightweight foamed concrete is greatly permeable, and its durability performance reduce with rising in the number
of voids. In turn to improve its durability properties, the solid matrix of lightweight foamed concrete can be ad-
justed by incorporating several plant-based fibres. The effect of sisal fibre in lightweight foamed concrete was not
explored before in the current body of knowledge. Therefore, there is some uncertainty considering the mechanism
by which and the extent to which the sisal fibre may impact lightweight foamed concrete durability properties.
Thus, this laboratory study concentrates on distinguishing the potential employment of sisal fibre into lightweight
foamed concrete. This investigation aims to establish the durability performance of lightweight foamed concrete
with the presence of sisal fibre. Densities of 800 and 1600 kg/m* were made and assesed. Different weight fractions
of sisal fibre of 0.2%, 0.4%,0.6% and 0.8% were utilized. There were four durability perfomance of lightweight
foamed concrete were evaluated such as shrinkage, ultrasonic pulse velocity (UPV), porosity and water absorption
capacity. The experimental results had indicated that the addition of 0.6% of sisal fibre gave the optimum results
for the durability properties. At 0.6% weight fraction of sisal fibre, the fibres reached maximum compaction in the
cement matrix, which stemmed in exceptional mix regularity. Further than 0.6% inclusion of sisal fibre, accumu-
lation and non-regularity scattering of fibres was detected, which led to reduction in entire parameters assessed.
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INTRODUCTION

These days, concrete is the most widely uti-
lized building material worldwide as generally it
can be said that it is fragile in nature. It is rec-
ognized that concrete elements are reinforced
with essential reinforcements to withstand com-
pressive stresses in contrast to tensile strains [1].
Strengthening bars are employed to prevail over
the deficiency of concrete ductileness. Neverthe-
less, inclusion of rebars significantly enhances
the concrete load carrying capacity although the
expansion of micro-cracks should be managed to
produce concrete with reliable yielding attributes.
Numerous fibres are used in concrete to control
the plastic shrinkage [2]. It is assigned corre-
sponding to weight fraction which commonly be-
tween 0.2 to 5.5%. Fibres are randomly dispersed
and sporadic in the cementitious composite. The

fibre reinforced concrete can be classified into
four types which are glass, steel, natural and syn-
thetic fibres. Fibre-reinforced concrete comprises
of mortar or concrete with asymmetrical, diverse,
and homogeneously distributed fibres. Uninter-
rupted interlinks and bars are not considered to be
distinctive fibres [3].

Lightweight foamed concrete is a lightweight
material comprising of Portland cement with a
uniform cavity generated by creating air in the
form of stable bubbles. With an accurate mech-
anism in the production of stable foam and ap-
propriate techniques of fabrication, a broad scale
of lightweight foamed concrete densities starting
from 500 to 1700 kg/m? can be manufactured [4].
Global interest of eco-friendly building materials
has driven a lot of research on green concrete uni-
versally. Recognition has been given to areas such
as concrete mix design, mix material sourcing,
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construction method, construction technology,
and concrete structure maintenance. Consequent-
ly, achieving sustainable development in the con-
struction industry depends on the important role
played by the industry players. Commonly, most
of the construction materials are produced from
non-sustainable products that need a high amount
of energy which cause a global crisis. Therefore,
plant fibre can be utilized in lightweight foamed
concrete production, contributing to resolving
these complexities [5]. There are numerous ad-
vantages when using lightweight foamed con-
crete in construction, such as providing excellent
thermal insulation, outstanding fire resistance
performance, light in weight and reduce the con-
sumption of few basic materials in concrete for
instance cement and fine fillers [6].

