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ABSTRACT: 

Composites are combination of two materials in which one of the material as layer act 

as reinforcing phase and the other material is known as matrix phase. Now a day’s lot of 

human hair (men) is going waste from barber shops and animal (sheep hair) cost is reducing 

day by day in Andhra Pradesh region. The purpose of this experimental study is utilizing the 

fibers of natural hair & bamboo with different compositions and studying the mechanical 

properties of the human hair, animal hair (sheep hair) and bamboo fiber reinforcing epoxy 

(LY556) composite. The results show better mechanical properties like tensile strength, 

impact & flexural strength than individual material. 
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I. INTRODUCTION 
A composite material is a material made from two or more constituent materials with 

different properties that, when combined, produce a material with individual 

components.Composites are made up of several parts or elements combination of two or 

more materials in which one ofthe material is reinforcing phase (polymer, metal or ceramic) 

and othermaterial is a matrix phase in which resin is used as a matrix.Among various types of 

composites, polymers are the most commonlyused composites, due to its many advantages 

such as simplemaking procedure, low cost and good mechanical properties.Epoxy (LY556) is 

the most commonly used thermosetting polymer in composites.It has many advantages such 

as better adhesion to other materials, goodstrength.The use of natural polymer reinforced 

composite materials are considered asone of the new concept of engineering materials. 

Natural polymer compositesare rapidly growing both in terms of their industrial applications 

and research as they are renewable, abundantly available, cheap & biodegradable. In this 

paper it represents manufacturing of natural hair & bamboo reinforced epoxy composite and 

mechanical properties like Tensile strength, Charpy impact load and Flexural strength 

properties are investigated. 

II. PREPARATION OF HYBRID COMPOSITES 
 Hand lay-up technique is one of the method used for the manufacturing of 

composites. Because it is the simplest method of composite processing compared to spray 

layup technique.Thin plastic sheets are used at the top and bottom of the mold plate to get 

good surface finish of the product. Then thermosetting polymer (Epoxy LY556) in liquid 

form is mixed thoroughly in suitable proportion with a hardener and poured onto the surface 

of mat already placed in the mould. The polymer is uniformly spread with the help of a roller 

brush as shown infigure 1. Second layer of mat is then placed on the polymer surface and a 

roller is moved with a mild pressure on the mat-polymer layer to remove any air trapped as 

well as the excess polymer present. The process is repeated for each layer of polymer and 

mat, till the required layers are stacked,then pressure is applied as shown in figure 2. This 

method is mainly suitable for thermosetting polymer based composites. Capital and 

infrastructural requirement are less as compared to other methods. The compositions hybrid 

composites i.e., natural hair (human & sheep), bamboo and epoxy resin as shown in table 1 & 

2. The specimens are prepared according to the ASTM standards for testing the mechanical 

properties on Universal testing machine, Charpy Izod impact testing equipment and Flexural 

strength testing equipment. 
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Fig 1: Hand layup technique 

Table 1: Composition of Hybrid Composite 1 

Sample no.no Human hair Sheep hair Bamboo  Epoxy 

1 20% 10% 10% 60% 

2 10% 20% 10% 60% 

3 10% 10% 20% 60% 

 

Table 2: Composition of Hybrid Composite 2 

Sample no.no Human hair Sheep hair Bamboo  Epoxy 

1 40% 0% 0% 60% 

2 0% 40% 0% 60% 

3 0% 0% 40% 60% 

 

Step 1: Take a prepared mould of the required dimensions 220mmx 220mm x 3mm, and 

clean the inner surfaces with the help of smooth brush to remove dirt and other impurities.  

Step 2: Place a thick transparent sheet of plastic on the lower surface of the mold and apply 

epoxy on the top surface of the transparent sheet.  

Step 3: Fiber reinforcements are placed by hand in a mold and epoxy is applied with a roller 

brush and add epoxy to layer by layer of fibers. 

Step 4: Leave for 24hr time until the epoxy is completely dried under 275N load. 

Step 5:Specimens are prepared according to ASTM standards and mechanical tests are 

performed on those samples. 
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Fig 2: Preparation of mould,weighing & applying epoxy for hybrid composite 

    

Fig3:Human hair-10%, Sheep hair-20%  Fig 4:Human hair-10%, sheep hair-10%, Bamboo fiber-20 
%, Epoxy-60%        Bamboo fiber-10 %, Epoxy-60% 

 

Fig 5: Human hair–20%, sheep hair – 10% 

Bamboo fiber– 10 %, Epoxy – 60% 

Specimen Preparation 

a) Tensile test- The specimens are made based on ASTM D638-03standards to measure the 

tensile strength of hybrid composite. The specimen’s dimensions are  

165mm (length), 19mm (width), 3mm (thickness) 

b) Flexural test- The specimens are made based on ASTM D790standards to measure 

flexural strength of hybrid composite.The specimen’s dimensions are  

100mm (length), 12.7mm (width), 3mm (thickness) 

c) Izod Impact test- The specimens are making based on ASTM D256standards to measure 

load of hybrid composite.The specimen’s dimensions are 



Sk. Salman Basha et al., IJSRR 2018, 7(1), 453–465 

IJSRR, 7(1) Jan –March. 2018                                                                                Page 457 
 

65.5mm (length), 12.7mm (width), 3mm (thickness) 

 

   

Fig6: ASTM standard specimens for testing  

III. EXPERIMENTATION 

3.1. Tensile strength:Tensile test is performed on newly fabricated hybrid composites in 

which a sample is subjected to a controlled tension until failure. The tensile tests are 

performed on BISS Universal testing machine (UTM) of capacity 50KN as shown in figure 7. 

