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1. Introduction 

Combining two or more chemically distinct and insoluble phases may improve the properties and structural 

performance of a material. Composites have become one of the fastest-growing materials for industrial applications 

as a result of their light weight and other unique properties. In addition to their more apparent structural applications, 

composites may be employed in the electrical, thermal, tribological, and environmental fields. Many composites 

consist of just two components, but those components are carefully selected to give the optimal balance of properties 

for a particular application. Each consists of the other; the matrix encompasses the dispersed phase [1–5]. Utilising 

composites has decreased manufacturing costs, making the end product more cost-effective [6, 7]. When many kinds 

of fibres are joined in a single matrix, a distinct composite material becomes apparent. As is the case with fibre-

reinforced polymer composites, hybrid refers to the use of several fibre and particle types embedded inside a polymer 

matrix. It may be adapted to a range of design requirements at a cheaper price than conventional composites. Because 

hybrid composites consist of two or more distinct fibre types, the advantages of each may be utilised [8]. Fibre-

reinforced polymers (FRPs) as composite materials are used in almost every aspect of contemporary technological 

processes. This includes aircraft, helicopters, ships, offshore platforms, automobiles, sports items, equipment for 
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chemical processing, and even bridges and structures. In recent years, improved FRP variations have emerged, which 

has contributed to the growing popularity of composites. This is shown by the employment of carbon nanotubes and 

nanoparticles as reinforcing agents, as well as other innovative reinforcing approaches [9].

The difficulty of constructing lightweight structures is a major challenge in marine and naval applications. Even the 

heaviest metallic floating structures have structural components comprised of lighter materials, such as polymer-

based composites, such as the bulkhead, deck, mast, propeller, etc. [10, 12]. Composite-made boats are more durable 

and last longer [13, 14] due to their higher corrosion resistance and ability to be flattened to fulfil stealth 

requirements. The large anisotropy of the materials and the vast differences in mechanical properties (rigidity, 

coefficient of thermal expansion, etc.) between the adherents are two of the greatest obstacles associated with joining 

composites and metals. Due to their superior durability, workability, and strength-to-weight ratio (specific tensile 

strength), fiber-reinforced polymer (FRP) composites have been widely used in the boat building and marine 

construction industries for decades [15, 16]. In order to construct marine structures economically and evaluate their 

life cycle, it is crucial to comprehend the behaviour of these regularly used materials under environmental effects 

over a certain time period (ageing). FRPs have several advantages during construction, including the ability to 

consolidate parts, thereby reducing the number of parts, joints, and fasteners, providing significant weight reductions 

and improved stability by lowering the center of gravity, and facilitating easier application to complex shapes and 

compound curvatures. The "drapeability" of composite materials makes them suitable for use in the construction of 

hulls, decks, and submarine fairings [17]. 
Environment-vulnerable marine structural components include vessels, submersibles, and offshore building 

projects, among others. Thus, the choice of durable materials requiring minimal maintenance is typical. In addition to 

meeting design standards, ships should be quick, dependable, and resistant to corrosion. Fibre-reinforced polymers 

(FRP) and other composites have been widely used in the marine industry since their initial extensive usage following 

World War II, when they were created to overcome the corrosion concerns of steel and aluminium. Manufacturing 

lightweight commercial ships has been and continues to be a significant contribution to the maritime industry [18, 19]. 

Composites continue to be used to manufacture gratings, ducts, shafts, pipelines, and hull shells due to their 

flexibility to meet the marine industry's rising and changing needs [20, 21]. In the marine sector, composites are often 

used for hulls, bearings, propellers, hatch covers, exhausts, radomes, sonar domes, railings, vessels of various types, 

valves, and other subsea structures. In recent years [22–24], composite racing powerboats have gained appeal owing 

to their durability, speed, and safety. If maritime structures are to resist the cyclic environmental loads to which they 

will be exposed, their fatigue characteristics must be taken into consideration from the outset of their design. To 

examine the fatigue behaviour of FRP, there is a paucity of widely accessible methodologies and appropriate modern 

models, in contrast to metallic structural materials. Due to the inherent heterogeneity of FRP, a variety of damage 

mechanisms, such as matrix cracking, fibre/matrix debonding, fibre fracture, and interlaminar delamination [25, 26], 

must be taken into account. The cost of materials is often the decisive factor when choosing between composites and 

mild steel. Since it is possible to construct hulls up to 85 metres in length using the low Young's modulus of simple 

E-glass composites [27], it is necessary to develop cost-effective hull moulds. Smaller, more precisely shaped pieces, 

such as bow fairings, rudders [28], funnels, and even trimaran outriggers, will be fabricated from composites owing 

to the high cost of producing them from steel and aluminium. The capacity to modify the material and combine 

structural reinforcements with other materials has resulted in the creation of innovative and cutting-edge strategies for 

enhancing the stealth of warship topsides. A thorough understanding of the long-term behaviour of FRP composites is 

the result of a tedious procedure that includes research, testing, and trials throughout the design phase. This has 

resulted in its extensive use in maritime applications. This approach permits the production of FRP composites, 

which are becoming more common in maritime component designs, in order to construct ships that are both durable 

and economical to maintain. 

 

2. The History of Fibre-Reinforced Composites 

Composites have been in use for centuries. The Egyptians and Mesopotamians began building homes out of mud 

and straw around 1500 B.C. Sometime after this, in 1200 A.D., the Mongols discovered the composite bow, which 

they used to further cement their position as the dominant military power. The constraints placed on polymers at the 

turn of the century increased the need for composites. In the 1930s, the roots of the modern fibreglass industry were 

established. In 1907, Bakelite, the first plastic, was invented. After this era, the development of the plastics industry 

led to the invention of vinyl, polyester, and polystyrene. With the introduction of glass fabric in 1935, the fibre-

reinforced plastics industry officially began. During World War II, the composites industry shifted from research and 

development to industrial manufacture (1939–1945). In 1941, Henry Ford began using fibreglass-reinforced polymer 

(FRP) composites in his automobile production [33]. In 1942–1944, the "Gold-Worthy" father of composite materials 

started manufacturing glass laminates. In 1946, glass fibre was being used to construct boat hulls. During the 1960s 

and 1970s, FRP composite knowledge developed dramatically. Beginning in the 1960s, aircraft components such as 

spoilers, fairings, and floor boards were among the first uses of FRP composites. Carbon fibres, which were invented 

in 1963 by W. Watt, L. N. Phillips, and W. Johnson, have the potential to be exceedingly durable. After a slow 

beginning, the composites industry started urbanising and expanding in the 1970s. Group Lotus Car Ltd. initially 
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made fibre-reinforced composites utilising a vacuum moulding technology established in 1972. 1973 saw the 

introduction of the first Aramid (Kevlar) fibres, which are very resistant to impact. In 1978, they demonstrated that a 

single silicone rubber tool could be used for vacuum impregnation. As in 1980 and 1985, he used a VARTM silicone 

vacuum bag and applied vacuum pressure to his testing. In the 1980s and 1990s, the fundamental objective of FRP 

composite manufacturing was to reduce production costs. As early as 1980, the teams of Covington and Bavmgardner 

constructed fibreglass rotor blade prototypes. To create this wrapping, filament was used. The pultrusion process was 

created in 1982 by "Gold Worthy," also known as the "father of composite," and the Composite Materials Institute of 

India was founded in the same year. Resin transfer moulding was soon used by the automobile sector, the Laser 28 

deck, and boat hulls after its introduction in 1985. Hold highlighted the construction of a tape winding machine for 

manufacturing composite components for main motor blades in a 1986 article. Since 1987, the Advance Composite 

Manufacturing Centre has provided composite training to R&D firms. Since 1988, large cylinders have been 

centrifuge-cast. Boyce started using robots in 1989 to improve the process of wrapping resin-impregnated fibres 

around pins prior to compression moulding. Since the conception of fibre-reinforced composite manufacturing, 

composite materials have been used in different industries, including the maritime industry and other industries. It is 

possible to identify four separate generations of composites. In the 1940s, glass fibre-reinforced composites were 

created, and in the 1960s, high-performance composites were used to create the second generation of composites. In 

the 1970s and 1980s, the third generation began exploring the composite world for new markets and assets, followed 

by the fourth generation in the 1990s. Composite or multicomponent materials, such as nanocomposites or 

biomimetic materials, were introduced [35]. 

