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ABSTRACT  

As in many industrial domains, applications of composite materials show a constant 

growth in the marine industry. The possibility to create a specific combination of materi-

als and engineering proves that they work together better than any of them independently, 

thus generating a wide range of applications that challenge the naval architects of today. 

The paper presents a brief review of the development of this class of materials and their 

advantages for the shipbuilding and boatbuilding industry.  
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1. INTRODUCTION  

In the technical literature there are many 

definitions for composite materials, but all 

converge to a common concept: composite 

materials are materials obtained by combin-

ing, on a macroscopic scale, two or more 

different materials to form a new material 

where the deficiencies of a component are 

offset by the benefits of the other component. 

The constituents retain their identities in the 

composite by not dissolving or mixing com-

pletely with one another while acting to-

gether. Typically, components can be physi-

cally identified and have a visible macro-

scopic interface that separates them one from 

the other [1]. 

According to the above, the term "com-

posite material" defines a vast class of prod-

ucts made up of materials of different nature. 

The designing engineer can combine two or 

more different materials in order to obtain a 

new material that exhibits certain improved 

features. These combinations are virtually 

infinite.The main advantage of composite 

materials is that, if they are properly de-

signed and put into work, they usually pre-

sent the best qualities of the constituents and, 

most of the times, qualities that none of the 

constituents present independently. 

Different materials can also be combined 

on a microscopic scale, such as in metallic 

alloys, but the resulting material is macro-

scopically homogeneous, the components are 

not distinguishable with the naked eye, these 

materials are not to be considered composite 

materials. In order to separate the composite 

materials from the rest of the materials ob-

tained by combining two or more materials, 

it should be noted that in the finished com-

posite material obtained after the combina-

tion, the constituent materials are distinct, 

physically differentiable and mechanically 

separable [2]. 

In most cases, in the composite material 

one can distinguish two components, called 

phases: one of the materials is the matrix and 

is defined as the continuous phase. The rein-

forcement is the second constituent element 

of the composite material and is also referred 

to as reinforcement. It completes the matrix 

to improve its properties. The reinforcement 
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is the discontinuous phase, evenly distributed 

throughout the matrix volume [3]. The roles 

of each of the constituent elements are high-

lighted in Table 1 [1]. 

 
Table 1. Phases in a composite material [1] 

Matrix 
• Provides the shape of the 
composite piece 
• Supports reinforcement 
material 
• Protects reinforcement 
against external factors 
• Transfers effort to rein-
forcement 
• Contributes to properties 
that depend on both rein-
forcement and matrix, such 
as mechanical strength, 
brittleness, plasticity, stiff-
ness 
• Redistributes tasks when 
some reinforcement ele-
ments fail 

Reinforcement 
• Provides material 
strength and stiffness 
• Has a dominant role in 
other properties such as 
thermal expansion coeffi-
cient and heat transfer 
• Improves matrix quali-
ties such as rigidity or 
elasticity, tensile strength, 
compression, bending, 
wear, fatigue, various 
other physical or chemical 
properties 
• Bears most of the ex-
ternal effort, therefore the 
shape and orientation of 
the reinforcement in the 
composite must be care-
fully chosen in such a 
way that it is optimal to 
the stresses to which the 
composite is to be sub-
jected 

 

It should also be noted that, in addition 

to the advantages, composite materials also 

have a number of drawbacks. Some of these 

are described in Table 2; the considerations 

are of a general nature, given that the com-

posite materials can be made up of several 

combinations of materials, as will be de-

scribed in this chapter. For each application, 

the advantages and drawbacks should be 

weighed carefully so that the material chosen 

will provide the best properties tracked in 

that application. 

 

2. APPLICATIONS OF 

COMPOSITE MATERIALS IN 

THE SHIPBUILDING 

INDUSTRY  

The origins of composites used as ship-

building material date back to the Second 

World War. The US Navy then launched a 

8,.5-meter-long river patrol boats, relying on 

the material's potential to reduce mainte-

nance and production costs. 

In 1960 Owens Corning, a fiberglass 

manufacturer, funded the design office 

“Gibbs & Cox” to draft "Marine Design 

Manual for Fiberglass Reinforced Plastics". 

