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Abstract. Nowadays bio ﬁbre composites play a vital role by replacing conventional materials used in automotive and
aerospace industries owing to their high strength to weight ratio, biodegradability and ease of production. This paper aims
to ﬁnd the effect of ﬁbre hybridization and orientation on mechanical behaviour of composite fabricated with neem, abaca
ﬁbres and epoxy resin. Here, three varieties of composites are fabricated namely, composite 1 which consists of abaca ﬁbre
and glass ﬁbre, composite 2, which consists of neem ﬁbre and glass ﬁbre, whereas composite 3 consists of abaca, neem ﬁbres
and glass ﬁbres. In all the above three varieties, ﬁbres are arranged in three types of orientations namely, horizontal (type I),
vertical (type II) and 45◦ inclination (type III). The result shows that composites made up of abaca and neem ﬁbres with
inclined orientation (45◦ ) have better mechanical properties when compared with other types of composites. In addition,
morphological analysis is carried out using scanning electron microscope to know the ﬁbre distribution, ﬁbre pull out, ﬁbre
breakage and crack propagation on tested composites.
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1. Introduction
The drastic development in the area of material research
makes us to ﬁnd new materials that may replace conventional materials used in automotive, marine and aerospace
applications. The new material should be eco-friendly, biodegradable, recyclable, high strength to weight ratio, nontoxic, easily available and machinable. Hence, the composite
materials are developed using natural ﬁbres, polymers and
metals to fulﬁl the above desired properties.
Sawsen et al [1] stated that ﬂax ﬁbres absorb water during
the mixing stage and release it gradually during the curing
stages, which result in disturbance of rheological properties. In addition, the diametrical shrinkage of the ﬁbre in
the desorption stage can lead to a weakening of the ﬁbre–
matrix bond. Hence, they suggested that treatment of the
ﬁbre and/or cement mixture is necessary to prevent the
ﬁbre–matrix debonding. Liang et al [2] analysed the tension–
tension fatigue behaviour of ﬂax ﬁbre reinforced epoxy matrix
composites. Sparnins et al [3] found a new method of interfacial shear strength valuation, based on the length distribution
of ﬁbres pulled out from the tensile fractured surface of a
ﬂax-reinforced composite with vinyl ester and acrylated epoxidized soy oil resin matrices. El-Shekeil et al [4] studied the
inﬂuence of ﬁbre content on mechanical, morphological and
thermal properties of kenaf ﬁbres reinforced poly(vinyl chloride)/thermoplastic polyurethane poly-blend composites and
found that thermal degradation took place in three steps, as in

