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Abstract - Fiber-reinforced polymer composites have 

played a dominant role for a long time in a variety of 

applications due to their high specific strength and 

modulus. The fiber which serves as a reinforcement in 

reinforced plastics may be synthetic or natural. Past 

studies show that only synthetic fibers such as glass and 

carbon have been widely used in fiber-reinforced plastics. 

Although these synthetic fiber-reinforced plastics possess 

high specific strength, their fields of application are 

limited because of their inherently higher cost of 

production. In this context, an investigation has been 

carried out to make use of jute, a natural fiber abundantly 

available in India. Natural fibers are not only strong and 

lightweight but are also relatively very cheap. The present 

work describes the development and characterization of a 

new set of natural fiber–based polymer composites 

consisting of jute as reinforcement and epoxy resin. The 

newly developed composites are characterized with 

respect to their physical and mechanical characteristics. 

Experiments are carried out to study the effect of fiber 

loading on the physical and mechanical behavior of these 

epoxy-based polymer composites. This work also includes 

the comparison of elastic properties of composites using 

micromechanical models with experimental and existing 

analytical formulations such as the rule of mixtures, 

Halpin–Tsai, and Lewis–Nielsen models, which are 

extensively used in material modeling. 
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1. INTRODUCTION  

Composite materials have emerged as one of the most 

significant developments in modern material science and 

engineering due to their superior mechanical and physical 

properties. Their high tensile strength, impact resistance, 

flexural strength, stiffness, and fatigue characteristics 

make them suitable for a wide range of engineering 

applications, including aerospace structures, automotive 

components, machine parts, pressure vessels, drive shafts, 

electronic packaging, and railway coach manufacturing. 

A composite material is formed by combining two or 

more distinct materials with different physical or chemical 

properties to obtain enhanced performance characteristics 

that cannot be achieved individually. Typically, 

composites consist of strong load-bearing reinforcements 

embedded in a relatively weaker matrix material. The 

matrix transfers stresses between the fibers and protects 

them from mechanical and environmental damage, while 

the fibers significantly improve mechanical properties 

such as tensile and flexural strength, stiffness, and impact 

resistance. 

Composite materials can be classified based on the nature 

of the matrix into metal matrix composites (MMCs), 

ceramic matrix composites (CMCs), and polymer matrix 

composites (PMCs). PMCs, composed of thermoset or 

thermoplastic polymers reinforced with fibers, are the 

most widely used because of their low density, ease of 

fabrication, dimensional stability, and cost-effectiveness. 

The performance of polymer matrix composites depends 

heavily on the polymer type, reinforcement type, fiber 

orientation, and fiber–matrix interfacial bonding. Natural 

fibers such as jute, sisal, banana, and hemp have gained 

increasing attention as reinforcements in polymer 

composites. These fibers offer advantages including low 

density, biodegradability, renewability, low cost, good 

specific mechanical properties, and reduced 

environmental impact when compared to synthetic fibers 

such as glass and carbon. Jute, in particular, is abundantly 

available in India and offers promising mechanical 

performance, making it a viable reinforcement for 

polymer composites in structural and semi-structural 

applications.  

 

However, the mechanical and physical properties of 

natural fiber–reinforced polymer composites depend on 

multiple factors such as fiber loading, fiber dispersion, 
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fiber–matrix adhesion, and the fabrication process. 

Understanding these parameters is critical for optimizing 

composite performance and expanding the use of natural 

fibers into advanced engineering applications. 

The present study focuses on the development and 

characterization of jute fiber–reinforced epoxy composites 

and investigates the influence of fiber loading on their 

physical, mechanical, and micromechanical behavior. 

1.1 OBJECTIVES OF THE STUDY 

• To develop unidirectional jute fiber–reinforced 

epoxy composites using the hand lay-up fabrication 

technique with varying fiber loadings. 

• To evaluate the physical characteristics of the 

developed composites, including density, void content, 

and water absorption behavior, and to analyze the 

influence of fiber loading on these properties. 

