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Hybrid composite materials are turning into an
emerging alternative for traditional materials that
are currently being extensively used in railways for
satisfying specific demands, such as a high strength
to weight ratio, fatigue resistance, vibration control,
resistance towards corrosion, etc. Lightweighting in
the rail industry by using these composite materials
will lead to achieve higher speeds, improve comfort
of the passengers through the novel and modular rail
cars, reduce manufacturing cost through a combination
of intelligent deployment of composite materials,
increase efficiency via faster accelerations, and reduce
braking distances and most importantly reduce the
carbon emission by lowering energy consumptions.
These benefits have urged the research community
to explore the applicability of different composite
materials for the rail industry. The potential choices for
composite materials include substitute incorporates;
interior and exterior shells, passenger amenities,
restroom interiors, exterior attachments, loco pilot
cabinets, doors, ceiling, etc. [1]-[20].

Recently, several studies have suggested that
Fiber Reinforced Polymer (FRP) materials possess
light-weight, high strength, high stiffness value and are
more durable in nature. The prefabricated large-scale
parts of high-speed trains are majorly molded from
FRP. The fibers utilized can be made of glass or carbon,
and at times, paper or wood fibers can be utilized
in biodegradable composites. The polymer matrix
in modern composite materials is usually polyester
thermosetting plastic, epoxy, or vinyl ester.

The main advantages of using FRP composites
in rail infrastructure arise from the material's high
strength-to-weight and stiffness-to-weight ratios,

compared to conventional construction materials such
as steel and reinforced concrete, resulting in lightweight
structures. The FRP materials also exhibit excellent
weather and corrosion resistance, making them suitable
for durable structures with less maintenance. However,
drawbacks, such as the formation of material voids,
creep deformation, limited information on long-term
performance, behavior at elevated temperatures, the
effect of impact, and fatigue loading are some of the
major areas that are being explored by researchers to
overcome the challenges in the use of FRP materials
[21]-[30].

Inthe most recent investigations on the development
of railcar bodies by using CFRP composites, the
question of implementing an integral or a differential
design played a decisive role in the early conceptual
phase. Alternatively, the constitutive approach for the
design of CFRP railcar body has given many advantages,
such as reduction in the cost by the elimination of joints
and enhanced level of lightweight design. On the other
hand, the disadvantages, such as the difficult adherence
to dimensional accuracy for large CFRP components
(lengths > 20 m) due to hygrothermomechanically
and chemically induced shrinkage effects, the limited
possibility of cost-efficient and ergonomic pre-assembly
of submodules, and the limited repair options in the
event of damage issues are being confronted while
using the FRP materials. In contrast, a multi-part
differential design approach of the CFRP railcar
body offers the simple replacement of individual
components in the event of damage, the efficient
pre-assembly of submodules, and the possibility of
targeted tolerance compensation via joints. Furthermore,
the differential design technique makes it easier to
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construct different variants of a single train type that
meets the special needs of different operators, such as
dimensions and design [31]-[40].

The development of hybrid composite-based
specific applications for railways by overcoming
the above-mentioned challenges has turned into an
intriguing topic in the railway industry. The researchers
are devoting their persistent efforts to come up with
innovative ideas for brining in the superior substitute
of existing traditional materials with hybrid composites
applications in railway [41]-[44]. In summary, the
specific advantages of using hybrid composites in the
railway industry are as follws.

o Sustainability improvements: reduced carbon
dioxide (CO,) emissions per passenger per km.

e Operational benefits: lower energy costs, faster
acceleration, increased payload.

e Reduced lifecycle costs: fast installation, lower
maintenance, reduced renewal frequency.

e Enhanced functionality: new design concepts,
multifunctional components, customized solutions,
smart structures.
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