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Oil palm fruit bunch fibre bunch (OPEFB) is a byproduct of palm oil 
manufacturing. Empty fruit bunch (EFB) can be recycled into compost, 
renewable energy, and nutrients, reducing waste and making industry 
more environmentally friendly and cost-effective. Asbestos and 
synthetic fibre exposures pose health risks, particularly mesothelioma, 
due to their carcinogenic effects. Natural fibres offer a sustainable 
alternative with comparable mechanical properties, fire resistance, and 
crashworthiness. They can be used in cement composite materials for 
biodegradability, design flexibility, and sustainability. The ratio of 
mixed cement- fibre is set at 3.5:1, aiming for targeted density of 1300 
kg/m³. The total number of samples is 9 samples empty fruit bunch 
cement board (EFBCB) with the dimensions size of 350×350×12 mm. 
To enhance the material’s properties, hot water treatment being used 
at 100°C for a duration of 2 hours for treating the EFB fibre. The testing 
was conducted at intervals of 7, 14, and 28 days of curing process. The 
results demonstrated notable declines in dimensional stability and 
mechanical performance over the curing period. The analysis of the 
dimensional stability of OPEFB fibre cement board (EFBCB) during the 
curing period revealed significant changes in both physical and 
mechanical properties. The results demonstrated how the reduction in 
thickness, density, and other physical changes impacted the 
dimensional stability and mechanical performance of the boards. 
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1. Introduction 
In Malaysia, palm oil is the main product that has had a great impact on the economy and the agricultural industry. 
According to [1], Malaysia is the world's top producer and exporter of palm oil, with crude output rising from 2.50 
million tonnes in 1980 to 19.86 million tonnes in 2019. An increase in harvested area results in more fresh fruit 
bunch (FFB) harvests and waste, especially empty fruit bunches (EFB) [2]. Malaysia establishes around 23.2 
million tons of EFB waste yearly[3]. Each kilogram of palm oil produced produces four kilograms of dry biomass 
[3]. EFB waste may be converted into sustainable energy in the form of Bio-oil, with the environmental hazards 
being the usage of power and the emission of chemicals [4]. EFB, a byproduct of palm oil manufacturing, may be 
recycled into compost, renewable energy, and nutrients, reducing waste and making for the industry more 
environmentally friendly and cost-effective [5]. EFB compost is a great growing medium for oil palm seedlings 
because it retains soil moisture, supplies essential nutrients, and promotes healthy growth, making it a long-term 
option that reduces the need for chemical fertilizers and promotes environmentally friendly farming practices [6]. 
Natural fibres are a non-polluting, safe, renewable, and legal source of fibre[7]. Natural fibre reinforcements are 
made from renewable resources and are affordable and biodegradable [8]. However, natural fibre must be treated 
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before being used on cement-bonded board, therefore lowering the carbohydrate content of EFB fibre is important 
for improving the bonding between EFB fibre and cement. EFB fibre can replace wood fibre in cement-bonded 
boards due to its availability and compatibility with cement through suitable pre-treatment and cement 
accelerator [9]. 

2. Methodology  

2.1 Material Preparation 
The EFB fibre preparation process begins with obtaining EFB from an oil palm factory, followed by transferring it 
to the Timber Fabrication Laboratory at Universiti Tun Hussein Onn Malaysia (UTHM). The EFB is dried in the sun 
for at least a day to remove moisture, ensuring both surfaces are completely dry. A shredder machine then cuts 
the dried EFB into shorter fibres, which are further processed using a hammer mill to create fine fibres. The fine 
EFB fibres are then sieved using a 3 × 3 mm wire mesh wood mould, placed on a vibration table. The fibres are 
evenly distributed in the mould and sieved for 2 minutes using the vibration table. Fig. 1 shows material 
preparation for EFB.  
 

