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Abstract 

Hybrid composites comprising of natural and synthetic fibres with phenolic 

resin is one of the present composite manufacturing techniques for achieving 

enhanced mechanical properties. In this study Abaca-banana-glass 

composites has been fabricated and its mechanical properties were analysed. 
Tensile, flexural and impact strength were investigated in the process of 

mechanical characterisation. Matrix material used is a phenolic resin of 

Ortho-Phthalic acid. The manufacture of the composite is done by hand lay-

up technique where the fibre content is varied through volume fraction of 0.4 

to 0.5. Setup is arranged in such a way that glass fibre is arranged on the top 

and bottom layers of the laminate which adds up strength and produces a 

better surface finish, where in the natural fibre is sandwiched in intermediate 

layers within the glass fibre. Fibre orientation and the detailed internal 

structure of matrix were studied by using SEM photography. The results 

showed that Abaca-banana-glass hybrid composite has better tensile property, 

Banana-glass composite has the best flexural property and Abaca-glass 

composite has the best impact property. The results obtained show a 
substantial increase in mechanical properties and hence these hybrid 

composites can be used as an effective alternative for synthetic fibres and can 

be used as an alternate for different industrial application. 

Keywords: Abaca-banana-glass composite, Ortho-Phthalic acid, SEM, 

                  Hand lay-up technique. 

 
 

1.  Introduction 

A composite material is one such material which has unique combination of 

properties obtained by combining two or more materials in different proportions. 

Fibre reinforced composite materials is a class of composite material primarily 

constituted by strong continuous or discontinuous fibres surrounded by matrix 

material  and  the  formed  materials are  mechanically separable.  Matrix material  
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Nomenclatures 
 

A1 Abaca-glass composite (40% resin, 60% fibre) 

A2 Abaca-glass composite (50% resin, 50% fibre) 

AB1 Abaca-banana-glass composite (40% resin, 60% fibre) 

AB2 Abaca-banana-glass composite (50% resin, 50% fibre) 

B1 Banana-glass composite (40% resin, 60% fibre) 

B2 Banana-glass composite (50% resin, 50% fibre) 
 

Abbreviations 

AC Alternating current 

ASTM American standard test method 

SEM Scanning electron microscope 

effectively serves the purpose of a load transmitter to the fibre and distributes the 

load to fibre equally [1]. Since 1960, engineering materials have been replaced by 

composite materials for light weight application that includes aerospace, automotive 

components and marine applications. Composite materials are highly regarded as a 

replacement because of its performance and competition potential in international 

markets. Composite materials also have wide potential in replacing materials like 

steel and aluminium where its weight can be reduced to considerable percentage 

with improved performances [1]. 

In recent times, the natural fibres are being used as effective replacement for 

synthetic materials in polymer composites. These natural fibres are obtained from 

various sources like plants, animals and mineral resources that are available. Plant 

fibres are an area of interest here due to its vast availability and the reinforcement 

can be done at low cost [2]. Moreover, these fibres are biodegradable. These 

fibres are generally characterised with low density and high specific strength. 

These natural fibres may be obtained from the plants of banana, coir, abaca, sisal 

or any other fibrous material. It is found that a pure polymer does not usually 

have requisite mechanical strength and hence reinforcement by high strength 

fibres is needed. Enhanced mechanical properties in the polymer to make the fibre 

reinforced polymer composites suitable for diverse applications [3]. 

Many researchers have previously investigated the natural fibres which are 

reinforced with polymer matrices. They have put forth that the strength of the 

fibre and interfacial adhesion between fibre-matrix determines the properties of 

constituent composite. The orientation of the fibre influences the properties of the 

evolved composites largely. The greatest strength of the composites lies along 

axis of the fibre and load applied is carried by the fibre only. The properties of the 

composites also improved if the fibres are long, continuous and load is applied            

in the direction of the fibre. Bledzki et al. analysed PLA bio composites with 

abaca and man-made cellulose fibres and found that the impact and tensile 

strength increase at ambient temperature. Reinforcing it with abaca fibres 

improves both Young’s Modulus and tensile strength by a factor of 2.40 and 1.20 

respectively [4]. Vinod et al. found out the effect of orientation on the flexural 

properties of PALF reinforced bis-phenol composites and obtained higher flexural 

strength for inclined orientated fibres compared to that of uni-directional and bi-

directional oriented fibres [5]. Sumaila et al. found out the effects of banana fibre 

length variation on the mechanical properties of banana fibre epoxy composite. 
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Different samples are produced between 5 mm to 25 mm at 30% wt. fibre loading 

and the results show that the compressive strength increase with increase in fibre 

length while there is a decrease in density [6].  

