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Abstract: Natural-fiber-reinforced composites are attracting an increasing amount of interest, and
they are becoming more popular as a replacement for synthetic-fiber-reinforced composites. Natural-
fiber-reinforced composites are important as a potential building material due to their lightweight
nature, strength, and favorable qualities, which include eco-friendliness, non-toxicity, and biodegrad-
ability. Natural fibers such as hemp fibers, jute fibers, banana fibers, coconut fibers, sisal fibers,
bamboo fibers, areca nut fibers, and kenaf fibers have been used for making composite panels be-
cause of their strength-to-weight ratio. Coconut inflorescence stem fibers are considered for our
study. Coconut inflorescence stem-reinforced composite panels are often subjected to tensile load,
compression load, and flexural load. Tensile strength, compressive strength, and flexural strength
play a vital role when these panels are subjected to service loads. In this context, finite element
analysis (FEA) is carried out on coconut inflorescence stem-reinforced panels subjected to tensile
load, compressive load, and flexural load. A linear analysis is performed for the mechanical prop-
erties by using ANSYS workbench 2021 R1. A coconut inflorescence stem-reinforced composite
specimen with the dimensions 280 mm × 25 mm × 3 mm (length × width × thickness) for tensile
loading, 145 mm × 25 mm × 4 mm for the compressive load, and 150 mm × 25 mm × 4 mm for
the flexural load is considered for the present study, as per the ASTM-D3039, ASTM-D3410, and
ASTM-D790 standards, respectively. Finite element analysis results showed good correlation with
the analytical results.

Keywords: natural fibers; composite panels; coconut inflorescence stem fibers; finite element analysis;
ANSYS

1. Introduction

Composite materials are used in engineering applications to reduce weight signifi-
cantly, thereby reducing energy consumption and extending the life cycle of components
and systems [1–4]. In recent years, weight-sensitive applications, such as aircraft, space
vehicles, and in the construction industry, have become increasingly dependent on fiber-
reinforced resin matrix composites [5–7]. The availability and ease of manufacture of
polymer composites with natural fibers are attracting more interest in engineering applica-
tions. Eco-friendliness is also one of their best features, as they can be easily disposed of at
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the end of their life cycle. The following natural fibers are commonly used in composite
manufacturing: jute, flax, banana, coir, sisal, kenaf, typha, luffa, and alpha [3]. Composite
materials, especially those reinforced with natural fibers, can significantly reduce the weight
of aircraft and spacecraft components [8–10]. Natural-fiber-reinforced composites could
be used in structural elements, reducing the overall weight of buildings and potentially
making construction processes more eco-friendly. These materials can help reduce the
weight of vessels, contributing to better fuel efficiency and lower environmental impact.
Natural fiber composites align with sustainability goals as they are biodegradable and
can be disposed of more responsibly at the end of their life cycle. The development of
new composite materials or the exploration of novel applications in industries like renew-
able energy or sports equipment manufacturing is of great importance. Existing studies
predominantly concentrate on the mechanical properties of other natural fibers, such as
jute, flax, banana, coir, sisal, kenaf, typha, luffa, and alpha [11–15]. There is a lack of com-
prehensive investigations into the tensile, compressive, and flexural behaviors of coconut
inflorescence stem-fiber-reinforced composites. While experimental studies are available
for certain aspects, there is a scarcity of numerical studies that simulate and analyze the
mechanical behavior of these composites under various loads. Numerical simulations
can provide valuable insights into the material’s performance and can guide the design
process. The specimens were prepared for testing, in accordance with ASTM D-3410;
ASTM D-790, and ASTM D-3039 [16]. For compressive strength, flexural strength, and
tensile strength, specimen sizes are 145 mm × 25 mm × 4 mm, 150 mm × 25 mm × 4 mm,
and 280 mm × 25 mm × 3 mm, respectively (length × width × thickness) [5,8]. By using
finite element analysis (FEA) software, a 3D model of a specimen is disassembled into finite
amounts of extremely small elements to solve engineering problems. In the literature, it
has been observed that the FEA model results are quite similar to the experimental test
results, which means that the fibers in actual composites are symmetrical and regular in
their positioning. FEA models can effectively be used to study mechanical behavior [4].

