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ABSTRACT 

Hybrid composite laminates are formed by combining two or more types of reinforcement fibers within a 
polymer matrix to achieve improved strength-to-weight ratio, stiffness, impact resistance, and cost 
effectiveness. In modern aerospace and automotive structures, hybrid composites are increasingly used due to 
their superior mechanical performance and among the major design parameters, fiber orientation and stacking 
sequence significantly influence the structural behavior and failure characteristics of hybrid composite 
laminates. Fiber orientation determines the directional strength and stiffness, whereas stacking sequence 
controls stress distribution through laminate thickness, bending stiffness, interlaminar shear stresses, 
delamination resistance, and fatigue life. This survey paper reviews experimental and numerical research 
works on hybrid composites such as carbon/glass, basalt/carbon, Kevlar/glass, and natural fiber/synthetic fiber 
hybrids. The effect of ply orientation (0°, ±45°, 90°) and stacking sequences such as symmetric, asymmetric, 
cross-ply, angle-ply, and quasi- isotropic configurations is critically analyzed. The literature reveals that 0° 
plies provide maximum tensile strength, ±45° plies improve shear performance and impact energy absorption, 
while 90° plies contribute to transverse stiffness. Stacking sequence is found to play a dominant role in flexural 
and impact properties, where placing high modulus fibers on outer layers improves bending strength, whereas 
tough fibers on outer layers enhance damage tolerance. Research gaps, challenges, and future scope are also 
discussed. 
 
KEYWORDS: Hybrid composites, fiber orientation, stacking sequence, carbon-glass hybrid, quasi-isotropic 
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1.1 INTRODUCTION 
Composite materials have revolutionized modern 
engineering applications due to their lightweight 
nature and high strength-to-weight ratio. Fiber 
Reinforced Polymer (FRP) composites are 
extensively used in aerospace, marine, automotive, 
and wind energy industries. Hybrid composites 
represent a special class of FRP composites in 
which two or more different fibers are combined 
within the same polymer matrix. Hybridization 
enables engineers to combine advantages of 
different fibers, such as the high stiffness of carbon 
fiber, cost effectiveness of glass fiber, thermal 
resistance of basalt fiber. 
Unlike isotropic metals, composite laminates are 

anisotropic, meaning their mechanical properties 
depend on direction. Therefore, the structural 
response of hybrid composites is governed not only 
by fiber and matrix materials but also by laminate 
architecture. Among the various design variables, 
fiber orientation and stacking sequence have the 
greatest influence on mechanical and thermal 
behavior. 
Fiber orientation refers to the angle at which fibers 
are placed with respect to the loading direction. 
Stacking sequence refers to the arrangement of 
layers (plies) through laminate thickness. Proper 
optimization of these parameters improves tensile 
strength, flexural stiffness, impact energy 
absorption fatigue life, buckling resistance, and 
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vibration characteristics. 
Common hybrid systems include carbon/glass, 
carbon/basalt, Kevlar/glass, and natural-synthetic 
hybrids such as jute/glass or flax/carbon. Carbon 
fibers provide high stiffness and strength but are 
expensive and brittle. 
Glass fibers are low-cost and provide good impact 
resistance. Kevlar fibers offer excellent toughness 
and energy absorption, while basalt fibers provide 
thermal stability and chemical resistance. 
Hybridization enables the designer to combine these 
benefits into a single laminate. 
The mechanical behavior of composite laminates is 
highly anisotropic and depends on fiber direction. 
Therefore, laminate design variables such as fiber 
orientation and stacking sequence play a dominant 
role in controlling tensile strength, flexural stiffness, 
impact resistance, fatigue life, delamination 
behavior, and buckling performance. Optimization 
of these parameters is essential for developing high-
performance hybrid laminates for aerospace 
structural components 

 
TAXONOMY / CLASSIFICATION OF 
HYBRID COMPOSITE LAMINATES 
Hybrid composites can be classified based on 
fiber type, fiber orientation architecture, and 
stacking sequence configuration. 
2.1 Classification Based on Fiber Type Hybrid 

composites can be categorized as: 
(a) Synthetic–Synthetic Hybrid 
Composite. 
These involve combinations of synthetic fibers 
such as: 
 

Carbon/Glass fiber composites Carbon/Basalt fiber 
composites Glass/Kevlar fiber composites 
These are widely used in aerospace and automotive 
applications due to high stiffness and strength. 
 