 
(a) 

 
(b) 

 
(c) 

Fig. 1 Material preparation (a) Sun dry process; (b) Hammer mill process; (c) Sieve process 

2.2 EFB Fibre Treatment (Hot Water Treatment) 
Hot water treatment is a crucial step in the production of fibre cement board because it enhances fibre properties 
for better application in cement board. Weight of the EFB fibre was calculated and weighed as shown in Table 1 
and using equation 1 and 2. The EFB fibre was weighed and filled in the net before soaking in the water bath for 9 
samples. 70% extra EFB fibre were used to compensate for the actual weight of the EFB fibre lost during the hot 
water treatment process. 

Table 1 The calculated weight of EFB fibre for hot water treatment 
EFB fibre per sample 

(g) 

Extra EFB fibre 70% 

(g) 

Total EFB fibre per 

sample (g) 

Hot water treatment 

temperature (⁰C) 

425 299.5 723 100 

 
 

Extra 70% fibre = 70% × weight of EFB fibre 

                                                    = 70% × 425 g 

                                                    = 298 g 
(1) 

Total weight of dry EFB fibre = Dry weight EFB fibre + extra 70% fibre        

       = 425 g + 298 g 

                                                                                     = 723 g 
(2) 

 
First, water is added to the water bath and heated until it reaches 100°C. Once the water bath reaches the 

required temperature, the weighted EFB fibre is soaked for 2 hours for hot water treatment. After soaking, the 
EFB fibre is lightly washed to remove excess impurities. To ensure even drying and prevent clumping, the treated 
EFB fibre is spread over a canvas liner and exposed to the sun until fully dry. The sun-drying method removes 
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water absorbed during the treatment process. Afterward, the EFB fibre is placed on a tray and dried in an oven at 
100°C for 24 hours to remove any remaining moisture. The treated EFB fibre is then sealed and stored for use in 
the production of the EFB cement board. Fig.2 shows the EFB treatment before fabricating EFBCB. 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 2 EFB treatment (a) Filling fibre into the net; (b) Soaking process for 2 hours; (c) Sun dry process after soaking 
process 

2.3 Fabrication of EFB Cement Board 
The fabrication of EFB cement board follows from the method of a previous study. The study requires 9 samples 
for hot water treatment.  In the drum mixer, the weighted materials were mixed as shown in Table 2 using 
Equation 3 and 4 to get the weight of the materials. Pouring the EFB fibre into the drum mixer and splattering the 
weighed water on it was the first step in the mixing procedure. To make sure all the EFB fibre is mixed with the 
water, the fibre and water was mixed in the drum mixture for around two minutes. Next, the mixture was gradually 
mixed in with the weighed cement. Before filling the wooden mold, the mixture was mixed for 10 minutes 

Table 2 Weight of the materials 

Weight of fibre Weight of cement Weight of water 

425 g 1487.5 g 722.5 g 
 
 

Cement : EFB fibre = 3.5 : 1 

                 EFB fibre = 425 g 

                                                          Cement = 3.5 x 425 = 1487.5 g 
(3) 

Water = 0.4 (weight of cement) + 0.3 (weight of fibre) 

                                                         = 0.4 (1487.5) + 0.3 (425) 

                                   = 722.5 g 
(4) 

 
In this process, the EFB cement board is molded using a 350 x 350 mm wooden mould, with the top and 

bottom covered by a polythene sheet. The mould is placed on a 400 x 600 mm reinforced steel plate, and the 
mixture for the cement board is poured into the mould. The mixture is flattened using a wooden stick to form a 
mat. The pre-compress process follows, where a plywood plate is placed on top to compress the mixture. After 
removing the wooden mould, the pre-formed samples are covered with another reinforced steel plate and locked 
with bolts into a 400 x 600 mm steel plate. The clamped sample is then placed into a press machine and 
compressed to a thickness of 12±1 mm. Compression continues until the spacer and reinforced steel mold contact, 
ensuring the sample is secured. After compression, the sample is kept for 24 hours. Following this, the sample is 
cured at ambient temperature (28±1°C) and 65±5% relative humidity for 7, 14, and 28 days. The cured cement-
bonded fibre boards are cut into small samples for tests including TS, WA, density, MOE, MOR, and IB as shown in 
Table 3 and Fig.3 shows the fabrication of EFB cement board.  

