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ABSTRACT - Composite is the combination of two or more materials that differ in properties and 25(2525: T!Si-rsoegzom
composition to form unique properties. This paper reported the deformation of hybrid composite Revised: 28 Oct 2021
under tensile, shear and flexural loading. This review provides insight and state of the art for Accepted: 17t Nov 2021
mechanics of composites that provides underlying theory for understanding the deformation and

behaviour for the hybrid composite under various loading conditions. This paper also discusses KEYWORDS
mechanical behaviour of hybrid composites under static loading (Tensile, Shear, Flexural). It is Carbon Glass Fibre
essential to understand the principle that governs the mechanics of composites of laminate under Reinforced

loading which also applicable to hybrid composites C/GFRP.The high modulus fibre, such as ;yb;’,d Qon;;;oszterf
Carbon fibre offers stiffness and load bearing capabilities, whereas the low modulus fibre, such as S;:afnlca roperties
glass fibre makes the composite more durable and low in cost. Flexural

INTRODUCTION

Composite is the combination of two or more materials that differ in properties and composition to form unique
properties. Normally, composite increase of the durability or strength over many other materials at the same time may
provide additional benefits such as resistance corrosion [1]. Fibre reinforced plastic (FRP) is a type of composite material
produced by polymer matrix reinforced with fibres. Composite materials become a popular choice compared to the
traditional materials due to their mechanical properties such as high strength and stiffness that are beneficial to application
in the marine, automotive and aerospace industries [2]. Glass, carbon, graphite, and aramid fibres have been widely used,
based on their applications although other materials are also available such as kevlar and wood. The availability of various
composite materials ensures that range of FRP materials are used for many structural applications as shown in Figure 1.
It depicts the practical application of GFRP and CFRP under the segment of the combination plastics and ceramics &
glasses. The high strength to weight ratio of the FRP materials may be customized in order to design optimal structures
compared to traditional structures which made using metal alloys [3].

HYBRID COMPOSITES CARBON/GLASS FIBRE REINFORCED POLYMER (C/GFRP)

Hybrid composites are formed by more than two different fibres incorporate into a type of matrix to provide specific
performance attributes. Hybrid composites are often made by combining the high and low modulus fibres. Nevertheless,
the optimum arrangement between these fibres is still under comprehensive investigation.
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Figure 1. Positioning Of Classes Of Engineering Materials Showing The Advancement Of Composites [1]

Compared to conventional fibre reinforced polymer (FRP) such as Carbon Fibre Reinforced Polymer (CFRP) and
Glass Fibre Reinforced Polymer (GFRP), hybrid composite materials improved the mechanical properties by work
together for even stronger performance. Generally, hybrid composite consists of more than one reinforcing sections or
multiple reinforcing or multiple matrix section or single reinforcing phase with multiple matrix phase. As a result of
compromise between the materials within the hybrid composite, the deformation and stress analysis are to be evaluated
and tailored as each constituent of material carry their own desired mechanical properties according to performance
requirement [4]. As the hybrid composite continued to gain the popularity, the research study regarding the mechanical
properties and performance of hybrid composite with latest input could be the parameters for composite designer,
engineers and practitioners to optimize hybrid composite performance for their latest development of structural
components. Even though in general principle of hybrid composite that the multiple types of fibre may be incorporated
into a matrix, however the synergy of two types of fibre would be the most practical and less complex process involved
[1]. Hybrid composite evolved as an innovation and alternative to conventional composite which consist only one type
of fibre. Hybrid composites which made up of several different components claimed to have special features that can be
designed to specific conditions for endless design possibilities in more economical way comparing with the conventional
composite.

