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Abstract: By nature, Hybridization of inorganic and organic materials leads to the 

physical and chemical state of new compound or composite. Based on this concept, this 

article has structured two different hybrid composites prepared experimentally. The 

investigation taken up on hybridization describes the tribological properties of fiber based 

hybrid composite achieved by the combination of natural jute and glass fibers reinforced 

composite for application in underground pipelines and marine applications based on the 

mechanical properties required. The aim of this investigation is to evaluate the properties 

of these hybrids and compare their properties through different experimental techniques. 

The properties of the prepared hybrid composite are experimentally calculated by various 

testing like tensile, impact, flexural and hardness according to ASTM standards. The 

effects of the varying slurry concentration and surface impact velocity at different 

exposure times on the erosion behavior of the composites have been carried out. The 

microstructures of the tested specimens have been performed through scanning 

electron microscope for fracture mode analysis. The experimental results were obtained 

from the basis of their potential structural applications and the tribological tests help in 

finding their different applications. The results clearly indicates that the hybrid to has 

more value in all the properties than hybrid 1. 
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1. Introduction  

Composite materials are generally defined as a multiphase system that consists of at least 

two different groups of materials which are chemically and physically distinct and 

separated by interfaces. Environmental consciousness and sustainability concept attracts 

researchers and scientists towards utilization of natural fibres as reinforcement in 

polymer-based composites. In fact natural fibre reinforced composites are lower on cost, 

light weight, high strength to weight ratio with renewability, lower density and lower 

energy requirements for processing. Additionally natural fiber composites can be very 

cost effective material for application in areas like building construction, storage devices, 

furniture, electronic devices, automobile interior parts, toys, helmets, suitcases etc 

[1].Accordingly extensive studies have been carried out to make use of natural fibres and 

in preparation of polymer matrix composite replacing the synthetic fibre with natural fibre 

like jute, sisal, pineapple, bamboo, kenaf and bagasse and the mechanical properties of
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natural-glass fibre reinforced polymer composites [2]. The mechanical properties of 

woven banana fibre, kenaf fibre and banana/ kenaf hybrid fibre composites were studied 

and found that, it increases due to hybridization of kenaf with banana fibres. Tensile, 

flexural and impact strengths of the woven hybrid composite of banana/kenaf fibres are 

superior to those of the individual fibres [3]. Two hybrid composites have been developed 

and studied using Glass, Jute, Sisal and Banana fibres in the form of laminates, namely 

Jute-Sisal- Glass and Jute- Banana-Glass combinations. The fabricated test samples have 

been tested by various methods. The comparison of results show that, the high strength 

hybrid composite made of Jute- Banana-Glass provides better mechanical properties and it 

could be used for a wide range of applications [4]. 

Permeability and structural strength of composite reinforcements composed of inner 

jute mat and outer glass fibre was compared with glass fabric reinforcement for re-

habitation of underground pipes. It was found that the development was not only eco 

friendly but also reduced the operation time by half and satisfied the re-habitation 

structural strength specified by ASTM as the glass fabric in outer surface of resin 

provided smooth resin passage while corrugated jute mat provided the permeability under 

the applied pressure which increased both the impregnation velocity of resin and strength 

of pipe [5]. An experimental study was carried out in the new aspects of erosion in fibre 

and particulate filled polymer composites [6]. The mechanical properties of natural fibres 

such as abaca and banana fibre were investigated and compared with the hybrid natural 

fibre composite[7]. It was found that abaca-glass composite was found to have better 

tensile strength than the other two combinations and abaca-glass-banana hybrid composite 

has better flexural strength and impact value. Similarly the mechanical properties of 

hybrid glass/jute fibre reinforced epoxy composites in the forms of lamina and laminates 

were determined and found that the adoption of this design allowed a cost reduction of 

