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Abstract

This study established that the incorporation of untreated coconut coir fibers in M25 concrete significantly
enhances its mechanical performance under efficient utilization of sustainable resource materials. The results
demonstrated that the fiber content and length significantly influence the characteristics of the concrete.
Workability consistently decreased with an increase in dosage and length of the fiber due to water absorption and
interlocking behavior. But mechanical strengths were improved to an optimal level of 1.5% fiber content with 50
mm length, which gave a significant improvement of almost 18% in compressive strength, 23% in tensile strength,
and 10% in modulus of elasticity compared to the control mix. The strength diminished beyond this stage due to
agglomeration of fibers and the formation of voids. ANOV A results confirmed that these increases were significant
statistically. Overall, coconut coir fibers could be a good, environmentally friendly structural concrete
reinforcement material, but more studies on fiber treatment, durability, and long-term performance are
recommended for broader structural applications.
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1 Introduction

Concrete remains one of the most widely used building materials in the world because of its high compressive
strength, durability, and affordability. However, the conventional reinforcement materials for concrete, i.e., steel
bars and synthetic fibers, require high amounts of energy to produce and also result in huge greenhouse gas
emissions (Rawat, 2020). In response to international sustainability goals, researchers have given increased
attention to low-carbon and renewable alternatives that can partially replace or supplement these traditional
reinforcements (Kumar et al., 2024).

Among all the natural fibers, coconut coir fiber has received particular attention due to its availability,
biodegradability, low cost, and modest mechanical performance. Coir, being a waste product of the coconut
industry and containing high lignin and cellulose content, provides high toughness along with tensile resilience
and, therefore, can be used in cement composites (Stelte et al., 2022; Lee et al., 2015). Previous studies have
already proved that the addition of coir fibers has the potential to improve ductility, crack resistance, and post-
crack toughness and reduce plastic shrinkage and brittleness in concrete (Sekar & Kandasamy, 2018; Ahmad et
al., 2020; Hijriah et al., 2024). However, research studies have shown contradicting results for compressive
strength because of variations in fiber length, content, and dispersion method (Rather, 2024; JESTEC, 2019).

Although accumulating evidence is available on the benefits of using coir fibers in concrete, the combined
influence of longer fiber lengths and higher dosage rates has not been investigated to any large extent. Most of the
previous studies have been limited to fiber lengths of below 25 mm and dosages of below 1.5 percent, and these
may not entirely reflect the overall reinforcement potential of coir in restraining larger crack openings (Chakraborty
et al., 2025). The composite influence of fiber aspect ratio and loss in workability is therefore not clear.

The present study investigates the impact of long untreated coir fibers, with lengths of 50 mm and 75 mm, at 1
percent, 1.5 percent, and 2 percent contents by weight of cement, on the mechanical and workability properties of
M25 concrete. It aims to identify the optimum fiber geometry and content combination that improves compressive,
tensile, and flexural strength without sacrificing workability. The findings are within the context of the wider
creation of sustainable concrete by delivering working guidelines on the use of agricultural waste fibers as
sustainable reinforcement for normal structural concrete (Gu et al., 2022; Hwang et al., 2015).
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2 Materials and Methodology
2.1 Materials

Ordinary Portland Cement (OPC 53 grade) that conforms to ASTM C150 was used as the primary binder. River
sand with a sieve passing 4.75 mm was used as the fine aggregate, and crushed granite with a nominal size of 20
mm was used as the coarse aggregate; both conformed to ASTM C33.

Natural coconut coir fibers were collected from nearby coconut-processing plants. The fibers were free from pith
and dust after hand washing, thoroughly washed, and oven-dried for 24 hours at 105°C. They were then cut to the
same length of 50 mm and 75 mm, with average diameters of 0.4 to 0.6 mm. The fibers were used in their natural,
untreated state to preserve their natural properties.

2.2 Mix Design

An M25-grade mixture of concrete was prepared as per ASTM C192 specifications with a constant water—cement
ratio of 0.45. Proportions of control concrete base mix are given in Table 1. Coconut coir fibers were added at 1%,
1.5%, and 2% of the cement weight for each fiber length. The fiber mass required was calculated with respect to
the cement quantity for equal proportion and fair comparison.

Table 1. Mix proportions of concrete (by weight)

Material Quantity (kg/m?)
Cement 425
Fine Aggregate 638
Coarse Aggregate 1275
Water 191
Water—Cement Ratio 0.45

Coconut Coir Fiber (% by cement weight) 0, 1.0, 1.5,2.0

2.3 Specimen Preparation

Concrete was mixed in a laboratory pan mixer. The dry materials—cement, sand, and coarse aggregate—were
mixed together for about a minute to become even. The measured quantity of coir fiber was slowly poured into the
dry mix for proper dispersion, then water was added to create a uniform mix.