 

2.1 The Role of Fibre-Reinforced Polymers (FRP) In The Marine Environment 

The use of polymer composites in marine applications is nothing new. Because of their high resilience to harsh 

environmental conditions, these materials are increasingly being used in production [36]. Recreational boats, military 

ships, and even helicopter landing pads in the middle of the ocean all employ them. There are several instances of 

composite material use in the water, including submarines, wellhead protection structures for the offshore sector, and 

oceanographic instruments. When looking at how technology has changed throughout time, it's clear that 

improvements in materials have been crucial to major technological advances. In retrospect, it's easy to observe how 

certain media represented or contributed to the growth of various historical periods. From the Stone Age to the Iron 

Age to the Industrial Revolution to the Nuclear Age to the Information Age, this timeline has it all. A new generation 

of materials technology, advanced composites [37], has arisen in response to the increased need for performance-

oriented materials and structural systems. These cutting-edge materials have been created by fusing together many 

existing components, each of which has its own advantages and disadvantages. Composites are widely used in so 

many industries as a result of their complementary characteristics. Due to their superior corrosion resistance and 

lightweight construction in contrast to metallic structures, FRP materials offer significant potential for application in 

maritime environments. A wide variety of free and low-cost resources for getting started are readily available. 

Significant work has been done over the last quarter century to improve our knowledge of the durability of these 

materials, although design safety factors remain high for loadings other than static cyclic. 

 

2.1.1 FRP Application in Ship, Hull, and Boat Construction 

In recent years, fibre-reinforced polymer (FRP) composites have become more popular for use in maritime 

construction, including boats and yachts. In recent years, efforts have been made to prioritise both the safety of ships 

and the creation of more sustainable, energy-efficient vessels. More than half of all fishing vessels are currently made 

from FRP [38], with the fishing sector being the first to show significant interest in FRP commercial boats. Since the 

end of World War II, the military has been at the forefront of developing composite materials [38]. The Navy and the 

Army have benefited from using composites in a variety of vessels, including small boats, submarines, patrol vessels, 

and minesweepers. Experiments with a wide variety of supplementary parts, from modest equipment brackets to 

propellers, have shown promising results [38]. 

In terms of stealth performance, composite hulls are comparable to their metal counterparts. Torpedoes cannot 

affect them since they are immune to magnetism. It is possible to decrease radar cross-sections by designing certain 

materials that absorb radar radiation rather than reflect it. When submerged, the low levels of harmonic resonance 

that they have contribute to a much reduced noise level. Because of their thermal characteristics, these materials 

allow for much smaller thermal footprints [39]. FRPs were not employed to build small boats again for another half 

century. FRPs have become the norm in this industry. It's because FRPs allow for quick and cheap manufacture on a 

massive scale [40, 41]. Composites are used for larger ships like cargo ships and tankers [42-43]. The fact that today's 

hulls are made using state-of-the-art production methods is evidence of the marine industry's rapid technical 

development. Improvements in composite technology have allowed for the production of better-quality materials with 

stronger and lighter constructions, which in turn improve sailing capabilities and the shear lives of components. In 

addition to the general cost reduction brought about by the increasing use of composite materials [44–46], the ability 

to automate and speed up production processes has contributed to this trend, making the final product more 
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inexpensive and available for use. Sandwich structures, which are common in the shipbuilding industry and consist of 

two skins with high stiffness and strength put on the exterior of a component and a soft and thick core, are 

extensively utilised for the development of stronger hulls and decks. Both global and local instability can be avoided 

because of the combination of the skins' high bending stiffness and the core's capacity to withstand shear and 

compressive stresses and stabilise the skins. Due to its lower weight, the ship may be able to float higher and flatter, 

carry more cargo, use less fuel, have less of an impact on the environment, and float higher in the water. Compared to 

metals, FRPs are far less high-maintenance and provide superior corrosion resistance in water. FRP materials, 

including aramid, carbon, and glass, are often used as skins for maritime sandwich constructions. Common core 

materials include honeycomb and polymeric foams (such as polystyrene and polyvinyl chloride). Boats made using 

aramid fibres (like Kevlar) or carbon to reinforce high-quality resins and ultra-light cores (like Nomex) have 

unrivalled mechanical qualities and dimensions [47, 48]. There is a growing need for inexpensive, stealthy, long-

range, or endurance boats that can operate from near shore. The optimal length for such a vessel is still up for debate, 

although vessels with a length of 300 feet and a displacement of 1,200 tonnes appear to be the norm in this category 

[49]. While steel and other metals have proven to be effective building materials, attempts to fully include FRP in 

ship construction have been delayed by the perceived high risk involved with adopting a structural material without a 

proven track record [50, 51]. It significantly impedes progress in composite construction. The limits of a structure are 

often determined by the strength of its weakest link. By placing steel in the hull's core and using lightweight 

composites at the ship's hull, Kumar and Udaiyakuma [52] employed sugarcane fibre-reinforced polymer to meet the 

strength and stiffness requirements of a big ship's hull. Hybrid ship hulls use the finest features of both steel trusses 

and composite sandwich panels. Using a vacuum infusion method, vinylester resin was injected into thin glass fibre 

skins to encase the PVC foam core of the sandwich plates. The composite skins are designed to primarily endure 

shear and water pressure stresses [53], while the steel truss is responsible for supplying the bending moment. 

Joints made of composite materials and steel are the subject of several current research studies [52]. A reliable 

connection between the composite and steel parts is essential for these hybrid ship buildings. It may be challenging to 

link composites and metals because of the composites' high anisotropy and the large difference in mechanical 

characteristics (stiffness, coefficient of thermal expansion, etc.) between the adherends. Having joints that are not stiff 

enough causes a lot of unnecessary tension. Two common types of joints are bonded-bolted and co-infused perforated. 

On the French Lafayette-class frigates, which are 125 metres long and 3,500 tonnes, a composite superstructure is 

glued and fastened to a steel hull, a relatively new innovation [54]. By decreasing the stress intensity characteristics at 

a fracture tip, fatigue-strengthening steel constructions may extend their service life once cracks appear. Stress 

intensity issues may be mitigated by switching to a stiffer FRP plate (either one that is thicker or has a higher elastic 

modulus) [55]. Increased strength-to-weight ratio, resistance to corrosion, fatigue, and temperature fluctuations, and 

reduced maintenance costs [56] are only some of the benefits gained by fabricating a nautical propeller out of FRP. 

Fibre-reinforced polymer is an excellent choice for marine propellers for these reasons and more. Kumar et al.'s [57] 

sandwich composite panel technique is used to build ship hulls and other marine vessel components. Therefore, 

studies [58, 60] have been conducted to see whether ultra-light materials like carbon fibre-reinforced polymers 

(CFRPs) can improve ship efficiency. In spite of this, glass fibre reinforced polymers (GFRPs) are now preferred in 

the shipbuilding sector [61] due to their lower cost and enhanced practicality. End-of-life disposal methods for 

composites, like incineration and land filling, may have negative effects on the environment [62]. There has been 

research on ways to lessen the negative consequences of composite vessel disposal on the environment [62, 63]. 

