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strength, poor fracture toughness, poor resistance to crack propagation and low
impact strength. Hence this study is intended to look into the potential of oil palm
trunk (OPT) fiber in enhancing the engineering properties of foamcrete. There are 2
engineering properties will be focused in this study which are ultrasonic pulse velocity
and drying shrinkage. Two densities of foamcrete of 600 kg/m3, 1200 kg/m3 were cast
and tested. The ratio of cement, sand and water used in this study was 1:1.5:0.45. OPT
fibers were used as additives at 0.15%, 0.30%, 0.45% and 0.60% by volume of the total
mix. Test results indicated that the engineering properties of foamcrete reinforced
with OPT fiber had amplified thoroughly.
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1. Introduction

For the past few years, the call for green concrete technology is encouraged by augmented rules
and strategies in turn to diminish the greenhouse gas emission and lessening the carbon footprint
[1,2]. Additionally, the construction industry in Malaysia is embracing green construction owing to
project requirements for Green Building Index (GBI) certification [3]. As far as GBI rating tool is
concerned, it was first introduced in Malaysia back in year 2005 in which the main objective was to
enhance awareness among industrial players and to encourage sustainable construction in the built
environment [4]. Additionally, universal apprehension and governance on carbon footprint emissions
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has driven research into green concrete throughout the world which special attention been given on
environmental deliberations with respect to base mix material sourcing, concrete mix design, design
of structural component, construction method, construction technology and last but not least the
aspect of concrete structure maintenance [5].

Therefore, the concrete industry players in Malaysia can play a huge role towards achieving
sustainable development of the society holistically [6]. Oil Palm Trunk (OPT) refers to agricultural
waste or by-products that can be obtained through the distribution of palm oil and can be
accumulated in a large amount in Malaysia. Moreover, it should be understood that OPT fibers are
often discarded as agricultural wastes [7]. Nonetheless, abundant arrangements intent on the lower
cost of materials have been recommended despite the important need of green concrete production
and reasonably priced housing system for both whom live at the countryside and metropolitan areas
in Malaysia. Therefore, this research aims to investigate the potential of oil palm trunk (OPT) fiber on
drying shrinkage and ultrasonic pulse velocity of foamcrete

2. Materials

The mix constituents included Ordinary Portland cement (OPC), fine aggregate, clean water and
surfactant. The foamcrete mixture’s proportion of cement, sand and water is 1:1.5:0.45. The target
densities were 600 kg/m?3 and 1200 kg/m3. The water-cement ratio was set up at 0.45. While the oil
palm trunk fiber was supplied by DR-N Technologies. The oil palm trunk fiber was cleaned in tap
water and was leave it dried for 48 hours before mixing. There were 4 different volume fractions
were used which were 0.15%, 0.30%, 0.45% and 0.60%. The oil palm trunk fiber fibers were cut into
19 mm length. Ultrasonic pulse velocity test and drying shrinkage test were conducted which will be
explained in the following section.

3. Experimental Setup
3.1 Ultrasonic Pulse Velocity Test

Ultrasonic pulse velocity is the non-destructive test to know the concrete characterization. The
ultrasonic wave is generated by a transducer in contact with the test material either in the form of
compressional wave or shear wave. These waves are detected by the second transducer placed on
the other face of the test material. The ultrasonic wave velocity depends on the elastic properties
and density of the concrete (ACI 544.1R, 1996). The travel time and energy decay through the
material have been processed and displayed by the digital computer connected with the transducers.
Using the travel time and measured dimension, the ultrasonic pulse velocity has been calculated.
Figure 1 shows the setup for ultrasonic pulse velocity test.
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ig. 1. Ultrasonic pulse velocity test
3.2 Drying Shrinkage Test

The aim of this experimental test is to justify the capability of fibres in resisting volume changing.
The test procedure is in compliance with ASTM C878. The sample test must be a prism: 75 mm. square
with a gage length of 250 mm and an overall estimated length (including the length of the rod and
cap nuts) of 290 mm. A minimum number of three samples were set up for each test in order to get
the average result. Figure 2 shows the apparatus that measures the drying shrinkage of foamcrete.
The initial length measurements were taken using a length comparator that is capable of adjusting
the measurements to 0.001mm with 250mm invar bar. The length of the comparator was calibrated
against the reference invar bar in each of the sample.