Mechanical properties play important role in determining between stiff and strong materials from mechanical
deformation and behavioral perspective; whether static or dynamic loading and uniaxial or multi axial loading. The
interesting question always queried among researchers and industrial practitioners as how does the deformation of hybrid
composite under static loading differ from conventional composite. As the properties of glass fibre having lower tensile
modulus and higher failure to strain as compared to carbon fibre, glass fibre acts as improvement to the hybrid composite
structure. The tensile properties such as tensile modulus in longitudinal/transverse direction, tensile strength in
longitudinal/transverse direction, failure strain in longitudinal/transverse direction are more important to take into account
together with cost saving [5]. The properties such as fibre content, orientation, dimension of constituent fibres (diameter),
level of intermixing of fibres, interface bonding between fibre and matrix, and arrangement of fibres between different
types of fibres, influences the mechanical properties of hybrid composite whereas the strength of hybrid composite relies
on failure strains of each fibres where higher failure strain on one type of fibre could satisfy the others [4],[6]. The
modulus of elasticity and improved tensile strength of hybrid composite could bring the greater impact on the application
in industry such as aerospace, automotive, marine etc. The fact that tensile strength of the hybrid composite lies between
solid CFRP and solid GFRP because of the mechanical properties of GFRP bring the improvement to the modulus of
elasticity and tensile strength of hybrid composite [7]. Advantages of hybrid composite can be seen in terms of improved
stiffness and strength, enhanced bending properties, improvement of distortion stability, reduced weight and cost,
improved fatigue resistance, decrement of notch sensitivity, better fracture toughness and crack arresting abilities as well
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as resistance to impact [8],[9]. Hybrid composites can be considered among best options in materials design which in
some circumstances single constituent fibre composites could not meet required specifications. Hence various aspects
must be taken into consideration for a given structural composite design which incorporates modulus of elasticity, strain
to failure, strength, damage behaviour, impact characterization and dynamic loading, manufacturing, density etc [10].

Carbon fibre which possesses low elongation at break (approximately about 2%), leads to the brittle fracture of its
composites. Hybridization from the use of two or more types of fibres reinforced the same resin, the disadvantages of one
type fibres can be trade off by the advantages of the others [5]. It also provides synergetic increase of the failure strain
of low elongation fibres when hybridised with higher elongation fibres. Meaning that the Carbon Fibre has a very low
strain to failure and regarded as a disadvantage when utilized as structural members that are subjected to tensile,
compressive, shear and or/flexural loading. On the other hand, glass fibres which have much lower strength than carbon
fibres but are much tougher due to having a higher strain-to-failure. It has been proved that incorporation of GF into CF
is possible with a view to improve the failure strain of CFRP, turning the materials to a combination system called hybrids
[11],[12]. Apart from the toughness issue, CF are also very expensive which is regarded as the main drawback why CFRP
are only popular in aero industries and automotive sector where weight saving is considered to be the primary concern
[12]. GF are cheaper than CF and the glass fibre reinforced polymers (GFRP) have been increasingly utilized to substitute
steel in automotive industry. Hybridization of GF into CF selectively could be an effective means to reduce vehicle weight
without implying high cost [13].

CHALLENGES IN DESIGNING HYBRID COMPOSITE C/GFRP

Although the innovative fibre hybridization has been around for quite some time [14 ], [15 ] a recent frontier of new
materials creates new and exciting possibilities for obtaining superior hybrid composites tailored for particular
applications. In order to achieve both design adaptability and reduction of cost, there is a need to develop the carbon/glass
hybrid composite and evaluate its mechanical properties. This is a major challenge that can only be met through an
understanding of the relationships between materials architecture and mechanical response, as well as observing
microstructure formation. Problems arise, however, when attempts are made to predict processes of failure. The failure
of composites is almost always a complex process [16]-[18]. Damage accumulates in a widespread fashion in composites,
and many individual processes occur at the micro structural level [19],[20]. Apart from that, there are debates on whether
hybridization of CFRP/GFRP exhibits unique deformation for distinct layups of Unidirectional [21], Balanced Crossply
[22], Quasi Isotropic [23] under tensile, flexural loading and their failure modes. The general finding was that quasi-UD
composites exhibit nonlinear stress-strain behavior when they were subjected to transverse loading [17]. Strength is more
difficult to predict than elastic properties because it depends on the mechanisms of damage accumulation and failure as
well as on the properties of the constituents [24],[25]. Digital image correlation methods (DIC) first been developed in
the early 1980s has influenced positively in the field of mechanics of solids and structures and it is still experiencing
interesting developments [26]-[28]. The idea is to measure the displacement fields of surfaces of stressed specimens and
structures from images acquired at different stages of loading. A specific advantage of this tool is that it exploits numerical
images that usually acquired by optical means. More generally, full-field measurements constitute an opportunity to
bridge the gap between experiments and simulations allowing for direct displacement and strain comparisons
[271,[29],[30].