(b) Natural–Synthetic Hybrid Composites 
These combine natural fibers with synthetic fibers 
such as: Jute/Glass 
Flax/Carbon Kenaf/Glass Banana/Carbon 
These are cost-effective and eco-friendly, but may 
show moisture sensitivity. 

 
(c) Natural–Natural Hybrid Composites 

These involve combinations of natural fibers such as: 
Jute/Banana 
Sisal/Hemp 
 
2.2 Classification Based on Fiber Orientation 
Hybrid laminates can be classified into: 
Unidirectional laminates (0°) Cross-ply laminates 
(0°/90°) Angle-ply laminates (±45°) 
Quasi-isotropic laminates (0°/±45°/90°) 

2.3 Classification Based on Stacking Sequence 
Stacking sequence may be: 
Symmetric laminates: [0/90/±45] Asymmetric 
laminates: [0/45/90] 
Alternating hybrids: [C/G/C/G] or [G/C/G/C] 
Sandwich hybrids: carbon outer layers with glass 
core 
This classification is useful for understanding 
mechanical performance variations. 
 
LITERATURE SERVEY 
 
 
The literature review is categorized into different 
themes based on fiber orientation and stacking 
sequence effects. 
3.1 Effect of Fiber Orientation on Tensile 
Properties 
Fiber orientation significantly affects tensile 
strength and stiffness. Researchers have observed 
that tensile strength is maximum when fibers are 
aligned with the loading direction (0° orientation). 
This is because fibers carry most of the load in the 
longitudinal direction. When fibers are oriented at 
90°, the load is carried mainly by the matrix, 
leading to lower tensile strength and early matrix 
cracking. 
Angle-ply laminates (±45°) provide improved shear 
performance, but tensile strength is reduced 
compared to 0° laminates. Quasi-isotropic laminates 
provide balanced properties in multiple directions, 
making them suitable for aerospace skins. 
 

3.2 Effect of Stacking Sequence on Flexural 
Properties 
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Flexural behavior is strongly influenced by stacking 
sequence because bending stresses are maximum at 
outer surfaces. Many studies show that placing 
carbon fiber layers on outer surfaces increases 
flexural modulus and strength. This is because 
carbon fibers have high stiffness and resist bending 
deformation. 
On the other hand, placing glass or Kevlar layers on 
the outer surfaces improves toughness and reduces 
brittle cracking. Hybrid stacking sequences such as 
[C/G/G/C] provide high stiffness with improved 
damage tolerance. 
 
 
3.3 Impact Resistance and Damage 
Tolerance 
 
Impact resistance is critical in aerospace and 
automotive applications. Hybrid composites 
generally show better impact resistance compared to 
carbon-only composites because glass and Kevlar 
fibers provide higher toughness. Outer layer 
selection plays a major role. Kevlar outer layers 
absorb high impact energy, reducing delamination. 
Carbon outer layers improve stiffness but may 
cause brittle perforation under high impact. 
Alternating stacking sequences can arrest crack 
propagation but may increase interlaminar stresses. 
 
 
3.4 Fatigue Behavior and Durability 
Fatigue life depends on fiber orientation and 
stacking sequence. Symmetric laminates show 
improved fatigue resistance because they reduce 
bending-extension coupling. 0° laminates show 
high fatigue strength under axial loading. Natural 
fiber hybrids are sensitive to moisture absorption, 
which weakens fiber-matrix bonding and reduces 
fatigue performance. 
 
