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Abstract: Natural fibre-reinforced composites are becoming increasingly popular due to
their affordability, sustainability, and biodegradability. These composites, made from re-
cyclable materials, are suitable for various sustainable energy applications due to their
remarkable mechanical properties and life cycle advantages. The biodegradable composite
materials are a sustainable alternative for energy applications. This composite construction
uses Soric XF (Lantor Composites, Veenendaal, The Netherlands) as the fibre reinforce-
ment core material and jute fibre, an eco-friendly and sustainable substitute for glass fibre
reinforcement composite materials, as the outer face sheet obtained from jute bags. The
dry fibres are piled as dry loads at various fibre orientation angles, including 0°, 45°, and
90°, and this orientation will be reflected in the composite strength. Vacuum-assisted
resin transfer moulding (VARTM) is a technique used to fabricate this material at room
temperature. Further, this research focuses on a comparative analysis of experimental
and computational results involving composite materials with jute fibre as the outer face
sheet and Soric XF as the fibre reinforcement core material. The experimental investigation
included tensile ASTM D638-03 and flexural ASTM D790 to evaluate the composite’s me-
chanical properties and structural integrity under various load conditions. Simultaneously
the computational simulations were performed using the ANSYS-Mechanical 2023 R2 to
replicate these conditions and predict the composite’s performance. The experimental and
simulated data were analysed and compared. This study demonstrates the efficacy of using
computational tools to predict the behaviour of natural fibre composites. It underscores the
importance of experimental validation for enhancing the reliability of simulation models.
The results from the computational study are compared with the experimental results to
study the predictive nature of the NFRC material.

Keywords: vacuum-assisted resin transfer moulding (VARTM); natural fibre-reinforced
composite (NFRC); scanning electron microscopy (SEM); jute fibre; Soric XF; finite element
analysis software (FEA)
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1. Introduction

The usage of polymer sandwich composites reinforced with carbon, glass fibres, etc.
have been drastically increasing in the recent years. Because of their mechanical qualities,
their applications are gradually growing due to high carbon emissions. Natural fibres
like jute, bamboo, coir, flax, hemp, etc. are used instead of synthetic fibres to create
modern strength composites and lower carbon emissions. Natural fibres also favour the
“go green” technology in composite fibre fabrication systems due to their biodegradable
and renewable properties. They reduce the carbon footprint in our ecosystem [1]. When
compared to traditional metals, synthetic composites are also more affordable. However,
synthetic materials are not recyclable or naturally degradable, posing environmental issues
in waste management. Natural fibres are valuable because they do not create waste when
separated. Any leftover material can be used to make biogas or to fertilize crops and the
High-Performance Graphene-Based Natural Fiber Composites [2] Wood polymer flake
boards, used to make frames for doors and windows, are manufactured by numerous wood
industries. They are also used in the building industry to make beams, roofing materials,
and crossing bridges [3]. Because they have strong insulation qualities, they are also
employed to soundproof passenger compartments to prevent noise and vibration. Natural
fibre-reinforced composites, or NFRC, are also utilized in packaging materials, safety
materials, safety helmets, and toys, and they are also used in the building industry. It is not
easy to replace alternatives to oil and gas with renewable energy sources. It is not as simple
to maintain the balance between essential factors like energy efficiency and pollution-free
or very low-pollution energy sources, but current research attempts to achieve that on
both an industrial and laboratory scale. Therefore, the primary goal in finding a substitute
was to reduce carbon emissions that significantly affect the environment. When utilizing
renewable energy technologies, the higher cost of financing is another factor to consider.
However, governments worldwide are offering subsidiaries to promote these renewable
energy sources. Solar, photovoltaic, and wind power have recently earned much support,
similar to startups or businesses.

The probable viability and accessibility of renewable energy sources, including solar
and wind power, depend on the temperature status and geological zone [4]. Natural fibres
can be easily moulded into various shapes and offer numerous benefits, such as satisfactory
tensile properties, affordability, minimal cost, insulating properties, exceptional toughness,
favourable thermal characteristics, low density, corrosion resistance, and lightweight (e.g.,
the natural fibres have a density of 1.3 g/cm> compared to 2.5 g/cm? for fiberglass) Scien-
tists are researching the development of many polymer composites with readily available
natural fibres to increase the mechanical qualities and performance toward the environ-
ment [5]. This study uses jute fibre, a natural fibre, as an outer face sheet for sandwich
composite material. Jute fibre are considered to be highly demanded macrofibre within
the industry due to its affordability and widespread availability, making it a preferred
option over other natural fibres. Its economic viability and non-abrasive properties allow
for integrating substantial filling levels, resulting in notable cost reduction in composite
production processes. Historically, jute fibres were used in jute fibre ropes, sack bags,
cloths, and geotextiles. Nevertheless, in current times, the utilisation of jute fibres has
transcended these conventional applications. Specifically, industries have begun recognis-
ing and leveraging the advantages of fabricated jute fibres for the automotive industry,
wind blades, etc. [6,7]. Soric XF is a honeycomb core material used in sandwich composite
manufacturing. It is a nonwoven core infused with polypropylene featuring a hexagonal
groove and compressive resistance, enabling traditional manufacturing techniques through
resin infusion. Sandwich composite structures, especially those with honeycomb cores,
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are utilized extensively because they have excellent characteristics (such as bending and
compression) compared to conventional composite laminates.

