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Technical Note:  
 Aluminium versus Composite Construction 

Introduction 
This document describes the advantages of aluminium versus GRP construction for high speed 
boats.  This document does not make recommendations for one material over the other as this 
can only be decided on a case by case basis depending on a variety of factors from structural 
performance to local shipyard conditions. 

Aluminium 
Aluminium alloy is the most popular shipbuilding material after steel.  Aluminium alloys have 
the primary advantage of being light weight and the variety of alloys available provide good 
versatility in the use of the material.  In some cases it is possible to get similar strengths of 
material to that of steel.   
 
Advantages of aluminium alloys are: 

 Light weight 

 Corrosion resistant 

 Easily formed 

 Easily fabricated 

 Readily available 

 Ductile 

 Non magnetic 

 Minimal UV degradation from sunlight 

 Smoothness of construction is pre-determined; no extensive sanding or filling is required 

 Predictable strength which is certified by the manufacturer of the metal and which is recorded 
with each batch 

 Easy to do field repairs 
 
Disadvantages of aluminium alloys may be listed as: 

 Poor fatigue properties 

 Poor performance in fire 

 Low melting point and softening temperature 

 High relative cost 

 Strength and stiffness less than steel 

 Difficult to make compound curvature surfaces 

 Welding requires special skills and is more difficult than steel. 

 Poor corrosion characteristics in salt water 
 



Aluminium alloys are already a very important material in the construction of fast ferries and high speed 
light craft. The lighter construction of these vessels allows a higher speed or reduced fuel consumption 
resulting in a reduction of overall running costs.    
  
The properties of 5XXX and 6XXX series aluminium alloys can be compared to other 
metallic materials commonly used in the marine environment 

 

 
 

GRP Composites 
A composite material is composed of two or more distinct phases. Fibre-reinforced plastics (FRPs) are 
one such example of a polymer composite material where glass, aramid or carbon fibres reinforce a 
matrix of polyester, vinylester or epoxy resin. The properties of various reinforcing fibres and resin 
materials vary enormously.  The mechanical properties of a polymer composite are dependent on the 
properties of the reinforcing fibres (defined by the type and weave of the fibres) and the resin material, 
and also on the laminate arrangement (volume fraction of reinforcement, fibre alignment and stacking 
sequence).  This is one of the main advantages of polymer composites – the material can be tailored for 
a specific application. Some properties of commonly used polymer composites are shown in the Table 
below.  
 



 
 

Marine polymer composites may be used in the form of single-skin or sandwich construction. Sandwich 
construction incorporates a core material such as PVC (poly vinyl chloride) foam bonded between FRP 
skins.  A typical marine-grade glass-reinforced plastic (GRP) laminate has a density of  approximately 1.7 
t/m3 (g/cm3). However, the overall weight of a GRP structure is dependent on constraints that may 
influence stiffener layout etc, and also the desired combination of strength and stiffness. 
 
Advantages of GRP composites over steel and other metals may be identified as: 

 Low magnetic properties 

 Low electrical conductivity (glass-reinforced plastics) 

 Resistance to corrosion 

 Resistance to rot and marine growth 

 Relatively high sonar transparency 

 Good strength to weight ratio 

 Good fatigue properties 

 Maintenance of properties at low temperatures 

 Availability 

 Can be manufactured in complex shapes 

 Stiffness and strength can be tailored to structural requirements 

 Excellent thermal insulation 

 Light weight 
 
Shear strength between lamina (inter-laminar shear strength) is often cited as a weakness of GRP 
composite materials. However, appropriate design and application can avoid potential delamination 
problems. In general, disadvantages of GRP may be listed as: 

 Low inter-laminar strength 

 High dependence on construction quality assurance 

 Low inherent stiffness 

 Susceptible to fire damage 
 
There are two main fabrication processes available for GRP shipbuilding: hand lay-up and the vacuum 
infusion method. Hand lay-up is a well-established technique and has been used successfully for a wide 
variety of vessels.  Vacuum infusion method is a newer process that has only gained wide acceptance in 



the last 5 years.  The method can provide higher fibre-resin ratios, and hence mechanical properties, 
than the hand lay-up process. The vacuum infusion method has become a well-established technique 
and most state of the art vessels are now produced with this method. 
 