Ships have become lighter, and emissions have decreased to help lessen their negative effects on the environment [58, 

64–67]. 

 

2.1.2 FRP Application in The Oil and Gas Industry 

Almost all of the pipes used to transport oil either underground or underwater in the oil and gas sector are 

constructed of steel. This means that the seawater has the potential to corrode the pipes. Fibre-reinforced polymer 

composites are preferred over steel for pipe replacement and maintenance, and scientists have been instructed to 

employ them. Fibreglass is the material of choice for the majority of oil and natural gas pipelines that go from 

offshore drilling platforms to land-based facilities [68]. However, when high-pressure natural gas has to be 

transported, FRP pipes are not often employed. Steel rusts and leaks easily, making it a poor material for oil and gas 

pipelines. Hydroxides and chloride ions in water accelerate the processes that cause metal to leak, fracture, and 

shatter when exposed to water. High levels of stress hasten the breakdown of such a component. Oil and gas 

companies need to repair offshore pipelines because of the dangers of corrosion and metal loss. It is common practise 

to remove the damaged section of pipe (or the whole pipe) and replace it with a new one when a pipe bursts. Instead, 

welded steel is used to cover the damaged region. Further, steel sleeves are welded or screwed onto the outsides of 

the tubes to protect them from the elements. Welding steel is a challenging task, whether above or below ground. 

This is why so much effort has been put into developing reliable methods of repairing objects prone to unexpected 

failure. The expenses and technical challenges of mending and maintaining the system increase significantly 

according to the operating pressure and the location of the damaged tube. Reinforced fibre composites have been 
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proposed as a viable alternative to conventional repair methods for these tubular constructions [69, 70] due to their 

advantageous properties in several areas: low weight, high strength and stiffness, resistance to corrosion, and 

resilience under fatigue loading. Composite materials with E-glass, aramid, or carbon fibre reinforcement and 

thermosetting resin are increasingly widely used in these interventions (polyesters, polyurethanes, phenolics, vinyl 

esters, or epoxies). Pipe repair might include any of the following: stopping the spread of corrosion, restoring the 

pipe's weight-bearing capacity, sealing off the damaged region to prevent fluid leakage, or all of the above [71]. 

Research has been done into the possibility of using FRPs in the offshore sector for the construction of a number 

of primary and auxiliary marine structures. Composites are suitable for use in secondary platform construction for 

floating installations. Helicopter bridges, pipeline networks, houses, walkways, and staircases are all typical examples. 

A floating platform may be connected to a subsea structure using risers and tendons. These platforms are often 

constructed from repurposed oil tankers due to the inexpensive cost of construction and the ability to store crude oil 

[72–74]. To replace steel pipes, composite pipes composed of thermoset matrix have emerged as a popular option in 

recent years [75]. Composite pipe is made by encasing or wrapping cured thermosetting with fibre reinforcements. 

Reinforced thermosetting resin pipe (RTRP) and glass-fiber-reinforced compound mortar pipe (RPMP) are the two 

most prevalent forms of fibre-glass composite pipes. Fibreglass pipe is also known as fiber-reinforced polymer (FRP) 

and glass-reinforced epoxy (GRE) in the marine sector (GRE). Glass fibres are used to reinforce a plastic matrix in 

the production of composite pipes. Most often, synthetic resin is utilised to create the matrix for FRP composite pipes. 

To the contrary, GRE pipes are often constructed from vinyl ester or polyester. Due to their superior mechanical, 

chemical, and thermal qualities, fibre-reinforced composite pipes are now the most popular choice on the market. It is 

resistant to corrosion, has a low thermal conductivity, and has an insulating property. Every year, environmental 

factors and improper usage cause hundreds of miles of oil pipelines to fail. This necessitates examination, 

maintenance, or replacement [77]. Costing billions of dollars to repair damage and corrosion in older pipes. To 

eliminate this complexity and facilitate repairs, a novel technique using fibre-reinforced polymer matrix composite 

wraps has been developed [78]. Pipe repairs were investigated by Peck et al. [79], who examined the use of a UV-

cured vinyl ester matrix wrapped in a glass fibre composite. The finite element technique was used in an experiment 

to model carbon fibre-reinforced polymer pipelines (CFRP). [80] Reports reveal that scientists studied the 

connections between the severity of an impact, the kind of layup used, and the boundary conditions to predict the 

likelihood of defects in a composite pipe. The study presents both numerical and experimental findings, which 

illustrates the interrelatedness of the two data sets. The effect of loads on the motion of tubular constructions was 

investigated by Tarfaoui et al. [81]. Scientists have considered using thick cylinders reinforced with glass fibres 

embedded in an epoxy matrix. The study keeps tabs on the wear and tear caused by both static and dynamic loads, 

and it accounts for the scale and size effects on the tubular constructions' responses to dynamic loads. Kessler et al. 

[82] examined a woven carbon fibre-reinforced epoxy matrix composite and found that it could be repaired by 

looping it around itself. Applications of the composite under pressures greater than 1.0 MPa and temperatures greater 

than 60 °C have also been investigated, as shown in their studies. 

Reassembling the pipe and subjecting it to full pressure allowed us to evaluate the material's mechanical and 

thermal qualities. To enhance the long-term performance of thick glass-fibre-reinforced polymer pipes used 

underwater, Tarfaoui et al. [83] performed a finite element study of static and dynamic testing. Two distinct phases 

comprised the study. We investigated damage initiation and the behaviour of elastic materials prior to presenting a 

damage prediction model that accounts for changes in material properties upon impact. When everything was said 

and done, experimental findings were compared to model predictions. The findings revealed useful data that may be 

used to extend the lifespan of composite buildings in the water. After considering the working pressure, the maximum 

pressure, and the safety factor, Ajani and Huda [84] proposed a design for a pressure vessel constructed of glass fibre 

fluid (FoS). The longitudinal and hoop strains of the pressure vessel were experimentally examined. The analysis 

assumed a breaking strength of 55 MPa. The glass fibre pressure vessel is more than safe to use with high-pressure 

fluids in a range of applications, with a FoS of 55 and longitudinal and hoop stresses ranging from 1.25 to 3.73 MPa. 

Shouman and Taheri [85] investigated the effects of internal pressure, bending, and axial stress on composite-repaired 

pipes. The research found that the stiffness of the pipe was not significantly different regardless of the circumferential 

orientation of the fibre wrap. Therefore, axial reinforcement is essential for increasing rigidity. Mechanical 

characteristics and failure behaviour of carbon fibre-reinforced polymer composites were extensively studied by 

Selzer and Friedrich [86]. Both thermosetting and thermoplastic matrix composites were tested in varying 

temperatures of water to determine their performance range. The breakdown of the composite interface was found to 

be accelerated by the softening of the matrix and the loss of fibre-matrix adhesion caused by water absorption. The 

investigation found that the mechanical characteristics were unaffected by the immersion water temperature. Further, 

the findings demonstrated that the composites' characteristics were unaffected by the length of exposure after the 

samples had been saturated. Wei et al. [87] investigated the effect of basalt and glass fibre additions to epoxy resins 

on the gain ratio and the strength maintenance ratio. In this experiment, resins were submerged in saltwater for 

various durations of time. Strength in tensile and bending tests decreased as treatment durations increased. And when 

it came to resistance to corrosion from saltwater, basalt and glass fibre-reinforced composites performed similarly. 
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Corrosion mechanism studies suggest that reducing the Fe2+ content of basalt fibres might improve the seawater 

stability of basalt composites. 

