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ABSTRACT 

In the recent years, there is a shift in interest of engineers and researchers to natural fibres 

from synthetic fibres. Natural fibres have high strength, are light weight and are also 

inexpensive than the traditional synthetic fibres. In addition, the fibres obtained naturally 

are biodegradability and eco-friendly in nature. Banana fibre is a derived product by 

cultivation of banana fruit and thus plentiful in environment. Banana fibre is classified 

among the strongest naturally obtained fibre and therefore when reinforced with other 

few binding resins can be utilized for different applications. Epoxy resin are suitable 

matrix for composite creation since they have outstanding binding characteristics. The 

(FEA) Finite Element Analysis of epoxy-banana composite shows that the maximum 

value of impact, flexural and tensile load that the composite can bear is 1000 N, 900 N 

and 2100 N respectively. According to this investigation it can be concluded that because 

of their outstanding load bearing characteristics epoxy-banana composite can be utilized 

for several medium load industrial uses to high load industrial uses.  It is observed that 

the composite with least volume percent of epoxy has better mechanical strength and can 

bear higher deformation under higher load for tensile and flexural tests and for the impact 

strength results, the increase in fibre % results in lower impact strength. Also, the increase 

in higher vol. % of epoxy results in lower stiffness and higher deflection in the specimens, 

except for the specimen with 40% vol. of epoxy which obtained the most optimal results.  

Keywords: Banana Fibre reinforced epoxy composite, Finite Element Analysis, Natural 

Fibre. 

INTRODUCTION 

Banana fibre, hemp, wood, abaca, coconut, kenaf, sisal, jute, cotton, flax, wheat straw, 

bamboo, etc. are plant derived fibres and therefore known as natural fibres. When the 

reinforcement of natural fibres is done with plastic binder, they form a hard-composite 
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substance. Synthetic fibres advancement was considered as a better substitute to the 

traditional forms of materials like aluminum and steel. As compared to aluminum and 

steel, the synthetic fibres are light in weight and stronger respectively. As compared to 

steel the natural fibres are less strong and resembles the strength of steel upto 70% and 

on comparing natural fibres to synthetic fibre alternatives, natural fibres are lighter than 

the synthetic fibre alternatives. Furthermore, natural fibre is very much cost-effective 

compared with the synthetic fibres as they are plentiful in nature. Because of these 

features there is a shift in attention of engineers and researchers. 

On the treatment of bark of banana tree banana fibre can be obtained and it is a kind of 

bast fibre. For cultivation of new crop, it becomes essential to cut down banana trees once the 

banana fruit is cultivated in a season, because now it is useless and is nothing more than a bio 

waste. The cut down banana trees are transformed to raw banana fibre by drying and 

processing it at minimal cost. Banana fibre has several advantages like high fibre strength 

and low density since it is a lingo-cellulosic fibre. Furthermore, being produced from bio-

waste and being plentiful in nature it is cheaper than other forms of artificial fibres. 

Unlike the synthetic fibres, these fibres are environment friendly and biodegradable. 

Reinforcement of banana fibre with plastic resin develops a hard-composite material, 

which been found to have good mechanical properties. Banana fibre becomes hard 

material when reinforced by resin binder which can be easily molded into a rigid shape 

(Ramesh.,2017). It has been found that the several properties and strengths of composite 

are extremely reliant on either volume fraction or weight fraction of the added resin ( 

Prasad.,2014) . Also, it has been seen that the properties depend on factors like anisotropy, 

interphase properties and porosity (Rajesh.,2016). 

Materials comprising of two or more than two chemically discrete components that have 

a dissimilar interface that separates them are hybrids (Gupta.,2020). A material consisting 

of one or more than one discontinuous phase set in an incessant phase is known as a 

composite. Reinforcement is the intermittent phase, as it is stronger and harder in 

comparison to the continuous phase. The continuous phase is known as matrix. Both of 

these phases when combined and adjoined together are called as the composite.( 

Balasubramanian.,2019) A better set of mechanical characteristics can be gained by 

blending two or more fibre’s hybrids as compares to non-hybrid composites. Synergistic 

effects among both the fibres make it harder to predict mechanical properties. 