2. Materials and Methods

Experiments were conducted on natural fiber composite panels to study the mechani-
cal properties when subjected to compression load, flexural load, and tensile load. Coconut
inflorescence stem fibers were used as a reinforcing material, and natural resins were used
as the matrix, with cashew nutshell resin and epoxy used as a hardener. The mechan-
ical properties of coconut inflorescence stem-fiber-reinforced composites are shown in
Table 1 [1,2,6,10,14].

Table 1. The mechanical properties of coconut inflorescence stem-fiber-reinforced composites.

SI Properties Units

Treated Untreated

Fiber Lengths (in mm) Fiber Length (in mm)

5 10 15 5 10 15

1 Density kg/m3 1556.8 2049 1933.7 1394.22 1445.3 1778.1
2 Compressive strength MPa 1.5 1.25 1 1.5 1.25 1
3 Flexural strength MPa 29.15 27.21 25.47 29.68 27.42 25.61
4 Tensile strength MPa 37.9 41.8 47 37.4 42.6 49
5 Youngs modulus MPa 1347.4 1078.7 1113.4 1412.76 1180.81 1332.33
6 Load at break N 2400 2600 3000 2400 2600 3000

2.1. Fiber Treatment Process

Coconut inflorescence stems were collected from plantations. These stems were cut
into desired lengths and soaked in water for 30 days, which helps the extraction of fibers.
The fibers extracted from the stem were treated with 5% NaOH and 95% water solution
(50 g NaOH and 1 L water) and were allowed to soak in the solution for 24 h to remove
unwanted impurities, as shown in Figure 1. After 24 h, the fibers were taken out of the
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solution and rinsed two to three times with distilled water to eliminate any residue of
NaOH. These fibers were then exposed to the sun for 24 h to dry.
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Figure 1. (a) Coconut inflorescence stem subjected to water treatment; (b) extracted untreated fibers;
(c) 5% NaOH-treated fibers.

2.2. Experimental Setup

Experiments were carried out for coconut inflorescence stem-fiber-reinforced com-
posite specimens, which are made using 5 mm, 10 mm, and 15 mm fiber lengths. These
specimens are subjected to compression, flexure, and tension with the aid of a universal
testing machine with a capacity of 10 kN. The upper end and lower end of the specimens
were gripped using automated grippers with a gripping pressure of 3 MPa. Compression,
flexure, and tensile tests were carried out at a room temperature of 30 ◦C and at a loading
rate of 0.5 mm per minute. The experimental setup is as shown in Figure 2.
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Figure 2. (a) Compression test, (b) flexural test, and (c) tensile test setup for coconut inflorescence
stem-fiber-reinforced composite specimens.

3. Finite Element Modeling

Composite panel strips were considered for modeling. The sizes of the composite panel
strips were considered according to the ASTM standards, i.e., ASTM 3410, ASTM D790,
and ASTM D3039 for compressive strength, flexural strength, and tensile strength, respec-
tively. Specimen dimensions of 145 mm × 25 mm × 4 mm (length × width × thickness)
were considered for the compressive test. Specimen dimensions of 150 mm × 25 mm × 4 mm
(length × width × thickness) were considered for the flexural test. Specimen dimensions of
280 mm × 25 mm × 3 mm (length × width × thickness) were considered for the tensile test,
as shown in Table 2. The geometry of all the components was drawn using computer-aided
software AutoCAD, as shown in Figures 3–5. The properties of the material considered for
finite element modeling are considered in Table 1.
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Table 2. Dimensions of the composite panel strips.

