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ABSTRACT 

Natural fiber-based composites are increasingly being developed as an alternative environmentally friendly material to replace synthetic 
fibers. This study evaluates the mechanical properties of vinylester composites reinforced with banyan bark fiber, focusing on tensile and 
bending strengths. The study aims to analyze the effect of fiber volume fraction on the mechanical properties of the composite and evaluate 
the potential of banyan bark fiber as a mechanical reinforcement. 
The research methodology involves fabrication of composites with fiber volume fractions of 10%, 15%, and 20%, using the hand lay-up 
method. Tensile and bending tests were carried out according to ASTM standards to obtain mechanical strength data. Data were analyzed 
using ANOVA to determine the significance of differences in mechanical properties between specimens. 
The results showed that the addition of banyan bark fiber did not increase the mechanical properties of the composite, but rather de-
creased them. The tensile strength of pure vinylester resin of 40.225 MPa decreased to 16.1 MPa, 18.8 MPa, and 14.1 MPa at fiber volume 
fractions of 10%, 15%, and 20%, respectively. A similar pattern occurred in the bending strength, which decreased from 75.298 MPa to 
51.779 MPa, 44.473 MPa, and 38.786 MPa. This decrease was associated with low fiber tensile strength (30.1 MPa) and suboptimal fiber-
matrix adhesion. The conclusion shows that banyan tree bark fiber is not effective as the main mechanical reinforcement in vinylester resin 
under these conditions. Further research is needed to improve fiber-matrix adhesion through fiber modification and fabrication process 
optimization. 

INTRODUCTION 

The increasing popularity of natural fiber-based composite materials among scientists and industries is mainly driven by the 
growing environmental awareness and demand for sustainable and biodegradable alternatives. Natural fibers, such as bamboo, co-
conut fiber, and agricultural waste products, offer advantages including low cost, lightweight properties, and favorable strength-to-
weight ratios, making them suitable for a variety of applications, especially in the automotive and construction sectors (Kumar et al., 
2023) (Naveen et al., 2023) (Aziz et al., 2023). Furthermore, advancements in processing technologies have improved the mechanical 
properties and thermal stability of these composites, further promoting their use (Gurupranes et al., 2023) (Sun et al., 2023). The 
shift towards environmentally friendly materials in line with global sustainability goals is driving the industry to adopt natural fiber 
composites as a viable alternative to traditional materials (Kumar et al., 2023) (Aziz et al., 2023). One of the natural fibers that has 
begun to be considered in various studies is the banyan tree bark fiber, which is expected to function as a reinforcement in the resin 
matrix for structural applications. 

Vinylester resin, known for its high mechanical strength, corrosion resistance, and ability to be used in various industrial applica-
tions, is a common choice as a matrix for composites. The incorporation of graphene and eGain significantly improves the flexural 
strength and impact resistance of vinylester composites, with increases of up to 34.2% in flexural strength and 90.5% in non-notch 
impact strength observed with the addition of graphene (Dong et al., 2023) (Dang et al., 2022)]. In addition, the use of bio-based 
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fillers, such as tamarind and date seed fillers, has been shown to improve tensile and flexural properties by 1.51 and 1.44 times, re-
spectively, promoting sustainability in composite production (Ershova, 2022). In addition, vinilester’s ability to maintain its mechani-
cal properties under a wide range of conditions, coupled with its compatibility with reinforcing fibers, makes it a versatile choice for 
high-performance applications, including military and structural applications (Lee et al., 2011) (Kubit et al., 2022). 

Based on these advantages, it is expected that the use of banyan tree bark fiber can improve the mechanical properties of vi-
nylester resin-based composites, especially in terms of tensile and bending strengths. However, this study showed surprising results, 
where the addition of banyan tree bark fibers actually caused a decrease in the mechanical properties of the composite. This finding 
requires further investigation to understand the limitations and potential of these natural fibers in the development of composite 
materials.  Although the use of natural fibers in composite materials has shown significant potential, this study faced an unexpected 
problem related to the mechanical performance of banyan tree bark fibers. In the context of this study, banyan tree bark fibers were 
expected to strengthen vinylester resin, but the experimental results showed otherwise. The addition of these natural fibers actually 
caused a decrease in the tensile and bending strengths of the composite. This problem indicates that the banyan bark fiber has lower 
mechanical properties compared to the vinylester resin itself, so that when used as a reinforcement, instead of improving, it actually 
reduces the structural integrity of the composite material. This condition raises critical questions about the effectiveness of banyan 
bark fiber in reinforcing composites and demands an in-depth evaluation to understand the root cause of the performance decline. 