3.5 Numerical Studies and Finite Element 
Analysis 
Finite Element Analysis (FEA) is widely used to 
analyze hybrid composites. Software tools such as 
ANSYS ACP and ABAQUS allow simulation of 
layered composites and prediction of failure. Failure 

criteria such as Tsai-Wu, Tsai-Hill, Puck criteria are 
used. 
FEA helps in optimizing stacking sequence before 
experimental testing. Many studies use progressive 
damage modeling to simulate ply failure and 
delamination growth 
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COMPARATIVE TABLE OF LITERATURE 
 

Table 1: Comparison of Research Papers on Hybrid Composites 
 

S.NO. Author (Year) Hybrid System Orientation / 
Stacking 

Key Findings 

1 Swolf et al. (2014) Carbon/Glass Carbon outer Higher flexural 
stiffness 

2 Sathish et al. (2017) Banana/Kenaf 0°,45°,90° 0° max tensile, 45° 
shear 

3 Fiore et al. (2019) Basalt/Glass Alternating Improved impact 
resistance 

4 Ramesh et al. 
(2020) 

Jute/Glass Glass outer Reduced delamination 

5 Sarani et al. (2021) Kevlar/Carbon Kevlar outer High impact 
absorption 

6 Zhang et al. (2022) Carbon/Glass Quasi-isotropic Balanced stiffness 

7 Almansour et al. 
(2022) 

Basalt/Carbon Symmetric Improved thermal 
stability 

8 Kumar et al. (2023) Carbon/Glass [C/G/G/C] Max flexural modulus 

9 Singh et al. (2023) Flax/Carbon ±45° Better damping 

10 Patel et al. (2023) Kevlar/Glass [0/90] Improved transverse 
strength 

11 Ahmed et al. (2024) Carbon/Basalt Sandwich Better buckling 
resistance 

12 Li et al. (2024) Glass/Carbon Alternating Delamination at 
interface 

13 Sharma et al. 
(2024) 

Jute/Glass Quasi-isotropic Improved impact, 
moisture issue 

14 Recent FEA studies 
(2025) 

Carbon/Glass ANSYS ACP Hashin failure 
validated 

15 Optimization 
studies (2025) 

Hybrid laminate GA+ML Automated stacking 
design 

16 Patel et..al(2023) Kevlar/Glass Cross-ply [0/90] Improved toughness 
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4. DISCUSSION: Trends, Research Gaps and 
Open Challenges 

4.1 Key Trends Observed in Literature 

From the reviewed studies, it is evident that hybrid 
composite performance is strongly dependent on 
laminate architecture. A major trend is the 
increasing preference for carbon/glass hybrid 
laminates in aerospace and automotive structures 
due to their balance between high stiffness 
(carbon) and cost effectiveness + toughness (glass). 
Similarly, Kevlar/glass hybrids are becoming 
common in impact-resistant applications because 
Kevlar enhances energy absorption and damage 
tolerance. 
A consistent trend is that 0° fiber orientation plies 
dominate tensile strength and longitudinal stiffness, 
making them suitable for primary load-carrying 
members. On the other hand, ±45° plies improve 
shear performance and torsional rigidity, which is 
beneficial for components subjected to combined 
loading. 90° plies contribute to transverse stiffness 
and help improve dimensional stability. 
Regarding stacking sequence, many papers 
conclude that placing high modulus fibers (carbon) 
on the outer layers improves flexural stiffness and 
bending strength, because maximum bending 
stresses occur at the laminate surfaces. However, 
for impact applications, it is frequently observed 
that placing tough fibers such as glass or Kevlar on 
the outer layers improves damage tolerance and 
reduces catastrophic brittle fracture. 
Another major trend is the growing use of finite 
element simulation tools such as ANSYS ACP, 
ABAQUS, and LS-DYNA. Researchers 
increasingly use progressive damage modeling and 
failure criteria such as Hashin, Tsai- Wu, Tsai-Hill, 
and Puck to predict laminate failure, delamination 
initiation, and stiffness degradation. 