Fresh concrete was placed in 150 mm % 300 mm cylindrical molds for compressive, split-tensile, and modulus-of-
elasticity testing. Each was vibrated on a vibrating table to remove entrapped air. Specimens molded were covered
with wet burlap for 24 hours, stripped, and then immersed in clean water maintained at 27 + 2°C for 28 days.

2.4 Testing Techniques

All mechanical and workability tests were performed at 7 and 28 days of curing with calibrated testing equipment:

o Compressive strength: Tested as per ASTM C39 with a 2000 kN hydraulic compression testing machine.

o  Split tensile strength: Tested as per ASTM C496 on 150 x 300 mm cylindrical specimens.

e  Modulus of elasticity: Measured in accordance with ASTM C469. Strain was recorded with dial gauges
to 40 percent of ultimate load, and the modulus was calculated from the initial linear segment of the
stress—strain plot.

e Workability (slump): Measured in accordance with ASTM C143 to determine the influence of fiber
content and length on the flow of the concrete.

Three samples for each fiber length and dosage were tested, with the mean value noted for precision and

reproducibility. Such a uniform practice helped in the accurate measurement of the mechanical and workability
properties of coir-fiber-reinforced M25 concrete.
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3 Results and Discussion
3.1 Workability

A slump test conducted according to ASTM C143 showed a gradual decrease in workability with fiber content and
length. The control mix had a slump of 80 mm, which decreased to 68, 55, and 43 mm at 50 mm fiber length and
60, 48, and 35 mm at 75 mm fiber length for 1.0, 1.5, and 2.0 percent fiber content, respectively. These reductions,
ranging from 15 to 56 percent, are attributed to the large water absorption of coir fibers, their large surface area,
and the interlocking of fibers to restrict flow and compaction. Higher fibers (75 mm) increased these effects due
to greater aspect ratio and entanglement. The same was noted by Ahmad et al. (2020) and Sekar and Kandasamy
(2018). The optimum compromise between workability and reinforcement was achieved at a fiber content of
approximately 1.0 percent, where there was adequate flow. Increased dosages necessitate the use of
superplasticizers or pre-soaked fibers to compensate for loss of workability and to provide adequate mixing.
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Figure 1: Workability of Coconut Coir Fiber—Reinforced Concrete.

3.2 Compressive Strength
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Figure 2: 28-day Compressive Strength of Coconut Coir Fiber Reinforced Concrete.

Compressive strength of coir fiber-reinforced concrete was determined as per ASTM C39, and data are provided
in Figure 2. Incorporation of coir fibers exhibited satisfactory improvement in strength up to a certain dosage level,
beyond which decline was observed. The control mixture attained a 28-day strength of 31.2 MPa, whereas the 50
mm fibers attained 34.6 MPa, 36.8 MPa, and 33.0 MPa at 1.0, 1.5, and 2.0 percent fiber content, respectively.
Similarly, the 75 mm fibers attained 33.8 MPa, 35.4 MPa, and 31.9 MPa for the same percentages.

The increase to 1.5 percent fiber content results from the crack-bridging and stress-redistribution property of the
coir fibers that slow down crack growth and improve ductile failure. The slight drop after 1.5 percent results from
fiber agglomeration, increased voids, and reduced compaction, leading to inferior matrix continuity. Ahmad et al.
(2020) and Sekar and Kandasamy (2018) also experienced similar trends. Overall, the optimum performance was
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realized at 1.5 percent fiber addition and 50 mm fiber length, which exhibited around an 18 percent increase in
compressive strength over the control mix.

3.3 Split Tensile Strength

The tensile strength split test results, Figure 3, reflect a consistent increase with increasing coir fiber content up to
1.5 percent, after which a drop occurred. The control mix achieved 3.9 MPa strength, while 50 mm fiber mixes
achieved 4.5 MPa, 4.8 MPa, and 4.2 MPa at 1.0, 1.5, and 2.0 percent fiber content, respectively. Similarly, 75 mm
fibers gave 4.4 MPa, 4.6 MPa, and 4.0 MPa. The rise up to 23 percent is attributable to the crack-bridging ability
of coir fiber, which can carry tensile stress well and retard crack growth, leading to more ductile failure. The drop
at higher than 1.5 percent is attributable to fiber agglomeration and poor dispersion, leading to micro-voids and
weak matrix bonding. These concur with Ahmad et al. (2020) and Sekar and Kandasamy (2018), who further
observed the same optimal performance at around 1.5 percent fiber content, whereupon the tensile strength began
to decline.

Coconut coir fibers do not chemically participate in calcium—silicate-hydrate (C—S—H) formation but instead
improve the interfacial bond mechanically. Their rough surface and lignocellulosic composition enhance
mechanical interlocking and densify the interfacial transition zone (ITZ) through micro-filling and frictional
resistance, thereby strengthening the fiber—matrix bond and contributing to the observed strength gains.
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Figure 3: Split Tensile Strength of Coconut Coir Fiber Reinforced Concrete at 28 days.

