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Abstract- Fiber reinforced polymer composites has been used in a variety of application because of their many advantages such as
relatively low cost of production, easy to fabricate and superior strength compare to neat polymer resins. Reinforcement in
polymer is either synthetic or natural. Synthetic fiber such as glass, carbon etc. has high specific strength but their fields of
application are limited due to higher cost of production. Recently there is an increase interest in natural fiber based composites
due to their many advantages. In this connection an investigation has been carried out to make better utilization of banana fiber for
making value added products. The objective of the present research work is to study the mechanical behavior of banana/glass fiber
reinforced epoxy based hybrid composites. The effect of fiber loading on mechanical properties like tensile strength, flexural
strength, hardness of composites is studied. Its validation has been done by FEM using ANSYS software. Crystallography
/amorphous nature of composites is determined by XRD analysis. Also, the surface morphology of fractured surfaces after tensile
testing is examined using scanning electron microscopy (SEM).
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Introduction - In fiber reinforcement polymer composites, the reinforcements are either synthetic or natural fibers. Now-a-days,
the natural fibers have a great attention as they are a substitute to the exhausting petroleum sources. Among all reinforcing fibers,
natural fibers have increased substantial importance as reinforcements in polymer matrix composites. The benefits accompanying
with the usage of natural fibers as reinforcement in polymers are their availability, biodegradability, low energy consumption,
non-abrasive nature and low cost. In addition, natural fibers have low density and high specific properties. The specific
mechanical properties of natural fibers are equivalent to those of synthetic reinforcements. A great deal of work has been carried
out to measure the prospective of natural fibers as reinforcement in polymers. Studies on cements and plastics reinforced with
natural fibers such as coir, sisal, bamboo, jute, banana and wood fibers have been reported. Among various natural fibers, banana
finds a wide variety of applications around the world.

Literature Review

Sabu Thomas et al. was investigated the mechanical performance of short randomly oriented banana and sisal hybrid fiber
reinforced polyester composites with reference to the relative volume fraction of the two fibers at a constant total fiber loading of
0.40 volume fraction (Vs), keeping banana as the skin material and sisal as the core material. It was found that the tensile strength
is found to be increased in banana/sisal hybrid fiber reinforced polyester composites when the volume fraction of banana is
increased and The impact strength of the composites is increased when the V;of sisal is increased.

Kerim et al. studied the bending strength of single and double layer specimen of banana/glass hybrid composite. The test results
showed that the highest and lowest bending strengths for a single layer specimen were found to be 13.085 N/mm?2 and 8.957
N/mmz2, respectively. While, the highest and lowest bending strengths for the double layer specimens were found to be 18.196
N/mm2 and 16.834 N/mmz2.According to these results, it can be said that these produced banana / glass fiber bio composites can be
used for indoors and outdoors applications where very high strength is not required. Thus, economic benefits of the waste can be
realized.

S.Raghuramn et al.deals with fabrication and investigation of mechanical properties of natural fibers such as abaca and banana
fiber and compares with the hybrid natural fiber composite. It is found that Abaca-Glass composite is found to have better tensile
strength than the other two combinations and Abaca-Glass-Banana Hybrid Composite is found to have better Flexural strength
and Impact value.

M. Niranjanaa et al. investigate and compare the mechanical and thermal properties of raw jute and banana fiber reinforced epoxy
hybrid composites. To improve the mechanical properties, jute fiber was hybridized with banana fiber in this study. Experimental
results showed that addition of banana fiber in jute/epoxy composites of up to 50% by weight results in increasing the mechanical
and thermal properties and decreasing the moisture absorption property.

G. Dharmalingam et al. The purpose of this work is to establish the tensile, flexural, and impact properties of banana-coir
reinforced composite materials with a thermo set for treated and untreated fibers .it was concluded that The tensile and impact
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tests of treated banana-coir epoxy hybrid composites have higher tensile strength and impact strength than untreated composites.
However, untreated fiber composites have greater flexural strength than the treated fiber composites.