The process of resolving engineering problems using FEA software by dividing 3-

dimensional model of a sample into very small elements of finite number is known as 

Finite Element Analysis. Depending on the surface construction of the specimen several 
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mesh can be selected. The calculation of the result of the analysis is done on the mesh 

nodes. It was found from the outcomes of the literatures that the mechanical behavior of 

natural fibre can be analyzed using FEA model when the fibres in actual composite are 

arranged symmetrically and regularly, because the results acquired from the experimental 

tests were close to the FEA model (José da Silva., 2012). 

 

LITERATURE SURVEY 

Vishnu Prasad et. al. (2014) performed Finite Element Analysis on hybrid polymer 

matrix reinforced with jute-banana. The composite specimen is prepared with varying 

CNSL% from 5 - 40 %. With the help of modelling software 3-Dimensional model of 

specimen was created. Tensile test was performed both by FEA and experimental ly on 

the specimen with dissimilar geometries. Plotting was done for specimen with variable 

composition between % CNSL properties and the maximum load. 

Ravi Tumkur Suryavanshi et. al. (2016) using Finite Element Analysis tried to find the 

stress intensity factor of hybrid polymer matrix composite reinforced by banana fibre. 

Hand lay-up method was used to fabricate the CNSL-Banana composite. The specimen 

dimensions are 96.5 mm x 22 mm x 5.5 mm and specimen were created according to 

ASTM D5045. 3-Dimensional model of specimen for finite element analysis was 

prepared by means of modelling software and the FEA software was used to simulate the 

test conditions. It was found that with the increase in amount of CNSL the fracture 

toughness of the composite decreases and optimum stress intensity factor was obtained 

for the sample with 5% CNSL. 

Leandro José da Silva et. al. (2012) Analyzed natural fibre reinforced bio composites 

experimentally and numerically. Sisal and Banana composites were created accordingly 

and scanning electron microscopy and tensile test were conducted using it. Modelling 

software was used to create 2-dimensional and 3-dimensional model of the specimen and 

testing conditions were kept same for subjecting. Since the result of FEA were close to 

that of experimental analysis, conclusion was made that to estimate mechanical 

characterization of natural fibres FEM can be used when the fibre arrangement in actual 

composite is regular and symmetry. 

P. Shashi Shankar et. al. (2013) assessed the mechanical characteristics of epoxy 

composite reinforced by banana. In order to examine, for specific test according to the 

ASTM standards the specimen of variable fibre volume fraction were created 

accordingly. Charpy impact, impact and tensile test were the tests to which specimen was 

subjected. 3-dimensional model of the specimen was created assuming the fibre 
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orientation as unidirectional. Comparison of FEA and experimental result both were done 

respectively. 

M. Rajesh et. al. (2016) investigated the outcomes of Finite Element Analysis of hybrid 

composite material reinforced Banana/Coir. Composition of epoxy composite reinforced 

by banana-coir, epoxy reinforced by banana and epoxy reinforced by coir was used to 

create model with dimensions 100 x 100 x 10. FEA results and experimentally obtained 

results were associated and found close to each other. From FEA it was determined that 

by increasing fibre percentage it is possible to decrease stress concentration besides the 

small difference in FEM and experimental values is because some phenomenon like 

interphase properties, anistrophy and porosity were neglected. 

T. Hariprasad et. al. (2017) using FEM and experimental techniques examined the 

characteristics of hybrid composite of banana coir. Hand lay-up method was utilized for 

the fabrication of the epoxy composites reinforced by coir and banana and were treated 

chemically further. The dimensions of the specimen were according to the dimensions of 

ASTM standards for flexural, impact and tensile tests and accordingly the specimen was 

constructed. To investigate finite element analysis, modelling software was used to 

construct the models of specimen and ANSYS 11.0 was used to simulate the tests results. 

It was noted that on alkali treatment of composite the flexural strength reduced while 

impact and tensile strengths of coir and banana fibres enhanced. Moreover, the 

experimental and the FEA results were close thus to forecast the mechanical behavior of 

composites of fibre, FEM can be used. 