Many researchers have shown that the mixing of fibres with matrix in 

suitable proportion, through volume or weight fraction, influences the 

reinforcement that is yielded. Ramnath et al. treated abaca-jute fibre with epoxy 

resins and found out that the abaca composite has very high flexural and impact 

strength, whereas abaca-jute hybrid composite has better tensile, flexural and 

shear strength when they were maintained a volume fraction of about 0.4% [3]. 

Gosh et al. tested banana fibres with various volume fractions using vinyl ester 

resin matrix as reinforcement and found out that tensile strength of the matrix 

increases at 35% volume fraction and suggested that increase in mechanical 

properties can make reinforced banana fibre suitable for engineering utilities. 

The researchers have also suggested that tensile property of the reinforcement 

varies directly on the cross section area of the fibre [7]. Ragavendra et al. 

analysed the mechanical properties of short banana fibre reinforced natural 

rubber composites and found out that increase in fibre concentrations improves 

the tensile strength, whereas lesser fibre concentration results in weaker 

bonding between the matrix and fibre interface [8].  

Many of the studies have been carried out by chemically treating the fibres and 

it has resulted in better results than the untreated ones. The treated ones change the 

morphological structure of the reinforced matrix and improve its strength. Rahman 

et al. analysed treated and untreated abaca fibre reinforced polypropylene 

composites and found that the tensile strength of the treated composites is higher 

than that of untreated one. The Young’s Modulus, flexural strength, flexural 

modulus, impact strength and hardness values of both the composites increase with 

an increase in filler loading [9]. Paglicawan et al. analysed tensile properties and 

water uptake behaviour of plasma treated abaca fibres reinforced epoxy composites. 

The effects on tensile properties and absorption characteristics of abaca fibre 

composites when treating them in distilled water and salt solution at room 

temperature are investigated. The tensile strength of the composites increases with 

plasma treatment [10].  

By considering all the above-mentioned factors that influence the re-

inforcement of fibre, two natural fibres with high stiffness and good rigidity have 

been chosen as reinforcement with a strong adhesive matrix material. The volume 

fraction method has been chosen to commix the fibre and resin which has been 

varied from 0.4 to 0.5 to obtain optimum results. The fibres are cropped to 

continuous lengths and are not treated chemically. Glass fibre is used because of 

its light weight and robust nature. The fabrication has been carried out using hand 

lay-up technique. There are 6 combination which includes individual fibres and 

hybrid ones by varying the composition. 

 

2. Experimental details 

2.1. Materials 

The experimental setup includes synthetic fibre woven roving glass fibre (E glass 

type), two natural fibres namely Abaca (Manilla hemp), Banana (Musa 

balbisiana) and matrix Ortho-Phthalic (GP resin) for fabricating the composite. 
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Abaca fibre is purchased from Chandra Prakash Jain co ltd., Rajasthan and dry 

banana fibres from Trichy district, Tamilnadu. Ortho-Phthalic resin obtained from 

falcon industries, Chennai is used as a resin. A set of Methyl Ethyl Ketone 

Peroxide (MEKP, catalyst) and Cobalt Napthanate (accelerator) are purchased 

from S&S polymers, Chennai and is added to the resin in suitable proportion. 

Glass fibre (E glass type) is obtained from Chennai, Tamilnadu and it is found to 

be uni-directional in nature. 

 

2.2. Abaca fibre 

Abaca fibre is processed from a plant that belongs to banana species. The fibre 

is extracted from the pseudo stem of the plant through retting process. Abaca 

fibre is commonly called as manilla hemp and it belongs to the category of best 

fibre [3]. These fibres have gained more importance these days and are used as 

effective reinforcement for composite materials. Majority of these fibres are 

used for making twines and ropes due to its cheap availability. It also finds 

major application in automobile sector where they are used in under floor 

protection in cars.  
 

