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Abstract: The improvement in mechanical properties of biodegradable and sustainable materials like natural fibers turns

out to be exceptionally appealing from the financial and biological perspectives. This is achieved by hybridization tech-

nique in which different fiber orientations can be adjusted in various arrangements providing variety in its properties. In

this study, the authors used different natural fibers in hybridization with glass fibers. The tensile strength of varying glass/

sisal and glass/jute contents within the composites were compared. Besides, the effect of hybridization was analyzed.

Results revealed that all hybrid composites show low tensile strength as compared to the non-hybrid composites. How-

ever, in hybrid composites, the laminate containing a single layer of sisal fiber has shown almost the same tensile strength

as non-hybrid composites. Based on results, it is suggested that flax is an appropriate natural fiber to replace E-glass for

applications requiring similar strength.

Keywords: glass fiber, jute fiber, sisal fiber, hybridization, hand layup.

Introduction

Natural fiber-reinforced polymer composites (NFRPCs) are

now replacing conventional materials in many design appli-

cations, like automotive,1 aviation, sports, and so forth,

because of their significant mechanical and environment-

friendly properties.2-4 Regardless of glass, carbon, or Kevlar

fibers being the most widely recognized reinforcements in

material science. Recently efforts have been made to supplant

the synthetic fibers with natural fibers (for example, fibers con-

taining lignocellulose, cellulose) due to growing environmental

concern and rapid depletion of oil assets.5-7 Natural fibers have
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been praised by both the scholarly community and industry

owing to their sustainability, biodegradability, and recyclabil-

ity. Furthermore, their abundance with low cost made them

ideal potential materials.8,9 Figure 1 shows that these natural

fibers reinforced are considered the most advanced composites

nowadays.

Besides their use as individual reinforcements to polymers,

more than one natural fiber is also used to obtain synergic

advantages of multiple fibers. Hybridization is a widely uti-

lized method to acquire the optimum properties harnessing the

benefits of multiple materials.10-12 Hybridization promotes col-

laboration between the mechanical properties and costs to meet

indicated design requirements, as natural fibers are cheaper

than synthetic fibers. Several studies on hybridization phe-

nomena have been reported by many researchers.13,14 There-

fore, optimum mechanical properties can be achieved through

the hybridization of synthetic fiber with natural fibers. Various

studies have been reported on natural fiber utilization to pro-

duce NFRPCs, for example, bamboo,15 coir,16 sisal,17 and

banana.18 A summary of previous work on the hybridization of

NFRPCs is reported in Table 1.19-23

Ahmed et al.24 concluded that NFRPCs manufactured by

hand layup technique provide an opportunity to replace exist-

ing synthetic materials with adequate strength. The advantage

of this manufacturing technique is its simplicity and low cost.

Besides, the mechanical performance of natural fibers is

observed to be improved significantly after applying chemical

treatments. It is concluded from reported literature that the 2%

and 5% NaOH solution treatment offers an appropriate

enhancement in the mechanical properties of the NFRCs.3,25-27

Previously conducted studies utilized hybridization of fibers by

selecting the synthetic fiber and natural fibers. Glass fiber is

usually preferred because of its excellent mechanical prop-

erties and low cost compared to the other synthetic fibers. It is

essential to evaluate the hybridization impact and the effect of

stacking sequences on the tensile properties of these hybrid

composites. This present work captures the complete details on

hybridization and the impact of stacking sequences under ten-

sile loading for glass/sisal and glass/jute hybrid composites.

The woven E-glass fiber and two naturally available fibers,

i.e., jute and sisal fibers, were selected to produce composite

laminates and characterize their tensile properties.

Experimental

Materials & Fabrication of Composites. Araldite 502 L

was used as an adhesive/epoxy, and glass, jute, and sisal fibers

were used as reinforcements. Composite laminates were man-

ufactured under different stacking sequences and materials.

One type of laminates contained only glass fiber as rein-

forcement, while hybrid laminates consisted of sisal or jute

Figure 1. Progress in composite materials.

