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ABSTRAK

Penggunaan serat tandan kosong kelapa sawit (EFB) di dalam penghasilan papan
simen telah menyebabkan peningkatan tekanan dalaman yang dipanggil lantunan
semula (SpB). Secara teorinya SpB akan menyebabkan berlakunya pertambahan
ketebalan dan mengurangkan ketumpatan sampel yang pada akhirnya akan
menyebabkan penurunan terhadap sifat fizikal dan mekanikal papan simen serat
tandan kosong kelapa sawit (EFBCB). Kajian ini dijalankan bagi mencadangkan
kaedah yang paling berkesan dalam mengurangkan kesan SpB ke atas sampel EFBCB,
seterusnya langkah pembetulan dapat diambil dengan lebih cepat terutamanya semasa
tempoh pengawetan sampel. Tiga kumpulan sampel telah disediakan iaitu berdasarkan
panjang serat EFB, nisbah antara serat EFB dan simen serta peratus kepekatan NaOH
yang digunakan semasa proses rawatan EFB. Empat ujikaji utama yang terlibat iaitu
modular keanjalan (MOE), modular kerapuhan (MOR), ikatan dalaman (IB) dan
pengembangan ketebalan (TS). Dapatan kajian mendedahkan gabungan panjang
purata EFB yang terdiri 65% daripada 25.72 mm, 64% daripada 14.37 mm dan 20%
daripada 4.32 mm bersama-sama dengan nisbah simen kepada EFB sebanyak 3:1 dan
kepekatan NaOH sebanyak 3% telah menghasilkan sifat-sifat fizikal dan mekanikal
yang optimum. Gabungan ini telah mengurangkan kesan SpB yang ketara ke atas
sampel EFBCB dengan nilai MOE, MOR, IB dan TS masing-masing 6098 N/mm?,
11.92 N/mm? 0.53 N/mm?, and 1.22%. Selain itu,model regresi garis lurus
mendedahkan bahawa peratusan maksimum pertambahan ketebalan kesan dari SpB
terhad kepada 3.2% atau 0.4 mm dalam mengekalkan kepatuhan kepada piawaian. Had
peratusan pertambahan ketebalan ini digunapakai dalam meramal kesan SpB oleh EFB
dalam sampel-sampel EFBCB. Oleh itu, langkah-langkah pembetulan dapat dilakukan
lebih awal terutamanya semasa tempoh pengawetan untuk sampel dengan ketebalan
melebihi 12.4 mm (3.2% ketebalan reka bentuk). lanya dapat disimpulkan bahawa,
pengurangan pengaruh SpB ke atas sample EFBCB dapat meningkatkan prestasi
sample dengan ketara serta sampel-sampel yang gagal dapat dikenalpasti seawall

semasa tempoh pengawetan untuk tujuan pembentulan ke atas rekabentuk campuran.



vii

ABSTRACT

The inclusion of oil palm empty fruit bunch fibre (EFB) in cement board has promoted
the internal stress development called spring back (SpB). Theoretically SpB has
increased the thickness and decreases the density of the sample, and eventually decline
the physical and mechanical properties of empty fruit bunch cement board (EFBCB).
The main factors that have identified to contribute SpB are the length of fibres used,
the ratio of cement to fibres and incompatibility between fibres and cement. Hence,
this study was conducted to propose an effective approach to mitigate the effect of
SpB on EFBCB samples to expedite corrective action especially along curing period.
Three groups of samples namely EFB length, cement-EFB ratio and percentage NaOH
concentration for EFB treatment were prepared, where each of design mixed consists
of 5 repeated samples. Modulus of elasticity (MOE), modulus of rupture (MOR),
internal bonding (IB) and thickness swelling (TS) are the properties that were
investigated for EFBCB sample. The results revealed that combination EFB length of
16% of 25.72 mm, 64% of 14.37 mm and 20% of 4.32 mm with cement to EFB ratio
of 3:1 and 3% NaOH concentration for EFB treatment has yielded optimum physical
and mechanical properties. This combination has significantly diminished the SpB
effect and produced MOE, MOR, IB, and TS values of 6098 N/mm?, 11.92 N/mm?,
0.53 N/mm?, and 1.22%, respectively. On top of that, the linear regression prediction
model based on cement to EFB ratio and percentage of NaOH concentration for EFB
treatment discovered that the maximum percentage of thickness increment due to SpB
is found to be limited to 3.2% or 0.4 mm in sustaining the standard requirement.
Therefore, the limit of percentage thickness increment (3.2%) has been incorporated
in new laboratory technique to mitigate the SpB effect of EFB on EFBCB sample.
Thus, the corrective measures can be done as early as day 2 to day 15 during the curing
period for the samples with a thickness exceeding 12.4 mm (3.2% of design thickness).
It can be concluded that, the reduction in thickness increment due to SpB significantly
improve the performance of EFBCB samples as well as failed of EFBCB samples can
be identified as earlier as during curing period purposely for design mix correction.
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CHAPTER 1