ﬁrst step, composites as well as the matrix had a similar stability. Although in second step, matrix showed a slightly better
stability than the composites, but in the last step, composites
showed a better stability than the matrix.
Sawpan et al [5] investigated the mechanical properties of
chemically treated random short ﬁbre and aligned long hemp
ﬁbre reinforced PLA composites over a range of ﬁbre content (0–40 wt%). They found that tensile strength, Young’s
modulus and impact strength of short hemp ﬁbre reinforced
PLA composites increased with increase in ﬁbre content.
Alkali and silane ﬁbre treatments improve tensile and impact
properties due to good ﬁbre–matrix adhesion and increased
matrix crystallinity. Mahjoub et al [6] conducted a study to
ﬁnd out the effects of different conditions of alkaline treatment in terms of the concentration of alkali solution and
immersion time on the ﬁbre properties and found that ﬁbre
treatment improves mechanical properties. Anuar and Zuraida
[7] reported that the elastomer composite reinforced with 20
volume percentage of kenaf ﬁbre improves mechanical properties, which is due to the interaction between matrix systems
and kenaf ﬁbre.
Sapuan et al [8] conducted tensile and ﬂexural tests on natural ﬁbre composite materials (Musaceae/epoxy) and found
a very stable mechanical behaviour of the composites under
different tests. This made many researchers to develop an adequate system for producing a good quality of woven banana
ﬁbre composite, which may be used for household utilities.
Hamzaoui et al [9] studied the mechanical performance of
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modiﬁed mortar using hemp ﬁbres under various processing conditions. Vijaya Ramnath et al [10] fabricated and
evaluated the mechanical behaviour of hybrid natural ﬁbre
composite using jute and abaca ﬁbres along with glass ﬁbres.
They concluded that the hybrid composite has better mechanical strength than mono ﬁbre composite. Pothana et al [11]
conducted the dynamic mechanical analysis of banana ﬁbre
reinforced polyester composites with a special reference to the
effect of ﬁbre loading, frequency and temperature. The intrinsic properties of the components, morphology of the system
and the nature of interface between the phases determine the
dynamic mechanical properties of the composite.
Li et al [12] developed an experimental programme based
on the statistical method of fractional factors design and found
that the compressive and ﬂexural properties could be modelled
using a simple empirical linear expression based on statistical analysis and regression, and that the hemp ﬁbre content
(by weight) was the critical factor affecting the compressive and ﬂexural properties. Aziz and Ansell [13] studied the
effect of alkalization and ﬁbre alignment on the mechanical
and thermal properties of kenaf and hemp bast ﬁbre composites. Sellami et al [14] investigated two types of treatments
for ﬁbres to assess their efﬁciency. The ﬁrst treatment was
extracting the sugars by distillation of the ﬁbres followed by
water prooﬁng the Diss ﬁbres to prevent water absorption. The
compressive and ﬂexural strength parameters of Diss-cement
composite were used to assess the treatment performances.
Azwa et al [15] evaluated the characteristics of several natural ﬁbre composites exposed to moisture, thermal, ﬁre and
ultraviolet (UV) degradation through an extensive literature
review. The effects of chemical additives such as ﬁbre treatments, ﬁre retardants and UV stabilizers were also addressed
and they have also concluded that the optimum ﬁbre content
provided strength in a polymer composite, but it also became
an entry point for moisture attack.
Ravi Sankar et al [16] discussed about the composite made
up of natural ﬁbres like banana, borassus, jute and sisal and
gave a brief explanation of advances and characterization of
new set of natural ﬁbre composites. Moothoo et al [17] studied the potential of ﬂax tows in composite processing as an
alternative to ﬂax spun yarns. Bledzki et al [18] studied the
mechanical properties of PLA composites with man-made
cellulose and abaca ﬁbres. They observed that tensile strength
and stiffness were increased by 1.45 and 1.75 times, respectively. Reinforcing with abaca ﬁbres (30 wt%) enhanced both
Young’s modulus and tensile strength by 2.40 and 1.20 times,
respectively. Rahman et al [19] chemically treated abaca with
benzene diazonium salt to improve the mechanical properties of the abaca–polypropylene (PP) composites. The surface
morphologies of the fracture surfaces of the composites were
recorded using a scanning electron microscope (SEM) and
revealed that interfacial bonding between the treated ﬁller and
the matrix signiﬁcantly improved by treating abaca, which
lead to better dispersion of the ﬁller into the matrix. Liu
et al [20,21] studied the effect of microstructure of natural
ﬁbre on the transverse thermal conductivity of unidirectional

composite, fabricated by resin transfer moulding technique
and also investigated the effect of mercerization and silane
treatments on the thermal conduction behaviour of unidirectional abaca ﬁbre–epoxy composite. Bledzki et al [22]
assessed the effects of modiﬁcation of the ﬁbre on the basis
of morphology, mechanical and thermal resistance.
Gironès et al [23] evaluated the ﬂexural properties of
abaca (Musa textilis)-reinforced PP composites. When comparing mechanical properties of composites reinforced with
ﬁbre glass, it shows that the potentiality of abaca-reinforced
PP composites were suitable for low impact strength applications. Vijaya Kumar et al [24] investigated tensile and
impact strength of neem ﬁbre-reinforced polyester composites and found that neem composite has tensile strength
of 24.4 MPa with an impact strength of 0.4 J. Ali et al
[25] investigated wear resistance of neem ﬁbre composites
and concluded that the wear resistance of the Polyacrylonitrile reinforced neem composites increase due to increase
in polyacrylontrile concentration. Mike et al [26] investigated the effect of ﬁbre content and the particle size of
polyethylene-based neem ﬁbre composites. They concluded
that particle size 21.63 mesh and 40 wt% ﬁller content at
77.7% desirability is at an optimum condition, found by
response surface method. This condition shows an optimal tensile strength of 14.51 MPa, impact strength of
92.31 kJ m−2 and hardness of 242.14. From the above review,
it has been concluded that the work done on Abaca with
neem ﬁbre hybrid composite does not exist and also fabrication of such a hybrid composite have better mechanical
behaviour.
Natural ﬁbre composite are renewable, light in weight with
good mechanical, thermal and insulation properties, non abrasive and bio degradable. They are a non-health hazard in
nature. The main objective of this work is the fabrication of
abaca- and neem-based hybrid composite by hand layup process, on which no work has been done so far. As abaca and
neem ﬁbres are available abundantly worldwide, utilization
of their strength and advantages are extremely essential to
develop eco-friendly and pollution-free materials for automotive aero space and outdoor applications. These ﬁbres ﬁnd
applications in ﬁlling materials in bolster, trim parts, rack and
external semi-structures.