2.3. Banana fibre 

Banana fibre is a plant that belongs to Musaceae family. It is a best fibre and it is 

extracted from the bark of its tree. Banana fibre is multiple celled structures 

where its lumens are largely related to its wall thickness. Banana fibre has very 

high strength, which makes it easier to blend it with cotton fibre to produce fabric 

and textiles [6]. Cottage industry in Southern India has most of its presence. The 

other notable day to day usage of banana fibres are in high quality 

security/currency paper, packing cloth for agriculture product, ships towing ropes, 

wet drilling cables, etc. These natural fibres have been tested in SITRA, 

Coimbatore, Tamilnadu and their physical properties have been analysed and 

shown in Table 1. 

 

Table 1. Physical properties of abaca and banana fibre. 

Physical property Abaca fibre Banana fibre 

Cellulose content % 74.88 71.42 

Lignin content, % 18.81 11.63 

Moisture content,% 9.91 8.61 

Density at room temperature, g/cc 1.14 1.26 

Wax content,% 0.28 0.32 

 

2.4. Ortho-Phthalic acid 

Ortho-phthalic resins are made from Ortho-phthalic anhydride .They are cheaper 

than the other classes of unsaturated polyester resins. This resin is used to bind the 

fibre layers to form the matrix at room temperature. Catalyst MEKP and 

accelerator Cobalt Napthanate are added to improve the rate of reaction and 
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adhesion between the fibre-matrixes. The matrix, catalyst and accelerator are 

mixed at an optimum ratio of 1: 0.02: 0.02.  

 

2.5. Fabrication procedure for composite specimen  

Fabrication of composite is carried out through hand lay-up technique. Initially 

the glass fibres are cropped to required number of plies of size 350 x 350 mm. 

The natural fibre is cropped to uniform smaller lengths to be added to the 

specimen. The resin mixed with the hardener is made ready for the instant 

application on the composite layers. The solution is mixed and stirred before 

applying on the laminate.  In case of first two combinations, A1, A2, B1, B2 

composites, the plies are arranged in an order such that there is glass fibre and 

natural fibre are in intermediate fashion , thus constituting 7 plies totally (4 

plies of glass fibres and 3 plies of natural fibre). Similarly, for hybrid 

composite, AB1, AB2, the plies are arranged in alternate manner of fibres, 

thereby constituting 9 plies (5 plies of glass fibres and 2 plies of abaca fibre and 

2 plies of banana fibre). A mica-sheeted table, cleaned with distilled water and 

coated with wax uniformly, is used to prepare the laminate. Wax is used so that 

the laminate is removed easily. Prior to the moulding process, an acid solution 

of poly vinyl acetate is applied on the surface of the table which acts as a 

releasing agent. Table is allowed to dry under room temperature for about 5-10 

minutes. Glass fibres are added to the laminate by placing it on the ends of the 

laminate. Before the glass fibres are placed, the resin is coated on the surface of 

the table. Natural fibres weighing 15-20 g are spread in intermediate layers 

between the glass fibres. A coat of resin is applied on the layers having natural 

fibre and is rolled to remove the air gaps present in between. Consequent layers 

are placed until the required thickness is obtained. The finished composite is 

closed by wooden reapers and is clamped at all possible ends. A load of 50- 60 

kg is applied. The process is repeated in the same manner for all other 

combinations. The composite is cured under hot conditions for 48 hours and 

sized according to ASTM standards. 

 

3.  Mechanical Testing 

3.1. Tensile strength test 

The fabricated composite is sized to obtain the required dimension and are made 

ready for testing as per ASTM: D638 standards. A universal testing machine is 

used to carry out the experiment at room temperature. The standard dimension of 

tensile testing specimen is of length 165 mm, 19 mm breadth and 7 mm thickness. 

Test involves mounting the specimen and subjecting it to tension until fractures 

happens. The tensile load is recorded with respect to increase in gauge length. 

Each of 6 specimens namely A1, A2, B1, B2, AB1, AB2 are prepared and 

experiment is repeated to obtain average values. 

