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ABSTRACT

This study investigates the valorisation of oil palm fibre (Elaeis guineensis) waste as a reinforcement material
in concrete. After alkaline treatment with NaOH (2.5M, 7h), fibres of 40 mm length were incorporated at
dosages of 0%, 1%, and 1.5% by volume of sand (with mass adjusted based on specific gravity). At 28 days,
the splitting tensile strength increased significantly by +118% (1%) and +152% (1.5%), while an optimal
compressive strength improvement of +8.9% was observed at 1% fibre content. Workability decreased
moderately from 8.0 cm to 5.5 cm for the 1% mixture. Density showed a slight reduction (1.2% to 1.67%) due
to the low specific gravity of fibres, while water absorption increased from 8.2% to 9.5% (1%) and 10.5%
(1.5%) due to increased porosity and fibre hydrophilicity. Although the drying stage consumes energy, it is
necessary to ensure adequate fibre-matrix bonding; solar drying could be explored as a low-carbon
alternative in tropical contexts. The results demonstrate that oil palm fibres represent a locally available,
high-performance, and sustainable alternative for fibre-reinforced concrete production, with the 1% dosage
offering the best balance between mechanical performance, physical properties, and workability.
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1. Introduction

The construction sector in Cameroon faces significant challenges including high material costs, resource
depletion, and substantial environmental impact [1]. Concurrently, the oil palm industry generates
considerable agricultural waste, including fibres and empty fruit bunches, which are often disposed of by
burning, contributing to environmental pollution [2].

Concrete, the most widely used construction material, exhibits inherent weaknesses in tension and is prone
to early-age cracking. The incorporation of fibres is a well-established strategy to enhance the tensile
properties and post-cracking behaviour of concrete [3]. Natural fibres offer an attractive, low-cost, and
renewable alternative to synthetic fibres, particularly in regions where they are locally abundant.

Several studies have explored the use of various natural fibres in concrete, including sisal, jute, coir, and
bamboo [1]. However, research on oil palm fibres remains limited, particularly regarding their optimised
incorporation in structural concrete. The alkaline treatment of natural fibres has been shown to improve
their adhesion to the cementitious matrix by removing surface impurities and increasing surface roughness
[4].

This study aims to characterise the physical properties (density and water absorption) and mechanical
properties (compressive and splitting tensile strength) of concrete reinforced with treated oil palm fibres at
varying dosages (0%, 1%, and 1.5% by volume of sand), with a focus on evaluating their potential for practical
construction applications in tropical environments.

2. Experimental Programme

2.1. Materials

The cement used was CEM Il B-P 42.5R, complying with standard requirements. River sand with a fineness
modulus of 3.76 and crushed gravel of 5/15 mm maximum size were used as fine and coarse aggregates,
respectively.

Oil palm fibres (Elaeis guineensis) were extracted from palm fruit bunches, manually cleaned, and cut to a
length of 40 mm. The fibres underwent alkaline treatment using a 2.5M sodium hydroxide (NaOH) solution
for 7 hours at room temperature, followed by thorough rinsing with distilled water, neutralisation with dilute
acetic acid, and drying at 60°C for 24 hours [4]. Although the drying stage consumes energy, it is necessary
to remove residual moisture and ensure effective fibre-matrix adhesion. In a tropical context, solar drying
could be explored as a low-carbon alternative in future applications. This treatment was designed to enhance
fibre-matrix interfacial bonding and reduce the hydrophilic nature of the fibres.

2.2. Concrete Mixture Proportioning

The concrete mix design followed the Dreux-Gorisse method [5] targeting a characteristic compressive
strength of 25 MPa at 28 days. The base concrete (BT) mixture proportions per cubic metre were: cement
430 kg, water 230 L, sand 896 kg, and gravel 827 kg, resulting in a water-to-cement ratio of 0.53.

Three concrete mixtures were prepared:

BT: Control concrete (0% fibres)

BF1: Concrete with 1% fibres (by volume of sand)

BF1.5: Concrete with 1.5% fibres (by volume of sand)

The fibres were added by replacing an equivalent volume of sand, not an equivalent mass. The volume of

sand removed was calculated based on its specific gravity (2.6 g/cm?3) and replaced with an equal volume of
oil palm fibres (specific gravity 0.8 g/cm?3). The mixture proportions are presented in Table 1.