2. Materials and methods
In this section, the materials used for fabricating composites namely abaca, neem ﬁbres and the fabrication method of
composites are discussed.
2.1 Fibres used
Natural ﬁbres are materials that belong to a class of hairlike materials, which are in the form of continuous ﬁlaments.
They are preferred as reinforcing materials for composites
used for automotive and aerospace applications, because they
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are bio-degradable, eco-friendly and available at low cost as
well. The examples are plant (vegetable) ﬁbres such as cotton, ﬂax, hemp, abaca, sisal, jute, kenaf, bamboo, coconut,
animal ﬁbres from domestic sheep and silk. In this work,
neem and abaca ﬁbres are used to fabricate the composites. The neem ﬁbres have high potential as reinforcing
ﬁbre in polymer composites that are available at home and
grow to a height of 15–25 m. It has properties like reddish
brown, easy to work and a pest resistant. Moreover, they have
good properties like high tensile modulus, thermal, acoustic and low abrasive. Abaca ﬁbre is obtained from a plant
belonging to the banana family that can grow about 12 feet
(4 m) tall. In this study, neem ﬁbre with 25 cm long and
130 μm diameter is used to fabricate the composite. In addition, abaca ﬁbre having a diameter of 180 μm and length
of 2 m is used. Normally, this ﬁbre is extracted from the
trunk of the plant. These ﬁbres are generally used to make
twines and ropes, but nowadays it is gaining importance as
a good reinforcement for composite materials. A ﬁbre volume fraction of 40% (0.4 vf) is adopted while fabricating
the composite, because it gives good mechanical properties
[27].

are fabricated. Type I composite is fabricated by arranging
the ﬁbres parallel to each other in relation with successive
layers. Type II composite is fabricated by arranging the ﬁbres
perpendicular to each other in relation with successive layers
and type III composite is fabricated by arranging the ﬁbres
inclined at 45o to each other in relation with successive layers.
In this work, abaca + glass ﬁbre combination is termed as
composite 1, neem + glass ﬁbre combination is termed as
composite 2 while abaca + neem + glass ﬁbre is termed as
composite 3. All these three types of composites with their
arrangement is shown in ﬁgure 2a–c.

2.2 Hand lay up process

This test is performed to know the material’s tensile behaviour
like ultimate tensile strength, break load, displacement and
strain rate. The specimen is gripped at both ends of a universal
testing machine (UTM), which slowly pulls the piece lengthwise until it fractures. The tensile load is plotted against the
material’s change in length, or displacement. Then the load
is converted to a stress and the displacement is converted to
strain. ASTM D-638 standard is used to prepare the composite
specimen for testing as shown in ﬁgure 3.