Table 1. Summary of Tensile Property Evaluation of Previously Hybridized Materials

Hybridization of 
synthetic fiber with 

natural fibers

Hybrid ratio
synthetic/natural fiber

Chemically 
treated

Tensile strength
(MPa)

Tensile modulus
(GPa)

Reference

Carbon/Sisal 50/50 Yes 15.3 3.1
19

Carbon/Sisal 25/75 Yes 15.2 2.7

Glass/Sisal 50/50 Yes 18 3.5
20-21

Glass/Sisal 25/75 Yes 15 3.2

Carbon/Jute 75/25 No 257 9.8
6

Carbon/Jute 25/75 No 108 5.7

Glass/Jute 50/50 No 63 -
22

Glass/Jute 75/25 No 48 -

Glass/Flax 50/50 No 195 13.48 23
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fibers combined with glass fibers. Layer sequences and des-

ignation of the materials tested are reported in Table 2. The

fiber fabrics need to be cut in desired dimensions to man-

ufacture laminates (Figure 2). Both hybrid and non-hybrid

composites were fabricated through the hand layup technique.

The physical and mechanical properties of natural fibers used

in this study are reported in Table 3.

Tensile Testing. The tensile testing specimens were

obtained from manufactured laminate sheets. The final dimen-

sions of samples after cutting are reported in Table 4. At least

three samples were tested for each stacking sequence under

consideration on the MTS800 universal testing machine. The

tensile test was performed at a 2 mm/min strain rate, room

temperature, and at 60% relative humidity. [G]5 laminate

during testing is shown in Figure 3.

Results and Discussion

Experimental Tensile Testing. Stress vs. strain trends for

all the composite laminates are reported in Figure 4 and Figure

5. Figure 4(a) presents the tensile testing results of glass fiber

reinforced laminates. Figure 4(b-d) compares averaged results

from non-hybrid laminates with glass/sisal hybrid composite

laminates. Similarly, Figure 5 compares averaged results from

Table 2. Materials Description

Types of 
fibers

Fiber 
designation

Layer 
sequences

Laminate 
designation

Hybrid

E-Glass 
fiber

G G/G/G/G/G [G]5 No

Sisal fiber S

G/G/S/G/G [G/S]4,1

 Yes

G/S/G/S/G [G/S]3,2

G/S/S/S/G [G/S]2,3

Jute fiber J

G/G/J/G/G [G/J]4,1

G/J/G/J/G [G/J]3,2

G/J/J/J/G [G/S]2,3

Table 3. Properties of Natural Fibers

Properties Sisal fiber Jute fiber

Physical properties

Diameter of each bundle 
(µm)

1300-1400 600-650

Cellulose (%) 61-62 58-60

Lignin content (%) 13 12-14

Weave pattern Plain Plain

Mechanical properties

Tensile strength (MPa) 470-690 390-770

Tensile modulus (MPa) 2000-3000 2500-3000

Failure strain (%) 2-6 1.4-1.7

Figure 2. Fibers cutting.

Table 4. Laminate Geometries after Cutting

Laminates 
designation

Span length 
(mm)

Thickness 
(mm)

Width 
(mm)

[G]5

150

1.9

25

[G/S]4,1 2.1

[G/S]2,3 2.2

[G/S]3,2 2.3

[G/J]4,1 2.1

[G/J]2,3 2.3

[G/J]3,2 2.6

Figure 3. Tensile specimen during testing.
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non-hybrid laminates with glass/jute hybrid composite lam-

inates. A significant change in tensile strength was observed

due to the presence of natural fiber reinforcements. The max-

imum tensile strength for glass fiber-reinforced laminate [G]5

is 95 MPa as it contained glass fibers only, while for glass/sisal

hybrid laminate, the maximum strength of 86 MPa was

observed for [G/S]4,1. The [G/S]4,1 laminate with sisal at the

mid-plane and surrounded with glass fibers showed highest

tensile strength than the other glass/sisal laminates. A single

sisal fiber layer produces adequate bonding with other glass

fiber layers, thus showing sisal fiber ability to substitute glass

fiber without significant tensile strength loss. The lowest ten-

sile strength in glass/sisal hybrid composites was observed for

[G/S]2,3 laminate. The lowest strength of these laminates is

due to the higher content of sisal fibers in the laminate and the

poor adhesion between the consecutive sisal fiber layers. Table

5 and Table 6 report the experimentally evaluated engineering

constants for hybrid composites.