20% and a weight saving of 23% compared to the current commercial solution [8]. Soma et 

al [9]investigated a new hybrid composite with epoxy as a resin and by  reinforcing both 

bio waste (jute) and traditional filler (glass) as a continuous layered mat composites by 

keeping the position of glass and jute fabric at (0
0
-90

0
) and (45

0
-45

0
) for all stacking 

sequences. The results indicated that the properties of jute E-glass epoxy and its 

composites can be considerably improved by incorporation of glass fibre as extreme glass 

piles. Gopinath et al [10] experimentally discussed the mechanical behavior of jute fibre 

in polyester and epoxy matrices and the results revealed that jute-polyester processing 

time is far lesser as compared to jute-epoxy laminate. Nallusamy et al [11] presented 

experimental details in research on the heat transfer of nanofluids using carbon nanotubes 

and concluded that, the addition of carbon nanotube to the Glass fiber/Epoxy composites 

increased the flexural properties of the Glass fibre/Epoxy composite. Abdellaoui et al [12] 

examined the effects of number of layers and fibre directions on the mechanical behaviour 

of composites. The results illustrated that the mechanical behaviour of laminate has 

improved by increasing the number of layers. Yoshihiko et al [13] developed an effective 

process to improve the mechanical properties of jute/poly lactic acid composites and noted 

that the suppression of hydrolysis is necessary to improve the overall performance. When 

poly lactic acid without modification against hydrolysis was used, addition of jute fibre 

increased the modulus but lowered the absolute tensile strength. 
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Mechanical properties of hybrid glass fibre-sisal/jute reinforced epoxy composites 

were evaluated and it was observed that the incorporation of sisal fibre with Glass Fibre 

Reinforced Polymers (GFRP) exhibited superior performance rather than the jute fibre 

reinforced GFRP composites for tensile properties and in contrast, jute fibre reinforced 

GFRP composites performed better in flexural properties [14]. The strain rate effects on 

transverse tensile and compressive properties of unidirectional glass fibre reinforced 

polymeric composites were examined and characteristic results for the transverse 

properties suggest that the damage evaluation is strain-rate- dependent for the examined 

material [15]. The natural fibre with glass allows a significantly better heat and transport 

ability for the composites. It is found that a pure polymer does not have requisite 

mechanical strength and hence reinforcement by high strength fibres is needed. Enhanced 

mechanical properties in the polymer shall make the fibre reinforced polymer composites 

suitable for diverse applications [16]. The hybrid effect of composites made of jute-glass 

fibres made-up by hand layup was analysed and the mechanical properties calculated 

according to ASTM standards. The result revealed that the hybrid composite has good 

strength as compared to jute fibre composite fabricated separately with glass fibre [17].  

Taking into account all the above-mentioned factors the present work was 

undertaken to develop a fibre based hybrid composite using jute and glass fiber as 

reinforcement. The composites are prepared with different layer of fibre orientation jute 

and synthetic glass for all stacking sequences and the tensile, hardness, impact and 

flexural strength properties of the composites have been studied by ASTM standards and 

SEM. 

 

2. Experimental Section 

In this section, the preparation sequence of hybrid 1 and hybrid 2 from glass and jute fiber 

are discussed. Also the method of wear study is elaborately discussed. 

2.1 Method of Material Preparation 

Jute and glass mats with a dimension of 12" x 10" were taken, weighed and a 

corresponding ratio of polyester or epoxy was also taken. For jute the ratio was 3:1 i.e. 

where polyester was 3 times weight of the jute was taken and for glass equal weight was 

taken, say ratio 1:1. The catalyst Methyl Ethyl Ketone Peroxide (MEKP) and accelerator 

Cobalt Naphthalate were mixed thoroughly with the polyester resin. The weight 

percentage of catalyst (MEKP) to polyester was 1.5%. Accelerator (Cobalt 

Naphthalate)was added first to the weighed resin followed by MEKP as catalyst. 

Forlaminates, wherein epoxy is resin the ratio was maintained at 1:1 for glass as well as 

jute fibres and Aradur powder (10% by weight) was added to these in to achieve proper 

mixing. Wax was applied on a clean table over which the resin was poured for a thickness 

of 1mm. Now a fibre layer was placed on the poured resin and was bonded firmly to the 

resin mix with the help of rollers. Again the layer of resin mix was applied on the fibre 

and same procedure repeated. This procedure was continued till required thickness was 

obtained.  
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Figure 1: Prepared Laminate Specimen  

Mylar sheet was placed over the completed laminates and on it weights were put for 

uniform thickness and proper bonding of the laminates. The sequence in which the fibres 

were placed one over the other was different for different laminates. The laminate thus 

prepared was kept for10-12 hours at room temperature for curing. After curing is done the 

laminates are cut to the required dimensions of 10 x 10 inch. The specimen was prepared 

as per the standard of ASTM A370-10 as shown in figure 1. Finally we have two 

laminates namely Hybrid 1 and Hybrid 2. Hybrid 1 is sandwich type having alternate 

glass and jute. Hybrid 2 is six layers of jute followed by six layers of glass. 

