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Abstract— Natural fibers are gaining attention for their benefits in both artificial and natural contexts.
Using natural fibers in reinforced composites can reduce dependency on conventional concrete-making
materials and mitigate environmental impact. This paper examines the effect of coconut fibers on the
compressive strength of recycled aggregate (RA) concrete, focusing on the development of sustainable and
ductile cementitious composites through the optimization of coconut fibers and construction waste.
Specifically, the study investigates the impact of different percentages of coconut fiber (0%, 3%, 5%, and 7%
by volume of the mix) on the compressive strength of concrete incorporating varying amounts of RA (0%,
25%, 50%, 75%, and 100%). The performance of these mixes was evaluated based on workability, density,
and compressive strength (CS). The results showed that as the amount of RA increased, compressive strength
decreased. To regain maximum strength, a preferable amount of 5% coconut fibers is required for each
constant level of the water-cement ratio. Concrete incorporating 25% coarse RA with 5% coconut fibers
exhibited compressive strength comparable to conventional concrete. The highest compressive strength for
concrete made using 50% coarse RA with 0.3 water-cement ratio was achieved with 5% coconut fibers. This
study recommends using 5% coconut fibers to attain optimal mechanical performance. The main scope of
this paper highlights the potential use of coconut fibers in fibrous composites to partially replace
conventional materials.
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I INTRODUCTION

Concrete is a mixture of binder materials usually cement, aggregates and water. Aggregate is
commonly considered inert filler as they do not get involved in any serious chemical reaction in the process,
which accounts for 60 to 80 percent of the volume and 70 to 85 percent of the weight of concrete. Although,
aggregate is considered inert fillers, it is a necessary component that defines the concretes thermal and elastic
properties and dimensional stability. Aggregate is classified as two different types, coarse and fine aggregate.

Concrete is undoubtedly one of the most widely used materials in construction because of its
undeniable benefits in terms of strength, durability in corrosive environments, inexpensive cost, application, etc.
On the other hand, since natural aggregate (NA) are one of the main components of concrete mixtures, concrete
is claimed to raise significant environmental complications by (a) using natural resources of aggregate, (b) CO,
emission, (c) deposition of concrete buildings’ demolition and landfill saturation (Dabiri et al., 2022).
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The mass production of concrete and construction waste will significantly impact the natural
environment. The production of cement and gravel consumes the non-renewable resource of stone. Many
building solid wastes are piled up in the open or directly buried, resulting in a massive waste of resources and
potential severe environmental pollution. Compared with our massive construction waste production, the
construction waste resource has yet to be developed. It is due to the late study of the reuse of construction waste
and various construction wastes. Recycled aggregate concrete (RAC) is made by mixing construction solid
waste into recycled aggregate according to a certain proportion and gradation after crushing, screening,
cleaning, and grading, and then partially or wholly replacing natural aggregate.

Generally, applications of fiber-reinforced concrete (FRC) have suddenly increased recently in
structural applications and pavements due to the several benefits i.e., high tensile strength and fracture
toughness, and excellent durability properties compared to conventional plain concrete [1]. High-performance
FRC utilizes a low water-binder ratio and high binder content to achieve exceptionally higher compressive
strength and imperviousness compared to normal strength concrete. Discrete fibers are used as reinforcement in
the plain matrix to supplement the tensile strength and toughness of FRC(Ali et al., 2022).

Limbachiya, Leelawat & Dhir [3] conducted an experimental investigation on RAC. The results show
that there is no significant difference in strength of concrete compared to that of conventional aggregate
concrete which is good agreement with the observations by Murali, Vardhan, Rajan, Janani, Jajan & Ramya [4]
and Lau, Elleithy, Choong, Tze, Lee & Modhwadia [5]. The density of recycled aggregate concrete is 7% to 9%
lower and 2 times higher water absorption than that of natural aggregate concrete. Khaldoum [6] conducted an
experimental investigation on some of the mechanical properties of RAC as compared to those of the NAC. The
compressive strengths and the modulus of elasticity of RAC was only 3% lower than that of NAC. The
coefficient of variation ranged from 2.16% to 3.27% with an average of 2.73% for RAC and between 1.87% and
4.18% with an average of 2.60% for NAC. Rahman, Hamdam & Zaidi [7] studied the effects of different size of
recycled coarse aggregate on compressive strength. It was found that the size of 10 mm and 14 mm have similar
performance.

Natural fibers are composed of various ingredients, which contribute to their unique properties. The
primary components of natural fibers vary depending on their origin—whether they are plant-based, animal-
based, or mineral-based. Here is a detailed overview of the main ingredients found in plant based natural fibers:

Cellulose: Cellulose is the main structural component of plant-based fibers, comprising 60-80% of the fiber
content. It is a polysaccharide consisting of glucose units, giving plant fibers their strength and rigidity.

Hemicellulose: Hemicellulose surrounds the cellulose fibers and helps bind them together. It is a
heterogeneous group of polysaccharides, including xylans, mannans, and glucans.