Sandwich composites with honeycomb structures are lightweight core materials with
high performance and low vibration in aerospace, automotive, windmill blades, construc-
tion, and marine applications [8]. These fibres (jute fibre, Soric XF fibre) are fabricated using
a vacuum infusion or VARTM process for a better fibre-to-resin ratio. VARTM impregnates
fibre performance and has an advantage in product quality and various designable product
shapes. The VARTM process is used in the manufacturing engineering of wind blades,
aerospace components, and hulls for boats. The advantages of using the VARTM process
are cost-effectiveness, less processing time, uniform epoxy coverage, bonding multiple
layers into a single surface for one application, and good-quality products. The [9] VARTM
process improves polymer impregnation of plant fibres by using a vacuum to create a
natural fibre-reinforced composite (NFRC). This method enhances the bonding between the
plant fibres and the polymer. Compared to hand layup and compression moulding, VARTM
significantly reduces the void content in NFRC, leading to better product performance. The
fabricated NFRC samples are further subjected to scanning electron microscope analysis to
find the matrix errors and dispersion of resin and fibre.

Creating sustainable materials has become increasingly important for various busi-
nesses, especially the energy sector, in recent years. Natural fibre composites with synthetic
or bio-based [10] matrices provide a sustainable substitute for conventional materials like
metals and polymers. In a study the pineapple leaf based composite laminates shows
significant improved strength [11]. These sustainable composites are becoming increasingly
sought after because of their outstanding performance in particular applications, recyclabil-
ity, and decreased environmental effects. Their mechanical qualities, including tensile and
flexural strength, have been the subject of multiple investigations due to their potential
for structural applications, including energy-related industries. Designing materials that
endure operating challenges while preserving sustainability requires understanding these
characteristics. The bio inspired based sustainable composite materials can also observe to
have capacity of absorbing the shock and also can dissipate the absorbed energy [12].

Jute and related fibres are natural fibre-reinforced composites (NFRCs) known for
their biodegradability, strength-to-weight ratios, and relative lightweight. However, these
composites behave in an anisotropic manner, which means that the orientation of the fibre
affects their mechanical characteristics. Because of this feature, fibre orientation analysis is
crucial, particularly for structural applications where directional pressures are frequent.
Examining these composites’ tensile and flexural characteristics is essential for energy
applications as materials frequently encounter variable load situations [13]. Two essential
structural integrity and durability markers are tensile strength, which gauges resistance to
pulling forces, and flexural strength, which evaluates behaviour under bending.

In a study, by employing the activated carbon along with the jute fibres and polyester
based composites shows a significant improvement in the stiffness of the material, in con-
tradictory the strength and ductility of the materials were observed to be compromised
drastically [14]. The composites materials developed with the combination of PLA with
jute and flax fibers were undergone various investigation for the suitability of engineering
applications, form the observed results jute fiber based composite material shows sig-
nificantly lesser mechanical properties when compared to the combination of PLA-Falx
composites [15].

This study aims to assess the suitability of a composite material composed of jute
and Soric layers for use as a structural material in the energy industry. The Soric layers
provide flexibility and weight distribution, while the jute fibres offer strength. These
elements are combined to form a well-balanced composite that may be used in lightweight
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manufacturing. To describe the mechanical behaviour of the composite and learn more
about its load-bearing capacity and failure modes, the project simulates tensile and flexural
testing. Static structural analysis, which enables the study of how the material reacts to
applied forces without the impacts of changes in load or time-dependent behaviour, is used
to simulate these tests to represent real-world conditions correctly.

Another important component of composite materials’ performance is fibre orientation.
Three typical orientations are examined in this study: 0°,45°, and 90°. Since fibre alignment
concerning the applied load can significantly affect stress distribution, deformity, and total
material strength, each orientation offers distinct mechanical properties. Because the fibres
directly oppose the applied force, a 0° orientation, where the fibres line up with the load
direction, usually provides the highest tensile strength. Conversely, a 90° orientation, where
the fibres are opposite to the load, can provide improved flexural qualities but frequently
exhibits decreased tensile strength. The 45° orientation offers an intermediate profile that
balances tensile and shear qualities for specific structural uses with multidirectional forces.

By evaluating these composites under regulated loading circumstances, the static struc-
tural approach employed in this analysis allows for predicting the material’s behaviour
under tensile and flexural loads. The research offers valuable information on the structural
integrity of each configuration by examining maximum distortion, von Mises stress, and
safety variables. Under energy applications, where material must retain structural integrity
over extended operating times and sometimes under challenging conditions, the analy-
sis of deformation and stress distributions is especially pertinent. The study compares
breaking loads and strain tendencies in various fibre architectures to identify the best fibre
configurations for energy storage or production applications.

This study examines the mechanical behaviour of 3-layer and 5-layer composite con-
structions using computer simulations to ascertain their efficacy and load-bearing capacity.
While the 5-layer structure is assessed for its potential to improve structural strength and
stability, the 3-layer composite, which has fewer layers, acts as a foundation for mechan-
ical performance. The results are anticipated to show how layer configuration affects
load-bearing capacity and material fracture under stress. The design and optimization of
environmentally friendly composite materials for energy applications, where preserving
strength under load is crucial for operational effectiveness and safety, can benefit from
this expertise.

Overall, by thoroughly examining the structural characteristics of these materials
under tensile and flexural loads, this research aims to aid in designing environmen-
tally conscious composite materials for energy-related uses. The study’s findings will
help choose and create composite materials suited for outstanding performance en-
ergy systems, advancing sustainability and satisfying the requirements of contemporary
engineering applications.