The decrease in tensile and flexural strength of composites reinforced with certain natural fibers can be attributed to several 
factors, including the inherent mechanical properties of the fibers and their interaction with the matrix. Many natural fibers, such as 
coconut fiber and jute, exhibit lower tensile strength compared to synthetic fibers and even the polymer matrix itself, which can lead 
to compromised composite performance (Yadav & Mishra, 2024) (Prawesthi et al., 2023)]. In addition, fiber orientation and treat-
ment significantly affect their mechanical properties e.g., fiber orientation at 90 degrees and specific treatments can increase tensile 
strength, but not all fibers respond positively to such modifications (Rosidah et al., 2023)]. Furthermore, moisture absorption can 
affect the interfacial bonding between the fibers and the matrix, resulting in reduced strength due to fiber delamination and matrix 
cracking (Lakshmikanthan et al., 2023). Thus, proper fiber selection and processing conditions are critical to optimize the mechanical 
properties of natural fiber reinforced composites (Venkatesh et al., 2023).  

The main objective of this study was to evaluate the mechanical properties of vinylester resin-based composites reinforced with 
banyan tree bark fibers, especially in terms of tensile and bending strength. This study was conducted to better understand how the 
addition of natural fibers affects the mechanical performance of the composite. In this study, tensile and bending tests were con-
ducted to determine how much influence the fiber volume fraction had on the composite strength. With the results showing a de-
crease in mechanical strength after fiber addition, this study attempts to explain this phenomenon and identify the factors that cause 
the performance of banyan tree bark fibers to not be in accordance with initial expectations. It is hoped that this study can make a 
significant contribution to understanding the potential and limitations of using natural fibers in the development of high-
performance composite materials.  

Extensive research has identified several types of natural fibers that effectively reinforce vinylester resins in composite materi-
als. In particular, sisal, date palm, and hemp have been highlighted for their mechanical properties and sustainability. For example, 
sisal and date palm fibers, when combined, showed superior tensile and flexural strengths in hybrid composites (Boubaaya et al., 
2024). In addition, hemp fibers have shown better tensile and flexural strengths compared to jute when used in epoxy matrices 
(Yadav & Mishra, 2024). The incorporation of recycled cellulose fibers has also been explored, enhancing the mechanical properties 
of vinylester composites (Alhuthali & Low, 2021). Furthermore, studies on roselle and coconut shell powder have shown promising 
tensile properties in vinylester composites (Navaneethakrishnan et al., 2021). Overall, these natural fibers present a viable alterna-
tive to partially replace synthetic fibers, contributing to the development of eco-friendly composite materials (Imon, 2024). 

However, studies on banyan tree bark fiber are still very limited, and literature on its effectiveness as a reinforcement in compo-
site materials is almost non-existent. This gap raises the need to further explore the potential of banyan tree bark fiber in composite 
material applications. Previous studies have shown that natural fibers can strengthen composites (Boubaaya et al., 2024, Kadam et 
al, 2024, Gupta & Pansule, 2024, Aredla et al, 2024), but the results of this study show the opposite, where the addition of banyan 
tree bark fiber actually decreases the mechanical strength of the material. Therefore, this study aims to fill the gap in the literature 
by revealing why banyan tree bark fiber fails to improve, and instead decreases, the performance of vinylester composites. These 
results are expected to provide new contributions to the development of natural fiber-based composites and guide future research 
in the use of more appropriate and effective fibers.  

This study offers a new contribution to the science of natural fiber-based composites by exploring banyan tree bark fiber as a 
reinforcement in vinylester resin. Despite the growing trend of using natural fibers in material development, the findings of this study 
show an unexpected result: the addition of banyan bark fibers actually decreases the mechanical strength of the composite. The 
novelty of this study lies in the critical evaluation of the failure of banyan bark fibers to improve the mechanical properties of the 
composite, which is contrary to the general expectation of natural fibers. These findings provide a deeper understanding of the limi-
tations of banyan bark fibers and have the potential to direct further research towards natural fiber optimization or more innovative 
approaches in strengthening composite materials. This study is important because it provides insight into the selectivity and caution 
in choosing the right natural fibers for composite applications that require high mechanical performance. 
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Research Methods 
This study was conducted using an experimental approach to evaluate the mechanical properties of vinylester composites rein-

forced with banyan tree bark fibers. Composites were prepared with various fiber volume fractions, namely 10%, 15%, and 20%, to 
study the effect of fiber addition on tensile and bending strengths (Figure 1). Vinylester resin was chosen as the main matrix because 
of its good mechanical properties and stability in structural applications (Gao et al., 2023). Banyan tree bark fibers were processed 
and used as reinforcement in the form of random fibers. 