 

2.1.3 FRP in Naval Applications 

The fundamental drive for the use of FRP composites was the need for lightweight, sturdy, and corrosion-

resistant naval warships. The primary motivation for these initial uses was the need to protect metals and alloys from 

corrosion and deterioration and to preserve wood from decay. The primary motivation for using composite materials 

was the need to lessen the load on the ship's superstructure, which was successfully accomplished. Due to their high 

acoustic transparency, composites are employed for both subsurface sonar domes and shipboard rodomes [88, 90]. 

Domes on sonar bows, windows, and hulls are a few examples of FRP components used in recent naval applications. 

Composites are also gaining popularity for use in autonomous underwater vehicles, robotic fish, and military combat 

vehicles. Carbon fibre-reinforced composite materials stand out due to their superior mechanical properties compared 

to those of other FRP composites and their ability to provide electromagnetic shielding for stealth applications, while 

FRP composites in general have advantageous properties such as high strength-to-weight and stiffness-to-weight 

ratios. Naval vessels constructed entirely of FRP composite materials are presently in service. Small patrol boats and 

displacement landing craft were often built using composite materials due to the low rigidity of the hulls and the 

relatively poor quality of manufacturing at the time. The main reasons why FRP composite materials are not used on 

bigger patrol boats, mine countermeasure vessels, and corvettes are due to size and performance limits [91-93]. Table 

1 below shows the recent studies that have been carried out on FRP components used in the marine industry. 

 

Table 1 - Previous studies works on FRP components in marine application 

Polymer composite 
Marine 

components 
Results Findings Ref. 

Aged 

Basalt/Epoxy/HNT 

Nano fillers 

Bearing 

HNT nano reinforcements significantly 

increased basalt/epoxy composite 

laminate bearing strength by 18%. 

[94] 

Carbon/Epoxy Column 

Carbon fiber-reinforced polymer 

(CFRP) exhibited a more superior 

properties on  the material than basalt 

(BFRP) based on different confinement 

mechanisms. 

[95] 

Carbon/Epoxy 
Tubular steel 

structure 

The Components part exhibited a better 

structural performance as a result of the 

strengthening process 

[96] 

Carbon Nano 

fillers/Eoxy 

Structural 

Beam 

findings indicated that carbon 

nanofillers considerably improved the 

ageing on mode I and mode II 

interlaminar fracture toughness 

propagation of composite laminates 

before and after immersion in saltwater 

compared to the reference laminate 

under dry conditions. 

[97] 

Glass/Epoxy Pile Structure 
Semi-linear filled GFRP tubes 

increased pile ductility and strength. 
[98] 

Carbon/Epoxy 
Structural 

Beam 

CFRP strengthens concrete beams with 

NSM by 5–10%. 
[99] 

Glass/Epoxy 
Tubular 

Column 

The SWSSC-filled GFRP tubular 

columns with gravel aggregates 

exhibited no strength deterioration, 

whereas those with coral aggregates 

showed a consistent degradation trend. 

[100] 

E-Glass/Epoxy Hull plate 

The E-Glass combination of the 

chopped strand mat and woven roving 

mat demonstrated a significant change 

in improving the overal quality and 

strength of the composite. 

[101] 
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Fang et al. [102] investigated fibre-reinforced polymer (FRP) composites and seawater sea-sand concrete 

(SWSSC); the outcomes of their work indicate promising application prospects in marine infrastructure construction 

due to the elimination of steel corrosion and the use of readily available local materials. In the form of reinforced 

columns, the combination of SWSSC and FRP provides a potential new application for both materials. This research 

examined the efficacy of glass fibre-reinforced polystyrene (FRP) interlocking multispirals in enhancing the axial 

compressive performance of square SWSSC columns. The results of the tests demonstrated that corner spirals greatly 

enhanced post-peak compressive performance by further limiting the centre spiral and longitudinal reinforcement. 

Comparing FRP transverse reinforcements, it was discovered that columns with interlocking multi-spirals were more 

flexible than stirrups with the same amount of reinforcement.Blake et al. [103] use a stochastic method in the design 

of stiffened marine composite panels as part of an ongoing research initiative to develop stochastic techniques for 

composite ship constructions. This approach takes into account changes in material properties, geometric indices, and 

processing techniques at each system level. Common uses for fibreglass-reinforced plastic include yacht hulls, 

dinghies, canoes, speedboats, and hovercraft. Due to the use of hybrid fibre, which decreases hull weights, hydrofoils 

and gasoline-powered boats are now practical. Composite materials are required for the construction of high-

performance sailboats and motorboats [104, 105]. FRP is utilised for a variety of navy applications, including 

armament and gun housings, rudders, dry dock shelters, blast shields, missiles, ladders, deck drains, radomes, masts, 

and stacks. In the maritime sector, fibre-reinforced plastic (FRP) is used for both main and secondary structures, such 

as housings and attachments. 

3. Conclusion 

This research examined the application possibilities of FRP polymer composites in the maritime industry. Fiber 

Reinforced Polymer (FRP) composite materials are being used in the building of commercial and military boats as 

part of the marine industry's continual efforts to enhance vessel performance. Composite materials made of Fiber 

Reinforced Polymer (FRP) provide a number of benefits. These include corrosion resistance, high strength-to-weight 

ratios, and excellent thermal and acoustic insulation. Due to its superior hydrodynamic shapes, flatness for signature 

requirements, and fatigue strength, FRP is extensively used in the marine sector for the construction of naval ships, 

recreational boats, and offshore structures. FRPs increase fuel efficiency, weight savings, and corrosion resistance in 

the marine sector. In the maritime industry, steel and other iron- and nickel-based alloys have been mainly replaced 

by FRP composite owing to their high production costs and extreme corrosion risk. Consequently,FRP used in marine 

industry from several literature studies have demonstrated the materials  superior properties that have enhance its 

application in recent times. Further study is necessary to improve FRP utilization and increase maritime industry 

demand. 

 

Acknowledgement 

The authors would like to thank the Department of Mechanical Engineering, Department of Materials and 

Metallurgical Engineering, and Department of Mechanical Engineering, Faculty of Engineering, University of Delta 

NIGERIA for the support. 

 

Reference 

[1] Rubino F, Nisticò A, Tucci F, Carlone P. (2020). Marine application of fiber reinforced composites: A review. 

Journal of Marine Science and Engineering. 6;8(1):26. 

[2] Mouritz AP, Gellert E, Burchill P, Challis K. Review of advanced composite structures for naval ships and 

submarines. Composite Structures. 2001; 53:21-41. https://doi.org/10.1016/s0263-8223(00)00175-6 

[3] Galanis K. (2020). Hull construction with composite materials for ships over 100 m in length [M.S. thesis]. 

Massachusetts Institute of Technology: The Department of Ocean Engineering. 

[4] Miller AJ. (1984). Practical aspects in the construction of large GRP boats. Trans. I Mar E (C) 97. Conf.2. pp. 

