
 International Journal of Scientific Engineering and Science 
Volume 8, Issue 3, pp. 15-19, 2024. ISSN (Online): 2456-7361 

 

 

15 

http://ijses.com/ 

All rights reserved 

Bending Strength Analysis of Composites Made from 

40 Percent Coconut Fiber and 60 Percent Epoxy 

Resin Matrix 
 

Rusli Ismail1, Badaruddin Anwar2 
1,2Mechanical Engineering Education, Faculty of Engineering, Makassar State University 

E-mail:badaruddin.anwar@unm.ac.id  
 

Abstract-This research was carried out using an experimental method which aims to determine the bending strength of composites with a ratio 

of 40 percent coconut fiber reinforcement and 60 percent epoxy resin matrix. Bending test specimens to the ASTM D790 standard and using an 

Autograph Shimadzu brand bending testing machine, Universal Testing Machine type. Results of bending strength research on composite 

materials made from coconut fiber. with a comparison of 40 percent coconut fiber reinforcement and 60 percent epoxy resin matrix, which is 

equal to24.005784N/mm². 
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I. INTRODUCTION  

The use of natural fibers can be an alternative solution in 

making composites. It can be concluded that natural fibers are 

more environmentally friendly and easily decompose naturally 

without harming the surrounding environment. The 

development of natural fiber from coconut fiber can be used as 

a basic material for making composites. Indonesia is an 

archipelagic country that has coconut plantation productivity 

reaching 1,114 kg/ha with a coconut plantation area reaching 

3,417,951 ha (Directorate General of Plantations, 2014-2018). 

So the productivity figures for the coconut fiber produced can 

reach 1 million tons per year. 

Most of the coconut fiber used for crafts and household 

items is wasted and becomes waste. The utilization of coconut 

fiber waste has not yet been carried out optimally, especially 

in the material industry aspect, especially composite 

manufacturing. Coconut fibers can be used as a reinforcing 

element which greatly determines the mechanical properties of 

the composite, because it transmits the load distributed by the 

matrix. Coconut fiber and epoxy resin as a matrix will produce 

alternative composites that are useful for the industrial world. 

With the composition of coconut fiber in making composites, 

it is hoped that it can produce maximum composite 

mechanical properties to support the use of alternative 

composites. 

Composite materials generally use epoxy resin and matrix. 

Epoxy resin is a product produced by the reaction of base 

materials and hardeners, as well as filler materials, which can 

be used as insulating material for electrical equipment. Its 

properties vary depending on the type, conditions, and mixing 

with the hardener. The advantage of epoxy resin is that it has 

stability under unfavorable conditions, so it is very good at 

increasing the reliability of electrical equipment. Apart from 

that, epoxy resin has perfect dielectric and good mechanical 

properties (Heri et al., 2012). 

This research was conducted to analyze composite bending 

strength with a ratio of 40 percent coconut fiber reinforcement 

and 60 percent epoxy resin matrix. 

II. THEORITICAL REVIEW 

1. Composite 

With the development of specifically planned and 

manufactured multiphase composites like fiberglass-

reinforced polymers, composites as a distinct class of 

materials started to take shape in the middle of the 20th 

century (Callister Jr. & Rethwisch, 2009). 

Composite materials are materials formed from a 

combination of two or more constituent materials, through 

inhomogeneous mixing, where the mechanical properties of 

each constituent material are different. Composite materials 

have better mechanical properties than metals, good fatigue 

strength, higher specific strength (strength/weight) and 

specific stiffness (Young's modulus/density) than metals, are 

corrosion resistant, have heat and sound insulating properties. , 

as a good electrical barrier, and can also be used to repair 

damage due to loading and corrosion (Sirait, 2010). This is 

reinforced by the statement of Maryanti (2011) which states 

that a composite is defined as a combination of two or more 

materials that differ in shape, chemical composition, and do 

not dissolve in each other, where one material functions as a 

reinforcement and the other material functions as a binder to 

maintain the unity of the elements. - the elements. In general, 

there are two categories of composite materials, namely matrix 

and reinforcement. K. Van Rijswijk et.al in their book Natural 

Fiber Composites (2001) explains. 

Composite is a hybrid material made from polymer resin 

reinforced with fibers, combining mechanical and physical 

properties. From the definitions put forward by several 

experts, it can be concluded that a composite is a material that 

is composed of two or more materials with different properties 

and then forms a new material with better properties than the 

properties of the constituent materials. The combination of 

these composite materials occurs on a macro scale, where the 
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materials do not dissolve into each other. 

In composites, the two components of reinforcement and 

matrix do not dissolve or merge into each other, but still show 

their respective properties. Many composite properties are 

better than the properties of the materials from which they are 

made. Even though it is composed of several different 

materials, composites can be said to be a single product. It is 

very difficult to differentiate between matrix and 

reinforcement, because their functions overlap. In general, 

composites consist of carbon fiber bonded layer by layer with 

polymer into one layer. To date, composites are used, among 

others, in the aviation, marine, automotive, and household 

appliances industries. Because these fields require a structure 

that is light, but has high flexural and tensile strength and is 

resistant to impact loads. 