 
 



J. of Structural Monitoring and Built Environment Vol. 5 No. 1 (2025) p. 1-11 4 

 

 

Table 3 Dimension of EFB cement board for testing 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
(a) 

 

 
(b) 

 

 
(c) 

 

 
                                               (d) 

 

 
                      (e) 

Fig. 3 Fabrication of EFB cement board (a) Mixing process; (b) Forming process; (c) Compression process; (d) 
Curing process; (e) Cutting process 

2.4 Laboratory Testing 
Samples of cement boards were tested to determine their properties. The mechanical and physical properties of 
EFB cement board were tested including water absorption (WA), density test, thickness swelling (TS), modulus of 
rupture (MOR), modulus of elasticity (MOE), and internal bonding (IB). The test for dimensional stability of EFB 
cement board only thickness monitoring (TM).  

2.4.1 Thickness Monitoring (TM) 
Thickness monitoring was utilized to assess how density impacts the dimensional stability of EFB cement boards. 
The EFB cement board was monitored every 2 days in 28 days of curing (BS EN 324- 1:1993). A dial gauge was 
used and placed in the middle of EFBCB to gather readings of thickness changes during curing process. This 
procedure was applied on 1 sample. 

2.4.2 Density Test 
A density test was conducted after the curing process. The density testing procedure is based on the standard BS 
EN 323-1993. This sample will be in square dimensions, measuring 50 x 50 mm. The mass of the EFBCB was 
collected. Following that, the EFBCB length, width, and thickness were collected. The density value was calculated 
using  formula Equation 5 below. 

Testing  Dimensions  British Standard 

TS  50 x 50 mm BS EN 317-1993 

WA  50 x 50 mm BS EN 319-1993 

IB 50 x 50 mm BS EN 319-1993 

MOE and MOR 300 x 50 mm BS EN 310-1993 
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                                Density, p = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙ℎ 𝑥𝑥 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ 𝑥𝑥 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

 (5) 

2.4.3 Thickness Swelling (TS) 
The thickness swelling (TS) test was conducted because of the physical properties of EFB cement boards. The 
samples were cured for 28 days, and the thickness swelling were used to determine the water absorption of the 
samples using the BS EN 317-1993 standard. For 24 hours, the sample was soaked in water. The samples' 
thickness and physical appearance will be measured both before and after it is soaked in water for 24 hours. The 
following formula uses Equation 6 to determine the thickness swell values. 
 

𝑇𝑇𝑇𝑇 =
𝑡𝑡2− 𝑡𝑡1
𝑡𝑡1  𝑥𝑥 100% 

                                   Where, 

                             𝑡𝑡1 = Thickness before immersed 

                             𝑡𝑡2 = Thickness after immersed 

(6) 

2.4.4 Water Absorption (WA) 
This test was conducted to determine the percentage of water absorption where the mass before immersed and 
after immersed collected. The percentage of water absorption was calculated using Equation 7  below based on 
BS EN 319-1993. 
 

𝐼𝐼𝐼𝐼 =  
𝑃𝑃
𝑤𝑤𝑤𝑤 

                                              Where,  

                                        P = Maximum load (N) 

                                                   w =  width (mm) 

                                                    l = length (mm) 

(7) 

2.4.5 Modulus of Elasticity (MOE) and Modulus of Rupture (MOR) 
After curing, the sample were cut to 300 mm x 50 mm and evaluated for mechanical properties (MOE and MOR) 
using BS EN 310-1993. The width and thickness of sample was collected before the test started. The sample was 
placed on the supports, with its longitudinal axis at right angles to those of the supports with the center point 
under the load. To get MOR and MOE values, a static bending test was conducted to determine the maximum load 
that may be applied to the midpoint of a simply supported specimen. Equations 8 and 9 were used to compute 
MOE and MOR values. 
 