Integration of plant fibres into lightweight
foamed concrete improves its mechanical, ther-
mal and durability properties. It has been shown
that a low volumetric of the short plant fibres de-
crease the effect of early age on the durability of
concrete. It is important to distinguish the num-
ber of fibres, cement, sand, water, and foaming
agent in the mixture. Plant fibres have numerous
benefits in excess of the synthetic fibres such as
they are biodegradable, low in density, and are
difficult to melt when heat up. Plant fibres can
be utilized to strengthen cementitious materials.
There were some attempts by various researchers
to ascertain the durability and engineering prop-
erties of lightweight foamed concrete reinforced
by plant and synthetic fibres. Nensok Hassan et
al. [7] embarked on research efforts using banana
fibre in lightweight foamed concrete. They found
that banana fibre acted well in the cementitious
composite to enhance the attachment between
cement matrix of lightweight foamed concrete
and the fibre improved the durability and engi-
neering properties of the composite. Comparable
research attempts were accomplished with the
inclusion of steel fibre. The research discovered
that the lightweight foamed concrete compos-
ites’ durability properties reduce with a rise in
the steel weight fraction compared to the con-
trol specimen. These results revealed that while
banana plant fibre improves lightweight foamed
concrete mechanical and durability properties,
steel fibre reduces the durability performance.
Raj et al. [8] appraised the engineering perfor-
mance of foamed concrete reinforced with poly-
vinyl alcohol fibre and coconut fibre. They found
that lightweight foamed concrete strengthened
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with coconut fibre behaves better than that inten-
sified with polyvinyl alcohol fibre.

From the above review, the influence of si-
sal fibre addition in lightweight foamed concrete
for durability properties improvement is not well
explored and recognized. Consequently, this re-
search concentrates on establishing the light-
weight foamed concrete durability performance
strengthened with sisal fibre. Densities of 800 and
1600 kg/m’® were made with different weight frac-
tions of sisal fibre and the composites’ durability
properties were investigated.

MATERIALS AND METHODS

There was a total of ten lightweight foamed
concrete mixes of 800 kg/m?* and 1600 kg/m? den-
sities were manufactured. The weight fraction of
sisal fibre utilized in this study were 0.2%, 0.4%,
0.6% and 0.8%. A control lightweight foamed con-
crete specimen without any addition of sisal fibre
was also prepared for comparison reasons. The
range of sisal fibre weight fraction between 0.2%
to 0.8% had opted in this research was because,
during the preliminary investigation, the research-
er had found that the inclusion of sisal fibre weight
fraction beyond 0.8% led to the accumulation of si-
sal fibre during lightweight foamed concrete mix-
ing process. The cement to sand proportion used
was 1:2 and the water to cement proportion applied
was (.5. Table 1 illustrates the mix proportions.
Ordinary Portland cement was employed follow-
ing BS12 specification. Then, the filler employed
was fine sand with a maximum width of 2mm and
a 600-micron sieve, and a passage of 61% to 91%
in accordance with BS822. Finally, the fibre uti-
lized was sisal fibre with different weight fractions
0f 0.2%, 0.4%, 0.6% and 0.8%.

Tables 2, 3 and 4 demonstrate the chemical
arrangement, compositional ranges, and me-
chanical and physical properties of sisal fibre
correspondingly. Sisal fibre poses high cellulose
content as per shown in Table 3 which may as-
sist significantly when in composite action with
lightweight foamed concrete cementitious matrix.

EXPERIMENTAL SETUP

There were four durability property tests were
conducted including drying shrinkage, porosity,
water absorption capacity and ultrasonic pulse
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Table 1. Mix design of lightweight foamed concrete