2.2 Erosion Wear Study 

The Pot Erosion Tester was used for carrying out the erosion tests. Specimens were 

rotated in a slurry pot tester containing solid-liquid mixture and average mass or thickness 

loss of the specimen was measured to evaluate wear. Here pot tester offers a simple, rapid, 

economical means of assessing slurry erosion wear over the full range of impact angles. 

The various test parameters considered for the tests were as follows:  

 

Erodent   : Sand 

Erodent Size  : 30/80,50/70 and 16/30 

Concentration  : 20 and 30% 

Speed of rotations : 500 and 750 rpm 

Time    : 4, 7and 12 hrs 

Test Temperature  : Room Temperature 

A slurry container filled with a proportionate amount of sand and water is filled. A 

hexagonal specimen holder (fixture) was designed to accommodate six specimens at a 

time. The fixture was rotated using AC motor, considering the two parameters of speed of 

rotation (500 and 750 rpm) and time duration (4, 7and 12 hrs). The GFRP, Jute and all 

two hybrid samples were cut to the required dimensions. Holes were drilled so as to 

mount them on the holder of the pot erosion tester. Each of the samples was weighed 

individually in an electronic balance having an accuracy of 1 x 10
-3

gm to obtain the initial 

weight. After weighing, the samples were mounted on hubs and readings for various 

parameters taken. After conducting the slurry erosion test, the eroded pieces were weighed 

again to determine mass loss. The procedure was repeated for each sample. 
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3. Results and Discussions 

This investigation includes various kinds of mechanical tests for its tribological 

characterization of two hybrid laminates. The various parameters considered for 

experimental investigation and its results are discussed in next section. The complete 

analysis on GFRPs and Hybrids has also been discussed. The various test exposures such 

as Tensile Test, Hardness Test, Impact Test, Flexural Test and Erosion Wear Studies were 

considered for tribological analysis of new material. As per the dimensions of ASTM 

standards the tensile and hardness test were carried out for the above fabricated material. 

Tensile testing of specimen was prepared according to ASTM A370-10 type flat samples 

were carried out, using electronic tensile testing machine. Hardness is a measure of how 

resistant the solid matter could change the various kinds of permanent shape when force is 

applied. A specimen with a dimension of 250X250 would be enough for hardness testing. 

Using model BS50, the results of above experiments have been analyzed and reported.  

A brief evaluation was carried out on the hybridization of jute material on both 

hybrid 1 and hybrid 2.Generally, addition of fibre content increases the mechanical 

properties of the composite. Based on the volume fraction of fibre, type of laminate is 

identified. Here, Table 1 shows that the panels with different volume fractions of fibre 

which provides uniform result on laminate type was concluded as thin laminate. 

 
 

Table 1: Fibre Volume Fraction 

 

Panel Type Fiber Vol. Fraction (Vf in %) Type of Laminate 

Hybrid 1 58.05 Thin 

Hybrid 2 51.60 Thin 

 

3.1 Tensile Test 

Tensile test was carried out for two laminates and the results are represented in the 

following figures 2 and 3. The results indicate that the tensile test on different specimens 

is influenced by the strength and modulus of the fibres. Generally tensile strength of jute 

composite varies between 23.56-29.49 MPa and modulus between 1.5-6.4 MPa. A sharp 

increase in tensile strength of jute fibre takes place with the incorporation of glass. This 

result reveals that, glass fibres are stronger than jute fibres. They are also affected by fibre 

laying sequence as the breakage is governed by extensive fibre pull out. Around 42%of 

increase in tensile strength took place by changing the stacking sequence in hybrid 2 from 

hybrid 1. However, increases of 53.8% in hybrid 1 and 76% increase in hybrid 2 were 

achieved as compared to jute panels. The order of tensile strength is Hybrid 2> Hybrid 1 

as shown in figure 2. Similarly the order of tensile modulus is Hybrid 1> Hybrid 2 as 

shown in figure 3. 
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Figure 2: Tensile Strength of Composites Figure 3: Tensile Modulus of Composites 

3.2 Hardness Test 

Hardness test was carried out for both laminates as per the dimensions of ASTM standards 

and the results are given in the following table 2.  
 