In this work the hand lay up method, which is simple and
easy is used for making the composite laminates. The woven
or knitted or twisted ﬁbres are impregnated with resin by
hands using rollers. Generally, steel rollers are used to impregnate resins, which may be replaced by nip-rollers for better
impregnation. In this method, after fabrication of composite,
the sample is allowed to cure under standard working temperature. The schematic diagram of hand lay up process is shown
in ﬁgure 1.
Here, glass ﬁbre is placed in the mould after spreading
the thinner on its surface. Then, resin and hardener mixture
are applied on the surface of the glass ﬁbre and the neem
ﬁbres are arranged on it. Now the glass ﬁbre is placed on
the neem ﬁbre and resin; hardener mixture is spread over
it on which again neem ﬁbres are spread. On the top most
layer, glass ﬁbre is placed and a weight of 18 kg is placed on
it for 20 h for complete curing of the composite. The same
procedure is repeated for abaca–glass ﬁbre composite and
also for abaca, neem and glass ﬁbre hybrid composites. In
this work, three types of composites namely type I, II and III

3. Testing of materials
In this work, testing of composite is done in Omega inspection and analysis laboratory, Chennai which is fully equipped
to test and inspect varieties of materials, metals and alloys.
Specimens are cut as per ASTM standard with abrasive jet
machining process at Ambattur, Chennai.
3.1 Tensile test

3.2 Flexural test
The ﬂexural test measures behaviour of materials subjected
to simple beam loading, which is also called as transverse
beam test. Flexural strength is deﬁned as the maximum stress
in the outermost ﬁbre of the composite laminate. Maximum
ﬁbre stress and maximum strain are calculated for increments
of load. Results are plotted in a stress–strain diagram. In this
work, a three-point ﬂexural test was performed by preparing
the specimen as per ASTM: D790 standard, which is shown
in ﬁgure 4. The ﬂexural load is applied at the beam’s centre
point of composite, which has a span of 150 mm. The load
continued till the beam bends and fractures. The breaking load
and displacement are noted from which ﬂexural strength and
strain are calculated.
3.3 Double shear test

Figure 1. Hand lay up process.

In this test, the specimen is inserted in the shear test attachment
of a UTM by preparing the specimen as per ASTM: D5379, as
shown in ﬁgure 5. The load is applied such that the specimen
breaks in two or three pieces. If the specimen breaks in two
pieces, then it is called single shear when it breaks in three
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Figure 2. (a) Type 1 composite (ﬁbres in horizontal orientation), (b) type 2 composite (ﬁbres in vertical orientation) and (c) type 3
composite (ﬁbres in inclined orientation).

Figure 3. Tensile test specimen (ASTM: D-638).

Figure 4. Flexural test specimen.

pieces, then it is called as double shear. In this work, during
testing at a particular stage straight fracture occurs, breaking
the test piece into three pieces. Maximum load recorded by
the pointer is noted, which is known as breaking load along
with displacement.

with a relatively ﬂexible adherent and the relatively ﬂexible
facing of a composite structure is determined. To ﬁnd the
internal mode of failure, the specimen is prepared according
to the ASTM: D5528 standard as shown in ﬁgure 6. Load is
applied in the specimen until it fractures. The break load and
displacement are noticed.

3.4 Inter-delamination test
3.5 Impact test
A climbing drum test is a typical peel testing method used
to determine the de-lamination characteristics of composite
material. By this test, the peel resistance of adhesive bonds

This test is performed to ﬁnd the energy absorbed by the composite specimen while dropping a pendulum from an angle of
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Figure 5. Double shear test specimen.

Figure 6. Inter-delamination test specimen.

Figure 7. Impact test specimen.

135◦ to hit and fracture the specimen. In this work, ASTM:
D256 standard is used to prepare the sample for conducting
Charpy impact test as shown in ﬁgure 7. During testing, the
amount of energy absorbed during breaking of the specimen
is noted.

4. Result and discussions
4.1 Type I (parallel orientation composite)
4.1a Tensile test: The stress vs. stain comparison of tensile
test for the three types of type I composite is shown in ﬁgure 8.
From the above graph, it is inferred that composite 3, which
has a composition of abaca, neem and glass ﬁbre has greater
tensile strength than other two composites. This is because of
the presence of the equal amount of abaca and neem ﬁbre in the
composite, which enables it to resist high tensile load during

Figure 8. Result of tensile test—type I.

pulling. Moreover, high tensile modulus of abaca makes it
to stand more load than other composites. It is observed that
the yield stress of composite 3 is 0.096 kN mm−2 while for
composite 1 is 0.081 kN mm−2 .
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Figure 9. Result of ﬂexural test—type I.