Shivanshu Dixit et. al. (2019) investigated characteristics of composites reinforced by 

fibre and performed (FEA) finite element analysis on them. Construction of the specimen 

was done using five dissimilar kinds of fibres and twenty-five dissimilar combinations 

of them were prepared. ANSYS- MECHANICAL ADPL software was used to design the 

specimen to test its mechanical characteristics. The mechanical characteristics were 

selected as linear isentropic, and the designed element was selected to be 3D 4shell 181. 

In perpendicular direction a point load of 200 KN was applied on 17 nodes. The angles 

of orientation of fibre were taken as -45, 0, 90 and 45. The thickness of the specimen was 

0.2 mm/layer along with 5 such layers and the dimensions of specimen were 200mm x 

20mm. The comparison of the composites was done according to the x, y, z components 

of rotation, x, y direction stress and x, y, z direction deformations. 

Mario D. Monẑon et. al. (2019) analysed and simulated the mechanical behavior of 

woven composite reinforced by banana fibres. The specimen was fabricated as per ISO 

standards for the relative tests. A 3D model of the specimen was constructed for 
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simulation purposes. The results of the simulations were compared to the results of the 

experimental tests of the tests and that obtained by numerical model, and it was observed 

that all the models displayed negligible variance, hence all of the models can be considered 

accurate. 

Manickram Ramesh et. al. (2017) analyzed the hybrid composite reinforced by carbon-

banana fibres for its mechanical properties. Fabrication of the specimen was done with 

respect to the relative ASTM standards for tensile, impact water intake and flexural tests. 

ANSYS 15.0 was used for the FEA (Finite Element Analysis) of the specimen model. 

The FEA results and the experimental results were compared, and the general trends were 

observed. It was observed that the results of the experimental analysis and FEA displayed 

negligible variance and thus it was concluded that the mechanical behavioral 

characteristics can be determined by finite element method. 

M. Ramesh et. al. (2018) utilized finite element analysis to determine the mechanical and 

morphological characteristics of hybrid composite reinforced by glass-flax. Hand layup 

method was used for the fabrication of the specimen. The specimens were prepared as 

per the respective ASTM standards for tensile, impact and flexural test. ANSYS 12.0 was 

used for the construction and finite element analysis of the specimen model. The 

experimental results were observed and the specimen with highest strength was 

determined. It was concluded that the FEA results were substantiated by experimental 

results and thus it was determined that the FEA model can be reliably considered.  

Vishnu Prasad et. al. [14]utilized the Finite Element Method (FEM) to determine the  

mechanical behavior of jute fiber polymer matrix composite. hand lay-up method was 

used to fabricate the jute–CNSL composite. An INSTRON testing machine was used to 

conduct the tensile test on the specimen. ANSYS was used for the Finite Element 

Analysis of the specimen model. The curves for load vs % CNSL characteristics of 

variable CNSL percentage in the composites and load vs deformation were plotted. 

M. Ramesh et. al. (2019) utilized the finite element method to determine the mechanical 

characteristics of polymer composite reinforced by glass-kenaf fibre hybrid. Hand layup 

method was used in fabrication of the composite. The specimen was prepared according 

to the relative ASTM standard dimensions for tensile, impact and flexural tests. NX 

NASTRAN 9.0 software was used for the Finite Element Analysis of the specimen 

model. It was concluded that both the FEA and experimental test results were 

approximately similar. Hence it can be deduced that FEA model can be used to determine 

the mechanical properties of the specimen.  

Adewale George Adeniyi et. al. (2019) analyzed the polystyrene composite reinforced 
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by sisal fibres, utilizing a multi-scale finite element analysis. Injection molding machine 

that was hand operated, was used in the fabrication of the composite specimens of fibre 

percentages of 10%, 20%, 30%and 40% by weight. ABAQUS 6.14 was used for the 

Finite Element Analysis of the specimen model. 3D representation method was employed 

for the construction of the specimen model. Different curves for fibre loading vs 

longitudinal modulus, fibre loading vs poisson’s ratio and fibre loading vs transverse 

modulus were plotted. 