𝑀𝑀𝑀𝑀𝑀𝑀 =  
𝐿𝐿2∆𝑊𝑊

4𝑏𝑏𝑏𝑏3∆𝑆𝑆 

                                        Where, 

                              L = distance between center of support (mm) 

                          ΔW = increment load in Newton (N) 

                           ΔS =  increment of deflection at midpoint corresponding to ΔW 

                             b = width of test piece (mm) 

                               t= thickness of test piece (mm) 

(8) 

𝑀𝑀𝑀𝑀𝑀𝑀 =  
3𝑊𝑊𝑊𝑊
2𝑏𝑏𝑏𝑏2 

                                              

 

(9) 
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     Where,  

                              W = maximum load (N) 

                                     L = distance between center of support (mm) 

                                       b = width of test piece (mm) 

                                      t = thickness of test piece (mm) 

3. Result and Discussion 

3.1 Effect of Curing Duration on EFBCB Thickness Monitoring (TM) 
 

 

Fig. 4 Thickness monitoring of EFBCB for 28 days 

According to Fig.4, the thickness of the sample increases and decreases during the 28-day curing process. EFBCB 
can absorb moisture from the environment or lose moisture during the curing process. Moisture absorption can 
cause swelling, while drying leads to shrinkage. Variations in environmental humidity can cause uneven changes 
in thickness [10]. The thickness of EFBCB increased significantly two days after it was produced, making it the 
optimum thickness throughout the curing process. From day 2 to day 8, the thickness of the EFBCB decreased 
significantly from 13.91 mm to 13.63 mm due to the drying and hardening process of the cement. During this 
period, the water used in the cement mix began to evaporate, causing shrinkage and a reduction in the thickness 
of the cement board [11]. 

3.2 Effect of Curing Duration on EFBCB Density 
 

 

Fig. 5 Density of EFBCB based on different curing day for hot water treatment 
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Fig. 5 above shows that 7 days of curing period is the highest density with 1313.67 kg/m³, and the lowest density 
is 28 days of curing period with 1267.17 kg/m³. Over time, the cement matrix undergoes further hydration and 
drying, leading to moisture loss. This process can cause shrinkage and a reduction in overall mass, thereby 
decreasing the density of the composite material. The interaction between OPEFB fibres and the cement matrix 
can evolve during the curing process. Prolonged curing may lead to degradation or weakening of the fiber-matrix 
bond, potentially resulting in decreased composite density [11].  All sample pass the standard requirement (BS 
EN 323:1993) which is 1000 kg/m³. 

3.3 Effect of Curing Duration on EFBCB Thickness Swelling (TS) 
 

 

Fig. 6 Thickness swelling of EFBCB based on different day of curing   

Fig. 6 above shows that the thickness swelling for 28 days of curing period is the highest percentage with 4.11% 
meanwhile for 7 days of curing period is the lowest percentage thickness swelling with 3.19%. The graph shows 
that percentage of thickness swelling increased through the curing period. The expected result of thickness 
swelling should be decreased through curing period. However, the result above shows that the thickness swelling 
increased through curing period due to variations in environmental humidity and temperature during curing can 
influence moisture content and swelling behavior [12]. All samples should not exceed the standard requirement 
(BS EN 323-1993) which is 1.5%. 

3.4 Effect of Curing Duration on EFBCB Water Absorbtion (WA) 
 

 

Fig. 7 Water Absorption of EFBCB based on different curing period 

Water absorption for 28 days is the highest percentage with 15.23% and the lowest percentage of water 
absorption is for 7 days with 9.65% as shown in Fig.7 above. The percentage of water absorption increased 
through the curing period. During the initial curing period, the cement matrix undergoes hydration, leading to the 
formation of a hardened structure with reduced porosity. However, as curing continues, additional hydration and 
drying processes can create microcracks and voids, increasing the material's porosity and, consequently, its 
capacity to absorb water [13]. 