Figure 11. Result of double shear test—type II.

Figure 10. Result of inter-delamination test—type I.
Figure 12. Result of impact test—type I.

4.1b Flexural test: The ﬁgure 9 shows stress vs. strain of
ﬂexural test of type I composite. From the above graph, it is
clear that composite 3 has higher ﬂexural strength than any
other two composites. The ﬂexural strength of composite 1 is
much lesser than that of composites 2 and 3. The composite
3 has the yield stress of 0.0159 kN mm−2 .
4.1c Inter-delamination test: In composites and other layered materials delamination occurs due to cyclic stresses
which lead to the separation of laminate from reinforcement.
Figure 10 shows, stress vs. strain of inter-delamination for
three composites. Composite 3, has an equal amount of abaca
and neem ﬁbres, which results in delayed crack initiation.
Owing to the presence of glass ﬁbre with only neem and abaca
ﬁbre, composites 1 and 2 have less delamination strength than
composite 3. This higher yield stress is due to the presence
of higher quantity of abaca and neem ﬁbre and also due to
the arrangement of ﬁbres in 90◦ orientation, which makes the
ﬁbres to have continuous bonding on the entire layer.
4.1d Double shear test: The stress vs. strain of double
shear test of type II composites is shown in ﬁgure 11. Like the
other test, in this test also the composite 3 has a higher yield
stress of 0.072 kN mm−2 , which is due to the perpendicular
orientation of ﬁbre arrangement and owing to the presence of
both ﬁbres as well, which make the composite to resist the
shear failure.
4.1e Impact test: Figure 12 shows the result of impact
test of type I composite. From the graph it is clear that hybrid

composite 3 absorbs more energy than other composites
because of the presence of equal quantity of abaca and neem
ﬁbre as compared to other composites. Since composites 1 and
2 contain only single ﬁbres, their energy absorption capability
is less than composite 3.
Results of all the tests of type I composite is furnished in
table 1. From table 1 it is clear that composite 3 has good
mechanical properties as compared to the other two composites. This is because of the presence of both abaca and
neem ﬁbres, which increase the mechanical strength of the
composite laminate. Moreover, the load carrying behaviour
of both ﬁbres combines together and increases the mechanical strength of composites.
It is concluded that tensile and ﬂexural strengths of type-I
composite are higher than Abaca and Jute hybrid composite with parallel orientation. This is due to the presence
of the neem ﬁbre along with abaca ﬁbre. In addition, the
parallel orientation increases the surface contact of ﬁbres.
Maximum tensile strength of abaca–neem hybrid composite is 94–102 MPa, whereas abaca jute hybrid composite
is 54.66 MPa. Similarly, ﬂexural strength of abaca–neem
composite is 13–22 MPa, whereas abaca–jute composite is
3.684 MPa. Moreover, impact and double sheer behaviour of
abaca–neem composite are better than abaca–jute composite
[10].
4.2 Result of type II composite (90◦ orientation)
In this section, the result of type II composites is discussed
along with various test results.
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Table 1.

Consolidated result of type I composite.

Name of
composite
Composite 1
Composite 2
Composite 3

Maximum tensile
stress (kN mm−2 )

Maximum ﬂexural
stress (kN mm−2 )

Maximum double shear
stress (kN mm−2 )

Maximum delamination
stress (kN mm−2 )

Maximum energy
absorbed (J)

0.083
0.086
0.091

0.0078
0.0145
0.0159

0.045
0.055
0.080

0.005
0.011
0.017

10
11.5
13

Figure 13. Result of tensile test—type II.

Figure 15. Result of inter-delamination test—type II.

Figure 14. Result of ﬂexural test—type II.
Figure 16. Result of double shear test—type II.