MECHANICS OF HYBRID COMPOSITE C/GFRP

In The stress-strain relationship is an essential principle for mechanics of composite study. Material under study;
CFRP and GFRP are both unidirectional (UD) composites which possess orthotropic material properties which have
different elasticity deformation behavior at longitudinal and transversal direction with respect to fibre orientation. For an
orthotropic system, the stress strain relationship is given as follow [31],[32]:

o, = E,& and o, = E,&, Q)

the relation between the stress and strain in terms of the compliance matrix and the stiffness matrix are given as
follows [31], [34 ]:

g3 Qi1 Qi 0 &1
O2|= |Q2z Q22 O €2
T12 0 0 st Y12 (2)
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where matrix is the compliance matrix and [Q] is the stiffness matrix. If the lamina is loaded at some angle other than 0°
or 90°, the stresses and strains will not be the same since they are vectors and therefore a relation needs to be derived
which considers the general angle at which the lamina is oriented. The constitutive equations that relate to stress and
strain behavior of composite laminate are based on Composite Laminate Theory. This relation gives understanding on
behavior with respect to extension, bending and coupling of composite laminate [31],[34].

Carbon and Glass Fibre Reinforced Polymer Characteristics

Proper selection of the fiber type is very important, since it influences the characteristics of a composite laminate.
Accordingly, in this review two types of fibers have been study . These are E-glass fiber and carbon fiber. E-glass has the
lowest cost of all commercially available reinforcing fibers, which is the reason for its widespread use in the FRP industry.
In an example, there was a study in construction industry where the use of carbon fibers and glass fibers were combined
to strengthen concrete flexural members. It is observed that when carbon and glass fibers are hybridized, an ultimate
strain at the first fiber (carbon) rupture even higher than the ultimate strain of the second fiber (glass only) [35]. Swolf et
al [36] discovered that some current trends in fibre hybridisation, such as pseudo-ductility, ductile fibres and natural fibre
hybrids, are anticipated to play major role in the new developments of hybrid composites. An experimental investigation
was performed to determine the effective mechanical properties of the flanges and web of the hybrid FRP composite
girder [37]. The innovative feature of this composite girder enhances the combined use of carbon fibre reinforced polymer
(CFRP) and glass fibre reinforced polymer (GFRP) for maximum structural performance while decreasing the
construction cost [37].

Carbon Fibre Reinforced Polymer (CFRP)

Carbon fibre is made of carbon crystals aligned in a longitudinal axis. It is a lightweight and yet strong material
compared to steel, and weighs about one-tenth of conventional steel [1]. The properties of carbon fibres include high
stiffness, high tensile strength, least weight, high resistance towards chemicals, high tolerance on temperature and low
thermal expansion. It possesses a high modulus because of the highly graphitized structure of pitch-based carbon fibres
[38]. It is commercially used in aerospace, civil engineering, and motorsports industries. However, it is relatively
expensive compared to the other fibres, such as glass fibre. Rahmani et al [39] studied the T700 CFRP as used in
aerospace industry on its elastic properties with fabrication of some laminated samples with cross-ply configuration. They
found that tensile properties influenctial factor of the laminated composites were the fibre orientations. In other work,
Bitkina et al , [40] performed on experimental of the effect of disorientation angle on the deformation of carbon composite
plates. These results are applicable to industrial scenario because eight-layer carbon composite structures have various
applications such as aviation, wind turbine, aerospace, etc. It is found that by increasing of disorientation angle has
increased the deformation of the composite structures, because that disorientation angle affects the symmetry of the
composite layered structure.