This book, published by McGraw-Hill Pub-

lishing House, was the first composite mate-

rial design guideline to focus on the water-

craft industry. 

Information that is publicly available in-

cludes only declassified items from research 

and development projects, often published 

more than 15 years after the construction. It 

is obvious that the defense industry has al-

ways been the spearhead of research in most 

areas, so the materials, in general, and the 

composite materials, in particular, are no 

exception. 

 
Table 2. Composites advantages and drawbacks 

[4], [5] 

 
Advantages 

• Low weight 
• High specific rigidity 
• High specific resis-

tance 
• Anisotropy - different 

characteristics depending 
on the orientation direction 

• Excellent formability in 
complex geometries 

• Accumulate multiple 
components in one ele-
ment, thus reducing the 
cost of the assembly 

• Easily bonded by 
bonding 

• Good damping 
• Good shock resistance 
• Capacity to store and 

release internal energy 
• Low expansion coeffi-

cient 
• Low electrical conduc-

tivity 
• Invisible for radar sys-

tems (STEALTH) 
• Thermal and electrical 

conductivity (carbon fiber 
only) 

Drawbacks 
 

• The cost of raw ma-
terials 

• Lack of universally 
valid design rules 

• Using the same pro-
ject for metal and com-
posite is rarely possible 

• Long development 
times 

• Difficulties of putting 
into work (manual, slow, 
environmental problems, 
low repeatability) 

• Specific assembly 
organs 

• Low ductility (joints 
are often ineffective and 
concentrate higher 
stress than metals 

• Susceptible to attack 
by solvents 

• Thermal operating 
limits 

• Susceptible to de-
fects 

• Hidden defects 
• Electromagnetic 

shielding is sometimes 
required 

 

In the naval field, composite materials 

are used on the body, decks, bulkheads, 

masts, propulsion shafts, rudders, and other 

elements installed on mines, frigates, de-

stroyers, corvettes and aircraft carriers. Ex-
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tensive use of composite materials can be 

seen in the Swedish Royal Navy's Visby 

class, measuring 72 meters in length and 10,4 

meters in width (Figure 1). This ship is the 

largest military ship built using composite 

materials (carbon fiber in the sandwich struc-

ture with vinyl esther resin matrix). If Visby 

was to be made of traditional metallic mate-

rials, the total mass would have been almost 

double (1,200 tons), making composite mate-

rial largely responsible for the performance 

of the corvette.  

 

Fig.1. Visby Class Swedish Corvette 

With regard to submarine constructions, 

the applications are multiple, ranging from 

the periscope fairings to the domes of rocket 

launching capsules on the battle submersi-

bles. We can also mention unmanned devices 

whose structure and buoyancy elements are 

made of composite materials: the thick walls 

of high pressure resistant cells are made of 

fibrous composite materials and the buoyancy 

elements are made of syntactic foam. The 

Naval Architecture Faculty of Galați partici-

pated in the reserach grant TOYROV 12-

116/2008 during which there were developed 

and studied 25 constructive solutions for an 

autonomous submarine vehicle (Figure 2) 

 
Fig.2. TOYROV rendering [6] 

Navigation buoys in composite materials 

are lightweight and thus reduce damage to 

ship collisions. They are usually made of 

polymer matrix composites such as polyeth-

ylene foams, polyurethane elastomers, and 

glass fiber reinforced plastics. 

In large ships, composite materials are 

used in the construction of superstructures or 

various modular components. For example, 

the "Queen Mary 2" transatlantic cruise ship 

used composite materials to build over 800 

partition walls and doors. Much of the design 

documentation of this ship was carried out at 

ICEPRONAV Galati [4]. 

3. APPLICATIONS OF 

COMPOSITE MATERIALS IN 

THE BOATBUILDING 

INDUSTRY  

Fiberglass reinforced polyesters have 

been used in various types of craft (yachts, 

small boats, fishing boats, small service 

boats, lifeboats) since the introduction of the 

material into the commercial circuit in the 

1940s. At present, almost 90% of all recrea-

tional boats are built either from fiberglass 

reinforced polyester resin or fiberglass rein-

forced viniless resins, used for hull, deck, 

various structural applications, or interior 

subdivisions. The manufacturing process 

used in the vast majority of applications is 

hand lay-up in open molds, which, although 

it is a laborious process involving a lot of 

work in difficult working conditions, has a 

major advantage in that the molds used in 

production are cheap and thus more accessi-

ble to many manufacturers of such craft. 