• To investigate the mechanical performance of the 

composites by determining tensile strength, flexural 

strength, impact energy, hardness, and inter-laminar shear 

strength (ILSS). 

• To analyze the effect of fiber content on overall 

composite behavior, particularly focusing on the 

correlation between increased fiber loading and changes 

in mechanical and physical properties. 

• To perform micromechanical modeling using 

analytical approaches such as the Rule of Mixtures, 

Halpin–Tsai, and Lewis–Nielsen models, and compare 

these predictions with experimental results. 

• To construct and simulate a Representative 

Volume Element (RVE) using finite element analysis 

(FEA) in ANSYS to predict longitudinal and transverse 

elastic moduli of the composites. 

• To assess the applicability and accuracy of 

micromechanical models by comparing theoretical, 

numerical, and experimental values for elastic properties. 

• To identify potential engineering applications for 

the developed natural fiber–reinforced composites based 

on the observed mechanical and physical performance. 

 

1.2 SCOPE OF THE STUDY  

• Material Selection and Fabrication: The study is 

limited to the fabrication of unidirectional jute fiber–

reinforced epoxy composites using the conventional hand 

lay-up technique. Fiber loadings of 0 wt.%, 10 wt.%, 20 

wt.%, 30 wt.%, and 40 wt.% are considered. 

• Physical Characterization: The scope includes 

determination of physical properties such as density, 

theoretical and experimental void content, and water 

absorption behavior of the fabricated composites. 

• Mechanical Characterization: Mechanical testing 

is carried out to evaluate tensile strength, flexural strength, 

inter-laminar shear strength (ILSS), impact resistance, and 

micro-hardness of the composites. The influence of fiber 

loading on these properties forms a major part of the 

analysis. 

• Micromechanical Modeling: The study examines 

micromechanical predictions for the elastic behavior of 

composites using established analytical models including 

the Rule of Mixtures, Halpin–Tsai model, and Lewis–

Nielsen model. 

• Finite Element Simulation: A Representative 

Volume Element (RVE) for the composite is generated 

using a square fiber arrangement. Finite element analysis 

(ANSYS) is performed to predict the longitudinal and 

transverse elastic moduli of the composites. 

• Comparative Evaluation: Experimental results are 

compared with analytical and numerical predictions to 

assess the accuracy and applicability of the 

micromechanical models for natural fiber–reinforced 

composites. 

• Application Assessment: The scope includes 

identifying potential applications of the developed jute 

fiber–reinforced composites in automotive, structural, and 

insulation-related sectors based on performance outcomes. 

• Limitations: The study does not incorporate fiber 

surface treatments, chemical modifications, hybrid fiber 

combinations, or alternative manufacturing techniques. 

These aspects are identified as potential future research 

areas. 

Table 1 Physical Properties of Natural Fibres 

Fibre 

Tensile 

strength 

Young’s 

modulus 

Elongation 

at break 
Density 

(MPa) (GPa) (%) (g/cm3) 

Abaca 400 12 03-Oct 1.5 

Alfa 350 22 5.8 0.89 

Bagasse 290 17 ---- 1.25 

Bamboo 140-230 Nov-17 ----- 
0.60-

1.10 

Banana 500 12 5.9 1.35 

Coir 175 04-Jun 30 1.2 

Cotton 287-597 
5.50-

12.60 
07-Aug 

1.50-

1.60 
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Curaua 500-1150 11.8 3.70-4.30 1.4 

Date 

palm 
97-196 2.50-5.40 2-4.50 1-1.20 

Flax 345-1035 27.6 2.70-3.20 1.5 

 

2. SUMMARY OF LITERATURE REVIEW 

 

The literature on natural fiber–reinforced polymer 

composites (NFRPCs) has expanded significantly over the 

past decades due to increasing demand for sustainable, 

low-cost, and lightweight engineering materials. This 

section reviews previous research related to (i) natural 

fiber composites, (ii) mechanical behavior of natural 

fiber–reinforced polymers, and (iii) micromechanical 

modeling approaches used for predicting composite 

properties. The review synthesizes the state-of-the-art 

relevant to the development and performance evaluation 

of jute fiber–reinforced epoxy composites. 

