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Abstract— Glass fibers are the most useful reinforcement 

material in composites. The interest in using natural fibers 

such as different plant fibers and wood fibers as a substitute 

for glass fibers has increased during last few years. Natural 

fibers have many advantages compared to glass fibers, for 

example they have low density, and they are recyclable and 

biodegradable. Additionally they are renewable raw materials 

and have relatively high strength and stiffness. The effect of 

ply orientation on mechanical properties of reinforced natural 

composites like sisal fiber, kuruthola fiber, and banana fiber, 

is tested. In which the fibers are heat treated for enhancing the 

strength by removing moisture. Samples of deferent 

orientation of sisal fiber, kuruthola fiber, and banana fiber 

reinforced composites were fabricated. In this work the 

composite material is prepared from weight ratio of resin to 

mat is 3:1, for every 1kg of mat 3kg of polyester resin is used 

and for 100ml of resin 10ml of accelerator is used and ten 

drops of methyl ethyl ketone peroxide is used as catalyst to 

improve the speed of the reaction. The natural fiber 

composites like sisal fiber, banana fiber, and kuruthola fiber 

composites reach the mechanical properties of glass fiber 

composites and also in which 900 orientation (unidirectional) 

good mechanical properties than 450 orientations have. Due 

to the low density, bio degradability, and high specific 

properties natural fiber composite have very good future 

applications in modern industry. 
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I. INTRODUCTION 

Fibers probably represent the most important class of 

reinforcement for composite materials, due to their ability to 

transfer strength to matrix materials and greatly influence the 

properties of composites. Many types of fibers are combined 

with metal, resin and ceramic matrices to form useful fiber 

reinforced composite materials. Fiber reinforced composites 

are produced from a wide range of constituents and have 

evoked a lot of interest among engineers concerned with 

various applications such as aerospace and automotive. 

Although natural fibers generally have poor mechanical 

properties compared with the synthetic fibers currently 

available, they have the advantages of low density, low cost 

and low energy demand during manufacture. 

Sisal is a natural fiber (Scientific name is Agave 

sisalana) of Agavaceae (Agave) family yields a stiff fiber 

traditionally used in making twine and rope. Sisal is fully 

biodegradable and highly renewable resource of energy. Sisal 

fiber is exceptionally durable and a low maintenance with 

minimal wear and tear strength. Sisal fiber is produced by the 

way known as decortications, where leaves are compressed 

by a rotating wheel set with blunt knives, 

According to American Society for Testing 

Materials (ASTM) standard D123-52, banana fiber is 

classified as leaf fiber of natural vegetable fiber. Actually, it 

has also been used for composite materials and packaging 

materials as a valuable source of raw material. Satyanarayana 

et al. (1990) reported that banana fibers incorporated in a low-

modulus matrix such as polyester would yield materials with 

properties adequate for incorporation into specialized 

building construction materials. 

Glass fiber is a typical synthetic inorganic fiber 

whose wide use as reinforcement in applications ranging 

from fishing rods to storage tanks and aircraft parts is well 

known. The use of a low cost matrix material such as 

polyester, and natural fibers produce fiber reinforced 

composites with appreciable lightness and ease of fabrication 

of complicated shapes. 

Fiber-reinforced composite materials are being 

increasingly employed to manufacture structural components 

which are designed to be used successfully in dynamic 

environments under various temperatures. The necessity for 

experimental data and analysis of the proposed design 

methodologies becomes more important. The dynamic 

mechanical properties have a major influence on the response 

of the material and the structural integrity of the component. 

II. METHODOLOGIES 

A. Natural Fiber Preparation: 

The fibers are cut in uniform width and it is cleaned in 

distilled water, then the fibers are heat treated for enhancing 

the strength hence it is dried in the sun light for removing 

moisture. After removing moister content in the fibers 

continuous mat is to be produced. 

B. Resin Mixture Preparation: 

Constituents of composite material is as follows 

 

Accelerator                = Cobalt 

Catalyst                              = Methyl Ethyl Ketone   

                                                Peroxide (MEKP) 

Weight of the resin             = 3kg of resin for every  

                                                 1kg of mat 

Quantity of the catalyst       = 10 drops of Methyl Ethyl  

                                                  Ketone Peroxide 

Quantity of the Accelerator = 10ml of cobalt for 100 ml of                                                     

resin 

The constituents of polyester composite material are 

the woven mat, polyester resin, Cobalt which is used as 

accelerator and Methyl Ethyl Ketone Peroxide which is the 

catalyst. The ratio of weight of resin to weight of mat is 3:1. 

For every 1kg of mat, 3kg of polyester resin is used and for 

100ml of resin 10ml of accelerator is used. Ten drops of 

Methyl Ethyl Ketone Peroxide is used as the catalyst. The 

catalyst improves the speed of the reaction and the accelerator 

will speed up the solidification of the composite material. 

Wax (petroleum jelly) is applied on the mold surface for easy 

removal of the composite material and Acetone is used for 

washing the roller brush used for applying the polyester resin. 
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C. Fabrication Process: 

The place is covered with a release sheet. And apply wax on 

the sheet; it will help the final product to be removed from the 

mold very easily. Resin mixture is poured and is spread 

uniformly over the sheet with the help of roller the woven 

fiber mat is placed carefully on the resin which is previously 

applied. The resin is again applied on the layer in same 

manner as above. Little pressure is applied so as to remove 

any trapped air. Same procedure is repeated in the case of all 

other fibers like Glass fiber, Sisal fibers, Kuruthola fibers, 

and Banana fibers. 