SI Specimens
Dimensions

Length (mm) Width (mm) Thickness (mm)

1 Compressive 145 25 4
2 Flexural 150 25 4
3 Tensile 280 25 3
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tensile test.

A three-dimensional analysis of the composite panel model was carried out with
the help of finite element software ANSYS. The composite panel model was analyzed by
employing static structural analysis. SOLID186 elements were considered to study the
deformation of the composite panel for the tensile, compressive, and flexural specimens. A
higher-order 20-node 3D solid element called SOLID186 displays quadratic displacement
behavior. The twenty nodes each have three degrees of freedom—translations in the nodal
x, y, and z directions. Plasticity, hyper elasticity, creep, stress stiffening, and large deflection
are supported by the element shown in Figure 6. The nodes and elements were generated
for tensile, compressive, and flexural specimens, as shown in Table 3. An element size of
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1 mm was used for meshing. The meshed models considered for study are as shown in
Figures 7–12.
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The tensile and compressive models of the composite panel specimens had fixed
support at one end, and an axial load was applied at the free end of the specimens. For the
flexural model, both ends were pinned, and a concentered load was applied at the center of
the specimen. The schematic representations of the boundary conditions considered for the
models are shown in Figures 13–15.

The increase in compression deformation with longer fiber lengths suggests that longer
fibers may not provide as much resistance to compressive forces as compared to shorter
fibers. This finding can have implications for applications where resistance to compression
is crucial, such as load-bearing structures or components.

The decrease in flexural deformation with longer fiber lengths suggests that longer
fibers contribute to increased stiffness and resistance to bending. This finding is valuable in
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applications where materials need to withstand bending loads, such as beams, panels, or
structural components.
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4. Results and Discussion
4.1. Finite Element Analysis

A static structural module was used to analyze the compression, flexure, and tensile
models subjected to static load. The material properties and ultimate load used for the
analysis was taken from the experimental results [6]. The finite element results obtained for
the compression models, flexural models, and tensile model are given in Tables 4–6. The
finite element results for these models are shown in Figures 16–18.

Table 4. Finite element analysis results for the compressive model.

SI Fiber Length (mm) Samples Deformation Value (mm)

1 5 mm Treated 2.5318
Untreated 2.4167

2 10 mm Treated 3.5820
Untreated 3.1114

3 15 mm Treated 3.9023
Untreated 3.2557

Table 5. Finite element analysis results for the flexural model.

SI Fiber Length (mm) Samples Deformation Value (mm)

1 5 mm Treated 9.7546
untreated 9.3338

2 10 mm Treated 12.187
untreated 11.113

3 15 mm Treated 11.807
untreated 9.8502
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Table 6. Finite element analysis results for the tensile model.

SI Fiber Length (mm) Samples Deformation Value (mm)

1 5 mm Treated 6.0876
untreated 5.7988

2 10 mm Treated 8.3151
untreated 7.5591

3 15 mm Treated 9.3331
untreated 7.7365
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From Table 4, it can be seen that for 5 mm length treated and untreated fibers, the
deformations were 2.5318 mm and 2.4167 mm, and for 10 mm length treated and untreated
fibers, the deformations were 3.5820 mm and 3.1114 mm, respectively. Similarly, for 15 mm
treated and untreated fibers, the deformations were 3.9023 mm and 3.2557 mm. From the
results, it is found that 15 mm length treated fibers deformed more when compared with
10 mm length fibers and 5 mm length fibers for compression specimens. From Table 5, it can
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be seen that for 5 mm length treated and untreated fibers, the deformations were 9.7546 mm
and 9.3338 mm, and for 10 mm length treated and untreated fibers, the deformations were
12.187 mm and 11.113 mm, respectively. Similarly, for 15 mm treated and untreated fibers,
the deformations were 11.807 mm and 9.8502 mm. From the results, it is found that 10 mm
length treated fibers deformed more when compared with 15 mm length fibers and 5 mm
length fibers for flexural specimens. From Table 6, it can be seen that for 5 mm length treated
and untreated fibers, the deformations were 6.0876 mm and 5.7988 mm, and for 10 mm
length treated and untreated fibers, the deformation were 8.3151 mm and 7.5591 mm,
respectively. Similarly, for 15 mm treated and untreated fibers, the deformations were
9.3331 mm and 7.7365 mm. From the results, it is found that 15 mm length treated fibers
deformed more when compared with 10 mm length fibers and 5 mm length fibers for
flexural specimens.