Specimen Dry density Proportion Fine sand Portland cement Water Sisal fibre
(kg/m?) (c:s:w) (kg) (kg) (kg) (kg)
Control - 800 800 1:2:0.5 25.49 12.75 6.37 -
0.2% SF-800 800 1:2:0.5 25.49 12.75 6.37 0.09
0.4% SF-800 800 1:2:0.5 25.49 12.75 6.37 0.18
0.6% SF-800 800 1:2:0.5 25.49 12.75 6.37 0.27
0.8% SF-800 800 1:2:0.5 25.49 12.75 6.37 0.36
Control -1600 1600 1:2:0.5 49.84 24.92 12.46 -
0.2% SF-1600 1600 1:2:0.5 49.84 24.92 12.46 0.17
0.4% SF-1600 1600 1:2:0.5 49.84 24.92 12.46 0.34
0.6% SF-1600 1600 1:2:0.5 49.84 24.92 12.46 0.51
0.8% SF-1600 1600 1:2:0.5 49.84 24.92 12.46 0.68
Table 2. Chemical composition of sisal fibre
Element (wt%) I Il I \Y
Cc 6.21 7.19 8.32 13.99
o 17.22 15.88 10.05 17.64
Mg 0.04 a
Si 0.06
Ca 7.82

a — not detected.

Table 3. Compositional ranges of sisal fibre

Table 4. Physical and mechanical properties of sisal fibre

Composition %, dry weight Component Properties
Cellulose (%) 56.4 Tensile strength (MPa) 297
Hemicellulose (%) 15.1 Modulus of elasticity (MPa) 17500
Lignin (%) 121 Fracture strain (%) 2.88
Pectin (%) 4.6 Fibre length 17-19 mm
Water Soluble (%) 0.3 Density 1.31 g/lcm?®
Wax (%) 1.7 Width of lumen 13.76 um
Moisture (%) 9.8 Diameter of fibre 376 um

velocity tests. Water absorption test was accom-
plished in line with BS1881-122 on 75%100 mm
cylinder. The cylinder specimens were separated a
day prior to the curing process, and the specimens
were cleaned and weighed to establish the dry
weight. Following this, the specimens were left in
an electric oven at 100°C for 3 days to make sure
that the specimens were fully dry. Figure 1 dis-
plays the water absorption test. Next, the porosity
was determined via vacuum saturation device. The
dried specimens were placed under a vacuum in a
desiccator for three days. The samples were placed
in a ventilated oven set to 100°C for three days to
identify oven-dry mass. After that, the samples
were taken from the oven and left at room tem-
perature. The objective of determining the speci-
mens’ weight is to determine their oven-dray mas
and, at the same time to prepare them for vacuum

saturation. Meanwhile, the vacuum line connector
connects with a pressure gage, and the vacuum will
pump and continued for three days. Figure 2 dem-
onstrates the setup for porosity test. For the UPV
test, a prism sample of 100x100x500 mm size was
utilized in accordance with BS12504-4. Figure 3
shows the setup for UPV test. Finally, the shrink-
age test was commenced in line with ASTM C878.
A 75 mm with length 250 mm prism was used with
an estimated overall length of 290 mm, including
the rod and cap nuts as shown in Figure 4. For each
test, a minimum of 3 specimens was taken to ob-
tain the average result. The initial length measure-
ment was taken with a length comparator equipped
with a 250 m invar bar which capable of adjusting
the measurement up to 0.001 mm. The compara-
tor’s length was adjusted against a reference invar
for each specimen.
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Fig. 1. Water absorption test

Fig. 3. UPV test

RESULTS AND DISCUSSION

Water absorption

Figure 5 reveals the water absorption results
for 800 and 1600 kg/m? densities. For both densi-
ties, the water absorption capacity decreased as
the weight fraction of sisal fibre in lightweight
foamed concrete raised. The decreasing trend is
due to the inclusion of sisal fibre, in which 0.8%
weight fraction sisal fibre addition gave the least
water absorption, which is 16.0% and 7.9% for
800 and 1600 kg/m?, compared to the presence of
0.2% of sisal fibre resulting in 22.4% and 11.3%
water absorption value for 800 and 1600 kg/m?
correspondingly. Meanwhile, the second lowest
of water absorption is 19.6% (800 kg/m?) and
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Fig. 4. Shrinkage test

