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Abstract 
Present work provides a numerical tool for analyzing 

the variation of elastic constants and failure strength with 

respect to Fiber Volume Fraction (FVF) and Fiber Orientation 

Angle (FOA). A model has been developed for analyzing that 

properties for the lamina of the composite. Jute Fiber 

Reinforced Polymer with various fiber orientation angle and 

fiber volume fraction are analyzed for failure strength. Failure 

strength of the lamina (composite) depends upon the FVF and 

FOA. In the analysis, it is investigated that Jute Fiber 

Reinforced Polymer lamina analytical results are very close to 

computational results. Finite element analysis is preferred 

over the experimental tests as it is a more convenient and 

economical method of analysis. So this method of simulation 

is more suitable for future work. 
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Introduction 
Nowadays, Natural Fiber Reinforced Polymers are 

extensively used in load carrying structures in engineering and 

industrial applications. Natural Fiber Reinforced Polymer 

consists of natural fiber and epoxy. In our investigation 

process, we use jute fiber. Jute fiber is used as a reinforcement 

and epoxy as a protection and binding material. Jute fiber and 

epoxy phase are not soluble in each other. All the laminas 

have orthotropic behavior and nine elastic constants i.e. three 

young's modulus, three moduli of rigidity and three Poisson's 

ratio. Orthotropic materials have the maximum and minimum 

load carrying capacity in the longitudinal and transverse 

direction respectively. [8] Variation of failure strength and 

elastic constants have been determined through coding in 

MATLAB. Variation of failure strength also determines 

through coding in ANSYS.  

MATLAB is a numerical tool which is used to solve 

mathematical equations and plotting curve. It’s required to 

generate a code for solving specific equations and curve 

plotting. This code is known as the program of MATLAB. In 

the present investigation, elastic constants and failure strength 

of lamina are determined using micromechanics of lamina. 

Where the elastic constants and failure strength determined 

through mathematical relations which are given by Halphin-

Tsai. 

ANSYS is a software which is used for modelling 

and static, dynamic, thermal analysis of models. ANSYS 

works on the principle of finite elements. For modelling in 

ANSYS dimensions and boundary conditions of the model are 

required.      

The study of the lamina is done under 

macromechanical analysis of a lamina. The lamina is 

considered as a homogeneous and orthotropic composite 

material. Macromechanical analysis of lamina will not depend 

on individual properties of fiber and matrix. Natural Fiber 

Reinforced Polymer with various fiber orientation is analyzed 

for failure strength. 

 

Material and Model 
The elastic constants and failure strength of Jute 

Fiber and Epoxy as shown in Table1. 

 

Table1: Material properties of natural fiber and epoxy 

 

E 

(GPa) Νu 

Sy 

(MPa) 

Su 

(MPa) 

ET 

(GPa) 

G 

(GPa) 

Jute 20.00 0.30 - 596.50 - 7.69 

Epoxy 3.45 0.35 16 24.00 .28 1.27 

 

In the present simulation, a model has been 

developed for the Jute Fiber Reinforced Polymer lamina. For 

the analysis of failure strength, the fiber orientation of lamina 

is taken from 0̊ to 90̊. Lamina has fixed at the center and 

all degrees of freedom. Pressure is applied at the edge of the 

Natural Fiber Reinforced Polymer lamina. [6] 

 

Previous Work 
               Mayank et al. (2014) determined the failure load for 

laminated composite under tensile loading. In this simulation, 

the analysis of failure stresses of laminated composite has 

been carried out using ABAQUS. [7] 

Rahmani et al. (2015) were to the prediction of the elastic 

constants of carbon fiber reinforced epoxy laminates using 

simple mathematical techniques. For this purpose, a 

MATLAB calculation code (MCC) was developed in 

MATLAB. This provides sufficient capability for analysis of 

the mechanical behavior of the composite material. The 

MATLAB code can generate various orientation angles of the 

fiber and it makes it possible to analyze the volume fraction of 
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a wide variety of fibers under mechanical load.[13] 

 

Methods 
Micromechanical analysis of lamina  

In micromechanics approach, the properties of the 

lamina are determined by using the properties of individual 

constituents i.e. fiber and matrix. There are different types of 

models developed to determine the elastic properties of 

lamina such as the rule of mixture, semi-empirical models and 

elasticity approach etc. 

In the present investigation, the semi-empirical 

method Halphin-Tsai model is used to determine the elastic 

properties of the lamina.[1] 

 

Macromechanical analysis of lamina 

A unidirectional lamina can be considered as an 

orthotropic body. Orthotropic lamina has the nine independent 

constant.   