4.2 Research Gaps Identified 

Despite extensive work on hybrid laminates, 
several gaps remain: 

(a) Limited Standardization of Hybrid Composite 

Design 

Most research is experimental and case-specific. 
There is no widely accepted standardized 
methodology for selecting fiber orientation and 
stacking sequence for hybrid laminates. 

(b) Lack of Full-Scale Structural Testing 

Most studies are limited to coupon-level tests such 
as tensile, flexural, and impact. However, 
aerospace applications require validation on full-
scale components like wing skins, stiffened panels, 
fuselage frames, and bulkheads. 

(c) Poor Understanding of Interfacial Bonding 
effects. 

4.3 Open Challenges 

Several challenges must be addressed for real 
industrial application: 

(a) Delamination and Interlaminar Shear Failure 

Delamination remains the most critical failure 
mechanism in hybrid laminates. This occurs due to 
weak bonding between different fiber layers and 
differences in elastic modulus. 

(b) Manufacturing Defects and Quality Control 

Hand layup and vacuum bagging processes often 
lead to defects such as voids, resin-rich zones, 
fiber waviness, and thickness variations. These 
defects significantly influence fatigue and impact 
properties. 

(c) Complexity in Failure Prediction Models 

Failure in hybrid laminates is complex because 
damage can occur simultaneously in fiber, matrix, 
and interface. Existing failure criteria may not 
accurately predict progressive damage and hybrid 
interface failure. 

(d) Sustainability and Recycling Issues 

Hybrid composites are difficult to recycle because 
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of mixed fiber systems. Recycling and disposal 
remain a major challenge in future composite 
design. 
CONCLUSION 

This survey paper concludes that fiber orientation 
and stacking sequence are the most critical 
parameters governing hybrid composite properties. 
0° fiber orientation provides maximum tensile 
strength and stiffness, ±45° plies enhance shear 
resistance and impact absorption, and 90° plies 
improve transverse stiffness. Stacking sequence 
strongly affects flexural and impact performance. 
Carbon outer layers improve bending stiffness, 
whereas glass or Kevlar outer layers improve 
damage tolerance. Hybrid composite laminates 
provide an effective solution for achieving 
balanced performance in aerospace structures. 
Future developments should focus on optimized 
laminate design using FEA and machine learning 
techniques along with experimental validation for 
aerospace certification. 

 
Future Scope 

Hybrid composite laminates have shown 
significant potential in aerospace, automotive, 
marine, and wind energy structures due to their 
ability to combine the advantages of different 
fibers. However, further research is required to 
improve their reliability, durability, and large-scale 
applicability. Future work should focus on 
developing optimized laminate designs by 
combining experimental studies with advanced 
numerical simulation tools. 
A major future scope lies in the use of multi-
objective optimization techniques such as Genetic 
Algorithms (GA), Particle Swarm Optimization 
(PSO), and Machine Learning (ML) models to 
determine the best combination of fiber orientation 
and stacking sequence for maximum strength-to-
weight ratio, stiffness, and impact resistance. This 
can reduce the trial-and-error approach currently 
followed in laminate design. The use of nano-
fillers such as carbon nanotubes (CNTs), graphene, 
and nanoclay in the matrix can enhance 

interlaminar shear strength and reduce 
delamination. Additionally, the development of 
toughened resin systems can significantly 
improve fracture toughness and damage tolerance. 
Finally, future developments should focus on full-
scale structural testing of hybrid composite 
components such as wing skins, fuselage panels, 
stiffeners, and sandwich structures to validate 
laboratory results. Research on recyclable hybrid 
composites and sustainable eco-friendly hybrids 
will also become important due to increasing 
environmental regulations. 
Overall, the future scope of hybrid composites lies 
in achieving highly optimized, damage-resistant, 
and durable laminate structures through the 
integration of advanced simulation, experimental 
validation, and modern manufacturing 
technologies. 
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