Sanjay K. Nayak et al. studied Fabrication and Performance Evaluation on Banana/Glass Fiber-Reinforced Polypropylene Hybrid
Composites. This study included Hybrid composites of Polypropylene (PP) reinforced with intimately mixed short banana and
glass fibers were fabricated by compression molding with and without the presence maleic anhydride grafted polypropylene
(MAPP) as a coupling agent. The result was reported that the BSGRP composites at banana to glass ratio of 15:15 shows
improved performance. The maximum improvement in the properties is observed at 30 wt% of fiber loading, which is chosen as
the critical fiber loading. Furthermore, the composites and hybrid composites with MAPP exhibited higher mechanical strength as
compared with the composites without MAPP.

Material and Methodology
The mechanical tests have been conducted only in one direction because of random orientation of reinforcement (short glass and
banana fiber) composites are considered as nearly isotropic. It may be mentioned here that tensile strength, flexural strengths and
hardness are important for recommending any composite as a material for structural applications. The effect of fiber parameters
such as fiber loading on the performance of composites is also discussed.
1.Mechanical tests

Table 4.1: Tensile strength and tensile modulus of samples

Designation Composition Tensile strength (MPa) Young's modulus (MPa)
Ci 90wt% Epoxy + 10wt% Fiber 2.807 650.581
C, 85wt% Epoxy + 15wt% Fiber 11.550 2385.414
Cs 80wt% Epoxy + 20wt% Fiber 18.991 2425.076
Cq 75Wt% Epoxy + 25wt% Fiber 25.111 2144.789
Table 4.2: Flexural strength of various samples
Designation Composition Flexural strength (Mpa)
C: 90wt% Epoxy +10wt% Fiber 25.11
C 85wWt% Epoxy +15wt% Fiber 29.899
Cs 80wt% Epoxy +20wt% Fiber 44.393
Cs 75wWt% Epoxy +25wt% Fiber 61.962
Table 4.3: Measured hardness of various samples
Designation Composition Hardness (Shore D)
C: 90wt% Epoxy +10wt% Fiber 81.621
C 85wt% Epoxy +15wt% Fiber 83.455
Cs 80wt% Epoxy +20wt% Fiber 84.229
Cs 75wt% Epoxy + 25wt% Fiber 85.783

Structure analysis by XRD
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Figure 4.9: XRD results of samples C1 Figure 4.10: XRD results of samples C2
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Table 4.4: Matched Phases of sample C;

S.N Entry No. Element Crystal System Calculated Amount
@] Density(gm/cc) (%)
1 96-451-2410 C60 S16 Triclinic(anorthic) 1.929 74.44
2 96-710-2332 C16 Al Cu F36 04 P8 Orthorhombic 2.225 25.6
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Table 4.5: Matched Phases of sample C,
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Figure 4.14:

S.NO Entry No. Element Crystal System Calculated Amount (%)
Density(gm/cc)
1 96-451-2410 C60 S16 Triclinic(anorthic) 1.929 95.6
2 96-900-0094 Pb4.5 S11 Sb4.5 Orthorhombic 3.040 4.4
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Figure 4.15: XRD images of 20% weight of fiber
Table 4.6:Matched Phases of sample C3

S.NO Entry No. Element Crystal System Calculated Amount (%)
Density(gm/cc)
1 96-451-2410 C60 S16 Triclinic(anorthic) 1.929 85.8
2 96-412-0235 C36 16 N12 S3 Zn3 Monoclinic 2.116 144
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Figure 4.16: XRD images of 25% weight of fiber

Table 4.7:Matched Phases of sample C,4

S.NO Entry No. Element Crystal System Calculated Amount (%)
Density(gm/cc)
1 96-432-0947 C6 F17 O6 Sh3 W Monoclinic 3.366 56.3
2 96-431-8668 C8 CI2 08 Re2 Monoclinic 3.220 43.7

Surface Morphology by Scanning electron microscope ( SEM )

Figure 4.17a, 4.17b, 4.17c and 4.17d shows the SEM images of fractured surfaces of banana/glass fiber reinforced epoxy based
hybrid composite after the tensile test with different fiberloading.