A composite is a material formed from a combination of 

two or more materials that have stronger mechanical 

properties than the materials from which they are made. 

Composites consist of two parts, namely the matrix as the 

binder or protector of the composite and the filler as the 

composite filler. Natural fibers are an alternative composite 

filler for various polymer composites because of their 

superiority over synthetic fibers. Natural fibers are easy to 

obtain at low prices, easy to process, low density, 

environmentally friendly, and biodegradable (Kusumastuti, 

2009). 

Composites consist of two (or more) individual materials, 

which come from previously discussed categories such as 

metals, ceramics, and polymers. The goal of composite design 

is to achieve a combination of properties not displayed by a 

single material, and also to incorporate the best characteristics 

of each component material. A large number of types of 

compost are represented by a combination of metals, ceramics 

and polymers. Furthermore, some natural materials are 

composites for example, wood and bone. However, most of 

them are synthetic (or man-made) composites (William D. 

Callister & Rethwisch, 2009). 

Three different types of composites have been covered: 

polymers, ceramics, and multiphase metal alloys. For 

example, pearlite steel has a microstructure consisting of 

alternating layers of ferrite and cementite. The ferrite phase is 

soft and ductile, while the cementite is hard and very brittle. 

Pearlite's total mechanical properties—quite high ductility and 

strength—are better than those of any of its component 

phases. A number of composites also occur in nature. For 

example, wood consists of strong, flexible cellulose fibers 

surrounded and held together by a stiffer material called 

lignin. In addition, bones are a composite of the strong but soft 

protein collagen and hard and brittle minerals, apatite. 

Composites, in the present context, are multiphase materials 

that are created artificially, as opposed to those that occur or 

form naturally. Furthermore, distinct interfaces and chemical 

differences between the constituent phases are required 

(Chawla, 2012). 

In designing composite materials, scientists and engineers 

cleverly combine various metals, ceramics and polymers to 

produce a new generation of extraordinary materials. Most 

composites have been created to improve a combination of 

mechanical characteristics such as stiffness, toughness, 

strength and high temperature. A lot of composite materials 

are made up of just two phases: the dispersed phase and the 

continuous matrix phase that surrounds it. The characteristics 

of the constituent phases, their proportional amounts, and the 

shape of the dispersed phase determine the composite 

qualities. Dispersed phase geometry in this context means 

particle shape and particle size, distribution, and orientation. 

One simple scheme for the classification of composite 

materials, consisting of three main divisions: particle-

reinforced, fiber-reinforced and structural composites; also, 

there are at least two subdivisions for each.  

The dispersed phase for particle-reinforced composites is 

the same (i.e., the particle dimensions are approximately the 

same in all directions); for fiber-reinforced composites, the 

dispersed phase has a fiber geometry (i.e., a large length-to-

diameter ratio). Structural composites are a combination of 

composites and homogeneous materials (Chawla, 2012). 

2. Fiber 

Fiber composites are composites consisting of fiber in a 

matrix. Longer strands are inherently stronger than bulkier 

fibers. This kind of composite just has one lamina, or layer, 

and makes use of fiber for reinforcement. The fibers used can 

be fiberglass, carbon fibers, aramid fibers (poly aramide), and 

so on. These fibers can be arranged randomly or in a certain 

orientation and can even be in more complex shapes such as 

woven. 

3. Epoxy Resin 

The Big Indonesian Dictionary defines resin as a formless, 

solid substance that is yellow-brown in color and is extracted 

from the sap of the resin tree. It is used to make solder, glue, 

varnish, and other materials (Asmi et al., 2019). Resin is 

widely used in the building and industrial sectors. Resin is 

frequently utilized even in handicraft production. The 

substance that makes up resin is a mixture of chemical and 

natural components. At first, natural materials were used to 

make resin, such as the sap from different trees like conifers 

and gooseberries. 

Epoxy is a co-polymer, formed from two different 

chemicals. These are referred to as "resin" and "hardener". 

These resins consist of short chain monomers or polymers 

with epoxide groups at both ends. Hardeners consist of 

polyamine monomers, for example Triethylenetetramine 

(Theta). The amine and epoxide groups of these compounds 

combine to produce a covalent bond when combined. The 

polymerization process is called "curing". 

III. METHOD 

To determine the ratio between the matrix components and 

the fibers (fillers) of this composite material is generally done 

using two methods, namely: 

a. Mass Fraction Method 

This method is used if the masses of the matrix 

components and composite material filler are not much 

different or the fibers used are quite heavy. To calculate the 

mass ratio, the following equation is used: 
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1. Composite mass 

Mc = mƒ + mm  ….......................(2.1) 

 

       2. Composite Fiber Mass 

Mfc =  ………………….…(2.2) 

 

       3. Composite Matrix Mass 

Mmc =   …………...(2.3) 

b. Volume Fraction Method 

This method is used when the weight of the matrix 

component and the reinforcement (fiber) of the composite 

material is very different. Volume fraction can be 

calculated using the following equation: 

1. Composite mass 

Mc = mf + mm …………………(2.4) 

       2. Composite density 

ρc =  …………………………..(2.5) 

       3. Fiber mass 

Wf =  ……………….(2.6) 

Vf =  …..(2.7) 

In this study, the type of point bending used was three 

point bending with two test specimen supports and one 

downward pressure on the test specimen. 