The use of composite materials in the 

marine industry in Romania is still quite un-

derdeveloped. One of the largest composite 

ships recently built in our country is a gen-

eral cargo boat of 17 m in length having a 

load capacity of 30 tons, built and designed 

by PLASMA Galati, shown in Figure 3. 

 The largest pleasure craft built from 

composite materials is the 75 m-long yacht 

Mirabella, launched in 2003. Although boats 

of this size are usually made of aluminum or 
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steel, in the case of Mirabella V (Figure 4) 

the material of choice was composite due to 

the speed of construction, the low mainte-

nance of the hull surface and the good acous-

tic and thermal insulation offered. 

 

 

Fig.3. Cargo boat built in Galati 

 

Although in each watercraft workshop 

there are employed different techniques with 

different particularities, the overall directions 

of the industry can be quantified and central-

ized based on data reports from the manufac-

turers and distributors of raw materials used 

in the composite industry. Each time an im-

provement has been made to the manufactur-

ing techniques, the raw material manufactur-

ers have adapted their offer to the users' re-

quirements, as can be seen in the graph pre-

sented in Figure 5 [7]. 

 

 

 

Fig.4. Reinforcement deliveries 1960-1996 

 

 

 

Fig.5. Mirabella V 

 

4. FUTURE DEVELOPMENT OF 

COMPOSITES IN MARINE 

INDUSTRY APPLICATIONS 

One of the advantages of composite ma-

terials is that certain features specifically 

sought by the designer can be modified by 

relatively easy-to-operate changes in the way 

the final laminate is obtained. 

 

 

Fig.6. 3d printed composite boat [9] 

Besides various changes in the recipes of 

the resins and multiple choices of the rein-

forcing materials, spatial structures obtained 

with multiple core materials in sandwich 

laminates are a solution for lightweight com-

posites. Due to the ease with which both the 

skins and the core material can be changed in 

the technological process of obtaining the 

laminate, this structure offers a great  flexi-
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bility in designing alternative variants with 

different degrees of rigidity [8]. 

In October 2019 University of Maine 

Composites Center received three Guinness 

World Records for prototyping a full scale 

7.62 m boat: for the world’s largest prototype 

polymer 3D printer, largest solid 3D-printed 

object, and largest 3D-printed boat. (Fig 6, 

),[9]. 

The direction of the composites devel-

opment in the marine business comes hand in 

hand with the CAD and CAM domains. 

Complex structural demands challenge engi-

neers to search for contemporary competing 

materials and designs. 

5. CONCLUDING REMARKS 

Improvement of composite material 

structures considering sandwich systems is a 

good approach if the goal is to reduce the 

mass and increase the rigidity of the struc-

ture. The numerical approach of the design 

stages is an increasingly common solution 

due to the multiple software solutions and the 

variety of scientific papers presented at inter-

national conferences and scientific journals 

[9] - [25]. 

In all the described examples above the 

composite materials assumed the role played 

by the classical materials, especially metals 

or alloys of metals. This substitution was 

dictated by aspects related to the evolution 

towards a modern product, in which the op-

erating life and safety increase, the need for 

periodic maintenance is reduced and the 

economy of resources during production and 

in operation is significantly increased. All 

these aspects are closely related to the mass 

of the assembly and the composite material is 

the key material that contributes to reducing 

the mass to an optimum point at a given time. 

As this optimum is mobile over time, it is a 

function of the technologies available at the 

moment and the modernization of the prod-

ucts obtained from composite materials, it is 

a continuous, evolutionary activity. Continu-

ous specialization of designers working with 

composite materials is a key factor for prod-

uct performance; the increasing variety of 

exhibitions, conferences and scientific com-

munication sessions in this field offers a 

great possibility to know and exchange in-

formation with other researchers. 
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