3.1875 3.3088
4.1146

0

1

2

3

4

5

7days 14days 28days

Th
ic

kn
es

s s
w

el
lin

g 
(%

)

Curing duration

Thickness swelling of EFCB based on different day of curing 

TS

BS standard

9.65

14.52 15.23

0

5

10

15

20

7days 14days 28daysW
at

er
 A

bs
or

pt
io

n 
(%

)

Curing duration

Water Absorption of EFBCB based on Different Curing Day 



J. of Structural Monitoring and Built Environment Vol. 5 No. 1 (2025) p. 1-11 8 

 

 

3.5 Effect of Curing Duration on EFBCB Internal Bonding (IB) 
 

 

Fig. 8 Internal Bonding of EFCB based on different curing period 

According to Fig.8 above, average IB for 7 days curing period is the highest value with 0.49 N/mm² and the lowest 
value is 28 days with 0.13 N/mm². The result shows that the IB value decreased through the curing period. 
Extended curing periods can result in changes in the moisture content of the material. If the material loses too 
much moisture, it can become brittle and less cohesive, reducing the IB strength [14]. As shown in graph, all 
sample does not exceed than standard requirements (BS EN 319-1993), which is 0.5 N/mm². 

3.6 Effect of Curing Duration on EFBCB Modulus of Rupture (MOR) 
 

 

Fig. 9 MOR of EFBCB based on different curing period 

According to Fig.9 above, the highest value for MOR is 7 days of curing period with 8.05 N/mm² meanwhile the 
lowest value of MOR is 28 days with 3.65 N/mm². The graph above shows that the MOR value decreased through 
the curing period. Natural fibres, such as oil palm empty fruit bunch fibres, can degrade within the cementitious 
matrix, especially under prolonged exposure to moisture and varying temperatures. This degradation weakens 
the fibre-matrix bond, leading to reduced mechanical properties, including MOR [15]. MOR is strongly related to 
MOE. MOR is strongly related to MOE. Graph above shows that all sample does not exceed standard requirement 
(BS EN 310-1993), which is 9 N/mm². 
 
 

0.49

0.33

0.13

0

0.1

0.2

0.3

0.4

0.5

0.6

7days 14days 28daysIn
te

rn
al

 b
on

di
ng

 (N
/m

m
²)

Curing duration

Internal Bonding of EFCB based on different curing day of hot 
water treatment 

sample

BS standard

0.67 0.34 0.3

9

0
1
2
3
4
5
6
7
8
9

10

7days 14days 28daysM
od

ul
us

 o
f R

up
tu

re
 (N

/m
m

²)

Curing duration

MOR of EFBCB based on Different Day  Hot Water Treatment 

Sample

BS standard



9 J. of Structural Monitoring and Built Environment Vol. 5 No. 1 (2025) p. 1-11 

 

 

3.7 Effect of Curing Duration on EFBCB Modulus of Elasticity (MOE) 
 

 

Fig. 10 MOE of EFBCB based on different curing day 

According to Fig.10 above, the highest value for MOE is 7 days of curing period with 4807.89 N/mm² meanwhile 
the lowest value of MOE is 28 days with 3262.81 N/mm². The graph above shows that the MOE value decreased 
through the curing period. The MOE of Empty Fruit Bunch Cement Board (EFBCB) generally decreases over time 
due to factors like those affecting the Modulus of Rupture (MOR). MOE measures the stiffness of the material and 
reflects its ability to resist deformation under stress. The inclusion of oil palm empty fruit bunch fibers in cement 
boards can promote internal stress development, known as the spring-back effect. This internal stress can 
compromise the structural integrity of the board over time, contributing to a decrease in MOE [16]. Graph above 
shows that only sample 28 days does not exceed both standard requirements (BS EN 310-1993) which is 4500 
N/mm² for BS standard class 1 and 4000 N/mm² for BS standard class 2. 

