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Abstract— The utilization of bamboo fibres as reinforcement 

in composite materials has increased tremendously and has 

undergone high-tech revolution in recent years as a response 

to the increasing demand for developing sustainable, and 

recyclable materials. In order to apply the usage of raw 

materials like bamboo fibre which is stronger as well as can 

be utilized as a sustainable alternative for existing materials 

in the industry, we need to determine its mechanical 

properties for product design. In the present work 

experimental investigation has been carried out to study the 

tensile strength of bamboo skin and bamboo skin reinforced 

plastic (BSRP) composite. Bamboo Skin Strips have been 

used to reinforce epoxy resin. BSRP composites with 

unidirectional fibre strips have been made. High strength, low 

density, low production cost and ease of manufacturing make 

BSRP composite a commercially viable material for 

structural applications. 
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I. INTRODUCTION 

The applications of natural fibres in composite are also 

spreading widely in many sectors such as automobiles, 

furniture, packing construction and sports. This is mainly due 

to the advantages of natural fibres compared to synthetic 

fibres, i.e. low cost[1] One of the reasons for this 

phenomenon is that natural fibres have a comparable strength 

with glass fibre and a similar specific modulus [2]. A data of 

the mechanical properties of bamboo and various other 

natural fibre was reported in 2014 [3]; however, only typical 

ranges of values were provided.  While there are several 

publications on characterization of bamboo composites based 

on bamboo fibres in polymeric matrix [4] [5], very few 

reports on evaluation of bamboo composites based on the 

regional bamboo species of India. A study showed that the 

volume fraction of fibres in bamboo is dense in the outer 

region (60~65%), sparse (15~20%) in the inner region [6] 

thus bamboo skin was used for reinforcement so as to provide 

maximum reinforcing fibres. Tensile properties of BSRP 

need to be investigated thoroughly so that the full potential of 

bamboo as a functionally graded composite could be utilised. 

This publication reports evaluation of the mechanical 

properties like tensile strength of bamboo skin reinforced 

epoxy laminates with 20% fibre content. 

As these composites possess a close to linear elastic 

behaviour [7] the elastic modulus was obtained 

experimentally from simple stress strain curve of BSRC 

under tensile load. 

II. MATERIAL AND METHODOLOGY 

A. Fibre 

The bamboo skin strips used in the present investigation was 

arranged from local market. The process of fibre extraction 

was by hand peeling of fresh bamboo with knife and sun 

drying of bamboo skin extracted hence was used a 

reinforcement. 

 
Fig. 1: Single Bamboo Skin Fibre 

B. Preparation of Composite 

Hand lay-up method was adopted to fill up the prepared 

mould with an appropriate amount of epoxy resin mixture and 

unidirectional fibres. A layer of bamboo fibre strips was laid 

down and coat of Lapox DMS ARL epoxy resin was applied 

followed by another layer of fibres till required thickness of 

4 mm was achieved. Care has been taken to minimize fibre 

movement to yield good quality, unidirectional fibre 

composites. Therefore, at the time of curing, a compression 

pressure of 900Pa was applied on the mould and the 

composite specimens were cured for 24 h. 

C. Preparation of Specimens 

The specimens were cut according to ASTM D638-2003 

standards as shown in Fig 2 

 
Fig. 2: Specimens 

Abrasive water jet machine was used for cutting the 

specimen. OMAX 2652 a high pressure water jet machine 

that utilizes straight water cutting or abrasive water cutting to 

cut materials with abrasive flow rate 0.3 Kg/min. 

III. TESTING OF COMPOSITES 

Three identical samples were prepared each with volume 

fraction of fibre of 0.2 and all the specimens were tested at a 

strain rate of 0.5 mm/min. A temperature of 25°C with 

relative humidity 38% was maintained during all the tests. 