2. Method of Fabrication and Materials
2.1. Materials Obtained from Different Sources

The present study uses EPOTEC YD 535 LV epoxy resin, HARDENER TH-7257
hardener from Aditya Birla Advanced Materials, (Ultramarine Yatch Private Limited,
Puducherry, India) and a Soric XF core fibre mat sourced from an ultramarine yacht. The
epoxy resin has a density of 1.10-1.20 g cm?, the viscosity is 1200-1400 mPa, the specific
gravity of the hardener is 0.90-1.10 g cm?, and the viscosity is 250-300 cP. Jute fibre is
obtained from local suppliers and used as a natural reinforcement composite.
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2.2. Fabrication of NFRC Using the VARTM Process

These methods comprise the VARTM process of moulding, the process of de-moulding,
and the surface quality check of the created parts. The composite part was made during
the fabrication process and extracted during the de-moulding process. The de-moulded
component was subjected to the surface treatment process to achieve the final output of
the component. The components of the VARTM process are explained in Figure 1. The
moulding process begins with applying a release agent to the mould to facilitate easy
removal. Next, dry NFRC sandwich composites are placed in dry conditions and are
carefully positioned on the mould, ensuring the correct thickness and orientation of the
composite portion during stack-up.

Elowniesh——————————] ——————————Vacuum bag

Perforated sheet

Soric XF fibre

Peel ply

Sealant tape

Jute fibre

Peel ply.

Perforated sheet

Vacuuim outlet Flat table Resin inlet

Flow mesh

Figure 1. Fibre layers are set up for the VARTM process.

On top of the NFRC sandwich composite, peel ply is applied. Peel ply allows the
matrix to permeate through to the dry jute fibre and Soric XF fibre, which are then placed
accordingly, as shown in Figure 2a.

' §
Jutefibre Breathet

Soric XF

(c) (d)

Figure 2. (a) Dry fibre stack-up; (b) stacker-up layers are kept under vacuum; (c) the sample has been
incorporated with a 10:3 mixtures of resin and hardener; (d) de-moulding of the cured sample.
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Simultaneously, the perforated sheet and the infusion mesh are positioned above the
stacked fibres. The infusion mesh’s function is to provide a flow medium for the VARTM
operation. Since the top region of the mould is covered by the infusion spiral, the resin
can easily reach the bottom surface. The sealant tape is applied across the mould surface
boundary for tight sealing. A vacuum bag completely covers the mould surface, sealing
the entire unit. In this instance, one surface end is subjected to the vacuum pump, and the
resin inlet positioning is placed on the other end. The whole setup is kept in a vacuum for
five minutes, and the sealed airtight sample is subjected to vacuum pressure to prevent any
leakage in a vacuum bag, as shown in Figure 2b. The 10:3 ratios of resin and hardener is
mixed and inserted into the resin port, which is attached to the inlet. The resin trapper is
connected to the suction pump through the vacuum output. After ensuring the airtight
setup, the resin fills the experimental setup through the inlet. Due to resin, the dry NFRC
fibres (Soric XF and jute) become wet. Here, the infusion mesh facilitates fluid circulation
as a permeability medium. Vacuum pressure is kept at that level for a few hours after the
resin is distributed across the mould. It follows the period needed for the combination of
hardener and resin to solidify, as shown in Figure 2c. After the curing period, the solid plate
of the NFRC sample is removed from the mould. It is used to facilitate the removal of the
fibre panel component made of composite peel ply. The generated portion is solidified and
helps the resin fully cure at room temperature for six hours. Then, the cured NFRC samples
are removed from the VARTM setup at a room temperature of 28 £ 30 °C. The fabricated
components will have irregular and rough boundary surfaces; equipment for sanding
and grinding is employed to give the components a smooth surface finish, as shown in
Figure 2d. The cured samples are cut into the desired dimensions using water jet cutting
per ASTM standards D638-03 [8,16]; Tensile test. Mohsin Abdullah Al-Shammri Sahar
Emad Abdullah: College of Engineering-University of Baghdad, Baghdad Governorate,
Iraq, 2017. and D790 [17,18]; Flexural test. K. Venkatesanand, and G. B. Bhaskar: SRM
Valliammai Engineering College, Kancheepuram and MIT, Anna University, Chennai India.
This is performed for different fibre orientations, such as 0°, 45°, and 90°.

2.3. Numerical Analysis of NFRC by FEA Software
2.3.1. Three-Dimensional Modelling of the ASTM D638-03 and ASTM D790
NEFRC Structure

A tensile test is carried out to determine the material’s behaviour under axial loading
conditions. The material characteristics under various loads are observed here. For the
computational study, a 3D model of the component is designed according to the dimensions
provided by ASTM D638-03 [16] standards, as shown in Figure 3a. A flexural test is carried
out to determine the material’s behaviour when the component is subjected to a bending
force, where we apply the force perpendicular to the surface of the specimen. For the
computational simulation, a 3D model of the specimen is modelled as per ASTM D790 [18]
standards, as shown in Figure 3b. The Jute fibre thickness is 1 mm, and the Soric core
material thickness is 3 mm, thereby bringing the entire thickness of the composite to
5 mm. For the tensile test, three fibre orientations, 0°, 45°, and 90°, are considered as
the tensile and flexural properties of the composite material, which vary significantly
with the orientation of the fibre. In order to understand the characteristic behavior and
reliability of materials can be effectively obtained through the computational analysis
especially FEA [19].

The above 3D model of the NFRC composite was imported into FEA software for
the study. The ASTM D638-03 material properties assigned to the composite in the FEA
software are given in Table 1. The model was meshed [20] which generated 13,802 nodes
and 2550 elements (Element size = 2 mm), as shown in Figure 4a. The ASTM D790 3D
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model of the specimen was imported to the simulation software with a mesh size of 2 mm,
which generated 5884 nodes and 1050 elements, as shown in Figure 4b.