 
Figure 1 Fiber preparation, fabrication, tensile and bending testing of composites. 

 
Vinylester resin was used as the composite matrix and mixed with hardener according to the manufacturer's recommended 

mixing ratio of 1%. The banyan tree bast fibers were dried and processed into random fibers. The fibers were then screened to en-
sure uniform fiber size and quality before being mixed with the resin. A mixture of vinylester resin and banyan tree bast fibers was 
prepared for each fiber volume fraction (10%, 15%, and 20%). The resin and fibers were mixed evenly using an electric stirrer to en-
sure homogeneous fiber distribution in the resin matrix. The mixed composite was poured into a rectangular mold and cured at room 
temperature for 24 hours.  

Tensile testing was carried out according to ASTM D638 standard. Test specimens were cut from the hardened composite with 
standard dimensions. Testing was carried out using a universal testing machine with a testing speed set at 5 mm/min. Each fiber vol-
ume fraction was tested three times, and the average tensile strength value was recorded. Bending testing was carried out using the 
three-point bending method according to ASTM D790 standard. The test specimens were cut to the appropriate dimensions, and the 
tests were carried out using a bending test machine with a testing speed set at 2 mm/min. The bending test results included the 
modulus of elasticity and maximum stress recorded for each fiber volume fraction.  

The tensile and bending test data were analyzed to evaluate the effect of fiber volume fraction on the composite strength. The 
mechanical strength at each volume fraction was compared with the strength value of pure vinylester resin to determine the contri-
bution of fibers to the mechanical properties of the composite. 

 

Results and Discussion. 
The results of mechanical property tests show that the addition of banyan tree bark fiber to vinylester resin reduces the tensile 

and bending strength of the composite compared to pure vinylester resin. In tensile testing, pure vinylester resin has a strength of 
40.225 MPa. However, with the addition of fiber, the tensile strength decreases to 16.1 MPa at a fiber volume fraction of 10%, 18.8 
MPa at a fiber volume fraction of 15%, and 14.1 MPa at a fiber volume fraction of 20% (figure 2a). This decrease is consistent with 
the tensile strength of banyan tree bark fiber, which only reaches 30.1 MPa, lower than pure vinylester resin. A similar pattern is also 
seen in bending tests. The bending strength of pure vinylester resin of 75,298 MPa decreased to 51,779 MPa, 44,473 MPa, and 
38,786 MPa at fiber volume fractions of 10%, 15%, and 20%, respectively (Figure 2b). Statistical analysis using ANOVA confirmed that 
this decrease in mechanical properties was statistically significant (p < 0.05), indicating that the addition of banyan tree bark fiber did 
not contribute positively to the mechanical strength of the composite. These data indicate that although natural fibers are often con-
sidered as potential reinforcements, the intrinsic mechanical properties of the fibers must be carefully considered to ensure their 
effectiveness in strengthening the composite matrix (Ranjan et al, 2023). 
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Figure 1 Tensile strength (a) and bending strength (b) of composites against fiber volume fraction. 

 
The results of this study provide important insights into the limitations of using banyan tree bark fibers as reinforcement in vi-

nylester resin matrices. The significant decrease in the tensile and bending strengths of the composites indicates that banyan tree 
bark fibers, with a tensile strength of 30.1 MPa, are unable to replace the role of effective reinforcement, especially compared to 
pure vinylester resin which has a tensile strength of 40.225 MPa and a bending strength of 75.298 MPa. 

The lower tensile strength of natural fibers compared to their resins can be attributed to several intrinsic and extrinsic factors. 
Natural fibers exhibit non-uniformity in diameter and cross-sectional area, leading to variability in mechanical properties, as high-
lighted by inconsistent tensile strength measurements across studies (Madueke et al., 2022). In addition, the hydrophilic nature of 
these fibers affects their interaction with the resin matrix, affecting the overall tensile performance of the composites (Saidi et al., 
2022). 

These results indicate that although natural fibers have economic and environmental advantages, their intrinsic mechanical 
characteristics need to meet certain requirements in order to be effectively used in structural applications. The practical implication 
is that banyan bark fibers may be more suitable for use in non-structural applications or as filler in composites for purposes other 
than mechanical reinforcement, such as reducing weight or material cost. This study also emphasizes the importance of understand-
ing and optimizing the characteristics of natural fibers before integration into composite materials for practical applications in the 
field.  