Glass Fibre Reinforced Polymer (GFRP)

Glass fibre is the most commonly used composite in the composites industry. E-glass, S glass, R glass and Z glass
are the varieties of glass fibre used in composite. The presence of GFRP polymer matrix produces an attractive
combination of physical and mechanical properties that cannot be obtained by monolithic based materials [41]. GFRP is
a strong lightweight material which can be moulded into complex shapes that can be used in many products. Although it
is not as strong and stiff as CFRP, it is less brittle and cheaper [1]. Hybrid composites for this study comprises of Carbon
Fibre Reinforced Polymer (CFRP) which possesses high-modulus fibre, high strength and high cost with Glass Fibre
Reinforced Polymer (GFRP) which associated with low modulus, slightly lower tensile strength, higher flexural strength
and low cost [42]. In a study on in-plane shear properties of cross-ply laminates with different off-axis angles, the
mechanical, dynamics, tribological and thermal properties of GFRP composites have been discussed [43]. It is obtained
that, modulus of elasticity of the composite increased with the fiber glass Vf, volume fraction. Ultimate tensile strength
and flexural strength of the fiber glass polyester composite increased with increase in the fiber glass Vf ,volume fraction
[44]. A unidirectional (UD) fabric is one in which the majority of fibres run in one direction only. The main intention is
being to hold the primary fibres in position, although the other fibres may also offer some structural properties. This
results in the highest possible fibre properties from a fabric in composite component construction for loading at fibre the
principal direction i.e. 0o [45]. The in-plane shear characterization has been carried out on carbon fibre reinforced
unidirectional laminate with several fibre orientation angles: 10°, 20°, 30°, and 45° [25], [46], [47]. The basic working
principles are to utilize 0° prepreg for bending stiffness and + 45° prepreg for torsional stiffness and anything in between
depending on the desired combination.
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MECHANICAL BEHAVIOUR OF HYBRID C/GFRP UNDER STATIC LOADING (TENSILE, SHEAR AND FLEXURAL)

A number of literatures been reviewed on tensile behavior of the hybrid compaosite under static loading. In one study, the
tensile and compressive loading tests on hybrid glass/carbon fabric composites have been performed and the important
observation was that by positioning glass fabric layers in the exterior layup and carbon fabric layers in the interior, higher
tensile strength and ultimate tensile strain were obtained [9]. It is found that even though carbon fibre reinforced polymer
and glass fibre reinforced polymer are quasi brittle materials, they can exhibit pseudo ductility when they are hybridised
in a practical way [36]. A preliminary study on the performance and their comparison of hybrid and the non-hybrid
composite were reported in [48]. It was reported that the tensile properties of the hybrid composite fall in between non-
hybrid (baseline) composite properties. Among the hybrid composites tested, the filament wound composites
demonstrated marginally better tensile strength and stiffness as compared to hybrid fabrics as shown in Figure 2. The
authors opined that optimizing fibre architecture and its parameters are important for developing new hybrid fabrics for
composite product developments [48]. This is due to the fact that, filament winding involves the use of very long
continuous fibers. This improves strength of the composite whereby discontinuities in the fibers will not transfer load as
well [49]. High modulus is attained due to intermittent control of fiber angle [50]. It relates to this study where quasi
isotropic layup of hybrid composites with significant £45° layup similar to filament winding orientation that is expected
to possess much higher mechanical properties than balanced crossply hybrid composite.

