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Abstract— The usage of hybrid natural composites has surged 

in almost all fields of engineering due to their advantage of 

possessing high strength to weight ratio and biodegradability. 

This paper deals with the fabrication and investigation of 

mechanical properties of hemp-ramie glass fiber reinforced 

epoxy composite which is relatively a newer hybrid 

composite. In this study, the composite is fabricated by a hand 

layup process with different fiber orientations and also with 

different volume fractions. The composites are prepared with 

three different proportions of hemp-ramie fibers. Various 

mechanical tests are conducted for the hybrid composite in 

which fibers are arranged at 450 inclination has better 

properties than the others 
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I. INTRODUCTION 

There is a current need for environmentally friendly, low cost 

materials without compromising the required properties. 

Thus, constant efforts are taken to develop new materials like 

composites, using natural fibers with and without treating 

them so as to use them for various applications instead of 

synthetic materials. The moisture absorption behavior of 

natural fiber composites has been analyzed [1] and the effect 

of hybridization on mechanical and water absorption 

properties has been studied which shows that hybridization 

gives good mechanical properties [2, 3]. Ratna Prasad et al. 

[4, 5] experimentally examined the mechanical and dielectric 

properties of sorghum, sisal and bamboo natural fiber 

reinforced polyester composites and concluded that the mean 

tensile modulus of sorghum fiber composites is higher than 

that of sisal and bamboo fiber composites at higher volume 

fractions. It is also concluded that the moisture content 

depends on the immersion time and exhibits non Fickian 

behaviour thus exposure to hydrate conditions results in 

decreasing of fracture toughness [6]. Anuar and Zuraida [7] 

investigated reinforced thermoplastic elastomer kenaf fiber 

composites with various types of impact modifiers and 

concluded that the produced composite has better tensile and 

flexural strength and stiffness. 

After reviewing manufacturing methods and 

properties Akilet al. [8] proposed that a kenaf fiber composite 

can be used for building and construction due to its light 

weight and cost and also the biodegradable nature of natural 

fiber composites makes them suitable for versatile 

applications [9]. This has led to evolution of hybrid 

composites which are better than the single fiber composite. 

Vijaya Ramnath et al. [10, 11] evaluated the mechanical 

properties of an abaca-jute-glass fiber reinforced epoxy 

composite with a volume fraction of 0.4, to obtain maximum 

strength. The mechanical properties of the woven roving 

laminates were investigated and used as automobile panel 

boards [12]. Idicula et al. [13] investigated the dynamic and 

static mechanical properties of randomly oriented intimately 

mixed short banana/sisal hybrid fiber reinforced polyester 

composites by varying the relative volume fraction of the two 

fibers. 

An experimental investigation of the mechanical 

behaviour of a jute-flax based glass fiber reinforced 

composite the hybrid composite exhibited good mechanical 

properties [14]. A study on surface treatment and z directional 

micro-fiber reinforcement on the inter laminar fracture 

performance of jute/epoxy laminated composites was carried 

out and found that surface treatments increased fracture 

toughness as a result of improved interfacial adhesion. 

Fracture toughness of unidirectional laminates was found to 

decrease more in comparison with plain weave laminates 

because of reduced inter-ply interaction [15]. Investigation on 

mechanical properties of kenaf fiber with poly-L-lactic acid 

(PLLA) shows that Young’s modulus of the composites 

increases by increasing the fiber concentration. At the same 

time, it reduces properties like tensile and tear strength [16]. 

Kenaf fiber has superior mechanical properties and banana 

fruit fiber has better tensile strength which makes them ideal 

for industrial applications. [17, 18]. Since, hybrid composites 

have better strength, jute with 50 % by weight of banana fiber 

composite was fabricated and tested and the result shows 

better mechanical and thermal properties than single fiber 

hybrid composites. 

