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Introduction

• Composite materials are formed from two or more dissimilar 
materials, each of which contributes to the final properties. 
• Unlike metallic alloys, the materials in a composite remain distinct 

from each other at the macroscopic level. 
• Most engineering composites consist of two materials: a 

reinforcement called a filler and a matrix. 
• The filler provides stiffness and strength; the matrix holds the 

material together and serves to transfer load among the 
discontinuous reinforcements. 



Introduction

• The most common reinforcements are continuous fibers, either 
straight or woven, short chopped fibers, and particulates. 
• The most common matrices are various plastic resins although other 

materials including metals are used. 



Introduction

• Metals and other traditional engineering materials are uniform, or 
isotropic, in nature. This means that material properties, such as 
strength, stiffness, and thermal conductivity, are independent of both 
position within the material and the choice of coordinate system. 
• The discontinuous nature of composite reinforcements, though, 

means that material properties can vary with both position and 
direction. 



Example

• An epoxy resin reinforced with continuous graphite fibers will have 
very high strength and stiffness in the direction of the fibers, but very 
low properties normal or transverse to the fibers. 
• For this reason, structures of composite materials are normally 

constructed of multiple plies (laminates) where each ply is oriented to 
achieve optimal structural stiffness and strength performance. 



Applications

• High strength-to-weight ratios, up to 5 times greater than those of 
high-strength steels, can be achieved. High stiffness-to-weight ratios 
can also be obtained, as much as 8 times greater than those of 
structural metals. 
• For this reason, composite materials are becoming very popular in 

automotive, marine, aircraft, and spacecraft applications where 
weight is a premium. 



Properties overview

• The directionality of properties of composite materials increases the 
complexity of structural analyses. 
• Isotropic materials are fully defined by two engineering constants: 

Young’s modulus E and Poisson’s ratio ν. 
• A single ply of a composite material, however, requires four 

constants, defined with respect to the ply coordinate system. 



Properties overview

• The constants are two Young’s moduli (the longitudinal modulus in 
the direction of the fibers, E1, and the transverse modulus normal to 
the fibers, E2), 

• one Poisson’s ratio (ν12, called the major Poisson’s ratio), and one 
shear modulus (G12) 

• Combining this with multiple plies oriented at different angles makes 
structural analysis of complex structures unapproachable by manual 
techniques. For this reason, computer software is avail- able to 
calculate the properties of a laminated composite construction. 



Classification



Particle Reinforced 

• Large-particle and dispersion-strengthened composites are the two 
sub classifications of particle-reinforced composites. The distinction 
between these is based on reinforcement or strengthening 
mechanism. 
• The term large is used to indicate that particle–matrix interactions 

cannot be treated on the atomic or molecular level; 
• For dispersion-strengthened composites, particles are normally much 

smaller, with diameters between 0.01 and 0.1 m. Particle–matrix 
interactions that lead to strengthening occur on the atomic or 
molecular level. 



Large Particle 

• For most of these composites, the particulate phase is harder and 
stiffer than the matrix. 
• These reinforcing particles tend to restrain movement of the matrix 

phase in the vicinity of each particle.
• In essence, the matrix transfers some of the applied stress to the 

particles, which bear a fraction of the load. 
• The degree of reinforcement or improvement of mechanical behavior

depends on strong bonding at the matrix–particle interface. 



Large Particle (Example)

• Concrete is a common large-particle composite in which both matrix 
and dispersed phases are ceramic materials. 
• Because the terms concrete and cement are sometimes incorrectly 

interchanged, perhaps it is appropriate to make a distinction between 
them. 
• In a broad sense, concrete implies a composite material consisting of 

an aggregate of particles that are bound together in a solid body by 
some type of binding medium, that is, a cement. 



DISPERSION-STRENGTHENED COMPOSITES 

• Metals and metal alloys may be strengthened and hardened by the 
uniform dispersion of several volume percent of fine particles of a 
very hard and inert material. 
• The dispersed phase may be metallic or non-metallic; oxide materials 

are often used. 
• The strengthening mechanism involves interactions between the 

particles and dislocations within the matrix. 



Examples

• The high-temperature strength of nickel alloys may be enhanced 
significantly by the addition of about 3 vol% of thoria (ThO2) as finely 
dispersed particles; this material is known as thoria-dispersed (or TD) 
nickel. 

• The same effect is produced in the aluminum–aluminum oxide 
system.

• A very thin and adherent alumina coating is caused to form on the 
surface of extremely small (0.1 to 0.2 m thick) flakes of aluminum, 
which are dispersed within an aluminum metal matrix; this material is 
termed sintered aluminum powder (SAP). 



Fiber-Reinforced Composites 

• Technologically, the most important composites are those in which 
the dispersed phase is in the form of a fiber. 
• Design goals of fiber-reinforced composites often include high 

strength and/or stiffness on a weight basis. 
• These characteristics are expressed in terms of specific strength and 

specific modulus parameters, which correspond, respectively, to the 
ratios of tensile strength to specific gravity and modulus of elasticity 
to specific gravity. 



Influence of Fibre Length 



Types of Fibre-Reinforced Composites 

• On the basis of fiber length and orientation, three different types of 
fiber-reinforced composites are possible: 



Types of Fibre-Reinforced Composites 

• Continuous and aligned:
mechanical properties are highly 
anisotropic. In the alignment 
direction, reinforcement and 
strength are a maximum; 
perpendicular to the alignment, 
they are a minimum. 



Types of Fibre-Reinforced Composites 

• Discontinuous and aligned 
significant strengths and 
stiffnesses are possible in the 
longitudinal direction. 



Types of Fibre-Reinforced Composites 

• Discontinuous and randomly 
oriented: despite some 
limitations on reinforcement 
efficiency, properties are 
isotropic. 



Glass Fiber–Reinforced Polymer (GFRP) 
Composites 
• Fiberglass is simply a composite consisting of glass fibers, either 

continuous or discontinuous, contained within a polymer matrix; 
• this type of composite is produced in the largest quantities 
• Fiber diameters normally range between 3 and 20 micro-metre. 



Glass Fiber–Reinforced Polymer (GFRP) 
Composites 
• Glass is popular as a fiber reinforcement material for several reasons: 
1. It is easily drawn into high-strength fibers from the molten state.
2. It is readily available and may be fabricated into a glass-reinforced 

plastic  economically using a wide variety of composite-
manufacturing techniques.

3. As a fiber it is relatively strong, and when embedded in a plastic 
matrix, it produces a composite having a very high specific strength. 

4. When coupled with the various plastics, it possesses a chemical 
inertness that renders the composite useful in a variety of corrosive 
environments. 



Structural Composites 

• A structural composite is normally composed of both homogeneous 
and compos- ite materials, the properties of which depend not only 
on the properties of the constituent materials but also on the 
geometrical design of the various structural elements. 



Laminar Composites 

• A laminar composite is composed 
of two-dimensional sheets or 
panels that have a preferred high-
strength direction, such as is found 
in wood and continuous and 
aligned fiber-reinforced plastics. 
• The layers are stacked and 

subsequently cemented together 
such that the orientation of the 
high-strength direction varies with 
each successive layer 



Sandwich Panels

• Sandwich panels, considered to 
be a class of structural 
composites, are designed to be 
lightweight beams or panels 
having relatively high stiffnesses 
and strengths. 
• A sandwich panel consists of two 

outer sheets, or faces, that are 
separated by and adhesively 
bonded to a thicker core 



Classification