Tensile Behavior of Hybrid C/CFRP
This chart showed the comparisons of hybrid and Non-hybrid Stiffness.
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Figure 2. The Comparisons of Hybrid and Non Hybrid Stiffness [48]

Irina et al (2015), studied on three different types of hybrid arrangement of carbon fibre and E glass fibre were
experimentally tested: [CWW]6, [BC]6, and [CBBC]3, where C, W, and B denotes carbon fibre, E glass plain woven and
E glass stitch biaxial (£45°), respectively. Tensile test showed that the [CWCW]6 arrangement, which C and W formed
by weaved carbon fibre and glass fibre provided the best mechanical properties. It was shown that the Carbon and Woven
Glass Fibres in [CWW]6 arrangement was able to withstand loading in the direction of 0° fabrics. The tensile properties
of the composites evaluated is shown in Figure 3. It depicts the influence of biaxial layup in reduced value of tensile
strength and tensile modulus which due to failure on in-plane shear direction. The pattern of weave, they are strong at
stresses and other directions where stresses untangle them. By packing the fibers pack together, also can provide stronger
yarn due to increase in secondary bonding forces between them [52],[53]. This relates to quasi-isotropic layup under
study which having an orientation almost similar to weave design.
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Figure 3. Tensile Properties Obtained from Different Arrangement of Hybrid Composite [51]

In a different study, Wisnom et at (2014) reported the improvement of strain failure up to 20% for very thin plies UD
hybrid composites (S-glass/epoxy and thin carbon/epoxy), meanwhile no significant improvement was observed for
thicker laminates [54]. Zhang et al. [55] studied the mechanical behavior of hybrid composites made of carbon/glass
reinforcements, and the processing method of wet layup is concluded to be not a best practice for obtaining high-quality
laminates. They studied a set of five types of composite arrangement of [C]s, [C2G2]s, [CG3]s, [CGCG]s and [G]s
composites, tested under static loading. They concluded on the findings that to enhance the tensile, compressive and
flexural strength of plain glass fibre composite, the composition of (50:50) glass/carbon fibre is implemented by
positioning the carbon layers at the exterior layup or by arranging at different fibre types alternately. It is further
demonstrated that the stacking sequence is insignificant with regards to tensile properties but significantly influence the
flexural and compressive properties. Baba et al [56] reported the findings of the mechanical and physical mode of hybrid
glass fibre reinforced plastic (GFRP). Hybrid GFRP is formed by three types of glass fibre which are 3D, woven type and
chopped type that are mixed with polyester resin as well as a hardener. A parametric study is carried out by varying three
parameters namely volume fractions, hybrid GFRP sequence, and single fibre. It was concluded that woven type recorded
the highest value of modulus elasticity owing to its stiff and dense geometry as shown in Figure 4. Besides that, the mat
interlocking pattern provides advantages for providing anisotropic behaviour [56]. This mechanism improves the fiber-
matrix interfacial shear strength.
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Figure 4 Mechanical Properties of Hybrid Woven GFRP Varying Fibre Volume Fraction [56]

Shear Behaviour of Hybrid C/GFRP

In real engineering scenario, part or structural component is subjected to multiaxial loading and including shear [1].
Various techniques have been used by scholars to compute shear modulus and shear strength of unidirectional composites.
The determination of shear modulus can be predicted with high accuracy via experimental methods such as using the off-
axis tensile test and losipescu shear test method which are able to produce a perfect shear field on the V-notch region to
determine the shear strength [57]. In orthotropic materials, the shear modulus is an independent mechanical property
which must be computed for each different material. The typical method of computing this form of modulus is to establish
the specimen geometry and the loading system which form a state of pure shear with respect to the principal material
directions [47]. The shear stress (t) is obtained from the measured load divided by the cross-sectional area in shear. The
shear modulus is determined from:

_ TI_\'
G2 =—"
Yxy

©)

where the 1-2 subscripts denote to the principal material directions [1].