Treated banana-kenaf composites have enhanced 

results over individual fiber untreated composites and the 

impact strength of a treated banana composite is 40 % greater 

than the untreated composite [19]. A hybrid composite of 

unsaturated polyester resin reinforced mercerizationally 

treated kenaf fibers was found to have highly enhanced 

mechanical properties such as flexural, tensile and impact 

strengths [20]. Since previous studies only focused on fiber 

orientation, in this work an attempt has been made to learn 

the effect of fiber orientation and stacking sequence on 

mechanical characteristics of Hemp-Ramie fiber hybrid 

epoxy composites. 
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Fig. 1: Schematic Arrangement of Hemp-Ramie Fiber 

Sample 
Stacking 

sequence 

Fiber 

Orientation 
Fiber Content 

Hemp Ramie Hemp Ramie 

S1 GHRHG V V 55 45 

S2 GHRHG H H 40 60 

S3 GHRHG 450 450 60 40 

Table 1: Types of Samples Fabricated 
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II. EXPERIMENTAL SETUP 

A. Materials: 

1) Hemp Fiber: 

Hemp fiber is a Cannabis plant. Hemp fibers is shown in 

figure 2 are found in the stem of the plant which makes them 

strong and stiff, a primary requirement for the reinforcement 

of composite materials. Hemp is twice strong as wood, thus 

increasing demand for developing biodegradable, 

sustainable, and recyclable materials.  

2) Ramie Fiber: 

Ramie is also called "China Grass" is shown in figure 3.  

Ramie is a soft, hairy fiber which is less expensive than linen 

but, like linen, it is very lustrous, naturally strong, 

comfortable, and wrinkles easily. It doesn't shrink and it 

resists mildew. The full grown of ramie plant attains a height 

of about 5-8 feet and diameter of stem 3-5 cm. The fibers 

were purchased from local markets in India.  

3) Glass-Fiber Reinforced Polymer (Gfrp): 

Glass fiber reinforced polymer is a fiber reinforced polymer 

made of a plastic matrix, reinforced by fine glass. It is 

lightweight and is extremely strong. It has good strength and 

is non-brittle. The most significant advantage of using GFRP 

is that it weighs significantly less than metallic composites. 

These composites, being lighter in weight, tend to find 

applications in aircraft and automotive industries. 

4) Resin and Hardener: 

Epoxy resin is used to give great binding properties between 

the fiber layers and the matrix. The Epoxy resin used room 

temperature is Araldite LY 556. Hardener (HY 951) is 

employed to improve the interfacial adhesion and impart 

strength to the composite. A resin and hardener mixture of 

10:1 is used to obtain optimum matrix composition. 

 
Fig. 2: Hemp Fiber 

 
Fig. 3: Ramie Fiber 

III. PROCESSING OF COMPOSITE 

A. Alkali Treatment of Fibers:  

Hemp and Ramie fiber were treated with 5% concentration of 

NaoH and Nacl to remove the cellulose and lignin content in 

the fiber. A quantity of 500gm of sodium hydroxide is mixed 

with 10 liter of distilled water which the water level consist 

of pH 7 after that the banana and bagasse fiber were immersed 

in a tub for 2 hours. After 2 hours the fibers were taken out 

and cleaned with the distilled water and again a quantity of 

500gm of Nacl is taken with 10 liters of water and immersed 

in another tub. And again it is cleaned with the distilled water 

now the fibers are taken out and dried at room temperature 

for 24 hours.  

B. Hand Layup Process: 

Here Hand Laminating Molding is used for fabricate the 

natural fiber composites. The base plate is fixed inside the 

frame for fabricate the natural fiber composites of resin 

hardener mixture and remaining natural fibers are used. The 

mixed resin and hardener is filled in the pattern. The prepared 

natural fibers are randomly poured in the resin hardener 

mixture without any gap. The roller is rolled in the mold. 

Again the mold is filled in pattern by next layer and fibers 

poured randomly. This process is simultaneously done till the 

height of the mold reaches 3mm.The lid is fixed on the top of 

the frame for distribute the load evenly on the mold. The setup 

is kept in the dry place for 24 hours. After 24hours the mold is 

take away from the pattern, finally the natural fiber composite 

is fabricated. Figure 4 shows hand layup method. 