A. Studies on Natural Fiber–Reinforced Polymer 

Composites 

Natural fibers such as jute, sisal, coir, banana, and flax 

have been extensively investigated due to their 

advantageous characteristics including biodegradability, 

low density, renewability, low cost, and acceptable 

mechanical strength. Biswas et al. studied the influence of 

fiber length on the mechanical behavior of coir fiber–

reinforced epoxy composites and reported a reduction in 

hardness with increasing fiber length up to 20 mm. A 

study on pulp fiber-reinforced thermoplastic composites 

demonstrated significant improvements in stiffness and 

strength when compared to virgin polymers. 

Gowda et al. examined jute fabric–reinforced polyester 

composites and reported superior strength compared to 

wood-based composites. Similarly, coir fiber–polyester 

composites showed improvements in flexural strength 

under optimized molding pressures. Luo and Netravali 

analyzed the tensile and flexural behavior of pineapple 

fiber composites and observed substantial enhancements 

relative to the unreinforced matrix. 

Amash and Zugenmaier reported that cellulose fibers 

significantly increased stiffness and reduced damping in 

polypropylene–cellulose composites. Dynamic 

mechanical analyses of natural fibers such as sisal, 

pineapple, bamboo, and oil-palm fibers embedded in 

various matrices have further highlighted the suitability of 

natural fibers for composite applications. 

Multiple studies on banana fiber–reinforced composites 

have demonstrated their potential as viable reinforcement 

alternatives. For instance, Tobias observed increased 

impact strength with higher fiber content and lower fiber 

length. Santulli investigated the post-impact behavior of 

jute–polyester composites and found relatively low impact 

resistance. 

B. Mechanical Behavior and Interface Characteristics 

The mechanical properties of natural fiber composites 

depend strongly on fiber strength, modulus, aspect ratio, 

orientation, fiber–matrix adhesion, and interfacial bond 

quality. Strong interfacial bonding is crucial for enhancing 

stress transfer and maximizing composite strength. 

Several researchers have reported the benefits of chemical 

treatments such as alkalization, silane coupling, 

isocyanate application, peroxide treatment, and 

acetylation in improving fiber–matrix adhesion. Sreekala 

et al. demonstrated that treated oil-palm fibers 

significantly improved tensile behavior. Joseph and 

Thomas observed enhanced tensile and dynamic 

mechanical properties in treated sisal–LDPE composites. 

Mohanty et al. reported over 40% improvement in tensile 

strength of biocomposites prepared with alkali-treated jute 

fibers. Schneider and Karmaker found that jute fiber–

reinforced polypropylene composites exhibited better 

mechanical properties than those reinforced with kenaf. 

Studies on banana, sisal, hemp, flax, and henequen fibers 

have consistently shown competitive specific strength and 

modulus when compared to synthetic fibers such as glass, 

making natural fibers strong contenders in lightweight 

composite applications. Additional research on 

thermoplastic and thermoset systems has highlighted the 

effects of fiber surface modifications, processing 

conditions, and fiber geometry on mechanical 

performance. 

C. Micromechanical Modeling of Fiber-Reinforced 

Composites 

Micromechanical modeling plays a significant role in 

predicting the elastic properties of fiber-reinforced 

composites. Classical analytical models such as the Rule 

of Mixtures (Voigt and Reuss approximations), Halpin–

Tsai model, and Lewis–Nielsen model are widely used for 

estimating longitudinal and transverse elastic properties. 
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The Rule of 

Mixtures provides a simplified approach for predicting 

composite modulus under isostrain and isostress 

conditions. However, accuracy declines at high fiber 

volume fractions. The Halpin–Tsai model incorporates 

fiber geometry and provides improved predictions for 

unidirectional composites. Lewis and Nielsen further 

modified this model by including particle packing and 

shape parameters, yielding higher accuracy over a broader 

range of reinforcement geometries. 