Table 2: Hardness Test Results 

Panel Type 
Hardness Value  

Glass Top Jute Top 

Glass 37.63 NA 

Jute NA 9.3 

Hybrid 1 40.13 5.88 

Hybrid 2 35.80 9.3 

From the above results it could be concluded that, the hardness value depends upon 

the interfacial bonding between the extreme fibres and the matrix. However, with jute an 

increase of 12% in hardness was noticed by using epoxy instead of polyester. Stacking 

sequence does not bring a considerable change in hardness as it is governed by the 

extreme fibres. 

 

  
 

Figure 4: Hardness Value of Glass Panel Top 
 

Figure 5: Hardness Value of Jute Panel Top 
 

Considering the hybrid laminates in glass panel top, hybrid 1 is found to provide 

better result as against jute panel top which are represented in the above figures 4 and 5.  
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3.3 Impact Test 

Impact test was carried out for both the laminates as per the ASTM standards and the 

results are illustrated in the following figure 6.  

 

 

Figure 6: Impact Strength of Composites 

From the above graph, the following was found. Impact test on two laminates depend 

on the strength of the fibre. The glass fibre was able to absorb more energy than the 

hybrids. However, an increase was noticed by incorporation of glass fibres. An increase of 

39% and54% is observed in hybrid 1 and hybrid 2respectively when compared to jute 

panels. The fibre was able to absorb more energy because of strong interfacial bonding 

between the glass fibre and the matrix. Hybrid 2 is 34% better than Hybrid 1 in sustaining 

impact thereby proving that the heaping sequence is one of the governing factors of 

impact failure 

3.4 Flexural Test 

The flexural test was conducted using Instron-10 Ton Universal Testing Machine and load 

was applied in the machine for testing the prepared sample. The test specimens were 

loaded with bending test as per ASTM A370-10. The flexural test results are represented 

in the following figures 7 and 8 which show the details of flexural strength and modulus 

which are controlled by the strength of the extreme layers of reinforcement. The point of 

deviation from the linearity is the indication of the failure due to development of crack on 

tension side. The load-displacement graph is nonlinear in nature under the flexural load. It 

is therefore difficult to locate the exact beginning of fibre failure. The breaking of fibres 

and partial pull out of fibre, etc. are involved in failure due to flexural. Flexural strength is 

not much affected by stacking sequence. Thus it solely depends upon the fibre and matrix 

strength and their interfacial bonding. From these results it can be concluded that the 

hybrid 2 is having more flexural strength and flexural modulus when compared to hybrid 

1. 
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Figure 7: Flexural Strength of Composites Figure 8: Flexural Modulus of Composites 

 

3.5 Erosion Wear Results 

Table 3: Erosion Wear Test Results on Hybrid1 

Concentration 

(%) 

Exposure 

Time 

 (Hrs) 

Sliding Distance 

(km) 

EWR  

(g /km) 

20 4 27.7 19.43 

20 7 48.5 16.29 

20 12 83.5 11.73 

30 4 27.5 15.34 

30 7 48.5 12.44 

30 12 83.5 8.62 

 

Table 4: Erosion Wear Test Results on Hybrid 2 

 

Concentration (%) Exposure 

Time (Hrs) 

Sliding Distance 

(km) 

EWR (g /km) 

20 4 27.7 41.26 

20 7 48.5 26.99 

20 12 83.5 18.73 

30 4 27.5 18.86 

30 7 48.5 25.10 

30 12 83.5 29.56 

 

From the above tables 3 and 4, it was observed that the GFRP composites offer better 

resistance to erosion than the hybrids at 20 % concentration. When the concentration is 

increased it is observed that hybrid composite offers good resistance. It depends on the 

hardness of the composite and its ability to resist deformation. 
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4. Characterization of Erosion Behavior 

The following figures 9 and 10 shows the uniform material removal in most of the places 

and severe localized damages in selected areas. At higher speeds the polyester (matrix) 

worn away along with the reinforcements (fibre) from the surface of the composite. It is 

observed that sometimes the reinforcements were broken. This results the fibre, to pull out 

from the surface due to continuous impingement on the broken or damaged fibre. To 

overcome this limitation the erosion wear study was considered carefully for each hybrid 

model. 