Siva Bhaskara Rao Devireddy et. al. (2012) investigated the change in elastic and thermal 

properties of unidirectional composites reinforced by fibers, due to representative volume 

element and fibre geometry. RVE model was employed on ANSYS to construct the 

specimen model. fibre loading vs longitudinal modulus, fibre loading vs poisson’s ratio 

and fibre loading vs transverse and fibre loading vs in plane shear modulus were plotted 

and analyzed. Another curve was also plotted to determine the change in thermal 

conductivity due to volume fraction. 

K. Balasubramanian et. al. (2020) employed finite element method and experimental 

testing to determine the mechanical characteristics of natural fibre-reinforced composites. 

Hand layup technique was used for the fabrication of the specimens. The specimens were 

prepared as per ASTM standards with dimensions for impact and tensile tests. ANSYS 

software was used for the FEA of the three-dimensional specimen models. The FEA and 

experimental analysis results were compared, and it was determined that both the models 

came out to be approximately similar. Hence, it was concluded that FEM can be used to 

determine the mechanical behavioral characteristics of the composite material.  

MATERIALS AND METHODOLOGY 

The orientation of the fibre is 0̊ and the EBEBE (E-Epoxy, B-Banana) stacking was used 

for the creation of the composite model. Based on, total thickness x volume fraction / no. 

of layers (i.e., 3 layers of epoxy and 2 layers banana) each layer thickness is determined. 

PTC CREO 5.0 (India) was used to create five samples each of composition 50-50, 60-

40, 70-30, 80-20, 90-10 for each test specimen. The dimensions of the specimen used for 

tensile test were 145 mm x 20 mm x 4 mm and as reported by ASTM D638 the test was 

performed. The dimensions of the specimen used for flexural test were 60 mm x 10 mm 

x 4 mm and based on ASTM D790 the test was performed. ASTM D256 standards were 

used for the Izod Impact test and 63 mm x 12.7 mm x 3 mm were the dimensions of the 

specimen used. ANSYS Workbench 16.0 (India) was the FEA software used for analysis 

and the model was created using PTC CREO 5.0 (India). FEM was applied on the 
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specimen in ANSYS Static Structural. The dimensions of sample on which the Brinell 

Hardness test was conducted are 20 mm x 20 mm x 6 mm. The maximum load used for 

tensile, impact and flexural test was 21412 N at 0.1 Vf, 1192N at 0.1 Vf, 1534N at 0.1 Vf 

respectively. The Deflection and Stiffness Test of the composite specimen were 

performed as per ASTM D7264. The specimen of dimensions 153.6 mm x 13 mm x 4 

mm was created with volume fraction of epoxy 0.1 Vf, 0.2 Vf, 0.3 Vf, 0.4 Vf and 0.5 Vf by 

composition were modelled on PTC CREO 5.0 (India) as a parallel layer composite with 

EBEBE stacking. A three-point loading configuration was used in the strain and 

deflection analysis.  

 

During meshing the element size of the specimen model was kept at 2mm for the (FEA) 

finite element analysis and the geometry of the elements of the specimen model were 

kept as tetrahedral. The total nodes and total elements were found to be 83149 and 4506 

respectively with a transition ratio of 0.272 and growth rate of 1.2. The mesh was 

generated in Static Structural and to determine the independence of the mesh, a grid 

independence test was performed.  

A graph for element size vs resultant stresses was plotted to determine the consistent 

element size of the mesh. It was observed that the element size of 1mm and 2 mm 

provided the most optimum results and in this range the results of the FEA appeared to 

be constant. Hence, to save time and accurately determine the outcomes of the FEA, the 

mesh size of 2mm was applied. 

 

 

                                                      Figure 1 Specimen for Tensile Test 
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Figure 2 Specimen for Impact Test 

 

 

Figure 3 Specimen for Flexural Test 

 

Figure 4 Specimen for Deflection Test 

 

 

THEORITICAL MODELLING 

 Failure Strength  

Parallel layer composite is developed to analyze the epoxy composite of banana. The 

strength properties of both, the epoxy and the fibre is very distinct. Using the rule of 

parallel mixture taking 54.6 MPa as epoxy strength and 750MPa as raw banana fibre 

strength, the overall strength for the (E-B-E-B-E) composite is calculated [18]. Based on 

this, the equation provides the tensile strength of the composite reinforced by fibre[19]. 