Lignin: Lignin acts as a natural adhesive, providing rigidity and resistance to microbial attack. It constitutes
5-20% of the fiber content, depending on the type of plant.

Pectin: Pectin is a complex polysaccharide that helps bind the cells together and provides flexibility. It is
present in small amounts, usually less than 5%.

Waxes and Oils: These substances coat the fiber surface, providing water resistance and protecting against
environmental factors. They typically make up less than 1% of the fiber content.

Physical properties of Coconut Fiber

The typical length of coconut fibers used in concrete ranges from 20 to 50 mm, with a diameter of
about 0.1 to 0.5 mm. Coconut fibers have a low density (approximately 1.15 g/cm3), which helps in reducing the
overall weight of the concrete while maintaining its strength. Coir fibers can absorb water, which can impact the
water-cement ratio of the concrete mix. Proper pre-treatment of fibers is essential to mitigate this effect and
ensure consistent concrete properties

Mechanical Properties of Coconut Fiber

Coconut fibers have a high tensile strength, ranging from 100 to 200 MPa. This contributes to the
overall tensile strength of the concrete, making it more resistant to cracking. The flexibility of coconut fibers
helps to improve the ductility of concrete. This means the concrete can withstand greater deformation before
failing, which is beneficial in dynamic or seismic applications. Coconut fibers are resistant to abrasion and wear,
enhancing the durability of the concrete, especially in applications subject to frequent use or harsh conditions.
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Natural fiber undergoes serious degradation in the cement matrix due to mineralization of cell wall,
peeling-off reaction and alkaline hydrolysis of amorphous component (lignin and hemicellulose), and the
amorphous regions of cellulose (Wei et al (2015)). Liew et al (Liew et al (2017)) reported that the use of natural
fibers from agricultural farming wastes as reinforcement generally had positive effects on the ductility of
composite materials. In contrast, the main disadvantage is the durability of the fibers in a cement matrix, since
the fibers could be susceptible towards alkali attack, which is formed as part of cement hydration process and
would result in increased brittleness and degradation of the fibers over a prolonged period.

Il. METHODOLOGY

1. Materials used

The materials used for this study were natural coarse aggregate of size 20 to 30 mm and fine aggregate
of size 75 micron to 4.75 mm from the local market, recycled aggregate from the demolished structure, cement,
water, coconut fibers (Majid Ali et al (Ali et al (2012) concluded that concrete incorporating 5% coconut fibers
with 5 cm in fibers length has the best overall Properties) and standard cube moulds of size 150x150x150mm.
The equipment used were tamping rod for compaction, weighing balance for accurate measurement, mixing tray
for mixing concrete components, curing system and compression testing machine.

2. Concrete mix proportions

The sample of mix proportions are shown in Table-I. A total of 240 cubes had to be made for the
mechanical strengths. A total of five types (varying % of recycled aggregate-0%, 25%, 50%, 75%, and 100%) of
test specimens were prepared. For one type of replacement by RA, four types (varying water-cement ratio- 0.3,
0.4, 0.5, 0.6) of test specimens were prepared. Again for single wic ratio, four types of specimens (varying % of
coconut fiber- 0%, 3%, 5%, 7% by volume of mix) were prepared. Three samples were made for each type of
specimen. Mix ratio of 1:1.5:3(cement: sand: aggregates) was selected for this experiment.

Table I: Concrete Mix Proportion for w/c ratio 0.5 and Coconut Fiber of 0%

Cement Sand Coarse(ﬁ\g)gregate Water | Coconut

RA% | No.of samples (ko) (ko) — g — (kg) Fiber (%)
0 12 10.6 15.9 31.80 0 5.3 0
25 12 10.6 15.9 23.85 7.95 5.3 0
50 12 10.6 15.9 15.90 15.90 5.3 0
75 12 10.6 15.9 7.95 23.85 5.3 0
100 12 10.6 15.9 0 31.80 5.3 0

3. Sourcing of materials

The natural coarse and fine aggregates and cement were sourced from the commercial supply of
crushed quarried natural aggregate in Bhaktapur, Nepal. The recycled aggregates were sourced from a
demolished structure, and the concrete was crushed using a jackhammer to sizes of 20-30mm. The crushed
aggregate was treated by washing it in a rotating cylinder for three hours. Coconut fibers were air-dried for five
days at a temperature of 25 to 30°C to remove moisture (Yerramala & Ramachandrudu, 2012). The fibers were
then cut to a length of 5cm.

4. Mixing of concrete with coconut fibers

The dry cement and aggregates were mixed in proportion by hand in a mixing tray for five minutes.
Mixing continued for a few more minutes while about 80% of the water was added. The mixing then continued
for another few minutes, during which the fibers were gradually added to the concrete over a period of 2-3
minutes while stirring. Finally, the remaining water was added, and the mixing continued for an additional two
minutes. This process ensured the complete distribution of fibers throughout the concrete mix.
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5. Compaction

After proper mixing, the moulds were oiled to avoid friction during moulding and de-moulding of
concrete cubes. Then casting of concrete cubes were done in three layers. After each layer, compaction was
done using the tamping rod and next layer was added. The surface was levelled. After 24 hours, the cubes were
de-moulded.

