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Abstract- As the usage of polymers in general and the 

polymer composites in particular are increasing every 

day, the dangers posed by them to the environment are 

also increasing. Many of the polymer composites have 

glass fiber as reinforcement. As the glass fiber or fabrics 

are non-degradable, the disposal of composites using 

them as reinforcement is a problem. The glass fibers are 

non-renewable. Hence the trend is slowly shifting 

towards using natural fibers/fabric as reinforcements as 

they are environmentally friendly and renewable 

Replacement of existing material into natural fibre 

(Sisol and Flax) in automobile panels to increase the 

mechanical strength by Surface treating and hybrid 

with sisal fiber mat. 

 

Index terms- Lamina, Fibers, Matrix, etc 

 

I.INTRODUCTION 

 

A composite is combination of two materials in 

which one of the materials, called the reinforcing 

phase, is in the form of fibres, sheets, or particles, 

and is embedded in the other materials called the 

matrix phase. The reinforcing material and the matrix 

material can be metal, ceramic, or polymer. 

Dimo Hristozov et al (2016) ―explains that the 

longevity of usage of natural fibres reinforced 

composites, how their strength and tensile properties 

remain unaffected in various environmental 

conditions‖. 

S. Alix et al (2009) ―in his work studied that in order 

to improve the adhesion between a polyester matrix 

and flax fibres and to increase their moisture 

resistance‖, chemical surface treatments have been 

used. Mohit Sooda et al (2015) investigates the effect 

of chemical treatments on tensile and flexural 

properties of polymer composites fabricated by 

reinforcing 

El-Sabbagh et al (2016) replacing glass fibre by 

natural one in reinforcing engineering plastics for 

electronic industries has two pre-requirements. 

According to the type of reinforcing material 

1. Fibrous composite 

2. Particulate composite 

Figure 1: Reinforcement forms 

 

SISAL FIBRE 

Sisal fibre is one of the most widely used Natural 

Fibre and is very easily cultivated. Sisal fibres are 

obtained from Agave Sisalana, a native of Mexico 

 
Figure 2: sisal fiber 

Table 1.1 properties of natural fibres 

Material Density 

(g/cm²) 

Tensile 

strength 

(MPa) 

Young 

modulu

s (GPa) 

Failure strain 

(%) 

Flax 1.5 500-900 50-70 1.5-4.0 

Hemp 1.48 350-800 30-60 1.6-4.0 

Jute 1.3 300-700 20-50 1.2-3.0 

Bamboo 1.4 500-740 30-50 2 

Sisal 1.5 300-500 10-30 2-5 

Coir 1.2 150-180 4-6 20 

Table 1.2 Mechanical properties of sisal fibres 
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FLAX FIBRES 

Flax is a member of the genus Linum in the family 

Linaceae. It is a self- pollinates crop widely adapted 

to temperate climates of the world. The scientific 

name for flax is Linum Usitatissimum which means 

―Most Useful‖. Flax indeed has many uses with seed 

used for industrial, food and fee purposes. 

Table 1.3: Mechanical properties of flax fiber 

Figure 3: Flax fibre and plant 

 

EPOXY RESIN 

Epoxy resins were developed for use in aerospace 

industry, but over the years have gained popularity 

for various other purposes such as domestic and 

industrial flooring materials. 

 

EPOXY RESIN PROPERTIES 

Epoxy resin (Araldite LY 556) made by LEO 

ENTERPRISE Limited, having the following 

outstanding properties has been used. 

 

HARDENER PROPERTIES 

Hardener (araldite) HY 951 is used. This has a 

viscosity of 10-20 poise at 250C.  

SPECIMEN PREPARATION 

This chapter presents preparation of natural fibre 

reinforced composites used for mechanical 

characterisation. The specimens used for mechanical 

characterisation are listed below: 

1. NFC-weaved 50% Sisal / 20% Flax / 30% epoxy 

2. NFC-particulate 50% Sisal / 25% Flax / 25% 

epoxy 

 

COMPOSITION 

The specimen used for testing the mechanical 

properties is of various compositions. Sisal and Flax 

are used as reinforcements for polymer composite. 

The reinforcements such as sisal and flax are added 

in ratio of 1:2 with epoxy resin as matrix material. 