The experiments are conducted as standard experimental procedure in laboratory. 

3.2. Flexural strength:Flexural strength test is also known as transverse test or modulus 

of rupture test is performed on flexural test machine shown in figure 9. The experiments are 

conducted according to standard experimental procedure. 

3.3. Impact test: Impact test is performed on Izod impact testing machine shown in figure 

8. The experiment is meant to measure either the impact strength of the hybrid composites or 

the notch sensitivity. 

 

   
 Fig 7: UTM      Fig 8: Izod test equipment 
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Fig 9: Flexural test equipment 

IV. RESULTS & DISCUSSIONS 
The use of composite materials are increasing day by day in various applications due 

to their excellent properties compared to ordinary materials. So many scientists and engineers 

are doing lot of reaserch on different types of artificial and natural fiber composites for 

finding their unique properties. In present study natural fibers (hair & bamboo) are added to 

reinforeced epoxy composites to evaluate their properties. The test results for the mechanical 

properties like flexural strngth, tensile strength & impact test are presented in this paper. 

4.1 Tensile strength: The different hybrid composite test specimens are tested in the BSSI 

universal testing machine and the samples are left to break till the ultimate tensile strength 

occurs. Stress–strain curves are plotted for the determination of ultimate tensile strength and 

elastic modulus as shown in Figures 10 to 16. The results show that hybrid composite 

laminate 2 with 20% bamboo, human hair 10%, Sheep hair 10% & Epoxy (LY556) 60% is 

having highest tensile strength 23.2 MPa compared to other hybrid composite laminates. The 

tensile results are depicted in Table 3. 
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Fig. 10 Stress-strain curve for Laminate 1  

 

 
Fig. 11 Stress-strain curve for Laminate 2 
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Fig. 12 Stress-strain curve for Laminate 3 

 

 
Fig. 13 Stress-strain curve for Laminate 4 
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Fig. 14 Stress-strain curve for Laminate 5 

 

 
Fig. 15 Stress-strain curve for Laminate 6 
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Table 3: Tensile test results for different laminates 

 

Laminate 
No. 

Weight ratio  

Tensile 
strength 
(MPa) 

 

Maximum 
strain 

 

% of 
elongation 

Human hair 
(%) 

Bamboo 
fiber 
(%) 

Sheep hair 
(%) 

1 20 10 10 10.64 7.92 3.33 

2 10 20 10 23.2 10.67 5 

3 10 10 20 11.35 7.67 3.33 

4 0 0 40 4.6 20.3 10 

5 40 0 0 6.63 8.93 3.33 

6 0 40 0 11.9 8.43 4.17 

 

4.2 Flexural strength: Three-point bending test is performed accordance to ASTM 

standard procedure and the test specimens were of rectangular shape with dimensions 

100x12.7x3 mm3. The flexural strength is calculated using the below formula 4.1. The 

obtained results are tabulated in table 3 and for laminate 4 is having highest flexural strength 

with 78.74 MPacompared to other hybrid composites and laminate 2 also having 72MPa of 

flexural strength. 

Formula to calculate flexural strength, Flexural Strength = (3PL) / (2wt2 ) ---------(4.1)  

Where, P = Peak Load in KN, L = Gauge Length in mm, w = Width of the Specimen in 

mm and t = Thickness of the Specimen in mm. 
Table 3: Flexural strength results 

Laminate 
No. 

Human hair 
(%) 

Bamboo fiber 
(%) 

Sheep hair 
(%) Flexural strength (MPa) 

1 20 10 10 13.12 

2 10 20 10 72.18 

3 10 10 20 39.37 

4 0 0 40 78.74 

5 40 0 0 52.49 

6 0 40 0 52.49 
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4.3Izod impact test: Izod Impact Test was performed to determine the impact properties of 

the hybrid composite materials with different compositions in the form of laminates. The Izod 

impact test, also known as the Izod V-notch test, is performed as per the ASTM standard 

procedure to determine the impact resistance of material. It is found that the lam 6 having 

high impact strength of 0.4J and lam 2 also having 0.38J of impact strength as shown in table 

4 and figure 16. 

 

 
Fig.16 Impact strength of Hybrid composites (Laminates) 

 

Table 4: Impact energy strength results 

Laminate 
No. 

Human hair 
(%) 

Bamboo fiber 
(%) 

Sheep hair 
(%) Impact Energy (J) 

1 20 10 10 0.18 

2 10 20 10 0.38  

3 10 10 20 0.28  

4 0 0 40 0.22  

5 40 0 0 0.27  

6 0 40 0 0.40  
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V. CONCLUSIONS 
This experimental study on mechanical properties of natural hair (Human hair & 

sheep hair) and Bamboo Reinforced Epoxy (LY 556) hybrid composites leads to the 

following conclusions: - 
 It has been found that the mechanical properties of the composites such as flexural 

strength, tensile strength, impact energy of the hybrid composites are also greatly 

influenced by the laminates. 

 From the tensile test it is found that, the maximum tensile strength was for laminate L6 & 

Laminate L3 (11.9MPa& 11.35MPa respectively) and minimum was for laminate L4 (4.6 

MPa). 

 From the Flexural test result shows that, laminate L4 & L2 (78.74MPa & 72.12MPa 

respectively) and minimum was for laminate L1 (13.12MPa). 

 The Impact test results shows that,highest impact energy is for the laminate L6 & L2 (0.4J 

& 0.38J respectively) and laminate L1 has the lowest impact energy (0.18J) 
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