Figure4.17a shows the tensile fracture surface of composite with 10wt% fiberloading. It can be clearly observed from the figure
that the fibers wt% is very less and 90wt% of composite is contribute by epoxy due to absence of excess fiber with high amount
of resin, less void is to be develop in composite sample C1. Less wt% of fibers results least value of tensile strength in sample C;.

Figure4.17b showsthe fractured surface image of the banana/glass fiber reinforced hybrid polymer composite with 15 wt% fiber
content. The uniformity of the sample has increased as compared to sample with 10% fiber content due to the larger fiber content.
The image shows a fibers pull out from the resin surface due to poor interfacial bonding. This fiber pull out during tensile test
creates large void in composite sample C,.

The SEM image of the fractured surface of the sample with 20% weight total fiber is shown in figure 4.17c. The random
distribution of the fiber further reduces as compared with sample of 20wt% fiber content due to the increase in fiber percentage,
which is clearly visible in image. Therefore the amount of voids is also decreasing. More compact structure is seen which results
in very less fiber pull out against applied tensile load which leads to better mechanical properties.

The image for banana/glass-epoxy composite with 25 wt% fiber content is shown in figure 4.17d. The fibers are more evenly
distributed due to their high content in the composite resulting in the minimum number of voids among the considered samples
10%, 15% and 20% weight of banana/glass fiber epoxy composites. The surface is seen to be almost saturated with the fiber. It is
evident from the figure that surface without much fiber pull out is clearly visible may be due to the better adhesion fiber and
matrix which leads to better of strength properties of composites.
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Figure 4.17:Scanning electron micrographs of banana/glass fiber reinforced epoxy based hybridcomposite specimens after
tensile test.

4.3 Numerical analysis and theory of finite element method

The finite element analysis (FEA) or the finite element method (FEM) is a powerful tool used in numerical methods to arrive at
approximate solutions to mathematical problems so that it can simulate the responses of physical systems to various forms of
excitation. In the FEM analysis, the complex problems are reduced to simple one by converting the whole domain into a finite
number of elements or pieces and for each element an approximate function is associated for the unknown field variables. Now
the investigations are concentrated to these elements rather than the whole complex problem. Further, the analysis of tensile and
flexural test of the composite is to be done with the help of a well-known FEM package ANSY'S. For different fiber loadings, the
three dimensional physical model is prepared for the strength analysis. Moreover, the maximum tensile and flexural strength of
these prepared epoxy composites reinforced with short fibers ranging from 10 wt% to 25 wt% is numerically determined using
ANSYS.

Copyrights @Kalahari Journals Vol. 6 (Special Issue 2, Nov.-Dec. 2021)
International Journal of Mechanical Engineering
28



{.‘ X
251 X
o 50 00 o) L (0] B0 Ao /t‘
[ Saa—— S [ — T —

z

25 [ZE] 2 s 2%

() (d)

4.3.2 Flexural test analysis

Three point bending test is to be performed by software. Specimen configuration and applied maximum load for each composition
of composite is used in analysis. The effect of fiber loading on the flexural strength with corresponding maximum load are shown
in table 4.9, and all the input data required for analysis of flexural strength of various composition of composite are as follows
Figure 4.19a, 4.19b, 4.19c, 4.19d shows flexural stress distribution in all samples of composite. All images indicate almost same
stress distribution. Failure region is occurring at middle portion of composites samples. This is because; in three points bending
test samples are subjected under bending load like simply supported beam under load at middle of span. Composites samples
represents same behavior under three point bend test and result in failure occur at middle point of total gauge length.

Figure 4.18: Tensile stress distribution.