IV. RESULTS AND TABLES 

Ultimate tensile strength and modulus of bamboo skin and 

BSRC are presented in Table 1. The thickness of skin fibre 
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was 0.3 mm while average width was 5.4 mm. The tensile 

strength of bamboo skin strip along the fibre is 228.667 MPa 

as shown in fig 3. Whereas for BSRC the tensile strength was 

found to be 43.58 MPa with 0.2 volume fraction of fibres in 

fig 5. To find Young's Modulus of BSRC, a strain gauge of 

length 25.4 mm was fixed on a specimen which was subjected 

to maximum load of 1800N. Results of this test are 

presented in fig 4, from the instantaneous slope of graph at 

various points an average Elastic modulus of 3.55 GPa was 

obtained for BSRC. 

Theoretical Elastic modulus was obtained by using 

the Rule of Mixture [10] 

Ec =Ef Vf + Em(1 - Vf) 

Specimen 
Tensile 

Strength (MPa) 

Elastic Modulus 

(Gpa) 

Bamboo Fibre 228.667 MPa 2.48026 GPa 

BSRC 43.58 MPa 3.55 GPa 

Table 1: comparison of experimental tensile properties 

 
Fig. 3: Strength of Bamboo Skin Fibre at strain rate of 

5mm/min 

 
Fig. 4: BSRC specimen with strain gauge 

 
Fig. 5: Strength of BSRC at strain rate of 5mm/min 

Analytical Results for Elastic Modulus show 

agreement with the experimental results as shown in table 2. 

Property Value 

Volume Fraction of Composite (Vf) 0.209 

Modulus of Elasticity of fibre 2.48026 GPa 

Modulus of Elasticity of epoxy 3.7  Gpa 

Analytical Modulus of BSRC 3.4438Gpa 

Table 2: Analytical properties of Bamboo Skin Reinforced 

Composite 

V. FEA ANALYSIS 

A study was carried out in 2011 for characterization of 

bamboo composites on experimental basis [8] .Some amount 

of FEA analysis work is also done on bending of composite 

beam sections[9] ,Limited work is a carried out on finite 

element analysis of unidirectional composite specimen model 

according to ASTM D638 standard. 

 Methodology- An assembly  model of specimen was 

made in solid modelling software where fibres and 

matrix material were assembled with contact region set 

to bonded in which the two components are perfectly 

bonded together so that they deform together to simulate 

iso-strain condition. 

 Mesh and Boundary Conditions- one of the specimen 

face perpendicular to the fibre direction was fixed while 

other face was given displacement of 6.2mm 

corresponding to failure strain elongation in test 

experiment. Minimum edge length of mesh was set to 

0.238mm with 5 layers for inflation of mesh in the gauge 

section. 

 
Fig. 6: ISO Stress Surface having stress 143MPa and above 

showing Matrix material failure 

 
Fig 7: ISO Stress Surface in Gauge having stress 143MPa 

and below 

 Results: Using the capped ISO-surface feature for stress 

plot, areas corresponding to specific stress values were 

found out. Fig 7 Results show that at failure strain point 

in tensile test, Stress value  in fibres was 138Mpa which 

was only 60% of the value of ultimate tensile strength of 

Bamboo Fibre Suggesting a Matrix Mode of failure of 

composite. To check the failure mode fig 8 was used to 

determine the load sharing percentage between fibre and 

matrix [10] based on the equation 2. For this experiment 

at volume fraction of 0.3 the percent of load on bamboo 

fibre was found out to be 23%. 

 (2) 
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Fig. 8: Results 

VI. CONCLUSION 

Experimental investigation of BSRC and close observation of 

testes specimen leads to following conclusions obtained from 

study. 

 Ultimate Tensile Strength of Bamboo Composite 

reinforced with Bamboo Skin is 43.568 Mpa. While 

elastic modulus was found out to be 3.55 Gpa 

theoretically and was confirmed by experimentation. 

 Using iso-strain condition the percentage of tensile load 

taken by matrix was found out to be 77% corresponding 

to maximum stress of 151Mpa which exceeded the 

strength of epoxy matrix. 

 The fibre volume fraction, Vf, achieved was 20%. The 

tensile strength of bamboo skin strip along the fibre is 

228.667 MPa. While Elastic Modulus of single bamboo 

skin fibre was found to be 2.48026 GPa. 
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