4.2a Tensile test: The results of the tensile test for three
composites of type II is shown in ﬁgure 13. From the above
graph, it is found that composite 3, which has greater yield
stress than the other composites is because of the presence of
equal amounts of abaca and neem ﬁbre. It is observed from
the results that yield stress of composite 3 is 0.102 kN mm−2 ,
which is comparatively more than tensile result of type I.
4.2b Flexural test: Figure 14 shows stress vs. strain of
ﬂexural test of the three composites. From the above graph
it is found that composite 3 has the higher ﬂexural stress
of 0.021 kN mm−2 , which is higher than type I composite.
In addition, composite 1 withstands much lesser stress than
that of composites 2, because in type II composite ﬁbres are
arranged at 90◦ orientation that imparts sufﬁcient strength to
the composite against transverse bending during ﬂexural test,
which is not possible in case of type I composite.
4.2c Inter-delamination test: Figure 15 shows stress vs.
strain of inter-delamination behaviour of three composites.

Similar to the tensile and ﬂexural properties, here composite
3 shows higher yield stress of 0.0159 kN mm−2 as well.
4.2d Double shear test: Figure 16 represents stress vs.
strain of double shear test. Like other properties, double shear
behaviour of composite 3 is high as 0.080 kN mm−2 , which
is more than the other two types of composites.
4.2e Impact test: Figure 17 shows the impact behaviour of
type II composite. From the graph it is clear that composite 3
absorbs more energy due to hybridization of abaca and neem
ﬁbres.
Mechanical properties of all types of composites of type
II is furnished in table 2. From this table it is evident that
composite 3 shows better mechanical behaviour among its
composites, which is the result of presence of both ﬁbres in
the laminate.
It is observed from table 2 that perpendicular orientation
of ﬁbre arrangement is having its impact on the strength of
the composite. The tensile and ﬂexural strengths of type II
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Figure 17. Result of impact test—type II.

Figure 18. Result of tensile test—type III.

composite made up of abaca–neem are higher than abaca–
jute composites. It is found that abaca–neem composite has
tensile strength of 83–91 MPa, whereas abaca–jute composite
has 57 MPa [28]. This is because of the presence of high
tensile strength neem ﬁbre in the composite. In addition, it is
noted that ﬂexural strength of abaca–neem composite is 7.8–
15.9 MPa while abaca–jute composite shows 12.1 MPa, which
is nearer to abaca–neem composite [28]. It was found that
ﬂexural strength of abaca–rafﬁa composite is 9 MPa as well,
which falls in the same range of abaca–neem composite [29].
Moreover, impact and double shear behaviours of abaca–jute
composite fall in the range of abaca–neem composite [28].
4.3 Result of type III composite (45◦ inclined orientation)
4.3a Tensile test: Figure 18 shows, the stress vs. stain comparison of tensile test result for type III composite. From the
above graph it is clear that composite 3, which has equal composition of abaca and neem ﬁbre has greater yield stress than
the other two composites. The yield stress of composite 3
is 0.1201 kN mm−2 , which is comparatively more than the
other types of composites. This is owing to the arrangement
of ﬁbres in 45◦ inclined orientation, which in turn increases
contact area between two layers of composite when compared
with other two types. Moreover, ﬁbre hybridization has its
own effect on strength of the composite, which is clear from
the test value.
4.3b Flexural test: The result of ﬂexural test of the three
composites is shown in ﬁgure 19. From the above graph,
it observed that composite 3 has higher yield stress of
0.0265 kN mm−2 than composites 1 and 2. From this it is
Table 2.

Figure 19. Result of ﬂexural test—type III.

clear that hybridization of abaca and neem ﬁbre with 45◦ orientation resists the bending of the outer most layer of the
composite laminate, which in turn results in high ﬂexural
strength of composite 3 than others.
4.3c Inter-delamination test: Stress vs. strain relation of
inter-delamination test of composites is furnished in ﬁgure 20. Here, the composite 3 has a greater yield stress of
0.0175 kN mm−2 , which is owing to the presence of the equal
amount of abaca and neem ﬁbre with 45◦ inclined orientation
that increases area of contact between ﬁbres.
4.4 Double shear test
Figure 21 shows stress vs. strain of the double shear test of
three composites of type III. The result shows that composite
3 has a maximum value of 0.082 kN mm−2 . This value is
higher than other composites of type I, II and III. From this it
can be concluded that ﬁbres arranged in 45◦ orientation will

Consolidated result of type II composite.