(c) (d)

Figure 4.19: Flexural stress distribution.
4.3.3 Comparatively study between experimental and simulated results
Table 4.10: Shows the experimental and simulated result on tensile and flexural test. It’s percentage difference between both study
is also given.
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Designation Composition Experimental result Simulated result % error in % error
Max. tensile Max. Max. tensile Max. tensie in flexural
strength flexural strength flexural strength strength
MPa strength MPa strength
MPa MPa

C: 90wt% Epoxy + 2.807 25.111 3.8323 28.668 26.75% 12.40%
10wt% Fiber

C 85wt% Epoxy + 11.550 29.899 12.365 31.569 6.59% 5.28%
15wt% Fiber

Cs 80wt% Epoxy + 18.991 44.393 20.471 46.737 7.22% 5.01%
20wt% Fiber

Cs 75wt% Epoxy + 25.111 61.961 27.832 63.835 9.77% 2.93%
25wt% Fiber

Figure 4.20 represents the percentage error in tensile strength between experimental and simulated results of all samples of hybrid
composite. The maximum deviation is occur with sample C1(90wt% Epoxy +10wt% Fiber) is 26.75% , rather than this sample
percentage deviation are 6.59%, 7.22%, 9.77% with sample C,, Cs C4 respectively. In experiment, the distribution of the fiber is
random due to the mechanical stirring process and the preparation of the sample by hand layup method. Some voids are also
present due to the irregular distribution of the fibers in the epoxy, result in % difference occur with respect to simulated result.

____ Experimental data
30 [ Simulated data

Tensile strength (MPa)

I

C1 c2 G3 C4

Various composition of composites
Figure 4.20: Comparison bar chart of tensile strength
Figure 4.21 shows the percentage error in flexural strength between experimental and simulated results of all samples of hybrid
composite. Various composition of composite say Ci, C Cs and C, revels 12.24%, 5.28%, 5.01% and 2.93% difference
respectively. This difference occurs due to fiber accumulation as well as random distribution of fibers with epoxy in experimental

study.
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Figure 4.21:Comparison bar chart of flexural strength
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Conclusion
The experimental investigation on the mechanical behavior of banana/glass fiber reinforced epoxy based hybrid composites lead
to the following conclusions:

1. Epoxy based four hybrid composites (C1, C2, C3 and C4) have been fabricated with fiber loading increase from 10 wt% to
25 wt%, keeping constant contribution of each fiber in total percentage of fiber in each samples of composite. |

2. It has been noticed that the mechanical properties of the composites such as hardness, tensile strength and flexural strength
are influenced by the fiber loading. A gradually increase in tensile and flexural strength can be observed with the increase in
the fiber loading up to 25 wt% of composites.

3. Itcan be observed that the tensile modulus increases up to 20 wt% of total fiber then decreasing trend occur from 25 wt% of
fibers which shows variation in the tensile modulus irrespective of fiber loading.

4.  Hardness value increases continuously by increasing the fiber wt% in composites. Hardness is maximum with composition
C4 (75wt% Epoxy + 25wt% Fiber) as compared to pure epoxy.

5. The results obtained from the proposed mathematical model are also in closer approximation with the values obtained by
FEM simulation using ANSYSS.

6. Itis seen that the Finite element method (FEM) can be gainfully employed for determination of tensile and flexural strength
of hybrid fiber reinforced polymer composites with different fiber loading.

7. The study shows that the tensile and flexural strength increases as the fiber loading in the composite increases. Both the
strength analysis shows approximate same result with experimental one.

8.  Finally optimum mechanical properties are obtained for composition C4 (75wt% Epoxy + 25wt% Fiber).

9. XRD analysis of composite identified banana/glass hybrid fiber epoxy composites sample with 10%, 15%, 20% and 25%
concentration of total fiber. The absence of any sharp peak confirms the amorphous nature of composites.

10. SEM images of the fracture surfaces of composites after the tensile test shows that the increase in strength properties of
composites at 25wt% fiber loading due to the better adhesion between fiber and matrix.

11. Epoxy based banana/glass fiber reinforced hybrid composites can be utilized as structural material.
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