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Abstract 

Usage of natural fibers in reinforced plastic material with natural fibers as a composite had a positive approach 

for the development of green composites in our day to day life. The paper deals with the study of woven bamboo 

natural fiber with polyester resin having 0/90 degree orientation and the bamboo natural fiber (2-4 mm length) 

with epoxy resin having random orientation. Tensile test was conducted on bamboo polyester resin composite 

whereas for bamboo epoxy resin composite, IZOD test, CHARPHY test, FTIR test and Hardness test were 

conducted. Both the composites i.e.  Bamboo polyester resin composite and bamboo epoxy resin composite shows 

significant results as compared to manmade fiber composites. 
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I. Introduction 

Polymeric composites degradation behavior upon exposure to environment conditions such as humidity and 

temperature is one of the most important problems occurred. The natural FRP composites are lightweight, strong 

and biodegradable. The bamboo fiber have excellent property like High tensile strength, High strength to weight 

ratio, Low cost when compare with synthetic fiber, easily available, Ecofriendly nature, etc. In the fiber percentage 

moisture present with respect to weight varies from 9.16 to 10.14 at normal atmospheric condition. Various 

researchers and scientists focused on bamboo fiber for using in reinforced plastic composites. For sample A, the 

woven bamboo was cut into 100 by 100 cm sq. and soaked in 5% NaOH solution at normal room temperature for 

4 hours. The treated woven bamboo was perfectly cleaned in water and excess water was dried.  For sample B, 

the raw bamboo fiber was cut into 2-4 mm of length, mixed with epoxy resin and kept for duration of 12 hours. 

Two samples were prepared named Sample A and Sample B. Table 1 shows the orientation, composition and 

volume of sample A and B. 

 

Table 1. Compositions of sample A and B 

SAMPLES ORIENTATION COMPOSITION VOLUME (%) 

A 0/90 Polyester Resin 

Bamboo Fiber 

70% 

30% 

 

B Random Epoxy Resin 

Bamboo Fiber 

90% 

10% 

 

II. Specimen preparation 

The sample A was fabricated by adding polyester resin with hardener (ratio 10:1). This matrix solution was 

poured evenly over the woven bamboo fiber. The procedure was continued for five layers of woven. In order to 

trap the air bubbles, the specimen was pressed in the hydraulic press. The sample B was prepared by wet layer 

forming process or hand layup molding process. This process includes first wax coating provided to prevent the 

fiber reinforced plastic stick on the surface of the forming tool then the matrix which is placed on the forming 

tool. Both the glass reinforced fiber layer and coal ash in an open molding process. Using matrix, glass fiber and 

coal ash are taken in combination (90/10) named B. Then it is saturated with the epoxy wet resin by pouring on 

the reinforced fiber layer. Further the addition of fiber layer is provided to get the required thickness of the fiber 

reinforced plastic. 

 

III. Tensile Test 

Tensile strength is a measurement of the force required to pull something such as rope, wire, or a structural 

beam to the point where it breaks and therefore tensile properties indicate how the material will react to forces 

being applied in tension. Tensile tests are used to determine the modulus of elasticity, elastic limit, elongation, 

proportional limit, and reduction in area, tensile strength, yield point, yield strength and other tensile properties. 

Table 2 shows the tensile test of bamboo polyester resin composite. 

 

Table 2. Tensile Test of Bamboo polyester resin composite. 

COMPOSITE Tensile Test 

Bamboo composite (Polyester Resin) 21.22 N/mm2 

 

IV. FTIR Test 

FTIR stands for Fourier Transform Infra-Red. IR radiation is passed through a sample andsome of the radiation 

is absorbed by work piece.The resulting spectrum represents the molecular absorption and transmission, creating 

molecular fingerprint of the sample. FTIR gives information about unknown metals, determine quality or 

consistency of a sample, determine amount of mixture in sample and an excellent tool for quantitative analysis. 
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From bamboo fibre FTIR test (Figure 1), the graph shows 1 Alcohol/Phenol OH stretch, 1 Alkyl CH stretch, 2 

Amide CO stretch, 2 Aromatic CH bending functional groups. From bamboo epoxy resin composite FTIR test 

(Figure 2), the graph shows the same functional groups as that of bamboo fibre FTIR test along with one extra 

Alkyl CH stretch. 

 

Figure 1. Bamboo Fiber FTIR test result graph

 
Figure2. Bamboo Fibre with epoxy composite FTIR test result graph 

 
V. Impact Test 

Impact Test consists of IZOD and CHARPHY test. IZOD test is for determining the impact resistance of 

materials.  An arm held at a specific height (constant potential energy) is released. The arm hits the sample. The 

specimen either breaks or the weight rests on the specimen. From the energy absorbed by the sample, its impact 

energy is determined. A notched sample is generally used to determine impact energy and notch sensitivity. 

Table 3 shows the IZOD test of bamboo epoxy resin composite. 

 

Figure 3. IZOD test specimen before and after break 
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CHARPHY test is standardized high strain-rate test which determines the amount of energy absorbed by a 

material during fracture.It is widely applied in industry, since it is easy to prepare and conduct and results can be 

obtained quickly and cheaply. The test became known as the Charpy test in the early 1900s due to the technical 

contributions and standardization efforts byGeorges Charphy. Today it is utilized in many industries for testing 

materials, for example the construction of pressure vessels and bridges to determine how storms will affect the 

materials used. Table 3 shows the CHARPHY test of bamboo epoxy resin composite. 

 

Figure 4. CHARPHY test specimen before and after break 

 
 

Table 3. Impact test of Bamboo epoxy resin composite. 

 

 

VI. Rockwell Hardness Test 

The Rockwell method measures the permanent depth of indentation produced by a force/load on an indenter. 

First, a preliminary test force (commonly referred to as preload or minor load) is applied to a sample using a 

diamond indenter. This load represents the zero or reference position that breaks through the surface to reduce 

the effects of surface finish. After the preload, an additional load, call the major load, is applied to reach the 

total required test load. This force is held for a predetermined amount of time (dwell time) to allow for elastic 

recovery. This major load is then released and the final position is measured against the position derived from 

the preload, the indentation depth variance between the preload value and major load value. This distance is 

converted to a hardness number. Table 4 shows the hardness of bamboo epoxy resin composite. 

 

Table 4. Hardness test of Bamboo epoxy resin composite 

COMPOSITE HARDNESS (RHN) 

Bamboo Composite (Epoxy Resin) 20 

 

VII. Conclusion 

 

Tensile properties of bamboo polyester resin composite and FTIR test, impact test and hardness test of bamboo 

epoxy resin composite showed significant results. According to the FTIR results, the functional groups of bamboo 

fiber and bamboo epoxy resin composite are same except one extra alkyl CH stretch functional group in bamboo 

epoxy composite which indicates better compatibility between them. In future, we are going to carry out tests with 

various compositions and orientations of bamboo polyester resin composite and bamboo epoxy resin composite. 
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