Jute fibre

Soric XF fibre All wnits are in mm
3 All units are in mm

(@) (b)

Figure 3. (a) Three-dimensional model of ASTM D638-03 structure; (b) 3D model of ASTM
D790 structure.

Table 1. Material properties of the structure considered for the computational study.

Properties/Fibre Orientations 0° 45° 90°
Young’s Modulus [MPa] 170.3588 130.4588 138.2963
Poisson’s Ratio 0.219231 0.164423 0.191827
Ultimate Tensile Strength [MPa] 2391 18.31 19.41
Tensile Yield Strength [MPa] 2391 18.35 19.41

0.00 40.00 80.00 (mm) 0.00 25.00 50.00 (mm)
[ Eaaaa— ES—— L~ SSSEa———  SSSSS—
20,00 60.00 1250 37.50

[a] [b]

Figure 4. (a) Simulated mesh for ASTM D638-03 structure; (b) simulated mesh for ASTM
D790 structure.

2.3.2. Boundary Conditions

For the boundary conditions of the tensile test, we apply fixed support to one end of
the structure and apply a load at the other end of the structure. This will ensure that the
model is under tensile loading conditions [21]. The tensile test is carried out at various
load conditions to observe the failure of the composite material. The load at which the
material fails is taken as the failure load. For the boundary conditions of the flexural test,
we provide two fixed supports, both of which are 20 mm from either end of the structure.
The load is applied at the structure’s exact center, and the force’s direction is perpendicular
to the surface of the test structure. This arrangement ensures proper flexural deformation
of the structure. Failure occurs when the safety factor falls below one, so we apply various
load conditions to record the load condition at which the safety factor goes below one.
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Tensile load vs displacement graph for different fibre orientations

3. Results and Discussion
3.1. Tensile Test
3.1.1. An Experimental Test of an ASTM D638 Tensile Specimen

The cured NFRC sandwich structure is cut using water jet cutting to get the ex-
act dimensions for the tensile test according to ASTM standard D638. The pieces were
placed vertically in the machine and firmly attached to prevent any slipping during
tension [22,23]. Force value and the cross-head speed rate (0.01 mm/min) were recorded
until the rupture of the specimen was obtained, as shown in Figure 5b. In Table 2 the tensile
testing was conducted on NFRC sandwich laminate with 0°, 45°, and 90° fibre orientations.
The NFRC sandwich laminate with 0° fibre orientation had the greatest tensile strength,
measuring 23.91 MPa, with a maximum ultimate tensile load measuring about 1570.69 N
and a maximum displacement in tensile properties of 1.64 mm. The laminate with 90°
fibre orientation displayed the average flexural strength, measuring 19.41 MPa, with a
maximum ultimate tensile load measuring about 1463.21 N and a maximum displacement
in tensile properties of 1.71 mm, and the laminate with 45° fibre orientation had the lowest
tensile strength, measuring 18.31 MPa, with a maximum ultimate tensile load measuring
about 1229.29 N and a maximum displacement in tensile properties of 1.71 mm, as shown
in Figure 5a.

(=
1600 ——at0"
—— at 45°
1400 | at 90°
1200 !J/,.J-a
. 1000 4
Z
= 8004 — Utl= 1570.69 N
S —— Utl=1228.29 N NERC def t
2o Uti= 1463.21 N T
400 /'J/ —— Md= 1.64 mm
7 —— Md=1.71 mm
aed F L Md= 1.71 mm
l} T T T
0.0 0.5 10 15 2.0
Displacement (mm)
(a) (b)

Figure 5. (a) A load vs. displacement graph of the tensile test; (b) deformation of the NFRC during
tensile test.

Table 2. Tensile characteristics of the NFSC sandwich composite with different fibre orientations.

. . . Ultimate Tensile . . Maximum
Fibre Orientations Strength (MPa) Ultimate Load (N) Breaking Load (N) Displacement (mm)
0° 23.91 1570.69 1570.69 1570.69
45° 18.31 1229.29 1195.58 1195.58
90° 19.41 1463.21 1463.21 1463.21

3.1.2. A Computational Test of an ASTM D638-03 Tensile Structure

The structural analysis is carried out to determine the material’s structural properties.
The tensile properties of the jute-Soric NFRC were computationally identified. These
properties provide insight into the material’s performance under various operating con-
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ditions; for the sandwich layer composite of 0°, 45°, and 90° fibre orientations, stress and
deformation were analysed to calculate the von Mises stress and deformation developed
in the specimen. Five different loads were applied for this study (1100 N, 1200 N, 1300 N,
1400 N, and 1500 N). The tensile test results for 0° fibre orientation are tabulated as shown
in Table 3.

Table 3. Results of computational tensile test of a 0° fibre orientation sandwich layer composite.

