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Abstract 
In this present work experimental investigation has 

been carried out to fabricate and study the effect of bamboo 

fibers at different weight percentages (30, 40 and 50) with 

epoxy resin. An epoxy resin has very good electrical 

insulation properties and outstanding mechanical strength 

including tensile and flexural. The composite material is 

fabricated by using hand lay-up method. Then the composite 

material is tested on universal testing machine (UTM) for 

tensile strength. 

The addition of bamboo fiber weight percentage has improves 

the mechanical properties and the different types of chemical 

treatments are used to give more strength for the bamboo 

fiber.it is observed that the strength of the composite material 

is increased with the increase in the fibre content in epoxy 

matrix. 

Keywords: bamboo fiber, chemical treatment, tensile 

strength. 

 

Introduction 

 
In the recent years there is requirement of materials 

with unusual combination of properties, the main objective is 

not only to improve the strength but also the high performance 

for the materials. In order to fill the above requirement the 

researchers are developing the new materials finally 

composites are developed for attain the required properties. 

Composite means “two or more distinct parts bound together”. 

Thus a material having two or more constituent materials or 

phases may be considered as a composite material. A 

composite material is a material is made from two or more 

constituent materials with significantly different physical or 

chemical properties that, when combined, produce a material 

with characteristics different from individual components. 
Composite materials are commonly classified at following 

two distinct levels:  

The first level of classification is usually made with respect to 

the matrix constituent. The major composite classes include 

Organic Matrix Composites (OMCs), Metal Matrix 

Composites (MMCs) and Ceramic Matrix Composites 

(CMCs). The term organic matrix composite is generally 

assumed to include two classes of composites, namely 

Polymer Matrix Composites (PMCs) and carbon matrix 

composites commonly referred to as carbon-carbon 

composites. 

 

  

 

 

 

 

 

 

 

 

 

Figure1 Types of composites based on matrices 

 

• The second level of classification refers to the reinforcement 

form – fibre reinforced composites, laminar composites and 

particulate composites.  

•Fibre Reinforced composites (FRP) can be further divided 

into those containing discontinuous or continuous fibres.  

Fibre Reinforced Composites are composed of fibres 
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embedded in matrix material. Such a composite is considered 

to be a discontinuous fibre or short fibre composite if its 

properties vary with fibre length. 

 

•Laminar Composites are composed of layers of materials 

held together by matrix. Sandwich structures fall under this 

category.  

• Particulate Composites are composed of particles distributed 

or embedded in a matrix body. The particles may be flakes or 

in powder form. Concrete and wood particle boards are 

examples of this category. 

Thermoplastics have one- or two-dimensional molecular 

structure and they tend to at an elevated temperature and show 

exaggerated melting point. Another advantage is that the 

process of softening at elevated temperatures can reversed to 

regain its properties during cooling, facilitating applications of 

conventional compress techniques to mould the compounds. 

 

 

 

 

 

 

 

 

 

Figure 2 Types of thermoplastics matrix material 

Thermosets are the most popular of the fiber composite 

matrices without which, research and development in 

structural engineering field could get truncated. Aerospace 

components, automobile parts, defense systems etc., use a 

great deal of this type of fiber composites. Epoxy matrix 

materials are used in printed circuit boards and similar areas. 

 

 

 

 

 

 

 

Figure 3 Types of thermosets matrix material 

 

Epoxy resins are widely used in filament-wound composites 

and are suitable for moulding prepress. They are reasonably 

stable to chemical attacks and are excellent adherents having 

slow shrinkage during curing and no emission of volatile 

gases. These advantages, however, make the use of epoxies 

rather expensive. Also, they cannot be expected beyond a 

temperature of 140ºC. 

 

Natural fibers are those fibers naturally available in nature. 

Natural fibers can be classified according to their origin and 

grouped into leaf: abaca, cantala, curaua, date palm, 

henequen, pineapple, sisal, banana; seed: cotton; bast: bamboo 

flax, hemp, jute, ramie; fruit: coir, kapok, oil palm; grass: 

Alfa, bagasse and stalk: straw (cereal). The bast and leaf (the 

hard fibers) types are the most commonly used in composite 

applications. Commonly used plant fibers are cotton, jute, 

hemp, flax, bamboo, ramie, sisal, coir, henequen and kapok. 

 

Table 1 Mechanical Properties of natural fibres 

 

 
 

Bamboo Fibre Properties 

  

Bamboo fiber is naturally anti-bacterial, UV protective, 

biodegradable, breathable cool, strong flexible, soft and has a 

luxurious shiny appearance. It has good durability, softness, 

luster, stability, moderate tenacity, good spin ability. Bamboo 

products are further characterized by its good hydrophilic 

nature, excellent permeability, soft feel, excellent dyeing 

behavior and its antimicrobial property. Bamboo fiber absorbs 

and evaporates sweat very quickly. Its ultimate breathability 

keeps the wearer comfortable and dry for a very longer period. 

It is 3-4 times more absorbent than cotton fabric.  

 

Materials and methods: 

 

Fiber extraction: Bamboo tree stems is collected from 

local area and the bamboo fiber is extracted by using retting 

process.in retting process the bamboo stem is soaked in water 

for more than two weeks. After that bamboo fiber is extracted 

as a thin fiber by applying some mechanical pressure and with 

the help of knife. 