7-15 

[5] Patri M, Samui AB, Chakraborty BC, Deb PC. (1993). Thermal and flammability characteristics of urethane 

modified polyisocynurate foams based on chlorine containing polyols. Journal of Polymer 

Materials.;12:129.https://doi.org/10.1002/app.1993.070481003 

[6] Chalmers, D.W. (1991). Experience in design and production of FRP marine structures. Marine. Structure. , 4, 

93–115..https://doi.org/10.1016/0951-8339(91)90015-4 

[7] Kimpara, I. (1991). Use of advanced composite materials in marine vehicles. Marine Structures, 4(2), 117–

127. https://doi.org/10.1016/0951-8339(91)90016-5 

[8] Slater, J. E. (1994). Selection of a blast-resistant GRP composite panel design for naval ship structures. Marine 

Structures, 7(2–5), 417–440. https://doi.org/10.1016/0951-8339(94)90033-7 

[9] Tong, L., Mouritz, A. P., & Bannister, M. K. (2002). Preface. 3D Fibre Reinforced Polymer Composites, vii–

viii. https://doi.org/10.1016/b978-008043938-9/50012-0 

https://doi.org/10.1016/0951-8339(91)90016-5
https://doi.org/10.1016/0951-8339(94)90033-7
https://doi.org/10.1016/b978-008043938-9/50012-0


Okuma et al., Journal of Advanced Industrial Technology and Application Vol. 4 No. 1 (2023) p. 17-28 

24 

[10] José-Trujillo, E., Rubio-González, C., & Rodríguez-González, J. (2018). Seawater ageing effect on the 

mechanical properties of composites with different fiber and matrix types. Journal of Composite Materials, 

53(23), 3229–3241. https://doi.org/10.1177/0021998318811514 

[11] Thomason, J. L. (2019). Glass fibre sizing: A review. Composites Part A: Applied Science and Manufacturing, 

127, 105619. https://doi.org/10.1016/j.compositesa.2019.105619 

[12] Water damage in glass fibre/resin composites. (1969). Composites, 1(2), 124. https://doi.org/10.1016/0010-

4361(69)90026-3 

 

[13] Augl, J. M. (1977). The Effect of Moisture on Carbon Fiber REinforced Epoxy Composites. II. Mechanical 

Property Changes. https://doi.org/10.21236/ada039903 

[14] McKague, E. L., Reynolds, J. D., & Halkias, J. E. (1978). Swelling and glass transition relations for epoxy 

matrix material in humid environments. Journal of Applied Polymer Science, 22(6), 1643–1654. 

https://doi.org/10.1002/app.1978.070220615 

[15] Delasi, R., & Whiteside, J. (1978). Effect of Moisture on Epoxy Resins and Composites. Advanced Composite 

Materials—Environmental Effects, 2-2–19. https://doi.org/10.1520/stp34855s 

[16] Whitney, J., & Browning, C. (1978). Some Anomalies Associated with Moisture Diffusion in Epoxy Matrix 

Composite Materials. Advanced Composite Materials—Environmental Effects, 43-43–18. 

https://doi.org/10.1520/stp34857s 

[17] Loos, A. C., & Springer, G. S. (1979). Moisture Absorption of Graphite-Epoxy Composites Immersed in 

Liquids and in Humid Air. Journal of Composite Materials, 13(2), 131–147. 

https://doi.org/10.1177/002199837901300205 

[18] Bohlmann, R., & Derby, E. (1977). Moisture diffusion in graphite/epoxy laminates - Experimental and 

predicted. 18th Structural Dynamics and Materials Conference. https://doi.org/10.2514/6.1977-399 

[19] Gargano, A., Pingkarawat, K., Blacklock, M., Pickerd, V., & Mouritz, A. P. (2017). Comparative assessment 

of the explosive blast performance of carbon and glass fibre-polymer composites used in naval ship structures. 

Composite Structures, 171, 306–316. https://doi.org/10.1016/j.compstruct.2017.03.041 

[20] Cao, J., & Grenestedt, J. L. (2004). Design and testing of joints for composite sandwich/steel hybrid ship hulls. 

Composites Part A: Applied Science and Manufacturing, 35(9), 1091–1105. 

https://doi.org/10.1016/j.compositesa.2004.02.010 

[21] Dokos, L. (2013). Adoption of marine composites – a global perspective. Reinforced Plastics, 57(3), 30–32. 

https://doi.org/10.1016/s0034-3617(13)70091-2 

[22] Pauchard, V. (2002). In situ analysis of delayed fibre failure within water-aged GFRP under static fatigue 

conditions. International Journal of Fatigue, 24(2–4), 447–454. https://doi.org/10.1016/s0142-1123(01)00100-

1 

[23] T. G¨ursel, G. Nes¸er.(2012). Fatigue properties of fiberglass bolted, bonded joints in marine structures. Sea 

Technology53 (11) 37-41. 

[24] Anjang, A., Chevali, V. S., Lattimer, B. Y., Case, S. W., Feih, S., & Mouritz, A. P. (2015). Post-fire 

mechanical properties of sandwich composite structures. Composite Structures, 132, 1019–1028. 

https://doi.org/10.1016/j.compstruct.2015.07.009 

[25] Guillermin, O. (2010). Composites put wind in the sails of all kinds of vessels. Reinforced Plastics, 54(4), 28–

31. https://doi.org/10.1016/s0034-3617(10)70141-7 

[26] Stewart, R. (2011). Better boat building — trend to closed-mould processingcontinues. Reinforced Plastics, 

55(6), 30–36. https://doi.org/10.1016/s0034-3617(11)70183-7 

[27] Gargano, A., Pingkarawat, K., Blacklock, M., Pickerd, V., & Mouritz, A. P. (2017). Comparative assessment 

of the explosive blast performance of carbon and glass fibre-polymer composites used in naval ship structures. 

Composite Structures, 171, 306–316. https://doi.org/10.1016/j.compstruct.2017.03.041 

[28] Gargano, A., Das, R., & Mouritz, A. P. (2019). Finite element modelling of the explosive blast response of 

carbon fibre-polymer laminates. Composites Part B: Engineering, 177, 107412. 

https://doi.org/10.1016/j.compositesb.2019.107412 

[29] Creswell, D. J. (1997). Composite rudder steers into the future. In: Proceedings of the International Conference 

on Advances in Marine Structures III, Dunfermline. 

[30] Hasson, D. -F. and Crowe, C. -R. (1998). Materials for Marine Systems and Structures, Academic Press, Inc 

[31] Spaulding, K. B. (1996). A history of the construction of fiberglass boats for the Navy, Bureau Ships Journal, 

15:2-11. 

 

[32] Marsh, G. (2010). Marine composites — drawbacks and successes. Reinforced Plastics, 54(4), 18–22. 

https://doi.org/10.1016/s0034-3617(10)70139-9 

[33] E.Greene.(1990).Use of Fiber Reinforced Plastics in the Marine Industry. U.S. Coast Guard, Ship Structure 

Committee. 

[34] R.G.S. Barsoum.(2003). The AMPTIAC Office of Naval Research Arlington, VA.  

https://doi.org/10.1177/0021998318811514
https://doi.org/10.1016/j.compositesa.2019.105619
https://doi.org/10.1016/0010-4361(69)90026-3
https://doi.org/10.1016/0010-4361(69)90026-3
https://doi.org/10.1002/app.1978.070220615
https://doi.org/10.1520/stp34855s
https://doi.org/10.1520/stp34857s
https://doi.org/10.1177/002199837901300205
https://doi.org/10.2514/6.1977-399
https://doi.org/10.1016/j.compstruct.2017.03.041
https://doi.org/10.1016/j.compositesa.2004.02.010
https://doi.org/10.1016/s0034-3617(13)70091-2
https://doi.org/10.1016/s0142-1123(01)00100-1
https://doi.org/10.1016/s0142-1123(01)00100-1
https://doi.org/10.1016/s0034-3617(10)70141-7
https://doi.org/10.1016/s0034-3617(11)70183-7
https://doi.org/10.1016/j.compstruct.2017.03.041
https://doi.org/10.1016/s0034-3617(10)70139-9


Okuma et al., Journal of Advanced Industrial Technology and Application Vol. 4 No. 1 (2023) p. 17-28 

25 

[35] H. Enlund,(1997).Proceedings Of 2nd North European Engineering And Science Conference, Stockholm, 

Sweden. 