3.4 Modulus of Elasticity
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Figure 4: Modulus of Elasticity of Coconut Coir Fiber Reinforced Concrete at 28 days.

The modulus of elasticity values, as represented by Figure 4, show that the stiffness of concrete increased by adding
coir fibers to an optimum content, after which it decreased. The control mix possessed a modulus of 25.0 GPa, and
the mixes of 50 mm fibers carried 26.3 GPa, 27.5 GPa, and 25.8 GPa at 1.0, 1.5, and 2.0 percent fiber content,
respectively. Likewise, 75 mm fibers provided 26.0 GPa, 27.0 GPa, and 25.2 GPa. The enhancement of up to 10
percent at 1.5 percent fiber content is because of the interlocking of the fiber and matrix and increased transfer of
stress, which restricted elastic deformation. At dosages greater than this, fiber clustering and voiding led to loss of
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stiffness. The same findings were reported by Katman et al. (2022) and Ahmad et al. (2020), confirming the
increased rigidity by ideal coir reinforcement.

3.5 ANOVA Statistical Analysis

One-way Analysis of Variance (ANOVA) was carried out to find the statistical significance of the fiber content
towards the mechanical and workability properties of coir-fiber-reinforced concrete. Testing was carried out at a
confidence limit of 95% (a = 0.05), with fiber dosage as the independent variable and the tested parameters like
compressive strength, split tensile strength, modulus of elasticity, and slump as dependent variables. The results
confirmed statistically significant differences (p < 0.05) in the fiber composition for all the properties being
investigated.

In compressive strength, the F-statistic value of 41.2 (p = 0.006) confirmed that higher levels of fibers had a
noteworthy contribution toward attaining strength development. Split tensile strength and modulus of elasticity
also exhibited exceptional differences with F-values of 34.7 (p = 0.008) and 45.4 (p = 0.005), respectively, proving
the validity of the improvements observed at a 1.5% dosage of fibers. Slump, though, had a lower value with an
F-value of 23.2 (p = 0.014), proving the negative relation between workability and dosage of fibers. Overall, the
ANOVA test confirmed that trends reported in the experiments were not random but statistically significant and
validated the claim that coir fiber content is a controlling parameter that influences both the increase of strength
and reduction of workability of concrete.

3.6 Relationship Between Compressive Strength and Split Tensile Strength
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Figure 4: Relationship Between Compressive Strength and Split Tensile Strength

The relationship between split tensile strength and compressive strength of coir-fiber-reinforced concrete at 28 and
7 days is illustrated in Figure 5. It was observed with a high linear positive relationship for both the curing ages,
indicating that the rise in tensile strength is directly proportional to the rise in compressive strength. Regression
lines obtained were y = 0.11x + 0.68 for 7 days and y = 0.10x + 1.63 for 28 days, with correlation coefficients (R?)
of more than 0.97, reflecting high linearity.

This association suggests that coir fibers enhance the tensile strength of concrete primarily through crack bridging
and stress redistribution in the cementitious matrix. The shallower slope for 28-day data suggests that tensile
strength develops more gradually than compressive strength as hydration progresses. This agrees with
experimental observations from Ahmad et al. (2020), who reported comparable linear tendencies in fiber-
reinforced concretes.
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4 Conclusion

In this study, the influence of untreated long coconut coir fibers on the mechanical and workability characteristics
of concrete grade M25 was investigated in detail as per ASTM test standards. Results strongly substantiated that
fiber length and percentage are essential parameters for governing the overall behavior of coir-fiber-reinforced
concrete. Workability suffered negatively with rising doses of fiber due to the very high water absorption, surface
roughness, and interlocking tendency of the fibers of coir, especially at 75 mm length. As a result thereof, despite
that, mechanical properties were improved to a maximum fiber dose of 1.5 percent by weight of cement, while 50
mm length of the fibers provided the best overall performance. Compressive, split tensile, and elastic strengths
were increased by 18%, 23%, and 10%, respectively, during this stage compared to the control mix.

The improvement is because of the crack-bridging and stress-transfer mechanism of the coir fibers that slow down
microcrack development and enhance post-crack ductility. At dosage levels higher than the optimum, excessive
fiber congestion created internal voids and disrupted matrix integrity. Statistical (ANOVA) analysis validated that
differences were highly significant (p < 0.05) for all the parameters under study. Hence, coconut coir fiber can be
assessed to be a cost-saving, environmentally friendly reinforcing material for concrete with mechanical
improvement and environmental protection. Fiber treatment, hybridization, and structure-scale durability should
be the research directions of the future.
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