Classification 
All the major classification societies have developed rules for aluminium and composite vessels and 
there is no major difference in the classification procedures between the different materials.  

Weight 
Whether a GRP vessel comes out lighter or heavier than the equivalent aluminium vessel depends 
largely on the materials used and the production technique (hand lay-up or vacuum infusion).  In general 
a single skinned hull produced with a hand layup technique will work out heavier than an aluminium hull 
of equal strength.   
 
If the same hull is vacuum infused and uses lightweight materials such as carbon fibre and Kevlar, it is 
possible to reduce the weight by 40% or more compared to aluminium.  However such exotic materials 
are considerably more costly. 

Production Cost 
Construction of GRP vessels generally requires a set of moulds for the hull, deck, superstructure and a 
myriad of minor components.  Producing these moulds is an additional cost compared with an 
aluminium vessel which only requires a simple steel jig for construction. 
 
A general rule of thumb is that the break even amortization of the moulds occurs at 4-6 boats. Therefore 
if fewer boats than 4 are going to be produced and an existing set of moulds is not available, the 
aluminium vessel will be cheaper.   
 
It is possible to construct 1-off composite vessels without producing extensive 3D moulds but the labour 
is generally 20-100% higher than when using female moulds. 
 

Maintenance 
For aluminium ships, corrosion is the primary cause for structural deterioration.  Aluminium ships 
therefore need continuous maintenance in the form of corrosion prevention systems and coatings to 
prevent their deterioration over time.  The second most frequent cause for structural deterioration of 
aluminium vessels is fatigue.  There is extensive knowledge on design, construction and maintenance 
methods for controlling fatigue cracking in aluminium hulls but it remains a significant problem as the 
fatigue characteristics are highly dependent on the weld quality and weld preparation. 
 
The response of GRP composites to fatigue is also well understood. The fatigue damage tolerance of GRP 
composites is high. Initial fatigue damage occurs in the form of resin cracking and fibre de-bonding as 
the fibre reinforcements redistribute stress and arrest crack propagation through the laminate. 
Propagation of a through thickness crack to cause panel failure is accepted to be highly unlikely for this 
reason.  Fatigue is usually only a concern in structural connections (eg. bulkhead to hull joints) where the 
adhesive bond, rather than the GRP laminate, may fail. 
 
GRP composite materials do not require significant maintenance. Typical marine fibre-resin systems are 
resistant to UV radiation. Established schemes exist for the application of paint coatings where desired. 



Sub-surface delamination can occur if a component is overloaded. Such a delamination may not 
propagate under normal loading conditions but may be critical for subsequent overloading events. These 
defects can be reliably detected in single-skin GRP using ultrasonics. Tap testing is most commonly used 
to detect delamination in a GRP sandwich composite although it is not a particularly reliable or accurate 
technique. Ultrasonics can then be used to determine if a delamination is present in one of the skins. 
However, reliable NDE techniques for assessing the integrity of the skin-core interface and the core itself 
are still under development. 
 

Conclusions 
Both aluminium and GRP are excellent materials for producing high-speed marine craft.  Each  material 
has its own specific set of advantages and disadvantages and each material  has its applications where it 
out performs the other.  The optimum solution for most craft lies in optimal use of both materials in the 
same boat.  Various hybrid vessels are in use today. One of the most common is to use aluminium hulls 
with composite superstructures. However many other options are also available.   
 
Choice of material for a high-speed craft should consider all the factors discussed in this document 
before a decision is made on the appropriate material for the specific application. 