Hook’s law for 2-D lamina 

Laminates are generally built up of various stacking 

layers at a different orientation of angles because lamina is 

weak in the direction perpendicular to the fiber axis. Hence to 

provide transverse stiffness and strength in laminates, the 

lamina is placed at various orientation angles of fiber. So, for 

an oriented lamina except at 0°, it is required to establish a 

stress-strain relationship. 

To establishing a stress-strain relationship it is 

required to define other coordinate systems which are known 

as the local coordinate system.  Axes along the direction of 

fibers are known as longitudinal local axes whereas axes 

perpendicular to the fiber is known as transverse local axes. In 

given figure1, X-Y are global axes whereas 1-2 are local axes 

or material axes. [2] 

 

Figure1: Local and global axes 

 

Simulation of Jute Fiber Reinforced Polymer lamina 
              Simulation of Jute Fiber Reinforced Polymer lamina 

has been done through finite element analysis. [4] There are 

various finite element software packages available in the 

market such as ANSYS, ABAQUS, NASTRAN, FORTRAN 

etc. In the present investigation, ANSYS is used for analysis. 

[5] Finite element analysis requires three basic steps: pre-

processing, processing and post-processing. In pre-processing 

the elastic properties, strength properties, lamina properties, 

the geometry of lamina, meshing, boundary and loading 

conditions are defined. In processing step ANSYS analyzes 

the conditions and solve the problem. In the post-processing 

step, results are obtained. For the present simulation, these 

results are stress distribution, strain distribution, and failure 

strength or load. [7] 

              SHELL281 element is used for analysis in ANSYS. 

Specification of Element SHELL 281 is 8-node with six 

degrees of freedom at each node. The element is suitable for 

analyzing thin to moderately-thick shell structures and is 

appropriate for linear, large rotation, and large strain nonlinear 

applications.  

The Flowchart for simulation is shown figure2. 

 

 
Figure2: Flow chart fow simulation process 

 

Results and Discussion 
In the present investigation, computational analysis 

of lamina (composite) has been performed. An analysis was 

performed in two different stages- micromechanical analysis 

of lamina and macromechanical analysis of lamina. In 

micromechanical analysis, elastic constants and failure 

strength of lamina have been calculated through writing a 

code on the bases of Haiphin-Tsai model in MATLAB.  

In macromechanical analysis of lamina, failure 

strengths of jute-epoxy, bamboo-epoxy and coir-epoxy lamina 

are calculated analytically through writing code in MATLAB 

and are also found computationally using ANSYS software. 

The results (obtained through an analytical method and the 

computational method) were compared. 

 

Micromechanical Analysis of Lamina 
In this section, Jute fiber with epoxy as a matrix 

model has been analyzed. Elastic constants such as Young’s 

modulus, Poisson’s ratio, and modulus of rigidity and failure 

strength have been calculated. 

Young’s modulus, Poisson’s ratio, modulus of 

rigidity and failure strength at different fiber volume fractions 

has been performed for Jute/Epoxy as shown in figure 5.1 to 

5.4. The volume fraction of fibers is varied from 30% to 65%. 
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Figure3: Variation of Young’s modulus with fiber volume 

fraction 

Figure3 shows the variation of Young’s modulus in 

longitudinal (X-direction), and transverse (Y and Z-direction) 

of the lamina with fiber volume fraction. Longitudinal 

Young’s modulus has a higher value as compared to 

transverse Young's modulus. Longitudinal Young’s modulus 

has a linear variation with fiber volume fraction. Transverse 

Young’s modulus has a nonlinear trend with fiber volume 

fraction. Young’s modulus of lamina increases with the 

increase in fiber volume fraction. 

 
Figure4: Variation of Poisson’s ratio with fiber volume 

fraction 

Figure4 shows the variation of Poisson’s ratio in XY, 

XZ and YZ plane with fiber volume fraction. Poisson’s ratio 

in XY and XZ plane has a linear variation with fiber volume 

fraction. Poisson’s ratio in YZ plane has a non-linear variation 

with fiber volume fraction. Poisson’s ratio decreases with the 

increase in fiber volume fraction. 

Figure5 shows the variation of modulus of rigidity in 

XY, XZ and YZ plane of the lamina with fiber volume 

fraction. Modulus of rigidity in XY and XZ plane has a higher 

value as compared to YZ plane. It has a nonlinear trend with 

fiber volume fraction. Modulus of the rigidity of lamina 

increases with the increase in fiber volume fraction. 