INTRODUCTION

1.1 Research background

Wood cement boards (CB) are one of the construction materials that have been used
thoroughly in Europe, Russia, and Asia, mainly for roofs, floors, and walls. It is
fabricated based on the combination of wood particles or fibres, cementitious material,
water, and chemical additives. According to MS 934 (1986) and BS EN 634-1 (1995),
CB is a sheet of materials manufactured under pressure based on wood or other
vegetable particles bound with hydraulic cement and possibly containing additives.
CB products are classified based on several conditions such as according to the binder
(bonded with ordinary Portland cement or magnesium-based cement), to the state of
surface (as pressed plain or pattern, sanded surface, coated, and surface with sheets
material), to coloration (integrally coloured or no added coloration) and lastly
according to the shape (with a flat surface and square edge or profiled surface and
profile edged). The physical properties of CB are density and thickness swelling (TS),
while its mechanical properties consist of bending strength/modulus of rupture
(MOR), modulus of elasticity (MOE), and internal bonding (1B).

Generally, CB composites are categorised into two types: wood particle
cement boards and wood fibre cement boards. Wood particle cement boards are used
in architectural, fire resistance, and acoustic panels. The boards are normally produced
with a range density of 300 to 1300 kg/m?, and the maximum bending strengths are
often limited to less than 10 N/mm?2. As for wood fibre cement boards, they were
developed to replace asbestos cement as it affects human health. Usually, this type of

CB was developed based on 5 to 15% of cellulose fibre by weight, has a density in the



range of 1100 to 1800 kg/m3, and has a bending strength ranging up to 30 N/mm?
(Wolfe & Gjinolli, 1997).

As the CB products are based on cement binder, the composites have
advantages in durability and fire resistance compared to conventional resin-bonded
wood particles composites. Unlike the resin-bonded particleboards, CB meets the
requirements of fire resistance and durability for outdoor applications. Thus, CB
products are not limited to indoor conditions, but it is also applicable for outdoor usage
(Gong, 2010).

The most popular material that has been incorporated as CB reinforcement is
wood fibres/particles. Previous studies have successfully incorporate wood
fibres/particles (various species) as a CB reinforcement (Adelusi et al., 2019;
Marteinsson & Gudmundsson, 2018; Amel et al., 2020; Ogunjobi et al., 2019; Ashori
et al., 2011; Babatunde O & Adepegba, 2015; Del Menezzi, Castro, & Souza, 2007;
Semple & Evans, 2004; Sotannde et al., 2012). Other materials including oil palm
waste such as frond and empty fruit bunch (Hermawan, Subiyanto, & Kawai, 2001;
Omoniyi, 2019; Onuorah et al., 2015), coconut fibre (Asasutjarit et al., 2007;
Erakhrumen et al., 2008), and household waste (Ashori et al., 2011; Parichatprecha et
al., 2013). The studies were focused on manufacturing methods, CB properties, the
effect of material properties, and the effect of various wood/natural fibre and cement
ratios on CB performance. Moreover, waste materials have become a popular choice
among researchers as there are no/less additional costs for acquiring the raw materials,
and most of the waste materials used are environmentally friendly and beneficial to
society.

The Malaysian oil palm industry is the second-largest producer and exporter in
the world after Indonesia. Therefore, the industry has produced a massive amount of
waste in both plantation and oil palm mill activities. The waste produced in this sector
includes oil palm frond (OPF) and oil palm trunk (OPT) from plantation activities.
Whereas waste produced from oil palm mill activities are empty fruit bunch fibre
(EFB), palm pressed fibre (PPF), and palm oil mill effluent (POME) (Abdullah &
Sulaiman, 2013; Basiron, 2007). From the total waste produced by oil palm mill
activities, 18,022 kilotonnes represent EFB, 11,059 kilotonnes represent palm press
fibre/mesocarp (PPF), and the rest 4,506 kilotonnes are palm kernel shells (PKS) (Goh
et al., 2010). Thus, the EFB waste is the potential to utilised as CB reinforcement. At

the same time, it transforms waste into valuable products and reduces disposal issues.



However, further research is needed to understand the properties of EFB to what extent
it will influence the physical and mechanical properties of CB.

Physically, EFB is hard and tough and having a similarity to coconut coir
(Sreekala et al., 1997). Some research attempt to utilise coconut coir as CB
reinforcement (Asasutjarit et al., 2007; Zuraida et al., 2011) have revealed that the use
of coconut coir in the manufacturing of CB has resulted in a reduction of physical and
mechanical properties of the samples due to spring back (SpB) of the fibre. As reported
in the research, the coconut fibres tend to ‘ball up’ the sample thickness, thus reduced
the sample density. Eventually, the physical and mechanical properties of CB samples
declined. Furthermore, the sample thickness is getting higher when they used the
longer and untreated coconut coir fibre. Since both fibres (coconut coir and EFB) have
similarities in physical properties, the EFB SpB might have a similar effect as coconut
coir fibre.