[36] Aguiari, M., Gaiotti, M., & Rizzo, C. M. (2021). A design approach to reduce hull weight of naval ships. Ship 

Technology Research, 69(2), 89–104. https://doi.org/10.1080/09377255.2021.1947666 

[37] Stafford, C. S. (1989). Mine Warfare: A Total Systems Approach. Warship 89 - Mine Warfare Vessels and 

Systems. https://doi.org/10.3940/rina.warship.1989.03 

[38] Sobey, A. J., Blake, J. I. R., & Shenoi, A. R. (2009). Optimisation of FRP Structures for Marine Vessel Design 

and Production. Volume 2: Structures, Safety and Reliability. https://doi.org/10.1115/omae2009-79409 

[39] Saito, H., Kikuchi, R., & Kimpara, I. (2019). Evaluation of Mode I interlaminar fracture toughness in 

asymmetric interlayer in CFRP laminates. Advanced Composite Materials, 29(2), 163–177. 

https://doi.org/10.1080/09243046.2019.1669002 

[40] Hassan, N. M., Bahroun, Z., Mohamed, A., Baker, A., Jijakli, K., & Saqr, A. (2021). Designing an impact 

resistant sandwich panel composite using struct based structures. Composite Structures, 258, 113432. 

https://doi.org/10.1016/j.compstruct.2020.113432 

[41] Critchfield, M. O., Judy, T. D., & Kurzweil, A. D. (1994). Low-cost design and fabrication of composite ship 

structures. Marine Structures, 7(2–5), 475–494. https://doi.org/10.1016/0951-8339(94)90036-1 

[42] Wenstrom, J. (2008). Composite ship superstructures of the future. 

[43] Lonno, A. (2000). The Visby class corvette: the world’s biggest CFRP-Sandwich ship. In: Proceedings of the 

Conference on Offshore and Marine Composites, Newcastle, UK. 

[44] Horsmon, A. W. (2001). Lightweight Composites for Heavy-Duty Solutions. Marine technology, Vol. 38, No. 

2, pp. 112-115. 

[45] Dev, A., Woodward, M., & Wong, S. (2010). Offshore Support Vessels: Future Design Challenges. ICSOT 

2010 - Developments In Ship Design And Construction. https://doi.org/10.3940/rina.icsoti.2010.14 

[46] Hollaway, L. C. (2014). Using fibre-reinforced polymer (FRP) composites to rehabilitate differing types of 

metallic infrastructure. Rehabilitation of Metallic Civil Infrastructure Using Fiber Reinforced Polymer (FRP) 

Composites, 323–372. https://doi.org/10.1533/9780857096654.4.32 

[47] Arifur Rahman, M., Parvin, F., Hasan, M., & Hoque, M. E. (2015). Introduction to Manufacturing of Natural 

Fibre-Reinforced Polymer Composites. Manufacturing of Natural Fibre Reinforced Polymer Composites, 17–

43. https://doi.org/10.1007/978-3-319-07944-8_2 

[48] Todd Johnson. (2016, August 22)History of composites, the evaluation of light weight composite material, 

from http://composite.about.com. 

[49] Fransisko G. Roosenboom.(2014). Building the future with FRP composites FRP composite sandwich 

elements as an all-in-one building skin. 

[50] Woods, D. M. (1990). A complementary reinforcement to glass fibre. Construction and Building Materials, 

4(3), 127–131. https://doi.org/10.1016/0950-0618(90)90028-y 

[51] Tim Palucka and Bernadette Bensaude.(2002, October 19)Composites Overview, history of recent science & 

Technology, Retrieved February 2017, from http://authors.library. caltech.edu  

 

[52] Kumar, d. K. M., & udaiyakumar, k. C. (2020). Chemical modification on sugarcane bagasse fiber reinforced 

polymer composite. Gedrag &amp; organisatie review, 33(03). Https://doi.org/10.37896/gor33.03/516 

[53] R.G.S. Barsoum: The AMPTIAC Quarterly 7 (2003) Office of Naval Research Arlington, VA. 

Https://doi.org/10.21236/ada55245 

[54] Speth, D. R., Yang, Y. P., & Ritter, G. W. (2010). Qualification of adhesives for marine composite-to-steel 

applications. International Journal of Adhesion and Adhesives, 30(2), 55–62. 

https://doi.org/10.1016/j.ijadhadh.2009.08.004 

[55] Boyd, S. W., Blake, J. I. R., Shenoi, R. A., & Mawella, J. (2008). Optimisation of steel–composite connections 

for structural marine applications. Composites Part B: Engineering, 39(5), 891–906. 

https://doi.org/10.1016/j.compositesb.2007.08.001 

[56] Teng, J. G., Yu, T., & Fernando, D. (2012). Strengthening of steel structures with fiber-reinforced polymer 

composites. Journal of Constructional Steel Research, 78, 131–143. https://doi.org/10.1016/j.jcsr.2012.06.011 

[57] Kumar, A., Lal Krishna, G., & Anantha Subramanian, V. (2019). Design and Analysis of a Carbon Composite 

Propeller for Podded Propulsion. Proceedings of the Fourth International Conference in Ocean Engineering 

(ICOE2018), 203–215. https://doi.org/10.1007/978-981-13-3119-0_13 

[58] Verma, D., & Goh, K. L. (2019). Natural fiber-reinforced polymer composites. Biomass, Biopolymer-Based 

Materials, and Bioenergy, 51–73. https://doi.org/10.1016/b978-0-08-102426-3.00003-5 

[59] Stenius, I., Rosén, A., & Kuttenkeuler, J. (2011). On structural design of energy efficient small high-speed 

craft. Marine Structures, 24(1), 43–59. https://doi.org/10.1016/j.marstruc.2011.01.001 

[60] Oh, D., Han, Z., Noh, J., & Jeong, S. (2020). Laminate Weight Optimization of Composite Ship Structures 

based on Experimental Data. Journal of the Society of Naval Architects of Korea, 57(2), 104–113. 

https://doi.org/10.3744/snak.2020.57.2.104 

https://doi.org/10.1080/09377255.2021.1947666
https://doi.org/10.3940/rina.warship.1989.03
https://doi.org/10.1115/omae2009-79409
https://doi.org/10.1080/09243046.2019.1669002
https://doi.org/10.1016/j.compstruct.2020.113432
https://doi.org/10.3940/rina.icsoti.2010.14
https://doi.org/10.1533/9780857096654.4.32
http://composite.about.com./
https://doi.org/10.37896/gor33.03/516
https://doi.org/10.21236/ada55245
https://doi.org/10.1016/j.ijadhadh.2009.08.004
https://doi.org/10.1016/j.compositesb.2007.08.001
https://doi.org/10.1016/j.jcsr.2012.06.011
https://doi.org/10.1007/978-981-13-3119-0_13
https://doi.org/10.1016/b978-0-08-102426-3.00003-5
https://doi.org/10.1016/j.marstruc.2011.01.001
https://doi.org/10.3744/snak.2020.57.2.104


Okuma et al., Journal of Advanced Industrial Technology and Application Vol. 4 No. 1 (2023) p. 17-28 

26 

[61] Kim, S.-Y., Shim, C. S., Sturtevant, C., Kim, D. (Dae-W., & Song, H. C. (2014). Mechanical properties and 

production quality of hand-layup and vacuum infusion processed hybrid composite materials for GFRP marine 

structures. International Journal of Naval Architecture and Ocean Engineering, 6(3), 723–736. 

https://doi.org/10.2478/ijnaoe-2013-0208 

[62] Pickering, S. J. (2006). Recycling technologies for thermoset composite materials—current status. Composites 

Part A: Applied Science and Manufacturing, 37(8), 1206–1215. 

https://doi.org/10.1016/j.compositesa.2005.05.030 

[63] Oliveux, G., Dandy, L. O., & Leeke, G. A. (2015). Current status of recycling of fibre reinforced polymers: 

