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Abstract— The majority of developing countries are 

extremely rich in natural resources such as natural fibers. In 

this project hemp, kenaf, banana and bamboo fibres are taken 

for the development of hybride composite material. The main 

objective of present work is to investigate the mechanical 

properties of hemp-kenaf, hemp-banana and hemp- bamboo 

reinforced composites at same weight fraction. In this 

process, the fibre were extracted by manual process. The 

fibres are treated with 5% of sodiam hydroxide for 1hr.while 

overall fibre weight fraction was fixed as 0.4WF.the mould 

used for fabrication is made up of wood with a de-bonding 

agent applaid on the inner side. The composites were 

fabricated by hand lay-up technique. The developed hemp-

kenaf, hemp-banana, hemp-banana, hemp-bamboo hybride 

composites were cut into specimens for tensile impact and 

flexural tests. It was found that hemp-kenaf composites 

exhibitad better tensile properties then hemp-banana& hemp-

bamboo composite. All composites showed coparable impact 

properties but in flexural strength hemp-kenaf appears to out-

perform other two composites.   
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I. INTRODUCTION 

Composite materials for construction, engineering and other 

similar applications are formed by combining two or more 

materials in such a way that the constituents of the composite 

materials are still distinguishable, and not fully blended. One 

example of a composite material is concrete, which uses 

cement as a binding material in combination with gravel as a 

reinforcement. In many cases, concrete uses rebar as a second 

reinforcement, making it a three-phase composite, because of 

the three elements involved. 

Advanced composites materials are exhibit desirable physical 

and chemical properties that are 

 High specific stiffness and strength,  

 Dimensional stability, 

 Temperature and chemical resistance,  

 Relatively easy processing,   

 Light weight, 

 High strength to weight ratio, 

 Good anticorrosion properties. 

Composite materials take advantage of the different 

strengths and abilities of different materials. In the case of 

mud and straw bricks, for example, mud is an excellent 

binding material, but it cannot stand up to compression and 

force well. Straw, on the other hand, is well able to withstand 

compression without crumbling or breaking, and so it serves 

to reinforce the binding action of the mud. Humans have been 

creating composite materials to build stronger and lighter 

objects for thousands of years. 

The different materials work together to produce a 

new material, which combines all of the properties of the 

previously separate materials. Within the composite it is still 

possible to easily tell the different materials apart. They do 

not tend to blend or dissolve into each other. 

II. COMPOSITE MATERIAL CONSISTS OF TWO PHASES 

A. Primary 

 Forms the matrix within which the secondary phase is 

embedded 

 Any of three basic material types: polymers, metals, or 

ceramics. 

B. Secondary 

 Referred to as the imbedded phase or called the 

reinforcing agent. 

 Serves to strengthen the composite.  (Fibers, particles, 

etc.) 

 Can be one of the three basic materials or an element 

such as carbon, glass or boron. 

III. CLASSIFICATION OF COMPOSITES 

There are two classification systems of composite materials. 

One of them is based on the matrix material (metal, ceramic, 

and polymer) and the second is based on the reinforcing 

material structure.  

Classification of composites - I (based on matrix material)  

A. Metal Matrix Composites (MMC): 

 Metal Matrix Composites are composed of a metallic 

matrix (aluminum, magnesium, iron, cobalt, copper) and 

a dispersed ceramic (oxides, carbides) or metallic (lead, 

tungsten, molybdenum) phase. Cerami Matrix 

Composites (CMC): 

 Ceramic Matrix Composites are composed of a ceramic 

matrix and embedded fibers of other ceramic material 

(dispersed phase). 

 Polymer Matrix Composites (PMC): 

 Polymer Matrix Composites are composed of a matrix 

from thermo set (Unsaturated Polyester (UP), Epoxy 

(EP) or thermoplastic (Polycarbonate (PC), 

Polyvinylchloride, Nylon, Polystyrene) and embedded 

glass, carbon, steel or Kevlar fibers (dispersed phase). 

IV. CLASSIFICATION OF COMPOSITE MATERIALS  

 (Based on reinforcing material structure) 

 Particulate Composites 

 Particulate Composites consist of a matrix reinforced by 

a dispersed phase in form of particles. 

 Composites with random orientation of particles. 
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 Composites with preferred orientation of particles. 

Dispersed phase of these materials consists of two-

dimensional flat platelets (flakes), laid parallel to each 

other. 

 Fibrous Composites 

 Short-fiber reinforced composites. it consists of a matrix 

reinforced by a dispersed phase in form of discontinuous 

fibers (length < 100*diameter). 

 Composites with random orientation of fibers. 

 Composites with preferred orientation of fibers. 

 Long-fiber reinforced composites. It consists of a matrix 

reinforced by a dispersed phase in form of continuous 

fibers. 

 Unidirectional orientation of fibers. 

 Bidirectional orientation of fibers (woven). 

 Laminate Composites: 

 When a fiber reinforced composite consists of several 

layers with different fiber orientations, it is called 

multilayer (angle-ply) composite. 