Table 1: Concrete mixture composition per cubic metre

Mixture Fibres (%) Cement (kg) Water (L) Sand (kg) Gravel (kg)
BT 0 430 230 896 827
BF1 1 430 230 887 827
BF1.5 1.5 430 230 882.6 827

Cylindrical specimens (100 mm diameter x 320 mm height) were cast for all tests. The specimens were
demoulded after 24 hours and cured in a humidity-controlled chamber (relative humidity > 95%, temperature
20+2°C) for 28 days before testing.

2.3. Testing Methods

The following standardised tests were conducted on the concrete specimens at 28 days of age:

Slump test: According to NF (Norme Francaise) P18-451 (equivalent to EN 12350-2) to assess workability.
Density: Measured on saturated-surface-dry specimens according to NF EN 12390-7.

Water absorption: Determined by immersion in water for 72 hours following NF EN 13057.

Compressive strength: Performed according to NF P18-400 (EN 12390-3) using a hydraulic testing machine.
The compressive strength oc was calculated using Equation 1:

cc=P/S (1)
where P is the maximum load at failure (N) and S is the cross-sectional area (mm?).

Splitting tensile strength: Determined according to NF P18-401 (EN 12390-6) using the Brazilian test method.

Each result represents the average of three specimens.

3. Results and Discussion

3.1. Workability

3.1.1. Slump Test Results

The slump test results showed a progressive decrease in workability with fibre addition: 8.0 cm for BT,
5.5 cm for BF1, and 3.5 cm for BF1.5, representing reductions of 31.25% and 56.25%, respectively (Figure 1).
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Figure 1: Slump test results of concrete mixtures



This reduction is attributed to the hydrophilic nature of the natural fibres, which absorb a portion of the
mixing water, reducing the free water available for lubrication [6]. Additionally, the fibrous network might
hinder particle mobility.

The BF1 mixture (slump 5.5 cm) remains within the plastic consistency range (5-9 cm), considered acceptable
for fibre-reinforced concrete in many applications. The BF1.5 mixture (3.5 cm) exhibited a stiff consistency
requiring enhanced vibration during placement, which might limit its practical use. In future work, the use of
a superplasticiser could help maintain adequate workability while keeping the water-to-cement ratio
constant, thereby improving both mechanical strength and durability.

3.2. Physical Properties

3.2.1. Density Evolution Over Time

The density results at 7, 14, and 28 days are presented in Figure 2. The control concrete BT exhibited a density
of 2325.8 kg/m?3 at 28 days. The addition of 1% fibres (BF1) resulted in a density of 2297.8 kg/m?3, representing
a reduction of 1.2%. The 1.5% fibre mixture (BF1.5) showed a density of 2286.9 kg/m3, a decreae of 1.67%
compared to the control.
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Figure 2: Density evolution as a function of fibre content over time (7, 14, and 28 days)

This reduction in density is primarily attributed to:

e The lower specific gravity of the oil palm fibres (approximately 0.8 g/cm3) compared to the sand they
replaced (2.6 g/cm3)

e The increased porosity at the fibre-matrix interfaces

e The presence of air voids entrapped during mixing due to the fibrous network

The observed density reduction is relatively modest (less than 2%), indicating that the fibre addition does not
significantly compromise the structural weight efficiency of the concrete. This small decrease is acceptable
for most structural applications and might even be advantageous for lightweight concrete applications.

3.2.2. Water Absorption Evolution Over Time

Water absorption after 72 hours of immersion showed a progressive increase with fibre addition (Figure 3).
The control concrete absorbed 8.2% of its dry weight at 28 days, while BF1 and BF1.5 exhibited absorption
values of 9.5% and 10.5%, respectively.
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Figure 3: Water absorption evolution as a function of fibre content over time (24h, 48h, and 72h)

This increase in water absorption is explained by several mechanisms:

Interfacial porosity: The presence of fibres creates interfacial transition zones (ITZ) where the matrix-fibre
bond might be imperfect, creating micro-channels for water ingress [7].