Review of technologies, reuse and resulting properties. Progress in Materials Science, 72, 61–99. 

https://doi.org/10.1016/j.pmatsci.2015.01.004 

[64] Burman, M., Kuttenkeuler, J., Stenius, I., Garme, K., & Rosén, A. (2015). Comparative Life Cycle Assessment 

of the hull of a high-speed craft. Proceedings of the Institution of Mechanical Engineers, Part M: Journal of 

Engineering for the Maritime Environment, 230(2), 378–387. https://doi.org/10.1177/1475090215580050 

[65] Jang, J.-W., Han, Z., & Oh, D. (2019). Light-weight Optimum Design of Laminate Structures of a GFRP 

Fishing Vessel. Journal of Ocean Engineering and Technology, 33(6), 495–503. 

https://doi.org/10.26748/ksoe.2019.105 

[66] Oh, D., Han, Z., Noh, J., & Jeong, S. (2020). Laminate Weight Optimization of Composite Ship Structures 

based on Experimental Data. Journal of the Society of Naval Architects of Korea, 57(2), 104–113. 

https://doi.org/10.3744/snak.2020.57.2.104 

[67] Han, Z., Jang, J., Lee, S.-G., Lee, D., & Oh, D. (2021). Error Analysis of Non-Destructive Ultrasonic Testing 

of Glass Fiber-Reinforced Polymer Hull Plates. Journal of Composites Science, 5(9), 238. 

https://doi.org/10.3390/jcs5090238 

[68] Safe, Secure and Sustainable Oil and Gas Drilling, Exploitation and Pipeline Transport Offshore. (2021). 

https://doi.org/10.3390/books978-3-0365-2172-5 

[69] Roseman, M., Martin, R., & Morgan, G. (2016). Composites in offshore oil and gas applications. Marine 

Applications of Advanced Fibre-Reinforced Composites, 233–257. https://doi.org/10.1016/b978-1-78242-250-

1.00010-7 

 

[70] About FiberSpar LinePipeTM. Available online: https://www.nov.com/-

/media/nov/files/products/caps/fiberglass-systems/fiberspar-spoolable-fiberglass pipe/data-sheets-and-

brochures/fiberspar-linepipe-highpressure-data-sheet.pdf (accessed on 25 March 2017).  

[71] Shamsuddoha, M., Islam, M. M., Aravinthan, T., Manalo, A., & Lau, K. (2013). Effectiveness of using fibre-

reinforced polymer composites for underwater steel pipeline repairs. Composite Structures, 100, 40–54. 

https://doi.org/10.1016/j.compstruct.2012.12.019 

[72] Ochoa, o., & Salama, m. (2005). Offshore composites: Transition barriers to an enabling technology. 

Composites science and technology, 65(15–16), 2588–2596. 

Https://doi.org/10.1016/j.compscitech.2005.05.019 

[73] Wood, C. A., & Bradley, W. L. (1997). Determination of the effect of seawater on the interfacial strength of an 

interlayer E-glass/graphite/epoxy composite by in situ observation of transverse cracking in an environmental 

SEM. Composites Science and Technology, 57(8), 1033–1043. https://doi.org/10.1016/s0266-3538(96)00170-

4 

[74] Beyle, A. I., Gustafson, C. G., Kulakov, V. L., & Tarnopol’skii, Yu. M. (1997). Composite risers for deep-

water offshore technology: Problems and prospects. 1. Metal-composite riser. Mechanics of Composite 

Materials, 33(5), 403–414. https://doi.org/10.1007/bf02256894 

[75] Bakaiyan, H., Hosseini, H., & Ameri, E. (2009). Analysis of multi-layered filament-wound composite pipes 

under combined internal pressure and thermomechanical loading with thermal variations. Composite 

Structures, 88(4), 532–541. https://doi.org/10.1016/j.compstruct.2008.05.017 

[76] Mohitpour, A. Glover, and B. Trefanenko.(2001), Pipeline Report: Technology advances key worldwide 

developments, Oil and Gas Journal, vol. 26, 

[77] J. Cadei and M. Maunsell, "Design of structural composites.(1998).MSP Maunsell, Kent (UK), pp. 125-178.  

[78] Duell, J. M., Wilson, J. M., & Kessler, M. R. (2008). Analysis of a carbon composite overwrap pipeline repair 

system. International Journal of Pressure Vessels and Piping, 85(11), 782–788. 

https://doi.org/10.1016/j.ijpvp.2008.08.001 

[79] Peck, J. A., Jones, R. A., Pang, S.-S., Li, G., & Smith, B. H. (2007). UV-cured FRP joint thickness effect on 

coupled composite pipes. Composite Structures, 80(2), 290–297. 

https://doi.org/10.1016/j.compstruct.2006.05.009 

[80] Experimental Analysis of Low Velocity Impact on Carbon Fiber Reinforced Polymer (CFRP) Composite ... 

(2022). https://doi.org/10.2514/6.2022-0409.vid 

https://doi.org/10.2478/ijnaoe-2013-0208
https://doi.org/10.1016/j.compositesa.2005.05.030
https://doi.org/10.1016/j.pmatsci.2015.01.004
https://doi.org/10.1177/1475090215580050
https://doi.org/10.26748/ksoe.2019.105
https://doi.org/10.3744/snak.2020.57.2.104
https://doi.org/10.3390/jcs5090238
https://doi.org/10.3390/books978-3-0365-2172-5
https://doi.org/10.1016/b978-1-78242-250-1.00010-7
https://doi.org/10.1016/b978-1-78242-250-1.00010-7
https://www.nov.com/-/media/nov/files/products/caps/fiberglass-systems/fiberspar-spoolable-fiberglass
https://www.nov.com/-/media/nov/files/products/caps/fiberglass-systems/fiberspar-spoolable-fiberglass
https://doi.org/10.1016/j.compstruct.2012.12.019
https://doi.org/10.1016/j.compscitech.2005.05.019
https://doi.org/10.1016/s0266-3538(96)00170-4
https://doi.org/10.1016/s0266-3538(96)00170-4
https://doi.org/10.1007/bf02256894
https://doi.org/10.1016/j.compstruct.2008.05.017
https://doi.org/10.1016/j.ijpvp.2008.08.001
https://doi.org/10.1016/j.compstruct.2006.05.009
https://doi.org/10.2514/6.2022-0409.vid


Okuma et al., Journal of Advanced Industrial Technology and Application Vol. 4 No. 1 (2023) p. 17-28 

27 

[81] Tarfaoui, M., Gning, P. B., Davies, P., & Collombet, F. (2006). Scale and Size Effects on Dynamic Response 

and Damage of Glass/Epoxy Tubular Structures. Journal of Composite Materials, 41(5), 547–558. 

https://doi.org/10.1177/0021998306065287 

[82] Kessler, M. R., Walker, R. H., Kadakia, D., Wilson, J. M., Duell, J. M., & Goertzen, W. K. (2004). Evaluation 

of Carbon/Epoxy Composites for Structural Pipeline Repair. 2004 International Pipeline Conference, Volumes 

1, 2, and 3. https://doi.org/10.1115/ipc2004-0486 

[83] Tarfaoui, M., Gning, P. B., & Hamitouche, L. (2008). Dynamic response and damage modeling of glass/epoxy 

tubular structures: Numerical investigation. Composites Part A: Applied Science and Manufacturing, 39(1), 1–

12. https://doi.org/10.1016/j.compositesa.2007.10.001 

[84] Huda and M. H. Ajani. (2015). Evaluation of Longitudinal and Hoop Stresses and a Critical Study of Factor of 

Safety (FoS) in Design of a Glass-Fiber Pressure Vessel. World Academy of Science, Engineering and 

Technology, International Journal of Civil, Environmental, Structural, Construction and Architectural 

Engineering, vol. 9, pp. 39-42. 

