THE MECHANICAL PROPERTIES OF MATERIALS:

A. ELASTIC 

· The ability of a material to "spring back" to its original shape if distorted into some other shape 

· Most solid materials exhibit elastic behaviour, but only if the deformation is not too large. 

· Some materials that exhibit elastic behaviour: 

· Rubber (large deformations if warm, then fracture) 

· Rubber (small deformations if cold, then fracture) 

· Metals (small deformation, then permanently deform) 

· Ceramics (small deformation, then fracture) 

· Electronic materials (small deformation, then fracture or deform) 

· Glass (small deformation, then fracture) 

· Silly putty (large deformations, but only if deformed very rapidly) 

· Human skin (large deformations) 

· Polymers (temperature dependent) 

B. PLASTIC

· When a material gets stretched or squashed or bent and it stays in its new shape – this happens to some elastic materials when they get bent or stretched too much – the other materials break

C. STIFF OR SOFT

· A material that takes a lot of force to stretch or bend in an elastic way is said to be ‘stiff’, a material that takes little force is said to be ‘soft’

D. STRONG OR WEAK
· A material that takes a lot of force to stretch or bend in a plastic way is said to be ‘strong’, a material that takes little force is said to be ‘weak’
E. BRITTLENESS OR TOUGHNESS
· A material that can bend or stretch a long way before it breaks is said to be ‘tough’, a material that can only bend or stretch a little way is said to be ‘brittle’
THE 4 CLASSES OF MATERIAL:

METALS

· Distinguishing features 

· Atoms arranged in a regular repeating structure (crystal) 

· Relatively strong 
· Dense 

· Malleable or ductile: high plasticity 

· Resistant to fracture: tough 

· Excellent conductors of electricity and heat 

· Opaque to visible light 

· Shiny appearance 

CERAMICS

· Distinguishing features 

· Most have a regular arrangement of atoms (exception: glasses) 

· Composed of a mixture of metal and nonmetal atoms 

· Lower density than most metals 

· Stronger than metals 

· Low resistance to fracture: low toughness or brittle 

· Low ductility or malleability: low plasticity 

· High melting point 

· Poor conductors of electricity and heat 

· Single crystals are transparent
POLYMERS

· Distinguishing features 

· Composed primarily of C and H (hydrocarbons) 

· Low melting temperature 

· Some are crystals, many are not 

· Most are poor conductors of electricity and heat 

· Many have high plasticity 

· A few have good elasticity 

· Some are transparent, some are opaque
COMPOSITES

· Distinguishing features 

· Composed of two or more different materials (e.g., metal/ceramic, polymer/polymer, etc.) 

· Properties depend on amount and distribution of each type of material 

· Collective set of properties more desirable than possible with any individual material
· Applications
· Sports equipment (golf club shafts, tennis rackets, bicycle frames) 

· Aerospace materials 

· Thermal insulation 

· Concrete 

· "Smart" materials (sensing and responding) 

· Brake materials
· Examples
· Fiberglass (glass fibers in a polymer) 

· Space shuttle heat shields (interwoven ceramic fibers) 

· Paints (ceramic particles in latex) 

· Tank armor (ceramic particles in metal)
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