Tucker and Liang conducted an extensive evaluation of 

micromechanical models and reported that the Mori–

Tanaka method and Halpin–Tsai model produce the most 

reliable predictions for short-fiber composites. Finite 

Element Analysis (FEA) has also been effectively used to 

model Representative Volume Elements (RVEs) for 

natural fiber composites. Studies have shown strong 

agreement between FEA predictions and experimental 

results, especially for periodic square or hexagonal fiber 

arrangements. 

Sun et al. introduced a Boolean-operation-based method 

for generating composite unit cells, while Banerjee and 

Sankar developed micromechanical models for hybrid 

composites using FEM. Research by Pal et al. and 

Mirbagheri et al. confirmed that micromechanical 

modeling provides reliable predictions of elastic modulus 

for natural fiber composites at various fiber loadings. 

D. Summary of Literature Findings 

The reviewed literature highlights the following key 

insights: 

1. Natural fibers exhibit remarkable potential as 

reinforcement due to their mechanical performance, 

biodegradability, and availability. 

2. Fiber–matrix interface quality is a critical factor, 

influencing tensile, flexural, and impact properties. 

3. Mechanical properties improve with optimized 

fiber content, but excessive loading can lead to fiber 

agglomeration, voids, and reduced interfacial bonding. 

4. Micromechanical models provide valuable 

predictive capability, though accuracy varies depending 

on fiber geometry, volume fraction, and dispersion. 

5. Finite element modeling provides enhanced 

predictive accuracy, especially when fiber distribution and 

geometry are explicitly modeled. 

 

Figure 1: Axis system used for unidirectional laminate 

3. PROBLEM STATEMENT AND 

METHODOLOGY 

This section presents the materials, fabrication procedures, 

testing methods, and micromechanical modeling 

techniques employed in the development and 

characterization of jute fiber–reinforced epoxy 

composites. The methodology includes material selection, 

composite preparation through hand lay-up, physical and 

mechanical testing, and numerical modeling using finite 

element analysis. 

A. Materials 

1) Matrix Material (Epoxy Resin) 

Epoxy resin (LY 556) is used as the matrix owing to its 

superior mechanical, thermal, and chemical resistance 

properties. The resin belongs to the Bisphenol-A-

Diglycidyl-Ether (DGEBA) family and provides strong 

adhesion to natural fibers. The curing agent used is tri-

ethylene-tetramine (TETA), commercially designated as 

HY 951. A mixing ratio of epoxy to hardener of 10:1 (by 

weight) is adopted. Both materials were procured from 

Ciba Geigy, India. 

2) Reinforcement (Jute Fiber) 

Unidirectional jute fibers, procured from local suppliers, 

are used as reinforcement. Jute is a lignocellulosic fiber 

composed primarily of cellulose and lignin. The fibers 

possess a density of 1.4 g/cm³ and a thermal conductivity 

of 0.036 W/m·K. Their availability, low density, good 

mechanical properties, and biodegradability make them 

suitable for composite fabrication. 

B. Composite Fabrication 

The composites are fabricated using the conventional 

hand lay-up technique, followed by light compression 

molding. Five different fiber loadings are used: 0 wt.%, 10 

wt.%, 20 wt.%, 30 wt.%, and 40 wt.%. 

https://ijsrem.com/
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1. Epoxy resin and hardener are thoroughly mixed at 

a 10:1 weight ratio. 

2. Jute fibers are cut, aligned in unidirectional form, 

and placed in the mold. 

3. The resin mixture is poured to ensure uniform 

wetting of fibers. 

4. Air entrapment is minimized by manual rolling. 

5. A compressive pressure of approximately 0.1 

MPa is applied. 

6. Composites are allowed to cure at room 

temperature for 48 hours. 

7. Samples are cut to standard dimensions using a 

diamond cutter for testing. 

The designations and compositions of the prepared 

composites are summarized in Table I. 