NS
Fig. 2. Porosity test through
vacuum saturation method
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4. Results and Discussion
4.1 Ultrasonic Pulse Velocity

Ultrasonic pulse velocity (UPV) is one of the most prevalent non-destructive methods
implemented to evaluate concrete toughness. Though it is not a precise apparatus to measure the
pore structures in concrete, but it can still provide an excellent initial forecast of the quality of
concrete based material. Figure 3 shows the ultrasonic pulse velocity (UPV) results for both densities
tested in this study. It can be seen from Figure 3 that higher addition of coir fiber in the base mix has
enhanced the ultrasonic pulse velocity (UPV) in comparison with control specimen. For both
densities, 0.45% coconut fiber inclusion gave an excellent ultrasonic pulse velocity (UPV) reading of
1310 m/s for 600 kg/m? density and 3318 m/s for 1200 kg/m3. This might be associated to the
hydration mechanism of the binary cementitious system in lightweight foamcrete for fiber with
higher percentages of oil palm trunk fiber in the base mix [8-10].
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Fig. 3. Ultrasonic pulse velocity of foamcrete with different percentages
of oil palm trunk fiber

4.2 Drying Shrinkage

The result for drying shrinkage is presented in Figure 4-5. In this case, it can be clearly observed
that drying shrinkage for all specimens is dramatically high in early age until 30 days and then it
continues to increase slowly. The control mixes are shown to have higher drying shrinkage for 600
kg/m3 and 1200 kg/m3 densities. Moreover, the addition of OPT causes the drying shrinkage of
lightweight foamcrete specimens to improve drastically. Meanwhile, the findings show that for OPT
of 0.45% gave the best results for both densities. Therefore, it can be concluded that the inclusion of
OPT in lightweight foamcrete contributes to better shrinkage prevention. The addition of OPT in
foamcrete provides the best outcomes in lessening the shrinkage in contrast to control mix of
foamcrete.

The OPT fiber reacts as aggregates or filler that give compact composition of microstructure
which in this way lessens as well as decreases the size and measures of pores [11]. Generally, the
major factor that influences the shrinkage behavior of a concrete is cement paste. The shrinkage of
foam concrete is a component of foam volume which is consequently by implication identified with
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the amount and properties of shrinkable paste. Moreover, shrinkage tends to be higher in the scope
of low dampness content. As expressed by Nambiar and Ramamurthy [12], the reduction of drying
shrinkage is caused by increase in the foam content. Lesser drying shrinkage at higher foam volume
is caused by lower substance of paste in the mix, thus consequently cause lower content of pores to
affect the shrinkage [13].
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Fig. 4. Drying shrinkage of 600 kg/m? density foamcrete of different OPT
percentages
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Fig. 5. Drying shrinkage of 1200 kg/m? density foamcrete of different OPT
percentages
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The increase of OPT percentage in concrete reduces drying shrinkage. Nevertheless, there is no
presence of aggregates in the context of foamcrete, which makes it to shrink even more compared
to normal strength concrete [14]. Therefore, the inclusion of OPT in foamcrete mix acts as an
aggregate due to its capacity of void filling, which consequently reduces the shrinkage effect in the
cement matrix. Apart from that, the efficacy of OPT fiber in reducing shrinkage at the same time able
to lower the percentage of the cracks of lightweight foamed concrete [15]. Furthermore, OPT fiber
has the ability to bridge cracks once the first crack occurs, particularly for the purpose of preventing
it from opening. Entrained huge air voids do not alter the physiognomies of fine pore structure of
hardened cement matrix substantially [16]. Hence, micro-pores for a specified design mix distress the
drying shrinkage that could be equitably connected to the foamcrete paste content. More
importantly, the decrease in drying shrinkage value of foamcrete with the addition of OPT contrasted
with control mix may likewise be ascribed to the decrease in surface tension of pore water and OPT
in the presence of protein based foaming agents which are fundamentally surfactants.

5. Conclusion

An experimental study was conducted to evaluate the potential use of oil palm trunk fiber

reinforced foamcrete in terms of ultrasonic pulse velocity and drying shrinkage. The study reveals

i. Higher addition of oil palm trunk fiber in the base mix has enhanced the ultrasonic pulse
velocity (UPV) in comparison with control specimen. For both densities, 0.45% oil palm trunk
fiber inclusion gave an excellent ultrasonic pulse velocity (UPV) reading. This might be
connected to the hydration contrivance of the binary cementitious system in foamcrete for
fiber with higher percentages of coconut fiber in the base mix.

ii. OPT enhances the quality and properties of foamcrete. In view of the examination results, the
outcome showed that drying shrinkage for all samples is significantly high in early age until 30
days and gradually increases. Meanwhile, the drying shrinkage of foamcrete samples is
significantly enhanced through the incorporation of OPT. Overall, it tends to be presumed
that the incorporation of OPT in foamcrete adds to better shrinkage resistance and have great
embodiment that help to upgrade the strength of foamcrete and enhance ductility.
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