Name of
composite
Composite 1
Composite 2
Composite 3

Maximum tensile
stress (kN mm−2 )

Maximum ﬂexural
stress (kN mm−2 )

Maximum double shear
stress (kN mm−2 )

Maximum delamination
stress (kN mm−2 )

Maximum energy
absorbed (J)

0.094
0.092
0.102

0.013
0.016
0.022

0.039
0.050
0.072

0.003
0.008
0.016

11.5
12.5
14
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From table 3 it is observed that composite 3 shows more
ﬂexural and de-lamination behaviour as compared to other
composites. In addition, it shows that other properties namely
tensile, double shear and impact strength are higher than other
composites. This is because of the presence of abaca and neem
ﬁbre that are arranged in 45◦ inclination. The inclined arrangement of ﬁbre increases the contact area among ﬁbres, which
in turn improves all the mechanical properties of composites.
It is noted that tensile strength of type-III abaca–neem
composite falls in the range of 90–120.1 MPa, although
treated abaca polypropylene composite shows a maximum
of 80 MPa from which it is clear that reinforcement of neem
increases the tensile behaviour of composite [27]. It is also
clear that abaca–jute composite has tensile strength in the
range of 47.83–70.25 MPa, which is less than the abaca–neem
composite [10]. In addition, ﬂexural strength of abaca–jute
composite is less than abaca–neem composite, which is in the
range of 14–26.5 MPa. Similarly, maximum energy absorbed
by abaca–jute composite is 4.8 J, whereas abaca–neem composite shows 20.5 J.

Figure 20. Result of inter-delamination test—type III.

5. Morphological analysis
Figure 21. Result of double shear test—type III.

Figure 22. Result of impact test—type III.

show good shear behaviour when compared with other two
orientations.
4.4a Impact test: Figure 22 shows impact behaviour of
type III composite from which it is clear that composite 3
absorbs more energy because of hybridization of abaca and
neem ﬁbre. It is also observed that ﬁbres with orientation of
45◦ increases the ﬁbre density in the composite laminate in
comparison with other two types, which helps in absorbing
more energy.
Table 3.

Morphological analysis is done to analyse the internal surface
characteristics of the tested composite samples using SEM.
For conducting this analysis, the samples of various tests are
dried and coated with 15–20 nm thick layer of gold with an ion
sputter coating device. After that the specimens are inspected
by SEM. The interfacial adhesion between matrix and the
ﬁbre is clearly seen from the scanning electron micrographs.
Figure 23 shows the SEM image of tensile-tested specimen
of composite 1. Fibre pull out and resin run out are observed
in the image, which is because of improper layering of ﬁbres
during fabrication that results in composite breakage during
initial loading. This can be solved by proper cleaning, combing and layering of ﬁbres at the time of composite fabrication.
Figure 24 shows SEM image of ﬂexural-tested specimen
of composite 2. Resin block and accumulation is observed
in the sample that results in ﬁbre breakage and crack propagation. This can be avoided by proper mixing of resin and
hardener, by giving proper curing time and placing weights
on the composite.
Figure 25 shows internal ﬁbre arrangement of impact-tested
specimen of composite 3. More number of cavities and ﬁbre
cracks are observed in the specimen, which results in the
reduction in strength of the material. This can be avoided
by proper distribution of resin hardener mixture.

Consolidated result of type III composite.

Name of
composite
Composite 1
Composite 2
Composite 3

Maximum tensile
stress (kN mm−2 )
0.09
0.100
0.1201

Maximum ﬂexural
stress (kN mm−2 )

Maximum double shear
stress (kN mm−2 )

Maximum delamination
stress (kN mm−2 )

Maximum energy
absorbed (J)

0.014
0.023
0.0265

0.059
0.040
0.08

0.007
0.009
0.018

15.5
18
20.5

782
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Figure 23. SEM image of tensile-tested composite 1.

Figure 24. SEM image of composite 2.

Figure 25. SEM image of composite 3.

6. Conclusion
In this work, composites are fabricated with abaca, neem,
and abaca + neem ﬁbres and it is concluded that the hybrid
composite consists of abaca and neem ﬁbres, which give better
mechanical properties than the other two. It is also concluded
that ﬁbres arranged in 45◦ orientations have better mechanical
properties than ﬁbres in horizontal and vertical orientation.
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