V. INTRODUCTION TO NATURAL FIBERS: 

The use of natural fiber for the reinforcement of the 

composites has received increasing attention both by the 

academic sector and the industry Natural fibers have many 

significant advantages over synthetic fibers. Currently many 

types of natural fibers have been investigated for use in 

plastics including flax, hemp, jute straw, wood, rice husk, 

wheat, barley, oats, rye, cane (sugar and bamboo), grass, 

reeds, kenaf, ramie, oil palm empty fruit bunch, sisal, coir, 

water, hyacinth, pennywort, kapok, paper mulberry, raphia, 

banana fiber, pineapple leaf fiber and papyrus. 

Thermoplastics reinforced with special wood fillers are 

enjoying rapid growth due to their many advantages; 

lightweight reasonable strength and stiffness. Some plant 

proteins are interesting renewable materials, because of their 

thermoplastic properties. 

Wheat gluten is unique among cereal and other plant 

proteins in its ability to form a cohesive blend with visco 

elastic properties once plasticized. For these reasons, wheat 

gluten has been utilized to process edible or biodegradable 

films or packing materials. Hemp is abast ligno cellulosic 

fiber. Comes from the plant cannabis sativa and has been used 

as reinforcement in biodegradable composites. 

Natural fiber reinforced polymer composites have 

raised great attention and interest among materials scientists 

and engineers in recent years due to the considerations of 

developing an environmental friendly material and partly 

replacing currently used glass or carbon fibers in fiber 

reinforced composites. They are high specific strength and 

modulus materials, low priced, recyclable and are easily 

available. It is known that natural fibers are non-uniform with 

irregular cross sections which make their structures quite 

unique and much different with man-made fibers such as 

glass fibers, carbon fibers etc. Many researchers have been 

conducted to study the mechanical properties. especially 

interfacial performances of the composites based on natural 

fibers due to the poor interfacial bonding between the 

hydrophilic natural fibers such as sisal, jute and palm fibers 

and the hydrophobic polymer matrices. Worldwide 

laboratories have worked on this topic. But reports on 

composites using bird feathers as reinforcing fibers are rare. 

VI. SYNTHETIC FIBERS 

The most common advanced composites are polymer matrix 

composites. These composites consist of a polymer 

thermoplastic or thermosetting reinforced by fiber (natural 

carbon or boron). These materials can be fashioned into a 

variety of shapes and sizes. They provide great strength and 

stiffness along with resistance to corrosion. The reason for 

these being most common is their low cost, high strength and 

simple manufacturing principles. 

A. Reinforcing fibers 

The three most common types of reinforcing fibers include 

fiberglass, carbon and Aramid. 

1) Carbon fibers: 
Carbon fibers are used for reinforcing certain matrix 

materials to form composites. Carbon fibers are 

unidirectional reinforcements and can be arranged in such a 

way in the composite that it is stronger in the direction, which 

must bear loads. The physical properties of carbon fiber 

reinforced composite materials depend considerably on the 

nature of the matrix, the fiber alignment, the volume fraction 

of the fiber and matrix, and on the molding conditions. 

Several types of matrix materials such as glass andceramics, 

metal and plastics have been used as matrices for 

reinforcement by carbon fiber. Carbon fiber composites, 

particularly those with polymer matrices, have become the 

dominant advanced composite materials for aerospace, 

automobile, sporting goods and other applications due to their 

high strength, high modulus, low density, and reasonable cost 

for application requiring high temperature resistance as in the 

case of spacecrafts. 
2) Glass fiber 

Glass fibers are the most common of all reinforcing fibers for 

polymeric (plastic) matrix composites (PMCs). The principal 

advantages of glass fiber are low cost, high tensile strength, 

high chemical resistance and excellent insulating properties. 

The two types of glass fibers commonly used in the fiber 

reinforced plastics industries are E-glass and S-glass. Another 

type known as C-glass is used in chemical applications 

requiring greater corrosion resistance to acids than is 

provided by E-glass. 

3) Kevlar fiber 
Kevlar belongs to a group of highly crystalline aramid fibers 

that have the lowest specific gravity and the highest tensile 

strength to weight ratio among the current reinforcing fibers. 

They are being used as reinforcement in many marine and 

aerospace applications. 

VII. HYBRID COMPOSITES 

The word “hybrid” is of Greek–Latin origin and can be found 

in numerous scientific fields. In the case of polymer 

composites, hybrid composites are these systems in which 

one kind of reinforcing material is incorporated in a mixture 

of different matrices (blends) or two or more reinforcing and 

filling materials are present in a single matrix. Or both 

approaches are combined. The incorporation of two or more 
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lignocelluloses fibers into a single matrix has led to 

development of hybrid composites. The behavior of hybrid 

composites is a weighed sum of the individual components in 

which there is more favorable balance between the inherent 

advantages and disadvantages. While using a hybrid 

composite that contain two or more types of fiber, the 

advantages of one type of fiber could complement with what 

are lacking in the other. As a consequence, a balance in cost 

and performance could be achieved through proper material 

design. The strength of the hybrid composites is dependent 

on the properties of fiber, the aspect ratio of fiber content, 

length of individual fiber, orientation of fiber, extent of 

intermingling of fibers, fiber to matrix interface bonding and 

arrangement of both the fibers and also on failure strain of 

individual fibers. Maximum hybrid results are obtained when 

the fibers are highly strain compatible. 