Where, V(m) is volume fraction of matrix, V(f) is volume fraction fibre, T(m) is strength 

of matrix, T(f) is strength of fibre and Tc is failure strength of composite. 

 

                                                             𝑇𝑐 = T (f) V (f) + T(m)V(m)                                      (1) 

   

                                                Table 1 Failure Strengths of various composites 

Volume % of composite (E: B) Failure strength (MPa) 

153.6 

13.00 

4.00 
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10:90 679.88 

20:80 611.02 

30:70 540.98 

40:60 472.12 

50:50 401.89 

 

Deflection and Stiffness: 

The Deflection of the specimen were calculated with respect to the strain at the outer layer 

of the composite specimen model. The strain generated was analyzed and the 

corresponding values were validated through the following equation: 

∈ =
6δh

L2  

where: 

δ = mid-span deflection, mm, 

∈ = maximum strain at the outer surface, mm/mm,  

L = support span, mm and 

h = thickness of beam, mm.  

While the stiffness was calculated through the given relation between load and 

deflection, which is:  

Κ =
P

δ 
 

where: 

K = Stiffness of the composite, N/mm, 

P = Load applied on the mid-span of the body, N and 

δ = mid-span deflection, mm. 

RESULT AND DISCUSSION 

 

1.  Tensile Test 

The table below depicts the Tensile test results for various specimen ranging from 10% 

to 50% Epoxy by volume. In addition, the maximum load before its failure and the 

maximum deformation in tensile loading on various specimens were compared using a 

line graph. It was found that the specimen having 10% epoxy having maximum tensile 

strength. It was observed that the specimen with 10 % epoxy showed a maximum 

deformation of 2.092 mm and the maximum bearable load of 21412N. Whereas, the 

specimen with 50 % of epoxy by volume obtained the minimum deformation and 

minimum bearable load of 1.239 mm and 7779 N respectively. 
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                  Figure 5 Maximum equivalent stress for Tensile test            Figure 6 Deformation of tensile test  

 

 

 

Table 2 Results of Tensile test 

 

 

 

 

 

  

 

Graph 1 Max load and max. stress vs vol.% epoxy for tensile test 

 

Volume % of 

Epoxy 
Max. Load (N) 

Max. 

Stress 

(MPa) 

Max. 

Deformation 

(mm) 

10 21412 681.01 2.092 

20 17305 610.84 1.895 

30 13703 539.89 1.669 

40 10501 470.95 1.436 

50 7779 398 1.239 
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Graph 2 Max. Deformation occurring at various load conditions for tensile test 

2.  Izod Impact Test 

The table below depicts the Impact test results for various specimen ranging from 10% 

to 50% Epoxy by volume. The failure deformation and load at the time of failure in 

various specimen were compared with the help of line chart. The results concluded that 

the maximum impact strength is observed in the specimen with 10% epoxy by volume                

Figure 7. Maximum equivalent stress for Izod impact test     Figure 8. Deformation of 

Izod  

which is just followed by the specimen having 50% of epoxy. The maximum bearable load 

of 1201 N was found in specimen with 10 % epoxy however, maximum deformation of 

1.201 mm was seen in specimen with 50% epoxy. While, the minimum deformation and 

bearable load values of 0.846 and 838 N mm were observed in specimen with 30 % and 

40 % of epoxy respectively. 

                  Table 3 Results of Izod impact test 

Volume % of 

Epoxy 

Max. Load 

(N) 

Max. Stress 

(MPa) 

Max. 

Deformation 

(mm) 

10 1201 679.88 0.975 

20 1112 611.03 0.932 

30 859 542.06 0.846 

40 838 472.12 0.925 

50 1105 401.94 1.201 
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Graph 3. Max. Load and Max. Stress vs % volume of epoxy for impact test 

                              Graph 4. Max. Deformation occurring at various load conditions for Impact test 

3.  Flexural Test 

The table below depicts the Flexural test results for various specimen ranging from 10% 

to 50% Epoxy by volume. Additionally, a line graph was plotted to compare the 

maximum load just before failure and highest deformation due to tensile loading for 

various specimens. It was found that the specimen with 10% epoxy volume displayed the 

highest Flexural strength and which then steadily decreases as the Vol.% of Epoxy increases. 