Although this study successfully evaluated the mechanical properties of vinylester-banyan bark fiber composites, several limita-
tions affected the results obtained. One of the main limitations is the low intrinsic mechanical strength of banyan bark fibers (30.1 
MPa), which is unable to synergize with the vinylester resin matrix to improve the tensile and bending strength of the composite. In 
addition, the distribution of fibers in the matrix may be non-homogeneous, resulting in variations in mechanical properties between 
specimens. The fabrication method used can also affect the adhesion between fibers and the matrix, which is an important factor in 
load transfer in composites. These limitations suggest the need for further investigation of fiber processing, including chemical 
treatments to improve fiber-matrix adhesion, as well as the use of more controlled fabrication methods to ensure a more uniform 
fiber distribution. Morphological analysis at the fiber-matrix interface can also provide a deeper understanding of the failure mecha-
nisms of this composite. 

Based on the results of this study, there are several opportunities for further research development to overcome the identified 
limitations. One of the main suggestions is to perform surface treatments of the banyan tree bark fibers, such as chemical or thermal 
modification, to improve adhesion between the fibers and the vinylester resin matrix. This approach has the potential to improve 
load transfer in the composite, which can increase tensile and bending strengths. In addition, studies on the influence of fiber orien-
tation and distribution in the matrix are needed, considering that uneven distribution can lead to degradation of mechanical proper-
ties. Further research can also include morphological analysis using electron microscopy to identify failure mechanisms at the fiber-
matrix interface. Testing of other properties, such as resistance to impact, wear, or environmental conditions, can broaden the un-
derstanding of the potential applications of this composite. With this approach, future research can provide a more comprehensive 
solution to maximize the potential of natural fibers as efficient composite reinforcements. 

The results of this study have significant implications for economic and environmental aspects, especially in the use of banyan 
tree bark fiber as a reinforcement for vinylester composites. From an economic perspective, banyan tree bark fiber offers abundant 
and inexpensive raw materials, potentially reducing the production cost of composites compared to synthetic fibers. However, the 
decrease in mechanical properties suggests that this fiber is more suitable for non-structural applications or as a filler material rather 
than as a primary reinforcement. From an environmental perspective, the use of natural fibers such as banyan tree bark supports the 
principle of sustainability because of its biodegradable nature and is based on renewable resources. However, the decrease in me-
chanical performance emphasizes the importance of innovation in fiber processing to increase its effectiveness. Overall, although the 
results of this study have not shown the expected results in terms of mechanical reinforcement, these findings provide a basis for the 
development of more environmentally friendly and economical natural fiber-based composite materials in the future. This study 
have not shown the expected results in terms of mechanical reinforcement, these findings provide a basis for the development of 
natural fiber-based composite materials. 
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Conclusion 
This study evaluated the mechanical properties of vinylester resin-based composites reinforced with banyan tree bark fibers 

with a focus on tensile and bending strengths. The test results showed that the addition of banyan tree bark fibers did not increase, 
but rather decreased the mechanical strength of the composites compared to pure vinylester resin. The tensile strength of the com-
posites decreased significantly from 40.225 MPa (pure resin) to 16.1 MPa, 18.8 MPa, and 14.1 MPa at fiber volume fractions of 10%, 
15%, and 20%, respectively. A similar pattern was found in the bending strength, which decreased from 75.298 MPa to 51.779 MPa, 
44.473 MPa, and 38.786 MPa. This poor mechanical performance was attributed to the lower fiber tensile strength (30.1 MPa) and 
possible poor adhesion between the fibers and the matrix. These results confirm that banyan tree bark fibers, under these condi-
tions, are not effective as the main mechanical reinforcement for vinylester resins. 
 

Suggestion 
Further research needs to be focused on the modification of banyan tree bark fibers, such as chemical or thermal treatments, 

to improve fiber-matrix interfacial adhesion. This approach is expected to improve the effectiveness of load transfer in composites. 
Given the limited mechanical characteristics of the fibers, banyan tree bark fibers can be more directed to non-structural applications 
or as fillers in composites to reduce production costs without sacrificing performance. Further studies should consider more con-
trolled fabrication techniques to ensure even fiber distribution and more consistent composite quality. To expand its potential appli-
cations, other composite properties need to be tested, such as impact resistance, thermal resistance, and environmental stability. 
This study opens up opportunities to further analyze the potential of banyan tree bark fibers as environmentally friendly and eco-
nomical materials, considering reducing carbon footprints and material costs. 
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