. Deformation .. .
Maximum Alone Gauge Minimum von Maximum von
Load [N] Deformation 8 8 Mises Stress Mises Stress Safety Factor
Length
[mm)] [MPa] [Mpal
[mm]
1100 N 15.09 10.663 7.6379 18.441 1.2966
1200 N 16.596 11.732 8.347 20.19 1.1843
1300 N 18.128 12.819 9.0586 21.952 1.0892
1400 N 19.684 13.926 9.7726 23.728 1.0077
1500 N 21.267 15.052 10.489 25.517 0.93704

From Figure 6, we can observe that the maximum stress occurs in the middle re-
gion of the specimen. From Table 3, it is noted that as the force being applied rises from
1100 N to 1500 N, the specimen’s maximum deformation increases from 15.09 mm to
21.267 mm, demonstrating a substantial rise in structural deformation. The deforma-
tion along the gauge length increases continuously with increasing load, beginning at
10.663 mm under 1100 N and ending at 15.052 mm under 1500 N. The minimum von
Mises stress likewise increases with the load, rising from 7.6379 MPa at 1100 N to
10.489 MPa at 1500 N, indicating that the material endures more stress as the load
increases. The maximum von Mises stress measured in the specimen ranges from
18.441 MPa at 1100 N to 25.517 MPa at 1500 N, indicating a higher probability of ma-
terial failure at higher loads. The safety factor decreases from 1.2966 at 1100 N to 0.93704 at
1500 N, indicating that as the load increases, the specimen approaches and eventually goes
below the threshold for safe operation, with values less than 1 indicating possible failure.
The specimen maintains within a safe operating range for loads up to 1400 N, specified by
a safety factor of 1.0077.

From Figure 7, we can observe that the maximum von Mises stress is generated along
the gauge length region of the specimen. From Table 4, we observe that the maximum
deformation gradually rises from 14.13 mm at 800 N to 21.992 mm at 1200 N, indicating the
specimen’s progressive deformation as the load increases. The deformation over the gauge
length follows a similar pattern, beginning at 9.9792 mm at 800 N and reaching 15.559 mm
at 1200 N, suggesting a steady rise in elongation. The lowest von Mises stress increases
from 5.5073 MPa at 800 N to 8.507 MPa at 1200 N. The maximum von Mises stress increases
from 13.234 MPa at 800 N to 20.105 MPa at 1200 N, indicating that the material approaches
its stress limits more closely as the load increases. The safety factor drops dramatically
from 1.3835 at 800 N to 0.9107 at 1200 N, indicating a smaller margin of safety. At 1200 N,
the safety factor falls below one, indicating that the specimen is no longer working safely
and is prone to failure. The specimen can withstand loads of up to 1095 N with a safety
factor of 1.0014. However, at 1200 N, the safety factor of 0.9107 indicates that the specimen
fails under the given load.
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A: Static Structural A: Static Structural

Equivalent Stress Load at 1100 N ( Equivalent Stress Load at 1200 N

Type: Equivalent (von-Mises) Stress Type: Equivalent (von-Mises) Stress

Unit P Unz Pa : (b)
Time:1s Tme 1
12-08-2024 1658 12-08-2024 1705

237287 237287

217 22019¢7

20152¢7 2.019¢7 Max

1.8441¢7 Max 186017

16577e7 1.6892¢7

147897 15183¢7

13001e7 134727

112137 1.1765¢7

942576 100567

7.6379¢6 Min 8.347¢6 Min
A: Static Structural A: Static Structural
Equialent Sess Load at 1300 N Equivalent stress Load at 1400 N
Type: Equivalent (von-Mises) Stress Type: Equivalent (von-Mies) Stress
Unit Py Unit Pa ¢ (d)
Time:1s Tme: 1s
12-08-2024 1706 12.08-2028 1709

237287

237287 2.3728¢7 Max

2.1952e7 Max 22177e7

2046807 20627¢7

1883827 190767

172087 1.7526e7

155787 159757

1392867 148227

123187 128747

106897 113227

9.058666 Min 9.7726¢6 Min

A: Static Structural Y
Equivalent Stress Load at 1500 N

Type: Equivalent (von-Mises) Stress

Unit Pa e
Time:1s

12-08-2024 17:11
237287
22257¢7
b . 5
1784467
16373¢7
14902¢7
1343167
119667 0000 0050 0.100 (m)
1.0489¢7 Min
0025 0075
Figure 6. Stress analysis results of the tensile test for 0° fibre orientation at (a) 1100 N, (b) 1200 N,
(c) 1300 N, (d) 1400 N, and (e) 1500 N.
Table 4. Results of the computational tensile test of a 45° fibre orientation sandwich layer composite.
Maximum ADlefI(:rnéaatlllot Minimum von Maximum von
Load [N] Deformation ong 8 Mises Stress Mises Stress Safety Factor
Length
[mm] [MPa] [Mpal
[mm]
800 N 14.13 9.9792 5.5073 13.234 1.3835
900 N 16.041 11.334 6.242 14.936 1.2259
1000 N 17.989 12.716 6.9868 16.648 1.0998
1095 N 19.872 14.052 7.7039 18.285 1.0014
1200 N 21.992 15.559 8.507 20.105 0.9107

In Figure 8, the maximum deformation observed in the structure increases grad-
ually, commencing at 14.233 mm for an 850 N load and expanding to 20.965 mm at
1350 N, illustrating the material’s greater susceptibility to tensile loading. The deformation
along the gauge length follows a distinct upward trend, beginning at 10.054 mm with an
850 N load and increasing to 14.759 mm at 1350 N, demonstrating higher elongation as the
applied load increases. With increasing loads, the material appears to be getting closer to its
stress limit, as seen by the maximum von Mises stress increasing from 14.142 MPa at 850 N
to 21.792 MPa at 1350 N. As the load increases, the safety factor significantly decreases,
going from a comparatively safe 1.3726 at 850 N to only 0.8907 at 1350 N. With a factor of
1.002, this reduction shows that the structure stays within acceptable bounds until about
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A: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit Pa

Time:1¢

12-08-2024 1724

1.8285¢7
1685507
1542627

1.3234¢e7 Max

1.1186¢7
9766526
B83468¢6
69276
5.5073e6 Min

A: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit Pa

1200 N, at which point it enters an unsafe range, suggesting possible structural failure. A
safety factor of roughly 1.002 indicates that the structure functions on the border of safety
for loads up to 1200 N. However, the safety factor drops to 0.8907 at 1350 N, which denotes
complete structural failure, as shown in Table 5.