The results in Tables 4–6 show that the 5 mm length untreated fibers contribute less
deformation when compared with 10 mm and 15 mm length fibers. So as the fiber length
decreases, the deformation value decreases, and as the length increases, the deformation
value increases. The differentiation in deformation behavior between compression and
flexural loading highlights the anisotropic nature of composite materials. Longer fibers,
which tend to reduce flexural deformation, may be more suitable for applications where
bending or flexing is a primary concern, as they provide greater stiffness. Shorter fibers,
which can lead to increased compression deformation, may be preferred in applications
where resistance to compressive forces is paramount.

4.2. Factor of Treatment of Fibers

When considering the factor of “treatment” in the context of compression deforma-
tion, the results show that treated specimens tend to exhibit slightly lower deformations
compared to untreated specimens across different fiber lengths (5 mm, 10 mm, and 15 mm).
For instance, in the 5 mm fiber length category, the “Treated” specimens had a deforma-
tion of 2.5318 mm, while the “Untreated” specimens had a slightly higher deformation of
2.805 mm. This trend is consistent across all tested fiber lengths.

In the tensile deformation tests, the factor of “treatment” also influences the magnitude
of deformation. “Treated” specimens tend to display lower deformations compared to
“Untreated” specimens across different fiber lengths. For instance, at the 5 mm fiber length,
the “Treated” specimens had a tensile deformation of 6.0876 mm, while the “Untreated”
specimens had a slightly higher deformation of 5.7988 mm. This trend was consistent across
various fiber lengths. In the case of flexural deformation, a similar trend was observed. The
“Treated” specimens generally exhibit lower deformations compared to the “Untreated”
specimens across different fiber lengths. For example, at the 5 mm fiber length, the “Treated”
specimens had a flexural deformation of 9.7546 mm, while the “Untreated” specimens had
a slightly higher deformation of 9.3338 mm. This trend continues for other fiber lengths as
well. The results suggest that the “treatment” of coconut inflorescence stem fibers has a
noticeable effect on reducing the magnitude of deformation in compression, flexural, and
tensile tests. The treatment process likely enhances the mechanical properties of the fibers,
making them stiffer and more resistant to deformation under load. This could be due to
factors such as improved fiber–matrix adhesion, reduced moisture absorption, or changes
in the fiber’s microstructure. The consistency of this trend across different fiber lengths
indicates that the “treatment” factor is effective in improving the mechanical performance
of the composite panels under various loading conditions.

4.3. Validation of Finite Element Analysis Results against Experimental Results

Comparison of the finite element analysis results against the experimental results for
compression, flexural, and tension models and fiber lengths of 5 mm, 10 mm, and 15 mm
in treated and untreated fibers is provided in Table 7.
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Table 7. Comparison of the finite element analysis results against the experimental results for
compression, flexural, and tensile specimen models.

SI Fiber Length (mm) Models Samples Deformation Values (mm) % Difference

Experimental FEA

1 5 mm Compression Treated 2.805 2.531 9.769
Untreated 2.602 2.416 7.121

2 10 mm Flexural Treated 13.015 12.187 6.361
Untreated 11.501 11.113 3.373

3 15 mm Tension Treated 9.541 9.333 2.179
Untreated 8.212 7.736 5.790

For the 5 mm fiber length in the compression tests, the “Treated” specimens showed
a deformation value of 2.531 mm in the FEA, while the experimental test resulted in a
slightly higher deformation of 2.805 mm. This represents a 9.769% difference. Similarly,
the “Untreated” specimens displayed a deformation value of 2.416 mm in the FEA, while
the experimental test recorded a slightly higher deformation of 2.602 mm, resulting in a
7.121% difference.