The off-axis tensile test has been a fundamental technique for characterizing the mechanical response on shear
deformation of unidirectional composite materials. In a highly cited paper on an off-axis shear test of composite material
[57], a combined theoretical/experimental study was performed to assess the practicality of 100 off-axis tensile test
specimen for intralaminar shear loading characterization of unidirectional composites. Strain gauges were attached on the
surface of coupons to determine strain across coupon width as well as coupon mid length as well as near end tabs. The
specimens are made from Carbon T300/epoxy and S-glass/epoxy for the off-axis shear testing. It was found that the 10°
off-axis tensile test sample is feasible for intralaminar shear characterization. It is suggested that it should be selected as
a possible standard test specimen for shear characterization [57].

It is suggested that the use of oblique tabs could provide a more uniform shear displacement field in the specimen
[47],[58]. However, Balakrishnan et al. [59] performed the 10° off-axis test on a unidirectional carbon fibre/epoxy
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composite with straight tabs and reported that more than half of the specimens failed in the gauge section (instead of the
gripped section), which suggests that the parasitic shear stresses were negligible [59]. The ASTM standard D 3039-76
proposed the use of tabs that are made of a similar material being tested in order to reduce stress concentrations [60].
Agarwal et al [61] performed a study on the effect of stacking sequence on physical, mechanical and tribological
properties of glass carbon hybrid composites. The testing method employed to determine the shear is by using a short
beam shear via a universal testing machine (UTM). Intralaminar Shear Strength (ILSS) values obtained are higher for
glass/carbon hybrid composites in comparison to glass fabric laminate composites and carbon fabric laminate composites.
They observed that better interfacial bonding was attained when carbon fabrics are used together with glass fabrics. It
was shown that the percentage amount of fabric reinforcement of glass carbon hybrid composites have a significant effect
on the mechanical properties of the composites. Interlaminar shear strength is observed to show an insignificant effect
with the increasing amount of fabric reinforcement [61]. Redda and Alene [62] conducted an experimental analysis of
bamboo and E-Glass fibre reinforced epoxy hybrid composite to characterize the deformation and behaviour for various
loading conditions including shear [62]. The in-plane shear coupon was prepared by off-axis tensile tests of a + 45° (+
45° and — 45° lamina) orientation and produce 2.5 mm thick composite plate, showing that shear stress increased linearly
as the strain increases until the point of ultimate load under shearing load. In a different study by Liang et al. reported
[60], a set of epoxy matrix materials reinforced by unidirectional (UD) carbon tapes, as well as satin and twill carbon,
weaved fabrics composite were prepared. The experimental results show that fabric reinforced composite exhibits a bit
of ductile response in the early phase and shows an improved load bearing ability in the post-yield region as compared to
the unidirectional (UD) fibre composite. It is observed that fabric reinforced composites have a prolonged shear stress-
strain response with higher nonlinearities compared to unidirectional (UD) FRP and it is capable of absorbing more energy
due to higher ultimate stress and strain than unidirectional (UD) composite [60]. Meanwhile, experimental tests of CFRP
and GFRP off-axis textile laminates of £ 45° demonstrated highly nonlinear behaviour as compared to their on-axis
samples. Both CFRP and GFRP * 45° specimens exhibited a large deformation nonlinear behaviour which accounts for
the strain to failure by up to 35% and 30%, respectively [63]. Another significant finding of hybrid composite consisting
of GFRP/Aramid exhibited that glass fibre reinforcement produces an increase in shear modulus than aramid fibre at the
same fibre loading [64]. Moreover, it was reported in different studies that interlaminar shear stresses are responsible for
an important failure mode which is delamination that occurs within the hybrid and non-hybrid composites [65],[66].