 

II. METHOD & TECHNIQUE 

 

The manufacturing of composite materials can be 

classified based on the requirements as follows 

1. Hand layup 

2. Spray layup 

3. Compression moulding 

4. Resin transfer moulding 

5. Vacuum bag process 

6. Pultrusion moulding 

Extraction of fibres → Chemical Treatment → 

Mould creation →Fabrication 

 

EXTRACTION OF FIBRES 

The sisal fibres from Agave Sisalana is extracted by 

process of decortication. Although the leaves contain 

about 90 percent moisture, they are rigid and the 

fleshy pulp is very firm. The fibres which lie 

embedded longitudinally in the leaves, being most 

abundant near the leaf surfaces. Fibre removal is 

accomplished by scraping away the pulpy material, 

generally by a mechanical decortication process, and 

by hand stripping. Then the fibres are dried and 

segregated according to their quality and length of 

fibres. 

 

CHEMICAL TREATMENT 

The properties of fibres can be improved with the 

help of few chemical treatments. The main drawback 

of using natural fibres as reinforcement material is 

their poor hydrophobic characteristics. This problem 

is overcome by treating the raw fibres in 10:1 

solution of alkali sodium hydroxide for a period of 

Properties               Values 

Tensile strength    507-855 (MPa) 

Density    1.3-1.5 (g/cm3) 

Length      900 mm 

Failure strength      2.0-2.5 % 

Stiffness/Young’s Modulus       9.4-28 GPa 

Specific Tensile Strength 362-610 MPa/gcm3   

Specific Young’s Modulus 6.7-20 GPa/gcm-3 

Properties Values 

Tensile strength 345-1830 MPa 

Density 1.5 g/cm3 

Length 5-900 mm 

Failure strength 1.2-3.2 % 

Stiffness/Young’s Modulus 27-80 GPa 

Specific Tensile Strength 230-1220 MPa/gcm-3 

Specific Young’s Modulus 18-53 GPa/gcm-3 
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8hrs. Then the fibres are dried under bright sunlight. 

The treated fibres possess greater bonding 

characteristics. 

 

MOULD CREATION 

Mould is created using a mild steel plate pocketed 

with dimension of 11x11inch and a thickness of 

4mm. Two plates of thickness 12mm is used as top 

and base plate to support the mould 

 

FABRICATION 

The specimen is created by hand layup process with 

epoxy LY555 as matrix material. Laminate is 

fabricated by laying up the layers of sisal and flax 

fibres as bidirectional fibres and a compressive load 

of 40KN to 150KN was applied to increase bonding 

characteristic and to avoid formation of voids in the 

specimen. 

 

NFC-WEAVED 

This specimen is fabricated by hand weaving the 

fibres and then laying up in a mould of size 11‖by11‖ 

with epoxy resin as matrix material and then finally 

compressed with a load of 40KN. Then the laminate 

was left for 12hrs so that the resin cures. The 

specimen was machined according to the ASTM 

standards for testing. 

 

NFC-PARTICULATE 

This specimen is fabricated by hand layup process in 

a mould of dimension 11‖by11‖ with epoxy resin as 

matrix and a compressive load of 150KN was 

applied. Then the laminate was cured for 12 hrs. The 

specimen was machined according to ASTM 

standards for testing. 

 

TESTING METHODS 

HARDNESS TEST 

The hardness represents the resistance of the material 

surface to identification when applying load. The 

barcol hardness test characterizes the hardness of 

materials through the depth of penetration of an 

indentor, loaded on the material sample and 

compared to the penetration in reference material. 

This method is most often used for composite 

material such as reinforced thermosetting resin or to 

determine how much a resin has cured. As an indirect 

measure of the degree of cure of a composite. It is 

inexpensive and quick, and provide information on 

the cure throughout the path. The test specimen was 

prepared as per ASTM D2583 standard. Test was 

carried out at three different locations and average 

values are taken as the hardness of the specimen. 

 
Figure 4: Barcol hardness test machine 

 

WATER ABSORPTION TEST 

The mass of absorbed water may also affect the 

behaviour of structures. It should be noted that in a 

panel the presence of facings bonded on two sides of 

the core may affect the amount of water absorbed by 

the core. Absorbed water affects the characteristic 

properties of core materials, such as and mechanical 

properties (for example, strength and modulus). This 

test method provides a standard method of obtaining 

core moisture absorption data for design properties, 

material specifications, research and development 

applications, and quality assurance. 