The highest deformation of 2.378 mm and maximum bearable load of 1512N was 

observed in the specimen with 10% epoxy. Whereas, the specimen with 50% epoxy gave 

the lowest deformation of 1.958 and the minimum bearable load value of 518N. 

                                 Figure 9 Maximum equivalent stress for Flexural test       Figure 10. Deformation of Flexural test 

 

                    Table 4. Results of Flexural test 

Volume % of 

Epoxy 

Max. Load 

(N) 

Max. 

Stress 

(MPa) 

Max. 

Deformation 

(mm) 

10 1512 681.12 2.378 

20 1034 609.84 2.227 

30 885 540.98 2.261 

y = 0.02x3 - 0.1226x2 + 0.1724x + 0.9078

R² = 0.9939
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                Graph 5 Max. Load and Max. Stress vs % volume of epoxy for Flexural test 

Graph 6 Max. Deformation occurring at various load conditions for Flexural test 

   

Graph 7. BHN at various vol. % of epoxy 

4.  Hardness Test 

The table below displays the Brinell hardness test results for various specimen ranging 

from 10% to 50% Epoxy by volume. Additionally, a line graph was plotted to compare  

the BHN for various specimen. The maximum BHN of 44.15 was observed in 10 % epoxy 

specimen and the minimum BHN of 43.52 was seen in specimen of 50 % epoxy 

composite. 
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Table 5. Results of Flexural test 

 

Figure 11 Hardness test 

5.  Deflection and Stiffness Test 

The table below depicts the Deflection and stiffness test results for various specimen 

ranging from 10% to 50% Epoxy by volume. The deflection and stiffness at constant load 

in various specimen were compared with the help of line chart. The results concluded that 

the maximum deflection is observed in the specimen with 40% epoxy by volume which 

is just followed by the specimen having 20% of epoxy. The maximum stiffness of 215.479  

 

        Figure 12 Maximum Deflection under load             Figure 13 Maximum strain at the 

outer surface  

             Graph 8. Max. Deflection vs % volume of epoxy for Deflection test.  Graph 9. Stiffness of    

Various specimens under constant load condition 

CONCLUSION 

As per the current study, the failure stresses for banana-epoxy composite of compositions 

were estimated and the values of which were used to calculate the maximum bearable 
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load of the ASTM standard size specimen of tensile, flexural and Izod impact tests. It 

was found in the literature survey that the finite element model is very reliable for 

studying the mechanical behavior of fibre composite and hence it was used for studying 

the characteristics of fibre composite. It is observed that the composite with least volume 

percent of epoxy has better mechanical strength and can bear higher deformation under 

higher load in tensile and flexural tests. However, the results of impact test show a 

decrease in maximum bearable load with the increase in % volume of epoxy, then the 

load value starts increasing at some point between 30- 40 % and the trend is further 

continued. Similar trend was seen for maximum deformation under impact load. Also, 

with increase in % volume of epoxy, the hardness of the specimen decreases. The 

maximum bearable tensile load was observed in specimen with 10 % volume of epoxy and 

the value came out to be 21412 N with maximum deformation of 2.092 mm. The 

maximum flexural load of 1512 N with maximum deformation of 2.378 mm was 

observed in the 10 % specimen and so was maximum impact load which comes out to be 

1201 N, however maximum deformation in impact test of 1.201 mm was observed in 50 

% specimen. The maximum BHN of 44.15 was observed in the 10% composite while 

the minimum BHN of 43.52 was observed in the 50% composite. The minimum 

deflection of 1.137 mm and maximum stiffness of 215.479 N/mm was observed in 

specimen with 40% epoxy. It was observed that as the volume % of epoxy increases, 

stiffness decreases, and deflection increases. However, it was not true for the specimen 

with 40% epoxy by volume. Moreover, the lowest stiffness of 160.761 N/mm was found 

in specimens with 50% vol. of epoxy along with the highest deflection at 1.524 mm.   
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