 

 
 

Figure 4 extracted bamboo fiber 

 

Chemical treatment of fiber: 

 
Alkaline Treatment: The Alkaline Treatment is also known 

as Mercerization. In alkali treatment the extracted fibre was 

soaked in NaOH solution for two days and after washed 

thoroughly with water and dried for 3 to 4 hours, at room 

temperature. The alkaline treatment is carried out with 
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different concentration of NaOH solutions that is 4% and 

8%... Mercerization had a long-lasting effect on the 

mechanical properties of fibres, mainly on fibre strength and 

stiffness. Alkaline treatment or mercerization is one of the 

most used chemical treatments of natural fibers when used to 

reinforce thermoplastics and thermosets. 

 

 
 

Figure 5 chemical treatment process 

 

Fabrication of composite: 

 
Hand lay-up method: Hand lay-up technique is the simplest 

method of composite processing. The infrastructural 

requirement for this method is also minimal. The processing 

steps are quite simple. First of all, a release gel is sprayed on 

the mold surface to avoid the sticking of polymer to the 

surface. Thin plastic OHP sheets are used at the top and 

bottom of the mold plate to get good surface finish of the 

product. Reinforcement in the form of long bamboo fiber is 

cut as per the mold size and placed at the surface of mold after 

Perspex sheet. Then thermosetting polymer (epoxy) in liquid 

form is mixed thoroughly in suitable proportion with a 

prescribed Hardner (curing agent) and poured onto the surface 

of mat already placed in the mold. The polymer is uniformly 

spread with the help of brush. After that place the OHP sheet 

over the composite and a roller is moved with a mild pressure 

on the OHP sheet to remove any air trapped as well as the 

excess epoxy resin present.  
 

 
  Figure 6 hand lay-up technique 

Fabrication steps 

Step 1: Preparation of mould by using acrylic sheet in 

required dimensions. 

Step 2:  Cutting of bamboo fiber in required dimensions. 

Step 3:  Weighing of epoxy resin into bowl of 50g. 

Step 4:  Weighing of hardner into the same bowl of 5g i.e., 

(10:1) mixing ratio of hardner and epoxy.  

Step 5:  Mixture is mixed thoroughly for 2-5 minutes to form 

homogeneous. 

Step 6: Mould releasing spray is sprayed all over the mould 

for easy erection of laminate from moulds. 

Step 7:  Half portion of specimen the mixed epoxy mixture is 

poured   into the mould and spread evenly. 

Step 8:  Bamboo fiber is placed on the poured epoxy resin 

according to the required percentages. 

Step 9:  Remaining portion of specimen is poured the 

mixture, place the OHP sheep over it and roll 

thoroughly to ensure that no void spaces. 

Step 10: Leave the mould for 24 hours for curing to get 

solidified composite laminate. 

Step 11: After that remove the composite material carefully 

without any damage. 

 

 
Figure 7 fabricated composites placed for 24 hours to solidify 
 
Characterization of mechanical properties: 
Tensile test: 

Tensile test generally performs on flat specimen. Test of 

composite sample is carried out in ASTM D3039 standard. In 

this, a uniaxial load was applied through both the end. 

Samples are tested at a cross head speed of 10 mm/min, in a 

universal testing machine (UTM). 

 

 
Figure 8 tensile test specimen sizes as per ASTM D3039 

Testing and Results: 
 

Tensile testing: 
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Figure 9 machine setup for tensile testing 

 

 
Figure 10 specimens before tensile testing 

 

 
Figure 11 specimens after tensile testing 

 

Table 2  tensile tets result 

 

Discussions: 
 

The comparison of between the bamboo fiber percentage and 

tensile strength is considered of three samples at different 

percentages 30, 40 and 50.  

 
Figure 12 tensile strength v/s bamboo percentages 

The comparison of between the bamboo fiber treatment, fiber  

percentage and tensile strength is considered of three samples 

at different percentages 30, 40 and 50. 

 

Conclusions: 

 
The experimental study of the effect of chemical 

treatment on tensile and flexural properties of bamboo fiber 

reinforced epoxy based natural composites leads to the 

following conclusions: 

• The successful fabrication of a new class of epoxy based 

natural composites reinforced with bamboo fiber has been 

done using hand lay-up method technique. 

• In chemical treatment of natural fiber alkaline chemical 

treatment gives the better performance. 

• The present study reveals that the tensile strength increases 

with increasing content of fiber in composite materials.  
• The present study shows that the tensile strength of bamboo-

epoxy composite increases to the certain level of fibre loading 

and then starts decreasing on further fibre loading. The 

maximum value of tensile strength is obtained at 50 wt. % of 

fibre loading treated with 4% NaOH solution. 
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Fiber type Bamboo fiber 

Percentage 

TENSILE 

STRESS 

(MPa.) 

1 Untreated 

fibers 

30 % 142.8 

2 40 % 167.1 

3 50 % 18.85 

4 Treated fibers 

with 4% of 

NaOH  

30 % 17.51 

5 40 % 18.47 

6 50 % 21.33 

7 Treated fibers 

with 8% of 

NaOH 

30 % 13.69 

8 40 % 16.13 

9 50 % 20.33 
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