Table 2 — Composition of Epoxy–Jute Composites 

Designation Composition 

C1 Epoxy (100 wt.%) 

C2 Epoxy (90 wt.%) + Jute (10 wt.%) 

C3 Epoxy (80 wt.%) + Jute (20 wt.%) 

C4 Epoxy (70 wt.%) + Jute (30 wt.%) 

C5 Epoxy (60 wt.%) + Jute (40 wt.%) 

 

C. Physical Characterization 

1) Density Measurement 

The theoretical density of each composite is calculated 

using the rule of mixtures: 

 

The experimental density is determined using the water 

immersion (Archimedes) method. The void fraction is 

estimated as: 

 

2) Water Absorption Test 

Water absorption is evaluated as per ASTM D570. 

Specimens are immersed in water for up to 408 hours. 

Weight gain is recorded at regular intervals using: 

 

where W1 is the dry weight and W2 is the weight after 

immersion. 

D. Mechanical Characterization 

Mechanical tests are conducted to evaluate the effect of 

fiber loading on material performance. 

1) Tensile Testing 

Tensile properties are measured according to ASTM 

D3039 using an Instron 1195 universal testing machine. 

Flat specimens are subjected to uniaxial loading until 

failure. Longitudinal and transverse tensile strengths are 

recorded. 

2) Flexural Testing 

Three-point bending tests are performed as per ASTM 

D790. Flexural strength is determined from the peak load 

during bending. 

3) Impact Testing 

Impact strength is evaluated using a Charpy/Izod impact 

tester following ASTM D256. Unnotched specimens (64 

mm × 12.7 mm × 4 mm) are tested to record absorbed 

impact energy. 

4) Interlaminar Shear Strength (ILSS) 

Short beam shear tests are conducted according to ASTM 

D2344 using specimens of size 45 mm × 10 mm × 4 mm. 

ILSS is calculated using: 

 

where P is the maximum load, b is width, and t is 

thickness. 

5) Micro-Hardness Testing 

Vickers micro-hardness is measured using a Leitz micro-

hardness tester following ASTM D785. The hardness 

value is calculated as: 

https://ijsrem.com/
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where F is the applied load (24.54 N) and L is the 

diagonal length of indentation. 

E. Finite Element Modeling (ANSYS) 

Micromechanical analysis is performed to predict 

composite elastic properties using a Representative 

Volume Element (RVE) approach. 

1) RVE Generation 

A square array fiber distribution is assumed. Fiber volume 

fractions from 10% to 40% are modeled. The side length 

of the RVE is set to 10 units. The fiber diameter is derived 

from: 

 

2) Meshing and Element Type 

The RVE is modeled using SOLID186 3D 20-node 

elements, suitable for structural analysis with orthotropic 

materials. 

3) Boundary Conditions 

Periodic boundary conditions are applied to simulate 

continuous composite behavior. Displacements U, V, and 

W are imposed on corresponding faces according to 

established micromechanical homogenization theories. 

4) Evaluation of Elastic Constants 

Average stresses and strains are computed from FEA 

outputs to determine longitudinal and transverse elastic 

moduli using: 

 

The constitutive equations for transversely isotropic 

materials are used to compute: 

• Longitudinal modulus E1E_1E1 

• Transverse modulus E2E_2E2 

• Shear moduli and Poisson’s ratios (as applicable) 

F. Summary of Methodology 

The adopted methodology integrates experimental 

characterization, micromechanical modeling, and 

numerical simulation to evaluate the structural behavior of 

jute fiber–reinforced epoxy composites. This 

comprehensive approach enables comparison between 

experimental and predicted mechanical properties, thereby 

validating the suitability of natural fiber composites for 

engineering applications. 

Figure 2: Epoxy resin and corresponding hardener 

 

 

 

 

Figure 3: Jute fiber 

4. MECHANICAL CHARACTERISTICS OF 

COMPOSITES: RESULTS AND DISCUSSION  

This section presents the mechanical behavior of jute 

fiber–reinforced epoxy composites at varying fiber 

loadings (0–40 wt.%). The properties discussed include 

tensile strength, flexural strength, impact resistance, 

interlaminar shear strength (ILSS), and micro-hardness. 

