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Abstract: The world that is evolving at a very fast pace, the anxiety of the environment pollutions increasing has tip the necessity 
for new eco-friendly materials, researchers have started to develop sustainable materials that are renewable as well as bio-
degradable in nature. The natural fibers have certain advantages above synthetic fiber materials, they are lower in cost and 
density with comparable strength. In the present study, banana fiber is reinforced in the epoxy matrix and a composite 
material is prepared and impact strength of these composites are estimated. This composite samples are prepared by Wet 
lay-up method with varying banana fibers volume percentages by (10%, 20%, 30%, 40%) and by changing the fibers 
orientation in the epoxy matrix by (00,900, woven Bi-directional). The results shows that there is gradual increase in the 
impact strength of the epoxy for 900 banana fiber orientation, the optimum results were found for 40% banana fiber and 
60% epoxy resin, as for woven BD there was an increase in the impact strength up to 20% banana fiber reinforcement, as 
for 00 orientation the strength increases up to 10% fiber reinforcement above this there was a drastic reduction in the 
impact strength. 
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I. INTRODUCTION 
The natural fibers are the fibers that are derived from the natural resources mainly from plants and animals and are renewable in an 
ecological manner. When compared with synthetic fibers these fibers are Bio-degradable in nature having lower costs and are 
locally available, this have made these fibers as a possible alternative to the synthetic fibers in composite production. The use of 
fiber derived from plant such as jute, wood, hemp, coconut, wheat straw, pineapple, bamboo, kenaf, banana fiber have recently 
increased . Almost all the plant based natural fibers contains hemicellulose, polysaccharide, lignins, plant waxes and other soluble 
with water compounds. The amount of cellulose in a natural fiber determines its stiffness and its strength. The mechanical properties 
of natural fibers can be improved by suitable surface treatments which can make its properties comparable to that of synthetic fibers 
Muhammad et al [1] reported that the factors that affects the composite are density and amount of fibre and stated that the treated 
fibers have superior properties.The  Natural fiber reinforced composites are largely being used in automobiles door panels, interiors, 
aerospace industries, furniture’s like tables, decoration and also as packing material [2].The impact caused by the natural fibers on 
environment  in comparison with  synthetic fibers is less. Fiber pull out and degree of adhesion influences the impact strength a 
composite material. Interface between the matrix and fiber, fiber volume fraction and orientation of the fibers plays a major role in 
influencing the mechanical properties of the fiber reinforced composite material. Volume fraction of the fiber should be limited to 
40% as above this the adhesion between the fiber and matrix resin becomes weak making de-bonding noticeable [3]., Laly et al. [4] 
in her investigation on banana fiber and  polyester resin as matrix material established that 40% banana fiber is the optimum 
quantity. Gupta et al. performed the mechanical tests by using FEA on the volume percentage and concluded that after 50% of 
banana fiber reinforcement the tensile and flexural strength starts decreasing although an increase in the hardness with increasing 
fiber percent was seen up to 50%. The fiber orientation also influences the strength of the composites and was studied by Satish et 
al. for hybrid banana kenaf epoxy composite the 45 0 orientation was having better mechanical properties compared to others [5]. In 
this paper we have studied the influence of the fibers orientation with varying volume percentages of banana fiber on impact 
strength that of banana fiber reinforced epoxy composite.  
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II. BRIEF LITERATURE REVIEW 
Dharun V S, Manoj Kumar V, Dhanapriya V and Merina Roslin A, (2014) in this research paper the authors have reinforce banana 
and kenaf in the epoxy resin (matrix material). The fiber were treated with various concentrations of sodium hydroxide (NaOH) 
10% and Sodium Lauyrl Sulphate (SLS) (5%,10%) solutions and the composite was made by compression moulding, after single 
fiber testing results shows that 10% NaOH treated has an improvement in maximum breaking strength  of banana by 45.4% and of 
kenaf by 14%. 
Satish et al, (2015) performed an experiment by using banana kenaf hybrid composite by chaning orientations of the fibers and also 
the effects of stacking were determined. Volume percentage of fibers was kept constant at 40 % and the fibers were placed vertical, 
horizontal and 45 0 in the epoxy matrix. The stacking sequence of the composite was kept same for all the samples meanwhile the 
orientation of fibers was changed for each sample, hand layup method was used for fabrication of the composites. The upper and 
bottommost layers were made by glass fiber reinforced polymer, while middle layers consisted of banana and kenaf. The results 
shows that sample 3 containing 60 % of kenaf has a tensile modulus of 291 Mpa ,maximum stress of 24 Mpa and impact strength of 
15.8 J. 
Muhammad Bin Bakri et al. (2016), the researchers focused on improvement of the polymer matrix composite reinforced by natural 
banana fibers obtained from the fields.  A treatment of 5wt% of sodium hydroxide was performed on this banana fibers. 
Compression moulding was used for preparation of composites ,for each sample the changes in the weight percentage of the fibers 
was made from (5%,10%, 15%, 20%)  and alkaline treatments effects on the geomorphological properties and mechanical properties 
were studied, SEM analysis was also performed. The alkaline treatments created surface roughness causing better adhesion between 
the banana fiber and epoxy matrix, thus enhancing tensile and yield strength as there was structure change in banana, the strength 
tends to decrease as weight percentage of the banana fiber increase from (5%-15%) and after reaching 20% it started to increase 
again slightly. 
 A. Lakshumu Naidu, S. Kona,(2017) studied the effects of ash of groundnuts covering as a filler material in banana fiber reinforced 
composite material in which the weight fraction of banana was kept constant at 15 % and variation in the filler weight fractions (0, 
3, 5, 7.5%) are made by means of hand layup method. A number of test such as Tensile, hardness, impact and compressive strength 
were conducted and concluded as incorporation made by adding ash of the ground nuts shell escalates bonding between 
reinforcement & matrix material thereby improving its mechanical properties. Among all the composites sample C2 having a 
composition of 82wt% of Epoxy and 15wt% of Banana fiber incorporating 3wt% of ground nut shells ashes(GS ash) had better 
mechanical behaviour excluding impact strength, as fibers pulling-out also the amount of adhesion are most influencing parameters 
affecting the impact properties of a composite material, therefore sample c4 containing 77.5wt% of Epoxy and 15wt% of Banana 
fiber with incorporation of 7.5wt% of GS ash had better impact strength than other composites. 
Lemi Demissie Boset (2019) performed a study on the mechanical possessions with false banana fibers reinforcement on epoxy 
composite, the samples are fabricated by using hand-layup method with the pressure being applied at the temperature of the room 
with variation in its fibers percentages (20%, 30%, 40%, and 60%).The optimum results for impact strength of 3.2 J and tensile 
strength of 42mpa and is found at 30% false banana fiber and 70 % epoxy. 
Thus the studies shows that the polymers reinforced with fibers have their mechanical properties dependent on volume fraction of 
the fiber as well as the fibres orientation in the matrix and least work was done on this, so the current research focuses on this topic. 