A: Static Structural

Equivalent Strezs

Type: Equivalent (von-Mises) Stress
Unit Pa

Tme: 12

12-08-2022 1729

Load at 800 N Load at 900 N

(@)
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160477

1.4936€7 Max

129337
1.159%¢7
1025627
89182¢5
7580106
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Load at 1095 N

Load at 1000 N

A: Static Structural

Equivalent Strezs

Type: Equivalent (von-Mises) Stres:
Unt Pa

Time: 1 s Tme: 1s
12.08.2024 17:20 12.08.2022 1740
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1.6648¢7 Max 171097
159227
145197 1475827
132647 13582¢7
1200807 12£07e7
107537 112317
94975¢6 1.0055¢7
824226 8879526
6.9868e6 Min 7.7039¢6 Min
S Load at 1200 N Y
Equivalent Strezs
Type: Equivalent (von-Mises) Stress (@8
Unit Pa
:?4:@‘2334 1739
182857
171997 4 X
1611267
1502607
1393067
1285807, 0000 0,050 0.100 (m)
Dkt [ Eaaaaaa——m S
pieerld 0025 0075
8.507¢6 Min
Figure 7. Stress analysis results of the tensile test for 45° fibre orientation at (a) 1100 N, (b) 1200 N,
(c) 1300 N, (d) 1400 N, and (e) 1500 N.
Table 5. Results of the computational tensile test of a 90° fibre orientation sandwich layer composite.
Maximum ADlifI?méa;lllm; Minimum von Maximum von
Load [N] Deformation 8 8 Mises Stress Mises Stress Safety Factor
Length
[mm] [MPa] [Mpal
[mm]
800 N 14.233 10.054 5.8773 14.142 1.3726
900 N 16.056 11.346 6.6178 15.864 1.2235
1050 N 17.913 12.664 7.3688 17.599 1.1029
1200 N 19.806 13.119 7.7703 19.371 1.002
1350 N 20.965 14.759 8.7416 21.792 0.8907
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Figure 8. Stress analysis results of the tensile test for 90° fibre orientation at (a) 1100 N, (b) 1200 N,
(c) 1300 N, (d) 1400 N, and (e) 1500 N.

3.1.3. Comparative Results of the Experimental and Computational Test on an ASTM
D638-03 Tensile Structure

Figure 9a compares failure loads between the experimental and computational results
for each fibre orientation. For 0° fibre orientation, we can see that the experimental results
show the failure load as 1570.69 N, whereas the computational results show 1400 N,
indicating a variation of 12.19%. For 45° fibre orientation, we can see a variation of 12.26%;
for 90° fibre orientation, we can see a variation of 21.93%. These variations are due to
the assumption of homogeneity of the material by the computational model, whereas,
in experimental conditions, there may be defects in the composite material. Figure 9b
shows the comparative study of maximum deformation developed in the material between
the experimental and computational results with different fibre orientations. For 0° fibre
composite, we can see a variation of 16.68%. Similarly, for 45° and 90° orientations, we see
variations of 13.95% and 13.66%, respectively.

3.2. Flexural Test

The same cutting method is followed for the flexural test according to ASTM standard
D790. The pieces are placed horizontally in a three-point bending test where the bottom
of the plate remains stationary, and the load is applied to the top [24]. Force value and
the cross-head speed rate (0.01 mm/min) are recorded until a rupture of the specimen
is obtained, as shown in Figure 10b. In Table 6 the flexural testing is performed on an
NFRC sandwich laminate with 0°, 45°, and 90° fibre orientations. The NFRC sandwich
laminate with 0° fibre orientation has the greatest flexural strength, measuring 44.265 MPa.
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The laminate with 90° fibre orientation displays the average flexural strength, measuring
43.876 MPa, and the laminate with 45° fibre orientation has the lowest flexural strength,
measuring 29.943 MPa, as shown in Figure 10a.

(a) (b)

2000
] 24
1800 - =
1g0p 157069 . 20 19.684 19.872 12,806
=
1400 - - Ew: 6.4 7.4 171
1 1200 = 16
%"’W- 1095 § 10
)
E 1m: ; 124
-
iy 1800 5 10
& 600 E LR
| g el
400 E
| E 4
200 2]
[

-
a0* i 45" 80"
Fibre Mmllm! Fibre arientations

[ Experimental Failure Load [M]  [7] Computational Failure load [N] [ Experimental Failure Lead [N] Caomputational Failure lsad [N]

Figure 9. (a) A comparison of tensile failure load and (b) tensile deformation for both experimental
and computational results.