Figure6 shows the variation of stresses in X, Y-

direction (tensile) and XY plane (shear) with fiber volume 

fraction. Stress in X-direction has a higher value as compared 

to Y-direction. Stresses have a linear variation with the fiber 

volume fraction. Stresses are increases with the increase in 

fiber volume fraction. Shear strength has a linear variation 

with fiber volume fraction. Shear strength increases with the 

increase in fiber volume fraction. 

 
Figure5 : Variation of modulus of rigidity with fiber volume 

fraction 

 

 
Figure6: Variation of Stresses with fiber volume fraction 

Macromechanical Analysis of Lamina 
In this section, the strength of lamina has been 

calculated when the orientation of fibers was different from 

the loading direction. This type of strength is called off-axis 

strength of lamina. Off-axis strength of lamina has been 

computed through a computational method in ANSYS and 

analytical method by using stress-strain relationship and 

theories of failure in MATLAB. The results obtained through 

ANSYS and MATLAB were compared. Finally, the variation 

of off-axis strength with fiber orientation angles has been 

plotted for the different fiber volume fraction of jute fiber in 

the epoxy matrix. 

Analysis of jute-epoxy lamina at 50% fiber volume fraction 

The failure strength and local stress of lamina have 

been determined by developing a program in MATLAB and 

also computed through analysis in ANSYS. Off-axis failure 

strength of lamina with various fiber orientation angle for 

different fiber volume fraction has been determined in 

ANSYS.  

Comparison of computational (ANSYS) results with 

analytical (MATLAB) results 

Comparison between failure strength and local 
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stresses (X, Y-direction and XY plane) for lamina obtained by 

using ANSYS and MATLAB has been done. The comparison 

between computational (ANSYS) results and analytical 

(MATLAB) results has been presented in Figures7 to 10.  

A very good agreement has been seen between 

ANSYS and MATLAB results. On observing the trends it can 

be concluded that the analysis of lamina can be performed 

accurately using ANSYS. Figure7 shows the comparison of 

failure strength. Figure8 shows the comparison of local stress 

in X-direction. Figure9 shows the comparison of local stress 

in Y-direction. Figure10 shows the comparison of local stress 

in the XY plane. 

 
Figure7: Comparison of ANSYS results with MATLAB 

results and variation of Failure stress with fiber orientation 

angle 

 
Figure8: Comparison of ANSYS results with MATLAB 

results and variation of local stress in X-direction with 

fiber orientation angle 

 

 
Figure10: Comparison of ANSYS results with MATLAB 

results and variation of local shear stress in XY-plane with 

fiber orientation angle 

 

 
Figure11: Variation of local stress with fiber orientation 

angle 

Figure11 shows the variation of local stresses with 

fiber orientation angle. Stress in X-direction decreases when 

ply angle increases in the positive or negative direction. At 

90° or -90° stress has minimum value i.e. zero. Stress in Y-

direction increases with increases in the ply angle. It has a 

maximum value at 90° or -90°. Stress in the XY plane has a 

minimum value at 0° and 90°. The value of stress in XY plane 

increases up to 45° and after that decreases. Stress in the XY 

plane has a maximum value at an angle of 45°. 

 
Figure12: Variation of off-axis strength with fiber orientation 

angle 

 

 
Figure9: Comparison of ANSYS results with MATLAB 

results and variation of local stress in Y-direction with fiber 

orientation angle 
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Variation of off-axis strength with fiber orientation angle 

for different fiber volume fractions 

On observing Figure12 it can be concluded the value 

of off-axis strength decreases with the increase in fiber 

orientation angle. The maximum off-axis strength is obtained, 

when lamina is loaded in the direction of fibers and minimum 

when it loaded in the direction perpendicular to fiber 

orientation. Beyond fiber orientation angle 30°, the off-axis 

strength is almost same for different fiber volume fractions. 

Conclusion 
In this study, investigate the variation of failure 

strength and elastic contents with FVF. Jute Fiber Reinforced 

Polymer lamina has maximum longitudinal failure strength 

and less transverse failure strength. The investigation of Jute 

Fiber Reinforced Polymer lamina is simulated using finite 

element analysis software ANSYS. Shell model was 

developed and analysis of the model was carried out as per 

given boundary conditions. Shell model was examined and the 

obtained results were in good agreement with the analytic 

results. Off-axis strength has no significant difference after 

30° for any fiber volume fraction Therefore analysis of the 

composite structure can be done with Finite Element Analysis.  
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