The tensile strength of glass/jute hybrid composite was

lower in comparison with sisal/glass hybrid composites. The

highest tensile strength was observed for [G,J]4,1 laminate, i.e.,

80 MPa. The tensile strength for [G,J]3,2 was 47 MPa, which

presents a drastic decline in properties due to sisal fibers’ addi-

tion. Interestingly the tensile strength of [G,J]2,3 is comparable

to [G,J]3,2. Previous researchers reported similar results; for

example, Sezgin et al.28 studied the effect of the stacking

Figure 4. Tensile strength evaluation of glass/sisal: (a) non-hybrid composites; (b) non-hybrid composites vs. [G,S]4,1 hybrid laminates; (c)

non-hybrid composites vs. [G,S]3,2 hybrid laminates; (d) non-hybrid composites vs. [G,S]2,3 hybrid laminates.
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Figure 5. Tensile strength evaluation of glass/jute: (a) non-hybrid composites vs. [G,J]4,1 hybrid laminates; (b) non-hybrid composites vs.

[G,J]3,2 hybrid laminates; (c) non-hybrid composites vs. [G,J]2,3 hybrid laminates.

Table 5. Tensile Testing Engineering Constants for Glass/Sisal Hybrid Laminates

Laminates types Tensile strength (MPa) Tensile modulus (MPa) Failure strain (%)

[G]5 95±7 7890±72 1.6±0.3

[G/S]4,1 86±4 6400±87 2.0±0.9

[G/S]2,3 79±5 5934±23 1.8±0.3

[G/S]3,2 60±11 5728±101 2.2±0.2

Table 6. Tensile Testing Engineering Constants for Glass/Jute Hybrid Laminates

Laminates types Tensile strength (MPa) Tensile modulus (MPa) Failure strain (%)

[G]5 95±7 7890±72 1.6±0.3

[G/J]4,1 80±5 5516±93 2.0±0.87

[G/J]3,2 47±3 3947±101 1.65±0.3

[G/J]2,3 42±8 3193±112 1.8±0.42
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sequence of different fibers in hybrid composites. Yahya et

al.29 performed a similar study for hybrid composites arranged

with different natural fibers. It was observed that the mechan-

ical properties of the hybrid composites lie between individual

fiber-reinforced composites. Maximum failure strain of 2.2%

was found in [G,S]2,4 hybrid composites. The bar charts for

maximum tensile strength and failure strains are presented in

Figure 6 and Figure 7.

Microscopic Evaluation. To explore the failure pattern

during testing, the results of glass/sisal and glass/jute hybrid

composites microscopic studies were also performed. Figure

8(a) shows the matrix failure in hybrid composites. The visible

crack can also be seen in this figure mainly due to hand layup

process in which it is difficult to maintain uniform epoxy dis-

tribution throughout the laminate surface. Figure 8(b) shows

the glass fiber early breakage in glass/sisal hybrid composites.

Furthermore, delamination also visible in the same figure. This

delamination is due to slipping of different fibers. Figure 8(c)

shows the jute fiber pull out in glass/jute hybrid composites.

This pullout is the main reason of inferior tensile strength of

glass/jute hybrid composites.

Conclusions

This study evaluated the tensile strength of hybrid glass/sisal

and glass/jute laminated composites. These composites were

manufactured through the hand layup technique at different

stacking sequences. Furthermore, the tensile strength of these

hybrid composites is compared to the non-hybrid composite. It

was observed that all hybrid composites show lower tensile

Figure 6. Average tensile strength: (a) glass/sisal composites; (b) glass/jute composites.

Figure 7. Average failure strain: (a) glass/sisal composites; (b) glass/jute composites.
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strength as compared to the non-hybrid composites. This is

because the strength of E-glass fiber is higher compared to the

sisal and jute fibers. However, in hybrid composites, the lam-

inate with a single layer of sisal fiber has shown almost the

same tensile strength as non-hybrid composites.

It is suggested that flax is an appropriate natural fiber to

replace E-glass for applications requiring a similar strength

range. Furthermore, it is not recommended to use the alter-

native layers of fibers as this significantly affects the tensile

properties due to poor adhesion of fibers between the plies.

Also, the arrangement of different plies introduces micro voids

between fiber layers lowering the tensile strength of com-

posites. Jute fiber pullout is the main cause of its lower tensile

strength during microscopic study of these hybrid composites. 
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