Flexural load vs displacement graph for different fibre orientation

300
|| ==——at 90" | | s = 23673 N
at45"| | =——Ull=161.56 N
20| gt f | L ——UN=238.83 N NFRC deformation
200
§ 150
" 100-
50 | ——Md =277 mm|
=——Md = 3.43 mm
5 Md =3.11 mm |
0.0 0s 10 15 20 25 30 38
Displacement (mm)
(a) (b)
Figure 10. (a) A load vs. displacement graph of the flexural test; (b) deformation of the NFRC during
the flexural test.
Table 6. Flexural characteristics of the NFSC sandwich composite with different fibre orientations.
Fibre Ultimate Ultimate Load Ultimate Stress Breaking Load Maxlmum
Orientations Flexural (N) (N/mm?) (N) Displacement
Strength (MPa) (mm)
0° 44.265 238.83 3.44 158.75 3.11
45° 29.943 161.56 2.64 161.56 3.43
90° 43.876 236.73 3.45 221.27 277

3.2.1. A Computational Test of an ASTM D790 Flexural Structure

Like the tensile test, we perform stress and deformation analysis to determine the
flexural properties of the NFRC at 0°, 45° and 90° fibre orientations, respectively. The
simulation results of 0° fibre orientation for the NFRC are given in Table 7. From Figure 11,
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we can observe that as the load increases, the stress develops, and the deformation of
the structure increases steadily. The continuous increase in deformation with increasing
load indicates the structure’s increasing deflection under flexural stress, which starts at
2.2158 mm for a 25 N load and peaks at 10.37 mm for a 300 N load. The material approaches
its stress limit as the applied load increases, with the maximum von Mises stress increasing
from 4.0419 MPa under a 25 N load to 25.622 MPa at 300 N. The safety factor implies a
relatively safe operating range, which starts at 5.9155 for a 25 N load. However, as the
load increases, it steadily drops, reaching a crucial value of 0.93319 at 300 N, a sign that the
material crosses the failure threshold. The structure functions at the edge of its safe limit
when the safety factor falls to about 1.0011 at 268 N. After this, failure is likely, as shown by
the factor at 300 N, which has a value of less than one.

Table 7. Results of the computational flexural test of a 0° fibre orientation sandwich layer composite.

. . Maximum von Mises
Minimum von

Load [N] Deformation [mm] Mises Stress [MPa] Stress Safety Factor
[Mpal
25 2.2158 2.82 x 1074 4.0419 5.9155
50 3.8612 5.55 x 1074 7.4825 3.1955
75 5.0459 7.63 x 1074 10.235 2.336
100 5.9744 9.65 x 104 12.568 1.9024
125 6.749 1.13 x 1073 14.632 1.6341
150 7.4208 1.26 x 1073 16.511 1.4481
175 8.0171 1.40 x 1073 18.244 1.3106
200 8.5595 1.52 x 1073 19.869 1.2034
225 9.0589 1.64 x 1073 21.406 1.117
268 9.8396 1.82 x 1073 23.884 1.0011
300 10.37 1.93 x 1073 25.622 0.93319
Load at 25 N (a) Ey;}%:ﬁ:;'m Load at 50 N (b) EI":E"E;;E%:L

104
92434
80839

69333
S.T778
3.8612 Max

23m
Be a0 130 et 11556

G5 B omin

B; Static Structural B: Static Structural

Total Deformation Tatal Deformation
Load at75 N (C) Type: Total Deformatio Load at 100N (d) Type: Tetal Deformation

Unit: mm unit: mm

Time: 03 5 Time: 04 ¢

23-10-2024 12:19 23-10-2024 1220

104

H 23m
B

o 11556

Figure 11. Cont.
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B: Static Structural B: Static Structural
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Figure 11. Stress analysis results of the flexural test for 0° fibre orientation at (a) 25 N, (b) 50 N,
() 75N, (d) 100 N, (e) 125N, (f) 150 N, (g) 175N, (h) 200 N, (i) 225 N, (j) 268 N, and (k) 300 N.

The computational study results of the 45° fibre orientation composite. We can observe
the variation of von Mises stress and deformation with changes in load conditions, as shown
in Table 8.

Table 8. Results of the computational flexural test of a 45° fibre orientation sandwich layer composite.

.. . Maximum von Mises
Minimum von Mises

Load [N] Deformation [mm] Stress [MPa] Stress Safety Factor

[Mpal]
25 2.7897 1.96 x 1074 3.982 4.6083
50 4.6147 432 x 10°* 7.0466 2.6041
75 5.8852 592 x 1074 9.4325 1.9454
100 6.8792 7.74 x 10~% 11.452 1.6024
125 7.7106 9.23 x 10~* 13.241 1.3859
150 8.4337 1.02 x 1073 14.872 1.2338
175 9.0799 1.12 x 1073 16.382 1.1201
200 9.6679 1.23 x 1073 17.799 1.0309
205 9.7802 1.33 x 1073 18.074 1.0153
209 9.8685 1.35 x 1073 18.288 1.0034
225 10.211 1.43 x 1073 19.139 0.95876

From Figure 12, we can observe the material’s gradual bending under increased stress,
highlighted by the increase in deformation with load, which starts at 2.7897 mm for 25 N
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and reaches 10.211 mm for 225 N. From 3.982 MPa at 25 N to 19.139 MPa at 225 N, the
maximum von Mises stress increases significantly with increasing load, suggesting that the
material is approaching its stress capacity. A substantial margin of safety is shown by the
safety factor, which starts at a comfortable 4.6083 under a 25 N load. However, it gradually
decreases with increasing load, reaching a value of 1.0034 at 209 N, suggesting that any
further load applied to the structure will cause failure. At 225 N, the safety factor is 0.9587,
indicating that the material has already failed under the load condition.

B: Static Structural B: Static Structural
Total Deformation 2 Total Deformation 3
Load at 25 N (a) Type: Total Deformaticn Load at 50 N (b) Type: Total Deformation
Unit:mm Unit: mm
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a0 e oMin oo 2500 - o Min
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snm 81111
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Figure 12. Stress analysis results of the flexural test for 45° fibre orientation at (a) 25 N, (b) 50 N,
() 75N, (d) 100 N, (e) 125 N, (f) 150 N, (g) 175 N, (h) 200 N, (i) 205 N, (j) 209 N, and (k) 225 N.