 

 
Fig. 1. Three Point Bending Cross Section in Bending Test 

 

Bending testing refers to the ASTM D790 standard with 

static test conditions. After the bending test is carried out, the 

equation can be used to obtain figures for the bending strength 

including bending stress, bending strain, and bending modulus 

of elasticity. The equation that can be used is as follows: 

𝜎𝑏=  ………………………………..(2.8) 

𝜎𝑏= [1 + 6 − 4 ] ) ….…(2.9) 

To obtain the bending strain value, the following equation 

is used: 

𝜀𝑏=   ………………………………(2.10) 

Meanwhile, to obtain the bending elastic modulus value, 

the following equation is used: 

𝐸𝑏=   ……………………..(2.11) 

IV. RESULTS AND DISCUSSION 

The material used in this research is a composite made 

from epoxy resin and dried young coconut fiber. Before the 

bending test is carried out, the test specimen is formed 

according to the standards that have been determined for the 

bending test, namely the ASTM D790 standard with a volume 

ratio of 40% fiber: 60% efoxy resin. The research carried out 

bending tests using an Autograph Shimadzu (Japan) Universal 

Testing Machine type testing machine.  

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
Fig. 2. Research Flow Chart 

 

The description of the data is as follows: 

A. Research result 

TABLE 1. Composite Bending Test Results Data Comparison of 

reinforcement Volume 40% Fiber 

Sample Time(s) 
Width 

(mm) 

Thickness 

(mm) 

Point 
Distance 

(mm) 

Maximum 

Load (N) 

Deflection 

(mm) 

A 358.13 27 4 34 294.2197 11.9377 
B 360.86 27 4.4 34 339.9944 12.0282 

C 181.14 29 3.4 34 182.5667 6.0381 

D 92.5 28 6 34 158.8774 3.0834 
E 275.97 26 4 34 133.0407 9,199 

Average 253.72 27.4 4.36 34 221.7398 8.45728 

Source: Primary Data 2022 

 

From the data table of composite bending test results 

with a volume fraction of 40% fiber: 60% epoxy resin, it can 

be seen that sample E experienced the highest maximum load, 

namely 339.9944 N with a deflection of 12.0282 mm at 

360.86 seconds. And the lowest maximum load is in sample E, 

namely 133.0407 N with a deflection of 9,199 mm at 275.97 

seconds.  

 

 

 

Specimen Making: 

Coconut fiber composite with reinforcement volume 
ratio fiber 40% : resin 60% (X) . 

Start 

Bending Test: 

1. Bending test value X1 

2. Bending test value X2 

3. Bending test value X3 
4. Bending test value X4 

5. Bending test value X5 

Bending 

Test 

Results 

 

Yes 

No 

Data 
analysis 

Conclusion 

Finished 
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TABLE 2. Composite Bending Strength Calculation Results 

Volume 

Fraction Sample 
Bending 

Strength(N/mm²) 
TOTAL 

Average 

(  ) 

40% 
Fiber : 

60% 

Resin 

A 34.73427 

120.02892 24.005784 

B 33.17209 

C 27.77384 

D 8.03844 

E 16.31028 

Source: Primary Data 2022 

 

To find the average value of composite bending strength 

with volume fraction40% Fiber: 60% Resinusing the 

following formula: 

=   

=  

= =24.005784N/mm² 

 

 
Fig. 3. Bending Strength Graph 

Source: Primary Data 2022 

B. Discussion 

Based on the test results that have been carried out using 

the Autograph Shimadzu bending testing machine with the 

Universal Testing Machine type, the maximum load value that 

can be withstood by the composite with volume fraction is 

obtained.40% fiber: 60% resin capable of withstanding a 

maximum load of; 294.2197 N, 339.9944 N, 182.5667 N, 

158.8774 N, and 133.0407 N.  

Test data obtained from bending strength calculations for 

composites with a volume ratio of 40% fiber: 60% resin and 

each sample totaling 5 has a bending strength value. as big as 

34.73427N/mm², 33.17209N/mm², 27.77384N/mm², 

8.03844N/mm², 16.31028N/mm². 

Based on the results of the bending strength calculation, an 

average can be producedbending strength in composites 

withvolume fraction 40% fiber: 60% resin is 

24.005784N/mm². 

V. CONCLUSION 

Based on the research results, data analysis and 

discussion, it can be concluded that bThe resulting bending 

strength of a composite with a volume fraction of 40% fiber: 

60% resin isas big as 24.005784N/mm². 
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