8.5% (1600 kg/m?) which contained 0.6% of si-
sal fibre in lightweight foamed concrete, followed
with 0.4% of sisal fibre, which resulted in 18.6%
water absorption value 20.7% and 9.1% for 800
and 1600 kg/m?® correspondingly. As discovered,
the lower density of LFC (800 kg/m?) has larger
pores, which led to weak matrix corporation that
can disrupt the quality of lightweight foamed
concrete. Additionally, the pores in lightweight
foamed concrete near each other will combine
and produce large pores. This will be caused by
brittleness and the development of microstructure
failure which leads to enhancement of water ab-
sorption. Greater content of plant fibre like sisal
managed to block water from probing due to tiny
void diameters [9]. The dampness of sisal fibre
was lost, and it dwindled onto their dimensions
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Fig. 5. Water absorption of foamed concrete with different sisal fibre weight fraction

due to drying process in the cementitious com-
posite. Furthermore, the calcium silicate hydrate
gel formation in matrix with higher percentage of
fibre condensed the void size, which caused in re-
duced absorption of water [10].

Porosity

Figure 6 demonstrates the recorded poros-
ity of lightweight foamed concrete with various
weight fractions of sisal fibre. The trend of poros-
ity is declining along with the increase of sisal
fibre weight fraction in lightweight foamed con-
crete. The results show that the lowest percentage
of porosity is 55.8% and 11.8% for 800 and 1600
kg/m?® individually which contained 0.8% weight
fraction of sisal fibre in lightweight foamed
concrete; meanwhile, the highest percentage of
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porosity is 66.1% and 18.2% for 800 and 1600
kg/m? respectively with inclusion 0.2% of sisal fi-
bre. The porosity is affected by the addition of si-
sal fibre in the lightweight foamed concrete. The
lower density of lightweight foamed concrete,
800 kg/m? will lead to a higher porous structure
compared to the 1600 kg/m® density. A lower
density of lightweight foamed concrete has a high
quantity of foam to permit huge amounts of air
pores to attain a higher porosity. The vast amount
of foam also limits the binding of materials with
a lower density of lightweight foamed concrete.
Though, the existence of sisal fibre enhances the
matrix in the lightweight foamed concrete. The
reduction in porosity in this research ranges be-
tween 0.7-5.5%, which is very small and insignif-
icant. The modification and morphology variant
of the sisal fibre initiates the reduction in porosity
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Fig. 6. Porosity of foamed concrete of different weight fraction of sisal fibre
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of lightweight foamed concrete [11]. The greater
weight fraction of fibre in cementitious composite
aid to connect the matrix consequently lowering
the porosity of lightweight foamed concrete [12].

Drying shrinkage

As been demonstrated in Figures 7 and §, dry-
ing shrinkage was drastically increased day-1 un-
til day-28 and started constant reading on day-28
until day-60 for both densities considered in this
study. The control specimens showed the highest
drying shrinkage compared to the specimens with
the inclusion of sisal fibre. As can be seen in Fig-
ures 7 and 8, the lowest value of drying shrink-
age contained 0.6% of sisal fibre in lightweight

——0.0% ——0.2%
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Drying Shrinkage (mm)

0.10

0.00
0 10 20

foamed concrete, followed by 0.4%. 0.8% and
0.2%. Lightweight foamed concrete with the ad-
dition of sisal fibre has an enhancement in dry-
ing shrinkage of the concrete. The factor that
impacted the shrinkage performance is caused by
the increase of foam content in the concrete. This
is because cement paste usage will be reduced
when a higher amount of foam is used [13]. Fur-
thermore, the improvement of drying shrinkage is
also triggered by the addition of sisal fibre where
there is the absence of aggregates, and sisal fibre
also contributes to improving the cement matrix
[14]. Simultaneously, it also benefits to lower the
creation and pattern of the crack. Hence it can be
concluded that the drying shrinkage can be re-
duced by the presence of sisal fibre.
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Fig. 7. Drying shrinkage of 800 kg/m* density with different weight fraction of sisal fibre
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Fig. 8. Drying shrinkage of 1600 kg/m* density with different weight fraction of sisal fibre
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Ultrasonic Pulse Velocity (UPV)