 

3.2. Flexural strength test 

The flexural test is carried out in the universal tensile testing machine where 

specimens are sized according to ASTM: D790 standards at room temperature. 3 
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points flexure test is commonly carried out for composites where the maximum 

stress is checked in outermost fibre. The standard dimension of flexural testing 

specimen is of length 165 mm, 20 mm breadth and 7 mm thickness. A load is 

applied in the midpoint of the specimen and it is under tension before fracture 

happens. Each of 6 specimens namely A1, A2, B1, B2, AB1, AB2 are prepared 

and experiment is repeated to obtain average values. 

 

3.3. Impact strength test 

Izod testing machine is used to check the impact strength of the material as per 

ASTM: D256 standard. The testing is carried in such a way that specimen is 

loaded and a strike of pendulum would fracture the notch. The standard 

dimension of flexural testing specimen is of length 75 mm, 10 mm breadth and 7 

mm thickness. Impact test would help us measuring the amount of energy spent 

for breaking the material in joules. Each of 6 specimens namely A1, A2, B1, B2, 

AB1, AB2 are prepared and experiment is repeated to obtain the average values. 

 

4. Results and Discussion 

4.1.  Tensile properties 

A universal testing machine is used to test different composites and the results 

were compared to choose the best composite material. Figure 1 shows the samples 

were tested for the tensile test. The results were compared and shown in Fig. 2. It 

is found that hybrid composite AB1 has maximum tensile strength compared to 

the other individual fibres. It is observed that tensile strength of the material is 

higher for 40-60 resin-fibre combination and decreases when the resin content is 

increases for both individual and hybrid combinations. It is also found that tensile 

modulus of AB2 hybrid composite is found to be the highest than the other 

combination. Tensile modulus is obtained by taking the slope of the linear portion 

in stress-strain graph. 

Figure 3 shows the variation of breaking load, % of elongation and maximum 

displacement during tensile testing. It is observed that the maximum elongation is 

along hybrid composite AB1. The change in length of the composite specimen is 

measured to be 66% and hence it is requires more energy to break the material. 

While comparing % of elongation for all combination, it is observed that the 

combination with 40-60 resin-fibre shows the highest elongation. The breaking 

load of AB2 hybrid combination is observed to be highest. The maximum 

displacement is found to be for AB1 hybrid composite. Hence the strain required 

to break the hybrid composite is higher than the single fibre composite. 

Figure 4 shows the stress-strain variation for the various composites materials 

considered for the study. It could be observed that the maximum UTS is present 

for AB1 combination hence the ductility of the material is found to be high in the 

AB1 combination. From above analysis, it is noted that the hybrid composites 

AB1 and AB2 show better property compared to the individual fibres. The tensile 

modulus is higher in AB2 combination and tensile stress is maximum in AB1 

combination. Hence, the composition percentage selected based on industrial 

property requirement of the end user. 
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Fig. 1. Tensile test samples.  

 

Fig. 2. Comparison of tensile properties. 

 

Fig. 3. Tensile strength variation. 
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Fig. 4. Stress-strain variation.  
 

4.2.  Flexural properties 

The different composite materials were tested for flexural properties in universal 

testing machine and are shown in Fig. 5. It is observed from Fig. 6 that B1 

composite has the better flexural strength compared to the combination. It is also 

observed in Fig. 7 that the displacement curve increases linearly till the maximum 

flexural load where the breakage occurs and then decreases gradually. Similar 

linear curves with breakage were obtained for the other combination with lower 

flexural strengths. B1 composite has very good flexural strength because of its 

strong adhesion between banana-glass fibres with ortho-phthalic resin. Flexural 

modulus is also calculated by taking the slope on the load-displacement curve and 

formulating it by secant method. It is observed that A1 combination has the 

highest flexural modulus and hence it can be concluded that abaca fibre has very 

high tendency to bend. 

 

Fig. 5. Flexural test samples. 
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Fig. 6. Flexural strength variation.  

 

 

Fig. 7. Load versus displacement graph for B1 Composite. 

 

4.3. Impact properties 

The different composite materials are tested for impact strength by Izod impact 

test and shown in Fig. 8. The arrangement of the fibre and the toughness of the 

resin affect the impact resistant properties of the composite. Impact energy is 

measured in joules and impact strength is found by dividing by its cross section 

area. The results are compared and it could be found in Fig. 9 that A1 

combination has the highest impact strength of 1.458 kN/m
2
. Since the strength 

and stiffness of abaca fibre is higher than banana fibre, it requires more energy to 

fracture the surface. However, A1 composite has very high impact energy because 

it requires more energy to fracture. 