  

Figure 9: SEM Image of GFRPafter Wear at 

100x 
Figure 10: SEM Image of GFRP after Wear 

at500x 

5. Conclusions 

A thorough investigation was carried on two laminates of Hybrid1 and Hybrid 2, 

considering glass fibre and jute fibre as base material. The sequence of lay up in laminates 

were considered as different in both cases. Based on the research results, the following 

conclusions were drawn: 

 There is a sharp increase in tensile strength of jute fiber with the inclusion of glass in 

both hybrid laminates. Tensile strength increases 53.8% and 76%in hybrid1and hybrid2 

respectively as compared to jute panels. Here, the sequence of lay-up also a factor to 

increase tensile strength. Around 42% of tensile strength increases by changing the 

stacking sequence in hybrid 2 from hybrid 1. 

 The hardness value depends upon the interfacial bonding between the extreme fibers 

and the matrix. The sequence of lay-up not playing a role in change of hardness.  

 Impact test yields can increase of 39% and 54% in hybrid1 and hybrid2 respectively 

when compared to jute panels.Hybrid2 is 34%better than hybrid1 in sustaining impact 

load. 

 Flexural strength and modulus are controlled by the strength of the extreme layers of 

reinforcement and is not much affected by stacking sequence. This depends on the 

interfacial bonding between the fiber and matrix. But from the results, hybrid 2 has 

more values than hybrid 1. 

 The erosion test result shows that the hybrid 1 with glass top shows better erosion 

resistance thanGFRP.SEM image of eroded specimen reveals severe damage to the 

extent of fiber breakage when the concentration is 30 %. 

 



S. Nallusamy and Gautam Majumdar 

 

 

238 

References 
[1]. Rao, K Murali Mohan, K.K. Mohana Rao, and A.V. Ratna Prasad. Fabrication and 

Testing of Natural Fiber Composites: Vakka, Sisal, Bamboo and Banana. Materials and 

Design, Jan 2010; 31(1): 508-513. 

[2]. M., R. Sanjay, G.R. Arpitha, and B. Yogesha. Study on Mechanical Properties of 

Natural - Glass Fibre Reinforced Polymer Hybrid Composites: A Review. Materials 

Today: Proceedings, 2015;2 (4–5): 2959–2967. 

[3]. Alavudeen, A., N. Rajini, S. Karthikeyan, M. Thiruchitrambalam, and N. 

Venkateshwaren. Mechanical Properties of Banana/Kenaf Fiber-Reinforced Hybrid 

Polyester Composites: Effect of Woven Fabric and Random Orientation. Materials and 

Design, 2015; 66 (A): 246-257. 

[4]. Parandaman, P., and M. Jayaraman. Experimental Investigation on the Mechanical 

Properties of Jute/Sisal/Glass and Jute/Banana/Glass Hybrid Composite 

Materials.European Journal of Applied Sciences, 2015; 7 (3): 138-144. 

[5]. ShinMin, Kyoon, Bommy Lee, Shi Hyeong Kim, Jae Ah Lee, Geoffrey M. Spinks, 

Sanjeev Gambhir et al. Synergistic toughening of composite fibres by self-alignment of 

reduced graphene oxide and carbon nanotubes. Nature communications, 2012; 3(650): 

1-8 

[6]. Patnaika, Amar, Alok Satapathyb, Navin Chandc, Barkoulad N.M., and Sandhyarani 

Biswasb. Solid Particle Erosion Wear Characteristics of Fiber and Particulate Filled 

Polymer Composites: A Review. Wear, 2010; 268(1-2): 249-263. 

[7]. Venkatasubramanian, H., C. Chaithanyan, S. Raghuraman, and T. Panneerselvam. 

Evaluation of Mechanical Properties of Abaca-Glass-Banana Fiber Reinforced Hybrid 

Composites. International Journal of Innovative Research in Science, Engineering and 

Technology, 2014; 3(1): 8169-8177. 