III. METHODOLOGY 
A. Materials 
Required materials for the present study are raw Banana fiber which was purchased From R&C manufacturer Gujrat, Woven 
Banana Fiber from Go Green products Chennai, the matrix material Epoxy(LY-556) resin and (HY-951) Hardener is obtained 
from Herenba Instruments & Engineers Ambattur, Chennai. 

 
Fig.1a Raw banana fiber      Fig.1b Woven BD banana fiber   Fig.1c Epoxy Resin and Hardener 
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B. Preparation of Composites 
The banana fiber are reinforced in the epoxy matrix  by using Wet layup process followed by applying pressure at room 
temperature, the raw banana fibers obtained are combed for cleaning out the residues remaining with the fibers and a mould of 
dimensions 80x60x4 mm. The Woven bi directional banana fiber mat and the raw banana fibers are cut according to the 
dimensions of the mould. Initially a releasing agent i.e. petrolatum is applied upon a thin surface of duct tape for easily 
removing of the composite after this  Matrix material is prepared in the part of 10/1 by means of volume of Epoxy LY 556 
resin and HY 951 Hardener respectively. This resin and hardener were stirred well at low speed for avoiding the air bubbles 
until it becomes uniform and then this mixture was poured in the mould. The fibers are then arranged in the orientation of 
(00,900, woven Bi-directional) in this mixture by volume fraction of (10%, 20%, 30%, and 40%), for each orientation the 
volume of fibers is changed and the curing of the composite samples is done at normal room’s temperature till it gets 
completely dried. Following the similar procedure a sample of neat epoxy was also prepared without any reinforcement. 

                                                                                       
Fig 2.Banana fiber reinforced epoxy composite 

 
C. Impact Test 
After the complete curing of composite samples then this samples were are cut in to the specified dimensions by the American 
Society for Testing and Materials (ASTM D-256) standards. The dimensions of the samples are 64x13x4mm for Izod impact 
testing, in impact testing the energy needed to break or fracture a material is calculated. The testing was performed on an analogue 
Izod/Charpy tester in Maharashtra Institute of Technology, Aurangabad  

 
       Fig 3.Impact testing machine 

 

 
Fig 4.Samples for impact testing 
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IV. RESULTS AND DISCUSSION 
 

Table 1. Impact Test results of composite 

Impact strength testing result is tabulated in table 1, for each composition 3 samples are tested & mean of these result is calculated. 
Results shows that fiber orientation and volume percent plays a main role in strengthening of composite material, for 0o orientation 
impact strength increases up to 10 % of banana fiber reinforcement after this the strength has drastically reduced. As for the 90o of 
orientation the impact strength increases with increasing volume percent of banana reinforcement were in highest impact strength 
was achieved for 40% banana fiber and 60 % epoxy of 3.33 J/mm. For more than 40 % banana fiber reinforcement the binding 
between the matrix and fibers is reduced. And finally for the woven bi directional fiber the strength increases up to 20% of 
reinforcement then the strength starts to decrease. 

 
Fig 5.Impact strength comparison 

V. CONCLUSION 
In the present work, Impact strength of the banana fibers reinforcement on epoxy composite are investigated and maximum strength 
was achieved at 40 % banana fiber and 60 % epoxy resin at 90o orientation of 3.33 joules/mm an increase in the impact strength by 
64% was observed compared to neat epoxy in sample 9 followed by sample 11 with an increase in the strength by 20 % having 
composition of 80% matrix and 20% fiber in woven BD form. Slight increase in the strength was seen for 0 degree up to 10% fiber 
reinforcement, further addition lead to decrease in the impact strength. From this experiment it can be proposed that, the orientation 
attaining high impact strength is perpendicular to the applied force and the orientation also has a main part for a composite under 
impact loading. 
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