 

Fig. 8. Impact test samples. 
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Fig. 9. Impact strength variation.  

 

Table 2 represents the various mechanical properties of the fibre and the 

results that were discussed earlier. 

 

Table 2. Experimental values of the entire test conducted for each specimen. 
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Figures 11 and 12 show the SEM image of the specimen with a magnification 

of 250x and 750x respectively of AB1 composite after tensile testing. The figures 

show the cross sectional view of the abaca fibres where adhesion of fibres were 

found to be good. The image shows the occurrence of cleavage fracture due to the 

tensile loading. From Figs. 11 and 12, it is clear that the tensile load of 97.28 MPa 

is the fracture strength of the material for this combination. 

Figures 13 and 14 represent the SEM image of AB1 composite after the bend 

test. The figures, inferred that fibres are piled up before the occurrence of fracture 

during the time of flexural testing. Due to the pill up of fibres the resin are 

disintegration leading the specimen to fracture. The resin separations from the 

fibres are clearly seen through Fig. 14 which represents the location with higher 

magnification of 750x. From the figures, it is also inferred that for hybrid 

composites bending is not recommended due to the pill up of fibres and 

separation of fibre and matrix material during bending. 

Figures 15 and 16 represent the SEM image on the fractured surface of AB1 

composite after impact testing. The impact value of the specimen ranges from 10 

to 14 J. It could be found from Fig.16 which is taken at a higher magnification of 

1000x, hairline cracks are observed in the linear direction of the fibre itself apart 

from occurrence of fracture in the longitudinal direction. This is due to 

application of sudden impact load on the composite specimen.  

    

Fig. 10. SEM image of AB1   

composite before testing.   

Fig. 11. SEM image of AB1         

composite after tensile test. 

    

Fig. 12. SEM image of AB1   

composite after tensile test.   

Fig. 13. SEM image of AB1         

composite after flexural test. 
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Fig. 14. SEM image of AB1   

composite after flexural test.   

Fig. 15. SEM image of AB1         

composite after impact test. 

 

Fig. 16. SEM image of AB1         

composite after impact test. 

5.  Conclusions 

In this study the natural fibres like abaca, banana were reinforced with ortho-

phthalic acid resin and its mechanical properties were analysed at a volume fraction 

of 0.4 and 0.5 respectively. Scanning electron microscope was used to record the 

images of the specimen after testing. The mechanical tests include tensile, flexural, 

impact tests for all the compositions and the following conclusions were made. 

• Tensile strength for AB1 (Abaca-banana-glass) hybrid composite was found to 

better than the abaca-glass and banana-glass composites. The percentage of 

elongation for hybrid composites is also found to be more than single 

composite and hence it withstands more strain before failure. 

• Flexural strength for B1 (Banana-glass) composite was found to be the highest 

than the other two combination. It could be found that banana fibre has very 

good adhesion properties and hence the flexural strength is high. 

• Impact strength for A1 (Abaca-glass) composite is high compared to the 

other combination. It could be attributed to the high stiffness and strength of 

abaca fibre. 

• The surface characteristics are studied using scanning electron microscope. It is 

determined that the orientation of the fibre, matrix-fibre interaction influences 

the mechanical properties of the composites. After effects like cleavage 
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fracture, hairline cracks and pilling of fibres are viewed in the zoomed images 

of the test specimen. 

• From the mechanical test carried out AB1 composition of the composite 

gives better results suitable for industrial applications. Though AB2 shows 

better tensile modulus the other properties like ultimate tensile strength, % 

elongation, flexural and impact strength are better for AB1 composition of 

the composite.  

From the above results, it is concluded that the hybrid composites having the 

combination of two natural fibres (abaca and banana) with glass fibre reinforced 

with the matrix of Ortho-phthalic resin possess good mechanical properties 

resulting to the manufacture of industrial components where load-bearing 

capacity is one of the essential requirements. The selection of composite 

combination is purely based on the requirement of the customer since the 

different compositions results in different mechanical properties. The above 

hybrid composite leads to manufacture of eco-friendly components for 

packaging, aesthetics application where the load bearing capacity of the material 

is also taken into consideration. 
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