
GSJ: Volume 7, Issue 12, December 2019 
ISSN 2320-9186 
 

 GSJ© 2019  
www.globalscientificjournal.com 

 
GSJ: Volume 7, Issue 12, December 2019, Online: ISSN 2320-9186 

www.globalscientificjournal.com

 
 

MECHANICAL PROPERTIES OF FALSE BANANA REINFORCED 
EPOXY COMPOSITE 

Lemi Demissie Boset 
Department of Mechanical Engineering 
Wollo University, Kombolcha, Amhara, Ethiopia 
Email-   lemideimissieboset@gmail.com 

Abstract: - Natural fiber composites we mean a composite material that is reinforced with fibers, particles or 
platelets from natural or renewable resources. False banana (Ensete) is important by-product of Ethiopian 
country farmers used for food purpose and its fiber for rope; furnish material, roof with polymer composite. 
False banana fiber reinforced by epoxy is increase mechanical properties, surface finish and less water 
absorption than polymer composite.30% Fiber/70%Epoxy has greater tensile strength 42Mpa and impact 
strength 3.2J than other Fiber/Epoxy matrix.20%.The mechanical properties will be change with change in 
composition of fibers. False banana fiber is known for its remarkable smoothness its mixture with epoxy resin 
lead towards better surface finish with desired strength. From all the results and comparisons we can conclude 
that the fabricated false banana epoxy composite which has light weight and has good mechanical properties.  
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1. Introduction  
Natural fiber reinforced composites have a good potential as a substitute for wood-based material in many 

applications like automobile, electronics, structural and etc materials [1].The use of banana fiber in nowadays 

become popular specially in Asian country like India, Indonesia, Malaysia, to replace metal, alloys materials, 

glass fiber; as well as due to its advance benefit like recycling, biodegradable and eco-friendly [1], [5]. So many 

researcher are tested the different properties of banana fiber and its composite, But Ethiopian banana which is 

very similar to False banana stem but different in some case is not considered since it’s not popular in most 

country, by nature noticed that banana has strong and flexible root than false banana’s root without test result 

manually. So since this banana is more popular in Ethiopia this research present the evaluation mechanical 

properties of this plant in form of epoxy composite. Specimen tested for tensile, impact and flexural strength 

with corresponding testing method [6]. Using natural fibers as reinforcement for polymeric composites 

introduces positive effect on the mechanical behavior of polymers [4]. A composite material can be defined as a 

combination of two or more materials that results in better properties than those of the individual components 

used alone. In contrast to metallic alloys, each material retains its separate chemical, physical and mechanical 

properties. The reinforcing phase of the composites provides the strength and stiffness, to make them harder, 

stronger and stiffer than the matrix. The reinforcement is usually in the form of a fiber or a particulate. fiber 

orientation on mechanical properties of sisal fiber reinforced epoxy composites. In this work sisal fiber is used 

as reinforcement which treated with NaOH solution for enhancing the bonding strength between fiber and resin 

by removing moisture contents [7].The length-to diameter ratio is known as the aspect ratio, and can vary 

greatly for fibers because the length of the fiber is much greater than its diameter. Continuous fibers have high 

aspect ratios, while discontinuous fibers have low aspect ratios, and the orientation of continuous fiber 

composites normally is perfect, while discontinuous fibers generally have a random orientation. In general, the 

smaller the diameter of the fiber, the higher its strength, but the cost increases when the diameter becomes 

smaller. In addition, smaller diameter fibers have greater flexibility, and are more amenable to fabrication 

processes such as weaving or forming, across the radius [11], [12], [14]. Natural fiber reinforced epoxy resins 

composite have some automotive application which does not need a very high mechanical performance, but 

need light weight and recyclability such as interior panel [3]. 