 
Figure 5: Water absorption test machine 

 

IMPACT TEST 

Impact resistance is the ability of a material to absorb 

and dissipate energies under impact or shock loading. 

The response to impact loads ranges from localized 

damage to total disintegration. Even local damage 

can be serious since it can lead to delamination and 

other effects. During impact loading fracture modes 

may be significantly different than static tensile 

failure. This is particularly true for strain rate 

sensitive materials. 

 

IMPACT MEASUREMENT TECHNIQUES 

Impact testing is normally performed with a swinging 

or a dropping weight. The object of these tests is to 

measure the amount of energy transferred or "lost" 

from the striking body. For bodies without flaws or 
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notches, the transferred energy consists of energy to 

initiate crack and energy to propagate a crack. The 

two common swinging weight impact test methods 

are the Charpy and Izod methods shown in below. In 

these methods a notched bar is impacted by a striker-

pendulum released from a standard height. The 

height of the pendulum swing past the impact is a 

measure of the amount of energy absorbed by the 

impact. 

 
Figure 6: Particulate impact hybrid test specimen 

Figure 7: weaved impact hybrid test specimen 

 

TENSILE TEST 

One of the mechanical properties of a composite is 

tensile strength. Tensile test was carried out to 

determine the ultimate tensile strength and % of 

elongation under static loading of composite. Tensile 

test was done by using universal tensile testing 

machine at room temperature. The test specimens 

were prepared as per ASTM D638 standard. For the 

different composition of hybrid composite specimens 

were tested and the results are plotted. The figure 

below shows the tensile test specimens of the 

prepared composites. The maximum stress developed 

inside the specimen without changing dimension of 

the specimen significantly. Yield point is the 

maximum point at that point the tensile specimen 

starts to deform without increasing the load. Ultimate 

tensile strength is the maximum stress that a test 

specimen can bear before fracture and is based on 

original area. 

Figure 8: Universal tensile testing machine 

Figure 9: particulate tensile hybrid test specimen 

Figure 10: weaved tensile hybrid test specimen 

 

WEAR TEST 

A pin on disc apparatus is used to investigate the dry 

sliding wear characteristics of the prepared hybrid 

composites. Wear specimen of 150mm diameter and 

500mm length were machined from the sample and 

polished for the wear test. Wear test is conducted at 

room temperature and humidity of 65% - 70% with 

an applied load of 1kg and sliding speed of 40+/-

1rpm. The initial weight of the specimen was 

determined in a digital balance machine. 

 
Figure 11: Pin on apparatus wear test 

 

FLEXURAL TEST 

The flexural test measures the force required to bend 

a beam under three- point loading conditions. The 

data is often used to select materials for parts that 

will support loads without flexing. Flexural modulus 

is used as an indication of a material’s stiffness when 

flexed. Since the physical properties of many 

materials (especially thermoplastics) can vary 

depending on ambient temperature, it is sometimes 

appropriate to test materials at temperatures that 

simulate the intended end use environment. Most 

commonly the specimen lies on a support span and 

the load is applied to the centre by the loading nose 

producing three point bending at a specified rate. The 

parameters for this test are the support span, the 

speed of the loading, and the maximum deflection for 

the test. These parameters are based on the test 

specimen thickness and are defined ASTM D790, the 

test is stopped when the specimen reaches 5% 

deflection or the specimen breaks before 5%. 

 

Specimen 
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Figure 12: Particulate hybrid flexural 

Figure 13: Weaved hybrid flexural 

 

III.TESTING RESULT & DISCUSSION 

 

HARDNESS TEST 

The barcol hardness test machine was used to 

measure the hardness of the prepared hybrid 

composites. The test was carried out at three different 

locations and average values are taken as the 

hardness of the specimen. Hardness of composite 

depends on the hardness of the reinforcement and the 

matrix. 

Table: 3.1 Hardness values of hybrid composite 

s.no Materials Load (Kgf) Hardness (H) 

1 Weaved hybrid composite 100 29 

2 Particulate hybrid 

composite 

100 20 

Fig 13 shows the experimental result that when we 

applied 100kgf of load on both specimen, particulate 

have less hardness than weaved hybrid composite i.e. 