In the compression testing, both the “Treated” and “Untreated” specimens showed
slightly lower deformations in the FEA compared to the experimental results. The percent-
age differences indicate that the FEA tends to underestimate the deformations compared to
real-world testing for compression in these specific conditions.

The flexural tests for the 5 mm fiber length and the “Treated” specimens resulted
in a deformation value of 9.7546 mm in the FEA, while the experimental test recorded a
slightly higher deformation of 2.805 mm. This represents a 9.769% difference. Similarly,
for the “Untreated” specimens, the FEA showed a deformation of 9.3338 mm, whereas
the experimental test resulted in a slightly higher deformation of 9.3338 mm, resulting
in a 7.121% difference. In flexural testing, both the “Treated” and “Untreated” specimens
showed deformations that were close between the FEA and experimental results. The
percentage differences indicate a reasonably good agreement between the FEA and experi-
mental results for flexural deformation in these specific conditions.

The comparison between FEA and experimental results provides insight into the
accuracy and reliability of the numerical simulations for different loading conditions
and material conditions. In compression testing, the FEA tends to underestimate the
deformations compared to the experiments, indicating the need for potential adjustments or
refinements in the FEA models to better predict compression behavior [17–20]. In contrast,
the FEA results for flexural testing are closer to the experimental values, suggesting that the
numerical simulations are reasonably accurate for this type of deformation. It is essential
to consider these differences when using FEA for designing and analyzing structures
involving similar materials and loading conditions. Further refinement of FEA models may
be needed to improve their accuracy in compression testing [21–23].

5. Conclusions

Finite element analysis was carried out using ANSYS software for treated and un-
treated fibers with lengths of 5 mm, 10 mm, and 15 mm for compression, flexural, and
tensile tests. The following conclusions were drawn from the FE analysis. Fiber length
plays a vital role in contributing to the strength and deformation of the composite panels.
The results show that the 5 mm length fibers underwent less deformation when compared
with the 10 mm and 15 mm length fibers for compression, flexural, and tensile models.
Finite element analysis results were found to be in good agreement with the experimental
results. Longer fibers in a composite material provide more continuous and efficient load-
bearing pathways. When a load is applied, longer fibers can distribute the stress over a
larger area, reducing localized deformation. This is analogous to how longer steel cables
in a suspension bridge can better distribute the load, leading to less sagging in the bridge
deck. In composites, the fibers are responsible for carrying the majority of the applied load.
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Longer fibers allow for a greater number of load-bearing cross-links between the fibers
and the matrix material. This enhances the stress transfer efficiency, reducing the risk of
fiber–matrix debonding or slippage. In flexural (bending) tests, longer fibers increase the
flexural rigidity of the composite material. This means that the material is more resistant
to bending or deformation under a given load. Longer fibers create a stiffer and stronger
structure. Longer fibers typically have a higher tensile strength. This means they can
withstand higher pulling forces before breaking. In a tensile test, longer fibers can carry
more load before experiencing failure, resulting in less deformation. The aspect ratio of the
fibers (length to diameter) plays a vital role. Longer fibers with a high aspect ratio have a
more significant effect on reducing deformation because they can span greater distances
within the material. The microstructure of the composite, including the arrangement and
orientation of fibers, influences how stress is distributed within the material. Longer fibers
may align more effectively with the applied load, optimizing stress distribution. The inter-
actions between the fiber and the matrix also play a significant role. Longer fibers may have
more opportunities to form strong bonds with the matrix material, enhancing load transfer
and reducing deformation. Longer fibers can enhance the overall structural integrity of the
composite, reducing the tendency for the material to deform or fail under load.
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