2. Material and Method  

2.1 Materials 
A. Natural Fibers ( False Banana) 
B. Epoxy resin (GP)  
C. Hardener(HY-951) 
D. NaoH (PALLETS 93% CH880) 
E. Water (H2O) 

2.2 False Banana fiber extraction 
Mature False Banana pseudo-stem was obtained from farm and was cut into length of 500 mm the stems from 
False Banana plants were selected from an 11-month-old plantation. The plantation is located 1,050 meters 
above sea level and the stem of False Banana is cut and extracted by hand by using wood lumber and another 
sharp wood after extracted the fiber dry in the sun. False Banana fiber is extracted from southwestern of 
Ethiopia. 
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2.3 Fiber preparation  

The quality of a fiber reinforced composite depends on fiber-matrix interface because of this acts as a binder 
and transfers stress between the matrix and fibers. Bonding between fibers and binder can be increased by 
chemical treatment of fibers using chemical agent like sodium hydroxide (NaOH). Water by volume is added 
with 2% of NaOH for treatment process. Fibers are soaked in the alkaline solution for 24 hours, then washed 
thoroughly with distilled water and dried for 24 hours to remove residues of alkali. Bonding property can be 
improved by wetting of fibers with the matrix. Chemical treatment of fibers is necessary to improve mechanical 
properties and bonding between fiber and matrix. 

2.4 Preparation of epoxy resin (GP) 

Epoxy resin density of 1.15-1.20g/cm³, mixed with hardener density of 0.97-0.99g/cm³, is used to prepare 
composite material is purchased from local market. 

2.5 Pattern:-The pattern is designed by as per ASTM standard. The pattern is made up of mild steel. The 

pattern Size is (229 x 229 x 25) in mm. The pattern consists of three parts. 

 

Figure 2.1 Mould Pattern 

2.6 Mold preparation  

a. Extracted the fiber  
b. Fiber treatment by using(NoaH and distilled 

water until neutral PH is gained) 
c. Cut fiber (6-9)mm 

d. Mixing fiber and epoxy within calculated 
fiber/epoxy ratio and cold compression mold 
is taken. 

e. Mold release  
f. Sample composite 

We pour mixture of fiber epoxy mixture then we press the mold on press machine for consolidation and this 
sample is then left for 24 hours. The composite gets dried up in 24 hours in which the sisal fiber and the 
polymers adheres itself tightly in the presence of hardener. After a day we put out the mould from the press 
machine. Then the mold steel lower attachment (plate) is slowly and gently hammered on the boundary of its 
attachment when the top (lid) and the composite separate out. Then carefully plastics are removed from the steel 
mold. Now we have the composite. 

        

Figure 2.2 Mold Preparation 

a b c d e f 
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3 Tests, Results& Discussions  

3.1 Tensile Strength Test (ASTM D3039/D3039M)

The primary objective of this test was to evaluate the in
each sample, 5 specimens were tested in each machine and cross
250 mm by during the test the specimens were placed in the grips of
both the ends of the specimen. Typical points of interest when
strength (UTS) or peak stress; The cross
Load-elongation curve, breaking load, peak stress
machine and provided at the end of each test
The appropriate American Society of Testing Materials (ASTM) standards were followed while
specimens for False Banana fiber reinforced epoxy composite test and their values are

a) 

Figure 3.1 a) Dimension of Tensile Test Specimen

Figure 3.2

3.2 Impact Test  
In the impact test the energy needed to fracture the element was measured i.e. the ability of a material
withstand fracture was found. In this test specimen was loaded in the testing machine until it fractures or breaks. 
So; hence toughness and yield strength was found. The Charpy impact test specimen was prepared as per the 
ASTM D-256 and as per ISO180 standard. The specimen is under impact load so test extensively uses to 
determine the impact resistance of the material. The dimensions of the specim
pendulum at room temperature on impact testing machine, model
conducted in Addis Ababa University, Material testing lab [9].
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3.1 Tensile Strength Test (ASTM D3039/D3039M) 