Flexural Behaviour of Hybrid C/GFRP

Relative glass to carbon ratios significantly affects the flexural properties. The hybridisation can improve the
flexural properties of hybrid composites. Research performed by Raja and Harirao [65] on three-point bending test on
hybrid composite glass fibre and carbon fibre performed by using 15 kN capacity universal testing machine, they observed
that carbon/glass hybrid laminate with 0°/90° orientation possess higher shear delamination strength as compared to 450
orientation hybrid laminates [65]. Dong et al. [67] investigated the optimal design of hybrid composites. They concluded
that the fibre volume fraction of the glass/epoxy section needs to be higher than the carbon/epoxy section in order to
achieve positive hybrid effects [67]. The hybrid effect is significant when the hybrid ratio is small, which may be attributed
to the relative position of the GFRP layer(s) with respect to the neutral plane. They formulated a simple mathematical
rule to obtain the flexural modulus of the hybrid composites, but the modulus obtained from FEM is higher than the value
obtained from experiments [67]. Computation of FEM found to be higher on modulus of elasticity due to the negligence
of transverse shear deformation computation on through thickness of shell element used in FEM, while result in the
experimental result of deflection is a less than FEM hence decreasing the flexural modulus computed experimentally [3].
Although some investigations on the failure of FRP composites have been carried out, published work concerning the
flexural failure mechanisms of unidirectional carbon and glass fibre hybrid FRP composites is limited.

Significant findings have been observed on the mechanical characterization of woven, cross-ply and quasi-
isotropic made of one constituent of composite material [23],[65],[68]. The relatively low ratio of the compressive to the
tensile strength of carbon fibre may be a disadvantage to the use of carbon fibre reinforced polymers (CFRP) composites
as structural elements members subjected to compressive and flexural loading [69]. Wonderly et al [70] determined that
the compressive to tensile strength ratio of glass fibre reinforced polymer (GFRP) composite was relatively high at 0.73
[70]. This demonstrates the major influence of layup sequence of CFRP and GFRP on the flexural coupon under flexural
testing since GFRP possesses a considerably high capability of compressive agility as compared to CFRP. Moreover,
Daniel et al. [71] observed that the failure of CF/epoxy composites subjected to compression loading initiated with matrix
shear followed by fibre micro-buckling. Hence, this failure mode is expected to play dominant role in the failure
mechanism of hybrid C/GFRP. Jesthi et al [72] found that the replacement of glass fibre by carbon fibre produced
increment by 62% in the flexural modulus as compared to pure glass fibre composite, and flexural strain to failure
enhanced by 25%. This is fundamentally correct as flexural modulus of CFRP is higher than GFRP [69].In terms of the
interlayer hybrid composite, the stacking sequence of fibre distributes in the top or bottom layers is an essential parameter
that influences the flexural behavior [24],[67],[69],[73]. It was also observed that flexural properties of hybrid composites
could be enhanced as glass fibre positioned in the upper layer and maximum flexural strength could be attained with the
carbon layers at the exterior layup [51]. In addition to the layup structure, the mixed ratio plays a critical role in
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determining the flexural properties [74]. Kalantari et al. [75] used the simulation method to optimize the flexural strength,
and the application of these optimal stacking sequences contribute to the achievement of a positive hybrid effect.

Other literature includes the interlaminar shear strength of multi-walled carbon nanotube, and carbon fibre
reinforced hybrid composite involved short beam shear test 3 points bend loading [76]. It is found that when the transverse
shear load experienced by a laminated hybrid composite exceeds the interlaminar shear strength, a delamination failure
occur between the layers of reinforcing fibres [76]. The failure mode associated with flexural of composite includes
localized damage beneath the loading nose, matrix fretting, compressive kinking and micro damages [77].

CONCLUSION

The paper presented current study with respect to hybrid composite characterization. Complex deformation is expected
for tensile loading, shear loading and bending for hybrid composite.The relation between different compositions of hybrid
composite was studied from tensile properties perspective, shear properties characterization and flexural deformation.
Reinforced hybrid composite by carbon and glass fibres represent an alternative to conventional metal materials and could
find possible applications in modern aircraft for the manufacture of aircraft parts.
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