29H 

 
Figure 13: Hardness value of different composition  

 

IMPACT TEST 

The impact test machine was used to determine the 

energy absorption of the composite when fracture 

occurs. The test specimen machined as per standard 

size and used for impact testing. 

Table:3.2 Impact test values 

S.no Materials Energy Absorption J 

1 Weaved hybrid composite 2 

2 Particulate hybrid 

composite 

6 

 

TENSILE TEST 

The universal tensile testing machine was used to 

determine the ultimate tensile stress and % of 

elongation of the prepared hybrid composites. The 

test specimen was machined as per standard size and 

used for tensile testing. The maximum stress 

developed inside the specimen without changing 

dimension of the specimen significantly. 

Fig 14 shows the experimental test results for 

Particulate and Weaved hybrid composite. In this test 

peak load and ultimate stress has been recorded for 

weaved and particulate .It is found that particulate 

hybrid Composite have more ultimate stress and peak 

load than weaved hybrid composite. 

Table: 3.3 Tensile property of hybrid Composites 

S.no Materials Pepeak load 

(KN) 

Ultimaultimate 

stress (Mpa) 

1 Weaved hybrid 

composite 

0.34 1.62 

2 Particulate hybrid 

composite 

1.21 5.77 

Figure 14: Ultimate stress and peak load value of 

tensile testing 

WEAR TEST 

Pin –on-disk apparatus was used to determine the 

wear behaviour of hybrid composites. The test 

specimen machined as per standard size and used for 

wear testing. 

Table: 3.4 Wear rate of the hybrid composite 

S.no Materials Initial 

weight(g) 

Final 

weight(g) 

A brasion 

loss(g) 

% 

1 Weaved 

hybrid 

2.3518 1.9162 0.4356 18.52 

2 Particulate 

hybrid 

2.6210 2.1531 0.4678 17.85 

 

FLEXURAL TEST 

The flexural test measures the force required to bend 

a beam under three- point loading conditions. The 

data is often used to select materials for parts that 

will support loads without flexing. Flexural modulus 

is used as an indication of a material’s stiffness when 

flexed. 

Fig 15 shows the flexural strength and sample broken 

force. It’s found experimentally that particulate 

hybrid has both result maximum as compare to 

weave hybrid composite. 



© January 2020 | IJIRT | Volume 6 Issue 8 | ISSN: 2349-6002 

IJIRT 148926 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 55 

 

Table: 3.5: Flexural test value  

S.no Materials Sample broken 

force (Fmax) 

(KN) 

Flex flexural 

strength (fm) 

(GPa) 

1 Weaved hybrid 

composite 

0.45 0.39 

2 Particulate hybrid 

composite 

0.63 0.55 

Figure 15: Flexural strength and peak load value of 

flexural test 

 

IV.CONCLUSION 

 

1. Natural fibres are renewable, biodegradable and 

cost effective. They are eco-friendly too. 

However, they suffer from the serious 

disadvantage of low ageing resistance which 

prevents their use in outdoor applications. This 

problem can be alleviated by hybridisation of 

sisal with glass fibre or with flax fibres. In such 

cases, both fibres and especially sisal fibres have 

a prominent role to play. 

2. The mechanical properties of hybrid composites 

were varied according to their volume fraction 

and also the distribution of fibres in the 

specimen. The observed change in properties of 

the hybrid composites were due to the effect 

various hybrid design or the change in fibre 

dispersion. Also the water absorption behaviour 

of hybrid composite is studied and found 

minimal. 

3. A comparison between experimental results and 

the prediction from theory of the tensile 

properties (tensile strength and Young's 

modulus) of sisal reinforced hybrid composite 

was presented. The models selected were Halpin-

Tsai, modified Halpin-Tsai, Cox, modified 

Bowyer and Bader models, and additive rule of 

hybrid mixtures. Additive rule was applied only 

in the case of hybrid composites. All models 

were applied in the system of longitudinally 

oriented composites, but the modified Bowyer 

and Bader equations was applied only in the case 

of randomly oriented composites. The Halpin-

Tsai model and modified Halpin-Tsai model 

showed good match with the experimental 

results with negligible deviation. 

4. Also finite element analysis of stiffener panel 

was investigated with application of material 

property obtained from mechanical 

characterisation of the specimen. Deformation of 

the stiffener panel along with stress distribution 

is studied for loads of 200KN and 500KN and 

end conditions from journal. 
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