The primary objective of this test was to evaluate the in-plane tensile properties of sisal fiber
each sample, 5 specimens were tested in each machine and cross-machine direction each specimen was 25 by 
250 mm by during the test the specimens were placed in the grips of UTM and axial load is applied through 
both the ends of the specimen. Typical points of interest when testing a material include: ultimate tensile 

peak stress; The cross-head speed used was 0.5 mm/min, and gauge length was 200 mm. 
elongation curve, breaking load, peak stress and % strain at peak stress were acquired in real time by 

machine and provided at the end of each test Typical specimen under tensile strength test is shown in 
The appropriate American Society of Testing Materials (ASTM) standards were followed while

fiber reinforced epoxy composite test and their values are illustrated in 

b)

Dimension of Tensile Test Specimen b) Tensile Test Specimens

Figure 3.2 Tensile strength Test result 

In the impact test the energy needed to fracture the element was measured i.e. the ability of a material
withstand fracture was found. In this test specimen was loaded in the testing machine until it fractures or breaks. 
So; hence toughness and yield strength was found. The Charpy impact test specimen was prepared as per the 

tandard. The specimen is under impact load so test extensively uses to 
material. The dimensions of the specimen is 55mmx10mmx3mm 

on impact testing machine, model- SI42, at impact energy of 150J. This test was 
conducted in Addis Ababa University, Material testing lab [9]. 
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plane tensile properties of sisal fiber composites. For 
each specimen was 25 by 

UTM and axial load is applied through 
testing a material include: ultimate tensile 

was 0.5 mm/min, and gauge length was 200 mm. 
and % strain at peak stress were acquired in real time by 

der tensile strength test is shown in figure 3.2 
The appropriate American Society of Testing Materials (ASTM) standards were followed while preparing the 

illustrated in figure 3.3 

 

Test Specimens 

 

In the impact test the energy needed to fracture the element was measured i.e. the ability of a material to 
withstand fracture was found. In this test specimen was loaded in the testing machine until it fractures or breaks. 
So; hence toughness and yield strength was found. The Charpy impact test specimen was prepared as per the 

tandard. The specimen is under impact load so test extensively uses to 
en is 55mmx10mmx3mm using 

rgy of 150J. This test was 
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 c)  

Figure 3.4 Figure 3.3 a) Impact Test Specimen b) Impact Testing Machine 

 Comparison of Impact strength of composite 

3.3 Result and Discussion 

From testes result the value of maximum tensile strength and impact strength are presented in the table 3.1 
based on the maximum values of the five specimens for each test condition. 

Fiber Maximum Tensile Strength(Mpa) Impact Strength (Joules) 

20% Fiber/80%Epoxy 27 3 

30% Fiber/70%Epoxy 42 3.2 

40% Fiber/60%Epoxy 33 2 

60% Fiber/40%Epoxy 30 1.8 

Table 3.1 testes result the value of maximum tensile strength and impact strength 

3.4 Conclusion 

 The mechanical properties will be change with change in composition of fibers. 
 30% Fiber/70%Epoxy has greater tensile strength and impact strength than other Fiber/Epoxy matrix. 
  20% Fiber/80%Epoxy has less tensile strength and impact strength than other Fiber/Epoxy matrix.  
 False banana fiber is known for its remarkable smoothness its mixture with epoxy resin 

lead towards better surface finish with desired strength. 
 From all the results and comparisons we can conclude that the fabricated false banana epoxy composite 

which has light weight and has good mechanical properties.  
 Building and construction industry: panels for partition and false ceiling, partition boards, wall, floor, 

window and door frames, roof tiles, mobile or pre-fabricated buildings which can be used in times of 
natural calamities such as floods, cyclones, earthquakes, etc. 

 Storage devices: post-boxes, grain storage silos, bio-gas containers, etc. 
 Furniture: chair, table, shower, bath units, kitchen cabinet etc. 