6. Curing
The cubes were kept in water tank for next 28 days and compressive strength test was performed.

7. Compressive strength
The cubes were put in the compression testing machine for the determination of the compressive
strength of concrete.

I1I.RESULT AND DISCUSSION
Table Il: Compressive strength values

Average Average
RA w/c | Coconut | Compressive RA w/c | Coconut | Compressive
% ratio | Fiber % strength % ratio | Fiber % strength
(Mpa) (Mpa)
0 36.4 0 25.2
0.3 3 36.8 0.3 3 254
5 38,5 5 26.6
7 37.2 7 24.1
0 28.1 0 18.5
0.4 3 28.2 0.4 3 19.2
5 29 5 20.9
7 27.7 7 19.2
0 0 19.5 & 0 12.1
05 3 19.4 05 3 12
5 20 5 13.8
7 17.3 7 115
0 16.2 0 10.2
0.6 3 16.6 0.6 3 9.8
5 17.5 5 12.3
7 14.6 7 10.7
0 31.8 0 21.2
0.3 3 32.1 0.3 3 22.1
5 35.8 5 23.4
25 7 33.4 100 7 21.8
0 24.6 0 15.6
0.4 3 24.2 0.4 3 15.2
5 25.7 5 16.8
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7 23.4 7 15.1
0 17.5 0 10.7
05 3 17.2 05 3 11.1
5 18.4 5 12.7
7 16.2 7 10.8
0 14.3 0 9.3
0.6 3 13.2 0.6 3 9.2
5 14.9 5 9.8
7 12.8 7 8.8
Average
RA w/c | Coconut [ Compressive
% ratio | Fiber % strength
(Mpa)
0 30.1
3 30.3
03 5 315
7 31
0 22.2
3 22.1
04 5 24.6
7 23.4
>0 0 15.5
3 15.8
05 5 17.5
7 16.6
0 12.3
3 12.9
06 5 14.4
7 12.8

Compressive strength test results obtained from cube specimens are given in Table 1. Based on the
extensive experimental work that was carried out, the following conclusions were obtained:
With respect to compressive strength, incorporating 5% of coconut fibers by volume gives the maximum
strength and enhances the performance of recycled aggregate concrete by about 9.06% (For all w/c ratio). On
decreasing the volume of coconut fiber from 5%, the compressive strength is nearly equal to that of original
concrete without fibers. And on increasing the volume of coconut fiber from 5%, the compressive strength
reduces than that of original concrete without fibers.
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Increasing percentage of RA reduces the compressive strength. It’s one of the cause is due to insufficient

treatment of the RA.

At w/c ratio 0.5, the concrete gives its nominal strength. On decreasing wi/c ratio, compressive strength increases

and vice-versa.
For constant w/c ratio and coconut fiber,

Table I11: Average decrease in strength with increase in RA

RA% | Avg. Decrease in Strength (%)

0
25
50
75

100

11.70
17.37
32.63
42.03

Compressive strength at 0% coconut fiber and 0.3 wi/c ratio with 25% RA is equal to Compressive strength at
5% coconut fiber and 0.3 w/c ratio with 50% RA. Similarly, Compressive strength at 0% coconut fiber and 0.5
wi/c ratio with 25% RA is equal to Compressive strength at 5% coconut fiber and 0.5 w/c ratio with 50% RA.
This means by increasing coconut fiber by 5%, 25% extra use of RA can be done.
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IV.CONCLUSION

The gathered data from the literature aims to summarize the potential applications of coconut fibers and
other natural fibers in composite materials. While incorporating fibers might decrease some properties of the
composite, such as the modulus of elasticity and compressive strength, the addition of natural fibers can help
minimize crack formation and damage. Moreover, with the correct fiber content and material ratio, these fibers
can enhance thermal insulation in composites. However, the quantity and length of the fibers may need to be
limited according to the findings of this review to ensure the composite meets performance standards. From the
experimental results, it was found that 5% of fiber content gives the highest mechanical strengths at 28 days.
Research on the use of coconut fibers in concrete has demonstrated significant potential for enhancing the
material properties of concrete. The incorporation of coconut fibers can improve various aspects of concrete,
including its tensile strength, flexural strength, and crack resistance. These improvements are primarily due to
the natural properties of coconut fibers, which are durable, strong, and have a high lignin content, contributing
to better bonding with the cement matrix. The use of coconut fibers, a renewable and biodegradable resource,
contributes to the sustainability of concrete production by reducing reliance on synthetic fibers and lowering the
environmental impact. Coconut fibers are often readily available and cost-effective, especially in tropical
regions where coconuts are abundant. This makes them an economically viable alternative to traditional
reinforcement materials. In conclusion, coconut fibers present a promising avenue for the development of more
sustainable and durable concrete. Future research should focus on optimizing fiber treatment processes,
evaluating long-term durability, and developing standardized guidelines for their use in concrete mixtures. This
will help in fully harnessing the benefits of coconut fibers, potentially leading to broader adoption in the
construction industry.
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