The influence of fiber content on the composite 

performance is analyzed and correlated with 

micromechanical and physical characteristics. 

A. Tensile Properties 

The tensile behavior of the composites is significantly 

influenced by jute fiber loading. The neat epoxy (0 wt.% 

fiber) exhibits the lowest tensile strength due to its brittle 

nature. With fiber incorporation, the tensile strength 

increases, reaching a maximum at 30 wt.% jute contents. 

https://ijsrem.com/
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This behavior can be attributed to efficient stress transfer 

between the matrix and the aligned jute fibers. Up to 30 

wt.% fiber loading, fiber dispersion is uniform and 

interfacial bonding is sufficiently strong to enhance 

mechanical performance. Beyond 30 wt.% loading, the 

tensile strength decreases slightly due to: 

• Fiber agglomeration 

• Poor resin wetting at high fiber volume 

• Increased void content 

These factors result in reduced effective stress transfer, 

leading to premature failure. Similar trends have been 

reported in earlier natural fiber composite studies. 

B. Flexural Strength 

The flexural strength improves steadily with increasing 

fiber content up to 30 wt.%, beyond which a marginal 

reduction is observed. Since bending induces both tensile 

and compressive stresses, the presence of strong, stiff jute 

fibers enhances resistance to bending deformation. 

The improvement is governed by: 

• Increased stiffness contribution from jute fibers 

• Strong fiber–matrix adhesion (up to 30 wt.%) 

• Reduced crack propagation due to fiber bridging 

However, at 40 wt.% loading, non-uniform fiber packing 

and insufficient resin distribution reduce flexural 

efficiency. Micro-level matrix cracks initiate earlier and 

propagate through fiber-rich zones. 

C. Impact Strength 

Impact strength exhibits a continuous increase with fiber 

loading. The neat epoxy absorbs minimal impact energy 

and fails in a brittle manner. Jute fiber reinforcement 

enhances: 

• Energy absorption capacity 

• Crack deflection 

• Fiber pull-out energy 

• Micro-fibrillation during fracture 

Composites with 40 wt.% jute show the highest impact 

energy absorption. The ability of natural fibers to undergo 

plastic deformation and fiber bridging improves toughness, 

making higher fiber loadings more effective in impact-

dominated applications. 

D. Interlaminar Shear Strength (ILSS) 

ILSS is governed by the fiber–matrix interface quality. 

Results indicate that ILSS increases with fiber content up 

to 20–30 wt.%, after which a slight reduction is observed. 

The initial rise is due to: 

• Strong interfacial adhesion 

• Increased resistance to interlayer sliding 

• Enhanced polymer curing around fibers 

The reduction beyond 30 wt.% is associated with: 

• Higher void content 

• Poor wetting at high fiber volume 

• Stress concentration at fiber-rich clusters 

Since ILSS depends heavily on matrix continuity, high 

fiber loading disrupts matrix-rich regions, decreasing shear 

resistance. 

E. Micro-Hardness 

Micro-hardness values increase consistently with fiber 

loading. Jute fibers are inherently harder than epoxy resin, 

contributing to improved localized hardness. The increase 

in hardness indicates: 

• Better load-sharing capability 

• Higher resistance to surface indentation 

• Stronger fiber–matrix cohesive bonding 

This property is particularly significant for tribological and 

wear-related applications. 

F. Correlation with Micromechanical Predictions 

Micromechanical models (Rule of Mixtures, Halpin–Tsai, 

and Lewis–Nielsen) generally show strong agreement with 

experimental trends: 

• Longitudinal modulus E1 increases nearly 

linearly with fiber volume fraction. 

• Transverse modulus E2 follows a non-linear 

trend due to dependence on fiber packing and geometry. 