0

1

1

2

2

3

3

4

20% 30% 40% 60%

Fiber( % ) 

Im
p

ac
t 

st
re

n
gt

h
(J

o
u

le
s

) 

30



GSJ: Volume 7, Issue 12, December 2019 
ISSN 2320-9186 
 

 GSJ© 2019  
www.globalscientificjournal.com 

3.5 Acknowledgment 

First of all, I want to thank the almighty God for giving me the time and chances to finally complete this 
research. I also want to thank for my advisor Dr. Daniel T. who have given his best in making me understand 
how this research has to be done and have guided me throughout the research. I would like to express my 
sincere gratitude to my co-advisor Mr. Araya Abera for his invaluable guidance, continuous encouragement and 
constant support in making this research possible. Sincere thanks go to all staff of the Mechanical Engineering 
Department in Addis Ababa Institute of technology especially for all lab technicians, and who helped me in 
many ways thanks for all and everything. 

4 Reference  
[1]. K. van Rijswijk, M.Sc. W.D. Brouwer, M.Sc. and Prof. A. Beukers Application of Natural Fibre 

Composites Structures and Materials Laboratory Faculty of Aerospace Engineering Delft University of 
Technology  

[2]. Venkateshwaran N, Elayaperumal A, Sathiya GK, Prediction of tensile properties of hybrid-natural fiber 
composites. Composites: Part B;2012;43(2):793–796 

[3]. Mesfin kebede,Yonas, and Araya Abera.(2015). Fabrication and Mechanical Property Characterization 
of Sisal fiber Reinforced Epoxy Resin Composite Material for Automotive body Application. 

[4]. Belmares H, Barrera A, Castillo E, Verheugen E, Monjaras M. New composite materials from natural 
hard fibers . Ind Eng Chem Prod Res Dev 1981; 20 (3): 555-61. 

[5]. Arbelaiz et al,” Influence of matrix/fiber modification, fiber content, water uptake and recycling”, 
Composites Science and Technology, 2005; 65: 1582–92. 

[6]. Venkateshwaran N, Elayaperumal A, Sathiya GK, Prediction of tensile properties of hybrid-natural fiber 
composites. Composites: Part B;2012;43(2):793–796. 

[7]. Kumaresan. M, Sathish. S and Karthi.(2015).Effect of Fiber Orientation on Mechanical Properties of 
Sisal Fiber Reinforced Epoxy Composite.Journal of Applied Science and Engineering, Vol. 18, No. 3, 
pp. 289294.  

[8]. R. PrasannaVenkatesh, K. Ramanathan, and V. Srinivasa Raman. (2018).Tensile, Flexural, Impact and 
Water Absorption Properties of Natural Fiber Reinforced Polyester Hybrid Composite.DOI: 
10.5604/12303666.1196617. 

[9]. The Charpy impact test specimen was prepared as per the ASTM D-256 and as per ISO180 standard 
[10]. ASTM D3039 Standard Test Method for Tensile Properties of Polymer Matrix Composite Materials‟. 

ASTM international, PA USA, 2010. 
[11]. Mayur Thombre, Animesh Agarwal, Chandrajeet, Sandeep Nair Study of mechanical properties of 

hybrid natural fiber composite. IOSR Journal of Mechanical and Civil Engineering (IOSR-JMCE) 
eISSN: 2278-1684, p-ISSN: 2320-334X PP 01-05. 

[12]. Mohamed AbdRahman, Abdul Aziz Jasani and MohdAzizuddin Ibrahim.(2017).Flexural Strength of 
Banana Fibre Reinforced Epoxy Composites Produced through Vacuum Infusion and Hand Lay-Up 
Techniques – A Comparative Study. International Journal of Engineering Materials and Manufacture 
page number 7-8. 

[13]. R. Prasanna Venkatesh, K. Ramanathan, and V. Srinivasa Raman.(2016). Tensile, Flexural, Impact and 
Water Absorption Properties of Natural Fiber Reinforced Polyester Hybrid Composite.DOI: 
10.5604/12303666.1196617. 

[14]. Araya Abera Betelie, Yonas Tsegaye Megera, Daniel Telahun Redda and Antony Sinclair.(2018). 
Facture Toughness Investigation of Chopped Sisal Fiber Reinforced Epoxy Resin Composite. AIMS 
Materials Science, 5(1): 93–104. DOI: 10.3934/matersci.2018.1.93 Received: 20 July 2017, Accepted: 
08 January 2018, and Published: 30. 

31