The same procedure for the flexural test was followed for the 90° fibre orientation
composite, and the stress and deformation analysis were computed. The results of the
simulation are presented in Table 9.
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As shown in Figure 13, the material’s flexibility at larger flexural loads is demon-
strated by the deformation’s steady upward trajectory as the load increases, which starts at
2.6637 mm for a 25 N load and reaches 10.482 mm for a 250 N load. The material’s critical
stress level approaches its limit as the load application increases, as evidenced by the pro-
gression of the maximum von Mises stress from 4.0078 MPa at 25 N to 21.004 MPa at 250 N.
The safety factor shows a substantial safety margin, which begins at a safe 4.8431 for a 25 N
load. However, as the load increases, it steadily drops, reaching 0.9241 at 250 N. At 219 N,
the safety factor reaches 1.0027, suggesting that any increase in load will cause failure.

Table 9. Results of the computational flexural test of 90° fibre orientation sandwich layer composite.

Minimum von Mises Maximum von Mises Stress

Load [N] Deformation [mm] Stress [MPal [Mpal Safety Factor
25 2.6637 227 x 10~* 4.0078 4.8431
50 4.4581 443 x 10~* 7.1675 2.708
75 5.7144 5.92 x 1074 9.6383 2.0138
100 6.697 7.62 x 1074 11.729 1.6549
125 7.5186 8.95 x 104 13.581 1.4292
150 8.2324 9.97 x 10~* 15.269 1.2712
175 8.8693 1.11 x 1073 16.83 1.1533
200 9.4489 1.22 x 1073 18.296 1.0609
219 9.8602 1.30 x 1073 19.357 1.0027
225 9.9848 1.32 x 1073 19.685 0.98603
250 10.482 141 x 1073 21.004 0.9241
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Figure 13. Stress analysis results of the flexural test for 90° fibre orientation at (a) 25 N, (b) 50 N,
(¢) 75N, (d) 100N, (e) 125N, (f) 150 N, (g) 175 N, (h) 200 N, (i) 219 N, (j) 225 N, and (k) 250 N.

3.2.2. Comparative Results of the Experimental and Computational Test of an ASTM
D638-03 Tensile Structure

Comparing the flexural failure load of the computational results with that of the
experimental results. From Figure 14a, we can see that for 0°, 45°, and 90° fibre orientations,
the variation between the experimental and computational results was 12%, 29% and 7%,
respectively. We can observe a high variation in 45° orientation fibre compared to the rest,
which indicates that there might be a material defect in it, which influences the experimental
results. The same comparison was also made for deformation analysis Figure 14b. We see
11%, 23% and 8% variations in the 0°, 45°, and 90° fibre orientations, respectively. The high
variation is also consistent with the 45° orientation fibre for deformation, further suggesting

the presence of a defect.

(a) (b)

=
]

Failur Load [H]

8 & 8 8

Maximum deformation [mm]

a0* o 45 i

45°
Fibre orientations Fibwre orientations

[ Expermental Fasure Load (N] [l Computational Fadure Load [N] I Experimental Failre Load [N] Il Computational Failure Load [N]

Figure 14. (a) A comparison of the flexural failure load and (b) flexural deformation in both experi-

mental and computational results.

4. Conclusions

The above study states that the tensile, flexural, and impact characteristics of an
NFRC sandwich composite were evaluated; the jute fibre structure epoxy composite, which
combined Soric XF as core material that was greatly influenced by fibre orientation. The
following describes the effects of 0°, 45°, and 90° fibre orientations on various properties.
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4.1. Summary of the Tensile Test

e  Fibre orientation of 0°

The maximum tensile limit of 23.91 MPa strength results from fibres aligned with
the tensile force. The fibres, which are substantially stronger in tension than the matrix
material, carry the weight.

e  Fibre orientation of 45°

In this orientation, the fibres are not aligned with the load direction, leading to a mixed
response where both fibre and matrix contribute. Shear stress acts on the fibres, producing
a low tensile strength of 18.31 MPa.

e  Fibre orientation of 90°

The load is applied perpendicular to the fibre direction, which means the matrix
bears most of the load, leading to the moderate tensile strength of 91.41 MPa. The fibres
contribute very little since they are not aligned to resist the tensile force.

4.2. Summary of the Flexural Test

e  Fibre orientation of 0°

The composite exhibits a high flexural strength of 44.265 MPa when the fibres are
aligned along the load direction. The fibres effectively resist bending and deformation,
especially on the tension side of the bending curve.

e  Fibre orientation of 45°

29.943 MPa reduces flexural strength because the fibres are angled relative to the load
direction. This orientation leads to more significant deformation under bending, with the
matrix and fibres sharing the load unequally.

e  Fibre orientation of 90°

Flexural strength is significantly moderate in this orientation at about 43.876 MPa.
Since the fibres are perpendicular to the bending force, they provide average resistance to
bending, and the matrix takes most of the load, resulting in a weaker response compared
to 0° fibre orientation.

e  Experimental and Computational study

The experimental and computational results for each fibre orientation are as follows.
For 0° fibre orientation, we can see that the experimental results show the failure load of
1570.69 N, whereas the computational results show 1400 N, indicating a variation of 12.19%.
For 45° fibre orientation, we can see a variation of 12.26%; for 90° fibre orientation, we can
see a variation of 21.93% in the tensile structure.

The variations between the experimental and computational results for 0°, 45°, and
90° fibre orientations were identified to be 12%, 29%, and 7%, respectively. We can observe
a high variation in 45° orientation fibre compared to the rest, which indicates that there
might be a material defect in it, which influences the experimental results.
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