 
Fig. 4: Hand Layup Method 

IV. MECHANICAL PROPERTIES 

A. Tensile Testing: 

Tensile test specimens were made in accordance with ASTM 

D 3039 to measure the tensile properties. The sample was 250 

mm long, 25 mm wide and 3 mm thick and mounted tensile 

specimen is shown in figure 5. Overlapping aluminum tabs 

were glue to the ends of the specimen with epoxy resin, filling 

the space at the tab overlap to prevent compression of the 

sample at the grip. The samples were tested at a cross-head 

speed of 2 mm/min. 

 
Fig. 5: Tensile Specimen 
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B. Flexural Testing: 

Three-point bending tests were performed in accordance with 

ASTM D 790 test method to measure flexural properties. The 

samples were 125 mm long, 12.5 mm wide and 3 mm thick as 

shown in figure 6. In three-point bending test, the outer rollers 

were 80 mm apart and the samples were tested at a speed rate 

of 2 mm/min. A three-point bend tested was chosen because it 

requires less material for each test and eliminates the need to 

accurately determine center point deflections with test 

equipment. 

 
Fig. 6: Flexural Test Specimen 

C. Hardness Test Results: 

The Rockwell hardness number represents the additional 

depth to which a test ball or sphere conical penetrator is driven 

by a heavy (major) load beyond the depth of a previously 

applied light (minor) load. The dimension of Hardness test 

specimen is 80mm length, 50mm width, 3mm thickness. Top 

hardness numbers that are obtained from hard materials 

indicate a shallow indentation while low numbers found with 

soft materials indicate deep indentation, figure 7 shows the 

hardness specimens. 

 
Fig. 7: Hardness Tested Specimen 

V. RESULTS AND DISCUSSIONS 

A. Tensile Test: 

The specimens are prepared as per the ASTM standards and 

to find out the ultimate tensile strength as shown in table 2 and 

a graph of stress v/s strain is shown in the figure 8. 

 

Samples 

 

Peak 

Load 

(N) 

Ultimate tensile 

strength (MPa) 

Young’s 

modulus 

(MPa) 

1 1667 22.23 1926.29 

2 1750 23.33 3329.80 

3 2372 31.63 3980.07 

Table 2: Tensile Test Results 

 

 

 

 

 

 

 
Fig. 8: Shows the graph of stress v/s strain 

B. Flexural Test: 

The specimens are prepared as per the ASTM standards and 

to find out the flexural strength as shown in table 3 and graph 

of load v/s displacement is shown in figure 9. 

Samples 
Peak 

load (N) 

Flexural 

strength (MPa) 

Flexural 

moduli (GPa) 

1 94 86.50 4856.92 

2 131 120.24 5571.87 

3 155 142.22 15270.45 

Table 3: Flexural Test Results 

 
Fig. 9: shows the graph of load v/s displacement 

C. Hardness Test: 

The specimens are prepared and to find out the hardness test 

by using Rockwell Hardness Machine the value of hardness 

as shown in below table 4. 

Samples Load in kg Scale Average BHN 

1 60 B 81.33 

2 60 B 84.67 

3 60 B 95.33 

Table 4: Hardness Test Results 

VI. CONCLUSION 

In this work the three mechanical properties are evaluating as 

per the ASTM standards. 

 The Ultimate tensile strength value is high in sample 3 

i.e, 31.62 MPa, by comparing with other two samples.   

 Flexural strength value slightly increased from each 

samples. Sample 3 gives better flexural strength of 

142.22 MPa. 

 The Hardness Test value obtained from the result for 

each samples average BHN Number is gradually 

increases this shows the resistance of the composite.  
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VII. SCOPE FOR FUTURE WORK 

 Similarly the composite can be prepared a hybrid 

composite by adding different fibers. 

 Can also do the SEM analysis for this composites 
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