D. Material Properties: 

The main objective is to determine the mechanical properties 

of natural fiber reinforced composites and it is compared with 

mechanical properties of reinforced glass fiber composite by 

conducting following tests 

 Tensile test 

 Flexural test 

 Hardness test 

 Density test 

 Impact test 

 
Table 1: Tensile test of fiber reinforced composite material 

III. RESULTS AND DISCUSSIONS 

A. Tensile Test Results: 

The tension test is probably the simplest and most widely 

used mechanical test. In the case of composite materials the 

most commonly used specimen geometries are the dog-bone 

specimen and straight sided specimen. The uniaxial load is 

applied through the ends. In which the specimens were cut 

from the sample in accordance to the ASTM D412-06a. 

Tensile test is carried out using INSTRON Universal testing 

machine – 3365. The dimensions of specimen used are 200 x 

10mm. 

 
Fig. 1: Tensile Test of Fiber Reinforced Composite Material 

The breaking load of Glass fiber reinforced 

polyester composite for 0/90 orientation is 2942.06 N/mm2 

and the breaking load of sisal fiber reinforced polyester 

composite for 0/90 orientation is 4852.18 N.As compared to 

sisal fiber reinforced polyester composite The glass fiber 

reinforced polyester composite material is brittle and 

suddenly ruptures at the breaking load. 

B. Flexural Test Results: 

The two most popular flexural tests, the three point and four 

point bending test. In these tests a flat specimen is simply 

supported at the two ends and is loaded by either a center 

load( a three point bending) or by two symmetrically placed 

loads(four point bending).Here we had done the three point 

bending test and the  result is as follows 

 
Table 2: Flexural test of fiber reinforced composite material 

The flexural load of Glass fiber reinforced polyester 

composite for 0/90 orientation is low (265.74 N) as compared 

to natural fiber polymer composite like sisal fiber reinforced 

polyester (458.45 N), kuruhola fiber Reinforced polyester 

(472.94 N), and banana fiber reinforced polyester (570.24 N). 

As compared to sisal fiber reinforced polyester composite the 

glass fiber reinforced polyester composite material is brittle 

and suddenly ruptures at the flexural load 

C. Hardness Test: 

A hand held hardness tester was used to measure the hardness 

of each test specimens. It is easiest and simple method to 

measure the hardness and it will give the reading directly 

through dial. It is commonly used to measure the hardness of 

rubber, plastic like materials, its gives the result in SHORE A  
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Table 3: Hardness test of fiber reinforced composite 

material 

 
Fig. 2: Hardness test of fiber reinforced composite material 

 
Fig. 3: Flexural Test of Fiber Reinforced Composite 

Material 

The table 3.3 shows the results of hardness test 

conducted on for the glass, sisal, kuruthola, and banana fiber 

composite for 0/900 orientation and 450 orientation in which 

the glass fiber polymer composite is harder than other natural 

fibers. 

D. Density Test: 

Density is a physical property; it is used to describe the 

relationship between the weight of the substance and its size. 

Different substance has different density. An electronic densi 

meter is used to measure the density of various substances 

which have the resolution of 0.001 and maximum load 

carrying capacity is 200gm. 

 

 
Table 4: Density test of fiber reinforced composite material 

 
Fig. 4: Density test of fiber reinforced composite material 

The results of density test conducted on for the glass, 

sisal, kuruthola, and banana fiber composite for 0/900 

orientation and 450 orientations in which the glass fiber 

polymer composite have high density than other natural fibers 

E. Charpy Impact Test: 

The charpy impact test is a standardized high strain rate test 

which determines the amount of energy absorbed by a martial 

during fracture; this absorbed energy is a measure of a given 

material’s toughness. It is widely applied in industry. It is 

very easy to conduct and the result will be obtained quickly 

and cheaply    

 
Table 5: Charpy Impact test of fiber reinforced composite 

material 
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Fig. 5: Charpy Impact test of fiber reinforced composite 

material 

The results of charpy impact test conducted for the 

glass, sisal, kuruthola, and banana fiber composite for 0/900 

orientation and 450 orientations in which the glass fiber 

polymer composite have high impact strength than other 

natural fibers 

IV. CONCLUSIONS 

A polymer matrix composite contains various natural fibers 

and glass fiber as the reinforcement phase is fabricated. In this 

work two types of orientations were used, ASTM standards 

were used for testing the part might require 450 to react to 

shear loads and 900 to react to side loads. The main advantage 

of glass fibers are they have good mechanical properties 

while the main disadvantage is difficulty in recycling. The 

natural fiber composites like sisal fiber, banana fiber, and 

kuruthola fiber composites reach the mechanical properties of 

glass fiber composites and also in which 900 orientation (unit 

directional) good mechanical properties than 450 orientations 

have. Due to the low density, bio degradability, and high 

specific properties natural fiber composite have very good 

future applications in modern industry. 
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