Residual hydrophilicity: Despite alkaline treatment, the natural fibres retain some hydrophilic character,
absorbing water and facilitating its transport through the matrix.

Increased overall porosity: The incorporation of fibres can lead to the entrapment of air bubbles during
mixing, increasing the total pore volume.

Fibre swelling: In contact with water, natural fibres might swell, creating additional micro-cracks or widening
existing interfaces.

The water absorption values for BF1 (9.5%) remain within acceptable limits for structural concrete in
moderate exposure conditions. However, the 10.5% absorption for BF1.5 indicates a more porous structure

that might require additional protection (such as surface coating or reduced water-to-cement ratio) for
durability in aggressive environments.

3.3. Mechanical Properties

3.3.1. Compressive Strength Evolution Over Time

The compressive strength results at 7, 14, and 28 days are shown in Figure 4. The control concrete BT
achieved a compressive strength of 28.0 MPa at 28 days, slightly exceeding the target value of 25 MPa.

At 1% fibre content (BF1), the compressive strength increased to 30.5 MPa at 28 days (+8.9%). This

improvement is attributed to the crack-bridging effect of the fibres, which delays crack propagation and
contributes to matrix reinforcement [7].
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Figure 4: Compressive strength evolution as a function of fibre content over time (7, 14, and 28 days)

However, at 1.5% fibre content (BF1.5), the compressive strength decreased to 25.0 MPa (10.7% compared
to control). This reduction is explained by several factors. First, fibre agglomeration leads to non-uniform
distribution within the matrix, creating zones of weakness. Second, the increased porosity and interfacial
defects, evidenced by higher water absorption, reduce the material's load-bearing capacity. Third, the
presence of fibre clusters reduces matrix homogeneity and promotes weak zones. Finally, inadequate
compaction due to reduced workability further compromises the compressive performance.

This behaviour follows the typical trend observed in fibre-reinforced concrete, where there exists an optimal
fibre content beyond which the negative effects outweigh the benefits.

3.3.2. Splitting Tensile Strength Evolution Over Time

The splitting tensile strength results demonstrated remarkable improvements with fibre addition (Figure 5).
The control concrete (BT) exhibited a splitting tensile strength of 2.06 MPa at 28 days. The addition of 1%
fibres (BF1) increased this value to 4.50 MPa (+118%), while 1.5% fibres (BF1.5) resulted in 5.20 MPa (+152%).
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Figure 5: Splitting tensile strength evolution as a function of fibre content over time (7, 14, and 28 days)



This substantial enhancement is attributed to several mechanisms:

Effective crack bridging: The 40 mm-long fibres span microcracks and cracks, transferring tensile stresses
across them and preventing crack propagation [8].

Improved fibre-matrix adhesion: The alkaline treatment enhanced surface roughness and mechanical
interlocking between fibres and the cementitious matrix, improving load transfer efficiency [4].

Post-cracking ductility: After matrix cracking, the fibres continue to carry tensile loads, providing a strain-
softening behaviour that improves the overall tensile capacity and toughness.

Energy absorption: The fibres absorb significant energy during pull-out, increasing the overall fracture
energy of the composite.

The achieved tensile strength values are notably higher than those reported in comparable studies, which
can be attributed to the combination of optimal fibre length (40 mm), effective alkaline treatment, and the
specific characteristics of oil palm fibres [6, 7].

3.4. Correlation Between Physical and Mechanical Properties

A clear relationship emerges between the physical properties (density and water absorption) and mechanical
performance. The 1% fibre content (BF1) offers the best compromise. It shows only a moderate reduction in
density (1.2%), indicating good compaction, and an acceptable increase in water absorption (+15.9%),
suggesting reasonable porosity. The compressive strength improvement of +8.9% demonstrates effective
reinforcement, while the excellent tensile strength enhancement (+118%) confirms efficient fibre bridging.
In contrast, the 1.5% fibre content (BF1.5), while providing superior tensile strength (+152%), exhibits higher
porosity as indicated by the significant increase in water absorption (+28%), reduced compressive strength
(10.7%) due to structural defects, and excessive workability loss affecting placement quality.