Figure 9 displays the outcomes of the UPV
test on both densities. The trend of the UPV is
increasing with the increase of sisal fibre weight
fractions. It can be observed that the inclusion of
0.6% of sisal fibre in the foamed concrete resulted
in the highest value of UPV, which is 1690 m/s
and 2399 m/s for 800 and 1600 kg/m? respectively
compared to the control mixes, which have the
lowest reading of UPV of 1460 m/s (800 kg/m?)
and 2203 m/s (1600 kg/m?®). As mentioned before,
the results of UPV are influenced by the presence
of voids and heterogeneity in lightweight foamed
concrete. Thus, the pulse will be travel faster with
high velocity when the lightweight foamed con-
crete is more elevated in density [15]. At the same
time, it will reduce the time travel if it detects any

3000
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1500 — ]

1000

Ultrasonic Pulse Velocity (m/s)

500

0.0% 0.2%

sign of deformity of the concrete. Therefore, it can
be decided that the inclusion of sisal fibre ensued
in more considerable readings of UPV.

Correlation between porosity
and water absorption

Figure 10 depicts the correlation between
porosity and water absorption of both densities
(800 and 1600 kg/m?). The foamed concrete was
added with different percentages of sisal fibre by
mix. Figure 10 evidently reveals there was a scat-
ter of result water absorption and porosity. The
R2 value is 0.9603 which implies the relationship
between both results, where the linear line rep-
resents the best trend correlation between water
absorption capacity and the porosity. If the poros-
ity increase, the water absorption also rises. The
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0 1600kg/m3

0.4% 0.6% 0.8%

Fibre content (%)

Fig. 9. UPV of foamed concrete with different weight fractions of sisal fibre
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Fig. 10. Correlation between water absorption capacity and porosity of lightweight foamed concrete
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Fig. 11. Correlation between porosity and UPV of lightweight foamed concrete

result of the linear line proved that the water ab-
sorption is directly proportional to porosity. It can
be concluded that lightweight lightweight foamed
concrete density absorbs more water and decrease
durability. Both water absorption and porosity
are inspired by the void formation of lightweight
foamed concrete cement paste [16].

Correlation between porosity and
ultrasonic pulse velocity (UPV)

Figure 11 shows the correlation between
UPV of lightweight foamed concrete with vari-
ous weight fractions of sisal fibre. The linear line
depicts the connection between UPV and poros-
ity, where the R2 value is shown in the figure
(0.9745). The value of R2, which is near one is
described the close relationship between UPV
and porosity. Figure 11 demonstrates that UPV is
diminishing along with the decreasing of poros-
ity. UPV disparity between dry and saturated state
is because the shape of pores has been changed
with the moisture entering the material. The re-
sult showed that the higher porosity, the lower the
UPV of lightweight foamed concrete. This means
that the addition of sisal fibre showed an improve-
ment in porosity value and UPV. The lower travel
time is correlated to the high quality of light-
weight foamed concrete with fewer irregularities.

CONCLUSIONS

This research focuses on the durability per-
formance of lightweight foamed concrete with
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the addition of different weight fractions of sisal
fibre. Two densities of 800 and 1600 kg/m* were
made and assessed, with different weight fractions
of sisal fibre (0.0%, 0.2%, 0.4%, 0.6% and 0.8%).
The study revealed that the inclusion of a 0.6%
weight fraction of sisal fibre gave the most excel-
lent results for entire durability parameters tested
(shrinkage, UPV, porosity and water absorption
capacity). At 0.6% weight fraction, the sisal fibres
and the cement matrix reached full compaction,
which stemmed in decent mix uniformity. Further
than the ideal percentage of sisal fibre inclusion,
accretion and non-regular spreading of fibres took
place, which led to a decline in entire durability
parameters assessed.
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