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Main properties of  Materials

• Elasticity

• Plasticity

• Ductility

• Hardness

• Toughness

• Creep

• Fatigue

• Fracture
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Stress-Strain Testing
• Typical tensile test 
    machine

specimenextensometer

• Typical tensile 
    specimen
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Elastic means 
reversible!
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True Stress & Strain                                                                    
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•  Plastic tensile strain at failure:
Ductility

•  Another ductility measure: 100
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•  Energy to break a unit volume of  material
•  Approximate by the area under the stress-strain curve.

Toughness

Brittle fracture:  elastic energy
Ductile fracture:  elastic + plastic energy

very small 
toughness (unreinforced polymers) 

Engineering tensile 
strain, ε
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ngineering 
tensile 
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(ceramics)

large toughness (metals) 
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Hardness
•  Resistance to permanently indenting the surface.
•  Large hardness means:
    -- resistance to plastic deformation or cracking in
        compression.
    -- better wear properties.

e.g.,  
10 mm sphere

apply known 
force 

measure 
size of  indent after 
removing load

dD

Smaller indents 
mean 
larger hardness.
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