These correlations underscore the importance of optimising fibre content to achieve the desired balance
between mechanical performance and physical durability.

Table 2: Summary of physical and mechanical properties at 28 days

Mixture Fibres (%) Slump (cm) Density Absorption (%) Compression  Tension (MPa)
(kg/m?) (MPa)

BT 0 8.0 2325.8 8.2 28.0 2.06

BF1 1 5.5 2297.8 9.5 30.5 4.50

BF1.5 1.5 3.5 2286.9 10.5 25.0 5.20

3.5. Overall Discussion and Optimal Fibre Content
The 1% fibre dosage (BF1) emerges as the optimal mixture, providing an excellent balance of properties:

e Compressive strength improvement of +8.9%

Splitting tensile strength improvement of +118%

Acceptable workability (plastic consistency, 5.5 cm slump)

Moderate increase in water absorption (+15.9%) within acceptable limits

Minimal reduction in density (1.2%)

Good overall durability potential

The 1.5% dosage, despite offering higher tensile performance (+152%), presents significant drawbacks:

e Excessive workability loss (stiff consistency, 3.5 cm slump)

Reduced compressive strength (10.7%)

Substantially increased water absorption (+28%) indicating higher porosity

Potential durability concerns for structural applications



These findings align with the general principle that there exists an optimal fibre content beyond which
negative effects outweigh the benefits, as reported in the literature [7]. The optimal dosage might vary
depending on the specific fibre characteristics, treatment method, and application requirements.

Compared to the literature [6, 7], our gain in tensile strength (+152%) is superior due to the longer fibre
length (40 mm) and effective alkaline treatment. The 1% dosage offers the most favourable compromise for
practical applications.

4. Conclusions

This study investigated the feasibility of using treated oil palm fibres as reinforcement in concrete, with
particular attention to both mechanical properties and physical durability indicators. The main conclusions
are:

1. Alkaline treatment (NaOH 2.5M, 7h) of 40 mm-long oil palm fibres effectively removes surface
impurities and improves fibre-matrix adhesion in concrete, contributing to enhanced mechanical
performance.

2. The addition of oil palm fibres significantly enhances the splitting tensile strength of concrete, with
increases of +118% at 1% fibre content and +152% at 1.5% fibre content, demonstrating excellent
crack-bridging capability.

3. A modest improvement in compressive strength (+8.9%) is achievable at 1% fibre content, while
higher dosages (1.5%) lead to strength reduction (10.7%) due to fibre agglomeration, increased
porosity, and reduced matrix homogeneity.

4. Physical properties show acceptable variations: density decreases slightly (1.2% to 1.67%) due to
the lower specific gravity of fibres, while water absorption increases (9.5% to 10.5%) due to
interfacial porosity and residual fibre hydrophilicity.

5. The 1% fibre dosage provides the optimal balance between mechanical performance (compressive
+8.9%, tensile +118%), workability (slump 5.5 cm, plastic consistency), and physical durability
(density 2297.8 kg/m3, water absorption 9.5%).

6. Oil palm fibres represent a locally available, cost-effective, and sustainable reinforcement
alternative for concrete production in tropical regions, contributing to agricultural waste
valorisation, reduced environmental impact, and enhanced concrete ductility.

From an economic perspective, oil palm fibres are locally available at very low cost, often considered as
agricultural waste. By contrast, synthetic fibres such as polypropylene or steel are imported and significantly
more expensive. The use of oil palm fibres thus offers a cost-effective and sustainable reinforcement
alternative, particularly for rural and low-income construction projects.

Future Research Perspectives

Future research should explore:

® Fire resistance of oil palm fibre-reinforced concrete, particularly for public buildings and storage
facilities.

® |long-term durability under various environmental conditions (wet-dry cycles, saline water
exposure (coastal zones), acid soil attack, and chemical aggression).

e Optimisation of fibre treatment processes to further reduce water absorption.

e Development of mix design methods specifically tailored for natural fibre-reinforced concrete.

®  Microstructural characterisation using SEM and XRD to better understand fibre-matrix interactions.

e Life cycle assessment to quantify the environmental benefits of using agricultural waste fibres in
concrete.
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