
Preface 
Composite materials are increasingly finding use in diverse applications with a wide range of 
property and performance requirements. Light weight, high specific strength and stiffness 
represent the main features that make composite materials most suitable for structural 
applications. This refers to the concurrent manipulation of the materials composition and 
internal architecture of a composite material to achieve the desired properties. The ability to 
optimally tailor composite materials is of much importance for structural applications. A 
systematic approach to optimal tailoring of composite materials is a challenging design 
problem. Focus on the practical design aspects should be considered, and this is what is being 
addressed in this special topic volume. 

For structural applications, polymer- and metal- matrix composites are considered, due to 
their plasticity. Ceramic-matrix composites exhibit low strain capability, and therefore they 
are generally not suitable and rarely considered for structural applications. Accordingly, most 
research work and applications have been focused on polymer matrix composites, while less 
focus has been paid to metal matrix composites. 

Practically, polymer-matrix composites are far more popular compared to metal- and ceramic-
based composites, being attractive due to several reasons such as low density, easy 
processaibility combined with low manufacturing costs and substantially due to low energy 
input requirements. This makes them all the most attractive from the point of view of 
composite development for property tailoring. Due to their outstandiung properties, 
especially, fibre-reinforced polymers, have gained importance in industry and are now being 
used along with metals in various fields such as aeronautical and automotive applications.    
The application of natural fibres for polymer reinforcement is of extreme interest, especially 
in combination with biodegradable polymers. Such “green” composite represent a step 
forward to echo-design and to environmentally friendly applications. A main drawback 
related to polymer composites is, however, the low and limited temperature range of 
application. 

Metal matrices, on the other hand, can widen the scope of using composites over a wide range 
of temperatures. They are also characterized by positive features such as high strength and 
stiffness, low thermal expansion, good thermal stability, improved wear resistance, better 
transverse properties and higher toughness compared to polymer composites, minimum 
moisture absorption, higher electrical and thermal conductivities, in addition to non-
flammability. However, metal matrix composites are usually more expensive than polymer 
matrix composites, and the fabrication processes are much more limited, especially for 
complex structural shapes. Therefore, commercial applications for metal matrix composites 
are sparse. Metal matrices of interest, for light weight structural components, are aluminium, 
magnesium and titanium based alloys. 

Nanocomposites are nowadays considered as the future materials, which have super improved 
mechanical properties. Rubber nanocomposites, represent an important class of polymer base 
materials, which play an important role in engineering, construction and aerospace 
applications. Carbon nanotubes are one of the most exciting discoveries of nanosized 
materials of the 20th century. Aluminium and magnesium based materials are among the 
metals that can benefit from the incorporation of carbon nanotubes to produce composites 
with increased strength without having a significant detrimental effect on ductility. 
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The design of structural composites requires that a balance be struck between processing 
technology, mechanical testing, and numerical simulation, in order to obtain the optimum 
results of weight-strength-stiffness for given applications and industrial requirements. There is 
a variety of manufacturing processes and tests to characterize mechanical properties of 
assorted models. Despite the complexity of composite structures and the different possibilities 
offered by materials, this special topic volume shows that certain techniques and rules can be 
used to evaluate their behaviour and design their structure.  

A number of articles are included in this special topic volume, namely nine articles on 
polymer matrix composites, three articles on metal matrix composites, one article on polymer 
composite-grid-reinforced concrete, and one article on metal-polymer sandwich hybrid 
system. 

 These articles cover the above described aspects.   The knowledge gained can be used to 
design better composites with improved mechanical properties. 
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