[8]. Muthuvel, M., G. Ranganath, K. Janarthanan, and K. Srinivasan. Characterization Study 

of Jute and Glass Fiber Reinforced Hybrid Composite Material. International Journal of 

Engineering Research & Technology, 2013; 2(4): 335-344. 

[9]. Soma, Dalbehera, and S.K Acharya. Study on Mechanical Properties of Natural Fiber 

Reinforced Woven Jute-Glass Hybrid Epoxy Composites. Advances in Polymer Science 

and Technology: An International Journal, 2014; 4(1): 01-06. 

[10]. Gopinath, A., M. Senthil Kumar, and A. Elayaperumal. Experimental Investigations on 

Mechanical Properties of Jute Fiber Reinforced Composites with Polyester and Epoxy 

Resin Matrices. Procedia Engineering, 2014; 97: 2052 – 2063. 

[11]. Nallusamy, S., A Manoj Babu, and Prabu N. Manikanda. Investigation on Carbon 

Nanotubes over Review on other Heat Transfer Nano Fluids. International Journal of 

Applied Engineering Research, 2014; 10(62): 112-117 

[12]. Abdellaoui, H., H. Bensalah, J. Echaabi, R. Bouhfid, and A. Qaiss. Fabrication, 

Characterization and Modelling of Laminated Composites Based on Woven Jute Fibres 

Reinforced Epoxy Resin. Materials and Design, Mar 2015; 68: 104- 113 

[13]. Arao, Y., T. Fujiura, S. Itani, and T. Tanaka. Strength Improvement in Injection-Molded 

Jute-Fiber-Reinforced Polylactide Green-Composites. Composites Part B: Engineering, 

2015; 68:200-206. 

[14]. Ramesh, M. , K Palanikumar, and K. H. Reddy. Comparative Evaluation on Properties 

of Hybrid Glass Fiber-Sisal/Jute Reinforced Epoxy composites, Procedia Engg., 2013; 

51: 745-750. 

[15]. Shokrieh, Mohmood M., and Majid Jamal Omidi. Investigating the Transverse Behavior 

of Glass-Epoxy Composites under Intermediate Strain Rates. Composite Structures, 

2011; 93(2): 690-696. 

[16]. Ramnath, B. V, S. J. Kokan, R. N. Raja, R. Sathyanarayanan, and C Elanchezhian. 

Evaluation of Mechanical Properties of Abaca–Jute–Glass Fibre Reinforced Epoxy 

Composite. Materials and Design, 2013; 51: 357– 366. 

 

http://www.sciencedirect.com/science/article/pii/S221478531500509X
http://www.sciencedirect.com/science/article/pii/S221478531500509X
http://www.sciencedirect.com/science/article/pii/S221478531500509X
http://www.sciencedirect.com/science/journal/22147853
http://www.sciencedirect.com/science/journal/22147853
http://www.sciencedirect.com/science/journal/22147853/2/4


Effect of Stacking Sequence and Hybridization on Mechanical Properties of Jute-Glass Fiber Composites 

 

 

239 

[17]. Sanjay, M. R., and B. Yogesha. Studies on Mechanical Properties of Jute/E-Glass Fiber 

Reinforced Epoxy Hybrid Composites. Journal of Minerals and Materials 

Characterization and Engineering, 2016; 4(01): 15-25. 

 

 

Dr. S. Nallusamy is currently working as Professor and Dean in the Department of 

Mechanical Engineering at Dr. M.G.R. Educational and Research Institute, Chennai, 

India. He received his B.E. in Mechanical Engineering from Madras University, M.E. in 

Industrial Engineering from Anna University and also awarded his Ph.D from Jadavpur 

University, Kolkata in the year 2009. His research interest includes Composite Material, 

Nanomaterials, TQM, Supply Chain Management etc. He has published forty five papers 

in international and national journals and nineteen papers in conferences. Also he has 

published two text books of Industrial Engineering and Management and Automobile 

Technology. He has twenty three years of teaching and research experience.  

Dr. Gautam Majumdar is currently working as Professor in the Department of 

Mechanical Engineering at Jadavpur University, Kolkata, India. His research interest 

includes Surface Coating, Composite Material, Manufacturing, Operations Management 

etc. He has published thirty five papers in international and national journals. Also he has 

published a text book of Industrial Management. He has twenty five years of teaching and 

five years industrial experience. 

 