VIII. APPLICATION OF HYBRID COMPOSITES 

Several researchers explore application of natural fiber based 

Composites in automobile industry. Mercedes-Benz 

introduced jute based door panels into its A-Class vehicles as 

long as eight years ago. Virtually, all the major car 

manufacturers in Germany (Daimler Chrysler, Mercedes, 

Volkswagen, Audi Group, BMW, Ford and Opel) now use 

natural fibers composites in various applications. In 

Germany, after authorization of hemp cultivation led to 

development of flax/hemp (50:50) needle felt for high-

segment cars. A landmark agreement between automobile 

giant Ford automobiles supplier Visteon Automotive system 

and Kafus bio composites enhanced natural fiber composites 

applications in interior panels, linings and fittings. Even 

though natural fiber/matrix composite might be half as strong 

as a glass composite but this is possible to suffice by 

appropriate technology. In 2000, Audi launched the A2 

midrange car in which door trim panels were made of 

polyurethane reinforced with mixed flax/sisal mat 

manufactured and assembled a small prototype car with all 

body panels made from jute fibre reinforced composite and 

hybrid composite Door panels of E-Class Mercedes-Benz 

were made out of a mixture of flax and sisal fibers in an epoxy 

matrix shown remarkable weight reduction of about 20% . It 

is an important step towards higher performance of hybrid 

composites in automobiles applications. It is reported that 

presently 27 components of a Mercedes S class are 

manufactured from natural fiber based composites with total 

weight of 43 kg. The end of life vehicle (ELV) directive in 

Europe states that by 2015, vehicles must be constructed of 

95% recyclable materials, with 85% recoverable through 

reuse or mechanical recycling. 

IX. WORKING METHODOLOGY 

The following section will elaborate in detail, the fabrication 

procedure carried out during the course of the present work. 

Steps involved are: 

1) material : 

2) extraction of fibre 

3) weight fraction of the fibre 

4) preparation of epoxy and hardner 

5) mould preparation 

6) composite fabrication 

X. FIGURES AND TABULAR FORMS 

 The mechanical properties of these four fibers are given 

below: 
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A. Weight Fraction of Fiber:   

hybride 

composite 

Fiber 

% for 

Hemp 

Fiber 

% for 

kenaf 

Fiber % 

for 

banana 

Fiber % 

for 

bamboo 

Matrix% 

Hemp-

kenaf 
20 20 0 0 60 

Hemp-

banana 
20 0 20 0 60 

Hemp-

bamnoo 
20 0 0 20 60 

B. Testing of composite: there are three test performed 

s.no Test name ASTM standard Dimensions(mm) 

1 Tensile test D638 250×25×4 

2 Flexural tst D790 150×12.7×10 

3 Impact tes D256-05 127×12.7×10 

C. Comparison of All Mechanical Properties: Experimental 

Values of the All Test Conducted For Each Specimen of 

Hybrid Composites  

Hybride 

composite 

Tensile 

strength 

(Mpa) 

Flexural 

strength(Mpa) 

Impact 

strength(KJ/sq.m) 

Hemp-

kenaf 
89.36 142.22 1.098 

Hemp-

banana 
49.80 70.153 0.727 

Hemp-

bamboo 
33.06 65.270 1.511 
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XI. CONCLUSIONS 

 After successfully fabrication of natural fiber reinforced 

epoxy hybrid composites hemp-kenafe, hemp-banana, 

hemp-bamboo, their mechanical properties like tensile 

strength, flexural strength, shear strength and impact 

strength are instigated and from the results obtained, the 

fallowing conclusions can be made. The natural fiber 

reinforced epoxy hybride composites are successfully 

fabricated using hand lay-up techniques. 

 The hybride with composites with 40% hemp-kenaf and 

60% resin combination has heigh flexural strength 

(142.22Mpa) and heigh tensile strength (89.36Mpa). 

 From the results it was observed that hemp-bamboo 

natural fiber reiniforced composite have more impact 

strength (1.51KJ/m2) compared to hemp-banana and 

hemp-kenafe reiniforced composites. 

 From the above results, the hemp-kenaf reinforced 

composites is found to the best option for general 

application. 

 Hemp and kenaf fibers are abundantly available from 

agriculture resources; they are cheaper than the 

conventional natural fibers like bamboo, sisal, banana 

etc.morevar they have heigh mechanical properties as 

dispersed abov and hence can be used for variety of 

applications like housing, automobile and packaging 

industries etc. 

 The hybridization of these natural fibers ha provided 

considerable improvement of flexural strength when 

compared to individual reinforcement. this work also 

demonstrates the potential of the hybride natural fiber 

composite material for use in a number of consumable 

goods. 

 It is suggested that these hybrid composites can be used 

as an alternative materials for synthetic fiber reinforced 

polymers composite, especially for medium low 

structural applications, as they significantly reduced the 

problems related to environmental concerns. 
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