[85] Shouman, A., & Taheri, F. (2011). Compressive strain limits of composite repaired pipelines under combined 

loading states. Composite Structures, 93(6), 1538–1548.https://doi.org/10.1016/j.compstruct.2010.12.001 

[86] Selzer, R., & Friedrich, K. (1997). Mechanical properties and failure behaviour of carbon fibre-reinforced 

polymer composites under the influence of moisture. Composites Part A: Applied Science and Manufacturing, 

28(6), 595–604. https://doi.org/10.1016/s1359-835x(96)00154-6 

[87] Wei, B., Cao, H., & Song, S. (2011). Degradation of basalt fibre and glass fibre/epoxy resin composites in 

seawater. Corrosion Science, 53(1), 426–431. https://doi.org/10.1016/j.corsci.2010.09.053 

[88] Gibson, R. F. (2016). Principles of Composite Material Mechanics. https://doi.org/10.1201/b19626 

[89] Sobey, A. J., Blake, J. I. R., Shenoi, R. A., & Waddams, A. (2010). Concurrent Engineering Principles Applied 

to Marine Composite Structures for Reduction In Production Costs Through Robust Design. Marine &amp; 

Offshore Composites. https://doi.org/10.3940/rina.moc10cd.2010.09 

[90] K.Makinen, S-E.Hellbrat and K.A.Olsson.(1998). the envelopment of sandwich structure. A.Vautrin, Ed. 

Kluwer Academic publishers, Netherlands, page 13-28. 

[91] Han, W., Zhang, H.-P., Xu, X., & Tang, Y. (2018). Hybrid enhancements by polydopamine and nanosilica on 

carbon fibre reinforced polymer laminates under marine environment. Composites Part A: Applied Science 

and Manufacturing, 112, 283–289. https://doi.org/10.1016/j.compositesa.2018.06.019 

[92] Tucker, W. C., & Brown, R. (1989). Moisture Absorption of Graphite/Polymer Composites Under 2000 Feet 

of Seawater. Journal of Composite Materials, 23(8), 787–797. https://doi.org/10.1177/002199838902300802 

[93] Liao, K., Schultheisz, C., Hunston, D., & Brinson, L. (2014). Environmental Fatigue of Pultruded Glass-Fiber-

Reinforced Composites. Composite Materials: Fatigue and Fracture: 7th Volume, 217-217–218. 

https://doi.org/10.1520/stp13274s 

[94] Kaybal, H. B., Ulus, H., & Avcı, A. (2021). Seawater Aged Basalt/Epoxy Composites: Improved Bearing 

Performance with Halloysite Nanotube Reinforcement. Fibers and Polymers, 22(6), 1643–1652. 

https://doi.org/10.1007/s12221-021-0671-0 

[95] Zhang, Y., Wei, Y., Miao, K., & Li, B. (2022). A novel seawater and sea sand concrete-filled FRP-carbon steel 

composite tube column: Cyclic axial compression behaviour and modelling. Engineering Structures, 252, 

113531. https://doi.org/10.1016/j.engstruct.2021.113531 

[96] Seica, M. V., Packer, J. A., Ramirez, P. G., Bell, S. A. H., & Zhao, X.-L. (2017). Rehabilitation of tubular 

members with carbon reinforced polymers. Tubular Structures XI, 365–373. 

https://doi.org/10.1201/9780203734964-44 

[97] Alejandro Rodríguez-González, J., Rubio-González, C., de Jesús Ku-Herrera, J., Ramos-Galicia, L., & 

Velasco-Santos, C. (2018). Effect of seawater ageing on interlaminar fracture toughness of carbon fiber/epoxy 

composites containing carbon nanofillers. Journal of Reinforced Plastics and Composites, 37(22), 1346–1359. 

https://doi.org/10.1177/0731684418796305 

[98] Farhangi, V., & Karakouzian, M. (2020). Effect of Fiber Reinforced Polymer Tubes Filled with Recycled 

Materials and Concrete on Structural Capacity of Pile Foundations. Applied Sciences, 10(5), 1554. 

https://doi.org/10.3390/app10051554 

[99] Mishad, A., Hashim, M. H. M., Ibrahim, A., Jamal, M. H., & Baboh, D. A. (2022). RC Beams Strengthened 

with Near Surface Mounted Carbon Fiber Reinforced Polymer Plate at Short Term Saltwater Exposure. 

Proceedings of the 5th International Conference on Sustainable Civil Engineering Structures and Construction 

Materials, 987–998. https://doi.org/10.1007/978-981-16-7924-7_64 

[100] Dong, Z., Han, T., Ji, J., Zhu, H., & Wu, G. (2023). Durability of discrete BFRP needle-reinforced seawater 

sea-sand concrete-filled GFRP tubular columns in the ocean environment. Construction and Building 

Materials, 365, 130017. https://doi.org/10.1016/j.conbuildmat.2022.130017 

[101] Oh, D., Jang, J., Jee, J., Kwon, Y., Im, S., & Han, Z. (2022). Effects of fabric combinations on the quality of 

glass fiber reinforced polymer hull structures. International Journal of Naval Architecture and Ocean 

Engineering, 14, 100462. https://doi.org/10.1016/j.ijnaoe.2022.100462 

https://doi.org/10.1177/0021998306065287
https://doi.org/10.1115/ipc2004-0486
https://doi.org/10.1016/s1359-835x(96)00154-6
https://doi.org/10.1016/j.corsci.2010.09.053
https://doi.org/10.1201/b19626
https://doi.org/10.3940/rina.moc10cd.2010.09
https://doi.org/10.1016/j.compositesa.2018.06.019
https://doi.org/10.1177/002199838902300802
https://doi.org/10.1520/stp13274s
https://doi.org/10.1007/s12221-021-0671-0
https://doi.org/10.1016/j.engstruct.2021.113531
https://doi.org/10.1201/9780203734964-44
https://doi.org/10.1177/0731684418796305
https://doi.org/10.3390/app10051554
https://doi.org/10.1007/978-981-16-7924-7_64
https://doi.org/10.1016/j.conbuildmat.2022.130017
https://doi.org/10.1016/j.ijnaoe.2022.100462


Okuma et al., Journal of Advanced Industrial Technology and Application Vol. 4 No. 1 (2023) p. 17-28 

28 

[102] Fang, S., Li, L., Luo, Z., Fang, Z., Huang, D., Liu, F., Wang, H., & Xiong, Z. (2023). Novel FRP interlocking 

multi-spiral reinforced-seawater sea-sand concrete square columns with longitudinal hybrid FRP–steel bars: 

Monotonic and cyclic axial compressive behaviours. Composite Structures, 305, 116487. 

https://doi.org/10.1016/j.compstruct.2022.11648 

[103] Blake, J. I. R., Shenoi, R. A., Das, P. K., & Yang, N. (2009). The application of reliability methods in the 

design of stiffened FRP composite panels for marine vessels. Ships and Offshore Structures, 4(3), 287–297. 

https://doi.org/10.1080/17445300903169176 

[104] Lynch, C. T. (2019). CRC Handbook of Materials Science. https://doi.org/10.1201/9780429290398 

[105] ‘Carbon free’ catamaran hulls make use of glass fiber. (2015). Reinforced Plastics, 59(5), 209–210. 

https://doi.org/10.1016/j.repl.2015.08.009. 

https://doi.org/10.1016/j.compstruct.2022.11648
https://doi.org/10.1080/17445300903169176
https://doi.org/10.1201/9780429290398