3.8 Dimension Stability of EFBCB Through Curing Duration Based on Physical and 
Mechanical Properties 

Table 4 Dimension stability of EFBCB through curing duration 

Curing 
duration 

TM 
(mm) 

Physical Properties Mechanical Properties 

TS 
(%) 

WA (%) Density 
(kg/m² 

IB 
(N/mm²) 

MOR 
(N/mm²) 

MOE 
(N/mm²) 

7 days 13.72 3.19 9.65 1313.67 0.49 8.05 4807.89 

14 days 13.68 3.31 14.52 1301.58 0.33 4.65 4571.54 

28 days 13.63 4.11 15.23 1267.17 0.13 3.65 3262.81 

 
Table 4 shows that the thickness of EFBCB decreases from 13.72 mm at 7 days to 13.63 mm at 28 days. This 
indicates that the thickness of EFBCB shrinks over time. Thinner boards tend to swell more when exposed to 
moisture, as indicated by the increase in TS from 3.19% at 7 days to 4.11% at 28 days. WA also increases with the 
reduction in thickness, from 9.65% at 7 days to 15.23% at 28 days, indicating that thinner boards absorb water 
more easily, which can affect dimensional stability [11]. 

The density of EFBCB decreases from 1313.67 kg/m² at 7 days to 1267.17 kg/m² at 28 days. Lower density is 
usually associated with lower mechanical strength. IB decreases from 0.49 N/mm² at 7 days to 0.13 N/mm² at 28 
days, indicating that thinner boards have weaker internal bonding. MOR also decreases from 8.05 N/mm² at 7 
days to 3.65 N/mm² at 28 days, indicating that thinner boards are less capable of withstanding loads before 
breaking. MOE decreases from 4807.89 N/mm² at 7 days to 3262.81 N/mm² at 28 days, indicating that thinner 
boards are less elastic and more prone to bending [11]. 
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Thinner boards have more pore space that allows water and moisture to penetrate more easily, causing an 
increase in TS and WA. Lower density means there is less material per unit volume, which reduces mechanical 
strength such as IB, MOR, and MOE. Thinner boards may have weaker internal bonding because there is less 
material to support the board's structure [17]. 

4. Conclusion and Recommendations 

4.1 Conclusion 
The study successfully monitored the physical (TM, TS, WA, density) and mechanical properties (MOR, MOE, IB) 
of OPEFB fibre cement board over 7, 14, and 28 days of curing. TS increased from 3.19% to 4.11%, and WA 
increased from 9.65% to 15.23%, indicating water absorption and reduced dimensional stability. IB decreased 
from 0.49 N/mm² to 0.13 N/mm², MOR from 8.05 N/mm² to 3.65 N/mm², and MOE from 4807.89 N/mm² to 
3262.81 N/mm², showing weakened bonding, reduced strength, and rigidity. The study achieved its objective and 
highlighted the need for improvements to enhance stability and performance. The analysis of the dimensional 
stability of OPEFB fibre cement board during curing revealed significant changes in physical and mechanical 
properties. Thickness decreased from 13.72 mm at 7 days to 13.63 mm at 28 days, leading to increased 
susceptibility to moisture, as shown by the rise in TS from 3.19% to 4.11% and WA from 9.65% to 15.23%. Density 
dropped from 1313.67 kg/m³ to 1267.17 kg/m³, resulting in weaker mechanical properties. IB declined from 0.49 
N/mm² to 0.13 N/mm², MOR from 8.05 N/mm² to 3.65 N/mm², and MOE from 4807.89 N/mm² to 3262.81 
N/mm². Thinner boards with lower density were more prone to moisture penetration and mechanical 
degradation. The study successfully achieved its objective and highlighted the impact of thickness and density 
reduction on dimensional stability and mechanical performance, emphasizing the need for further improvements. 

4.2 Recommendations 
There are a few recommendations that can be used to improve the production of EFBCB for further studies. 
 

• Use fiber pre-treatment methods (e.g., alkaline or silane treatment) to improve fiber-matrix bonding and 
minimize swelling or shrinking. 

• Leverage the findings to promote EFBCB as an eco-friendly alternative to asbestos and other harmful 
materials in construction. 

• Optimize curing conditions to reduce moisture-induced dimensional instability, such as using controlled 
humidity chambers.  
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