• Halpin–Tsai and Lewis–Nielsen models yield 

better predictions than the Rule of Mixtures, which tends 

to overestimate stiffness at high fiber loading. 

https://ijsrem.com/
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Finite element simulation of the RVE further validates the 

micromechanical models, showing close agreement with 

experimental longitudinal modulus values. 

G. Overall Discussion 

The mechanical characterization clearly demonstrates 

that: 

• Optimal fiber loading is around 30 wt.%, where 

most mechanical properties peak. 

• Fiber-rich composites (>30 wt.%) suffer from 

voids and poor wetting, reducing tensile and flexural 

performance. 

• Impact strength and hardness consistently 

improve with higher fiber content. 

• Mechanical behavior correlates strongly with 

physical parameters such as density, void fraction, and 

water absorption. 

• Micromechanical and numerical predictions 

support experimental results, confirming the reliability of 

jute fibers as reinforcement. 

These findings establish jute fiber–reinforced epoxy 

composites as viable candidates for lightweight structural, 

semi-structural, and impact-resistant applications. 

Fig 4: Longitudinal tensile modulus Vs fibre loading 

 

Fig 5: Transverse tensile modulus Vs fibre loading 

 

5. CONCLUSIONS 

The present study investigated the fabrication, 

characterization, and micromechanical modeling of 

unidirectional jute fiber–reinforced epoxy composites at 

varying fiber loadings. Based on the experimental, 

analytical, and numerical analyses, the following 

conclusions are drawn: 

1. Successful Fabrication: Jute fiber–reinforced 

epoxy composites were successfully fabricated using the 

hand lay-up technique at fiber loadings of 0–40 wt.%. The 

fabrication process produced composites with acceptable 

uniformity and minimal processing defects at moderate 

fiber contents. 

2. Physical Behavior: The density of the composites 

decreased with increasing fiber loading due to the lower 

density of jute fibers compared to epoxy resin. Void 

content increased at higher fiber percentages, influenced 

by limited resin flow and fiber packing. Water absorption 

increased with fiber content, attributed to the hydrophilic 

nature of jute. 

3. Mechanical Performance: Mechanical properties 

showed a clear dependence on fiber loading. Tensile 

strength, flexural strength, impact resistance, and ILSS 

increased up to an optimum fiber loading of 30 wt.%. 

Beyond this point, a reduction in tensile and flexural 

properties occurred due to fiber agglomeration, 

insufficient wetting, and increased voids. Impact strength 

and hardness continued to improve at 40 wt.% owing to 

fiber-dominated fracture mechanisms. 

4. Micromechanical Model Accuracy: Analytical 

predictions using the Rule of Mixtures, Halpin–Tsai, and 

Lewis–Nielsen models closely matched the experimental 

values for longitudinal modulus. Transverse modulus 

predictions were better captured by the Halpin–Tsai and 

Lewis–Nielsen formulations. The Rule of Mixtures 

consistently overestimated properties at higher fiber 

volume fractions. 

5. Finite Element Validation: Representative 

Volume Element (RVE)-based finite element simulations 

in ANSYS produced elastic modulus values that closely 

matched experimental data. This confirms the validity of 

numerical micromechanical modeling for natural fiber 

composites. 

6. Effectiveness of Jute Fibers: The study 

demonstrates that jute fibers are effective reinforcements 

for epoxy matrices, offering improvements in strength, 

stiffness, impact behavior, and hardness. Their low cost, 

https://ijsrem.com/
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availability, and biodegradability further strengthen their 

applicability in engineering applications. 

6. FUTURE SCOPE 

 

• Fiber Surface Modifications: Chemical treatments 

such as silane, alkali, acetylation, and peroxide can be 

applied to jute fibers to improve fiber–matrix adhesion 

and reduce water absorption. 

 

• Hybrid Composites: Fabrication of hybrid 

composites using combinations of natural fibers (e.g., 

jute–banana, jute–sisal) or natural–synthetic fiber blends 

(e.g., jute–glass) may yield improved mechanical and 

thermal properties. 
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