Based on the data that obtained from previous finding, none of the studies
emphasized the effect of SpB on cement boards produced from EFB although its effect
on the performance of the samples was quite significant. Therefore, the novel findings
of this study is to analyse the causes and solutions to the effect of SpB on EFBCB
which it is not covered by previous researches. Eventually, the new laboratory
technique was introduced to mitigate the effect of SpB on EFBCB sample during
curing process to speed up the detection of failed sample due to SpB as well as

corrective action can be done earlier.



1.2 Problem statement

The SpB of fibre will influence the cement boards sample by several ways namely
cement to fibre ratio, length of fibre used and application of untreated fibre in cement
boards mixture. Earlier, research by Moslemi & Pfister (1987), Adelusi et al. (2019)
and Amel et al. (2020) revealed that the SpB for wood particle CB has caused the
fabricated samples with less amount of cement to have a non-uniform density. On top
of that, Fabiyi (2004) found that SpB had effectively reduced the internal bonding of
CB sample, which the sample was fabricated based on low cement to fibre ratio.

Most researchers agreed that sugar, water-soluble extractive, and
hemicellulose are the primary factors that inhibit the normal setting and strength
development of cement-wood/natural fibre composite (Ashori et al., 2011; Ferreira,
2004 & Lertwattanaruk & Suntijitto, 2015). Therefore, the use of untreated wood
fibres has recorded an increase in final thickness up to 0.16% due to internal stress
development cause by SpB of fibre used (Fan & Dinwoodie, 2008). Fan & Dinwoodie
(2008), Sarkar et al. (2012) and Asasutjarit et al. (2007) claimed the sample thickness
had markedly increased after long water immersion due to SpB of fibre caused by poor
bonding between untreated fibre and cement matrix. Furthermore, damage to the
specimens was detected due to SpB when pressure on the sample was released
(Marteinsson & Gudmundsson, 2018).

Asasutjarit et al. (2007) and Zuraida et al. (2011) revealed that the longer and
untreated coconut fibre used had caused an increment in sample thickness for about
three times of designed thickness, thus reduced the physical and mechanical properties
of the sample. The recent research by Omoniyi (2019) and Onuorah et al. (2015)
revealed that, incorporation of EFB as cement boards reinforcement has increase the
performance of CB sample. However, the SpB of EFB in cement boards samples has
not been rigorously investigated. Therefore, further research on EFBCB is essential,
particularly on the SpB effect of the CB sample as well as the method to quantify the
SpB effect of EFB on EFBCB sample.



1.3 Research question

Past studies have discovered the potential of incorporating oil palm EFB as CB
reinforcement. Recent research by Omoniyi (2019) and Onuorah et al. (2015) had
revealed that incorporating the EFB in manufacturing CB had significantly increased
the bending properties of the sample. However, the SpB effects on the EFBCB samples
were not highlighted in the research. Although some sample properties have met the
minimum requirements, the SpB effects on dimensional stability should be evaluated
comprehensively, especially on the thickness and density, as it affected the sample
performance. The increase in the sample thickness that differs from the designed
thickness will significantly change the overall sample properties. Based on the
literature review and respective research problems as in Section 1.2, three points

sparked the research questions. The questions to be addressed in this research are as

follows:

(i) To what extent the spring back properties of EFB will affect the
physical and mechanical properties of EFBCB?

(i) Is there any possibility to reduce the effect of EFB SpB by introducing
various cement-EFB ratios, various combinations of EFB length
percentage, and modification of EFB using the chemical treatment?

(iii) What is the possible method to predict the effect of SpB against

EFBCB, especially during the fabrication and testing stages, to shorten
the time taken to perform the corrective action on failed samples

regards the SpB effect?



1.4 Objective of study

The primary objective of recycling EFB as CB reinforcement is to improve the
sample’s physical and mechanical properties, thus fulfil the minimum requirements as
in standard. However, the SpB issues of EFB in CB composite should be understood
and provide the necessary methods to overcome them. Therefore, the research

objectives are as follows:

To identify an appropriate EFB length composition that contributes to the
optimum physical and mechanical properties of EFBCB and reduces the effect of
SpB.

To determine an optimum cement-EFB ratio that can be used in the fabrication of
EFBCB by complying with thickness tolerance as stipulated in the BS EN 634-

1:1995 and optimize the physical and mechanical properties.

To propose a simple NaOH treatment method to improve the compatibility of EFB
in the cement matrix thus reduces the SpB effect on EFBCB and enhances physical

and mechanical properties.

To develop a linear regression prediction model for physical and mechanical
properties of EFBCB based on percentage thickness increment of the samples due
to SpB.

To develop a new laboratory technique to quantify the effect of SpB on physical
and mechanical properties of EFBCB based on thickness increment for different
cement-EFB ratios and various percentages of NaOH treatment for EFB.
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