
Elements of Materials Science and Engineering

Chapter 6 Mechanical Testing and Properties

6.1 Introduction     

• Tensile Strength  ���� Tensile Test

• Flexural Strength ���� Bend Test for brittle materials• Flexural Strength ���� Bend Test for brittle materials

• Hardness ���� Hardness Test

• Toughness ���� Impact Test 

• Fatigue Life ���� Fatigue Test

• Creep rate ���� Creep Test
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6.2 Tensile Test
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6.2-3 Tensile Test & the properties obtained from the Tensile Test
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•Note: in Metals, Yield stress is usually the stress required for dislocations to slip.
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6.2-3 Tensile Test & the properties obtained from the Tensile Test

Note: Young’s modulus is a measure of the stiffness of the material.
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6.2-3 Tensile Test & the properties obtained from the Tensile Test

Er=1/2(yield strength)(strain at yielding)
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6.2-3 Tensile Test & the properties obtained from the Tensile Test

Er=1/2(yield strength)(strain at yielding)
allongitudin

lateralratiosPoisson
ε

ε
µ

−
=: '



Elements of Materials Science and Engineering

Chapter 6 Mechanical Testing and Properties

6.2-3 Tensile Test & the properties obtained from the Tensile Test

Effect of Temperature
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6.4 The Bend Test for Brittle Material

•Due to the presence of flaw at the surface, 

in many brittle materials, the normal tensile 

test cannot easily be performed.test cannot easily be performed.
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6.4 The Bend Test for Brittle Material
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6.4 The Bend Test for Brittle Material

deflection is    where δ
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6.5 True Stress-True Strain

0

0

0

 strain  gEngineerin

 stress  gEngineerin

l

ll

A

F

−
==

==

ε

σ

)ln()ln( strain  True

 stress  True

'

0

0

'

'

'

0 A

A

l

l

l

dl

A

F

l

l

t

t

====

==

∫ε

σ



Elements of Materials Science and Engineering

Chapter 6 Mechanical Testing and Properties

6.6 The Hardness Test 
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6.6 The Hardness Test 
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6.7 The Impact Test � impact strength 

To evaluate the brittleness of a material subjected to a sudden blow.
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6.7 The Impact Test � impact strength 

Impact strength vs. Temperature

Note: BCC metals have transition temperature, but most FCC metals do not.
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6.7 The Impact Test � impact strength 

Yield Strength: A > B Impact Strength: B > A
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6.11 The Fatigue Test � Fatigue Life, Fatigue Strength
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6.11 The Fatigue Test

S-N curve
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6.14 The Creep Test:

Apply stress to a material at an elevated temperature

Creep: Plastic deformation 

• a typical creep curve showing the strain produced as

a function of time for a constant stress and temperature.

Creep: Plastic deformation 

at high temperature
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6.14 The Creep Test:
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6.15 Use of Creep Data

(a) Stress-rupture curves for an iron-chromium-nickel alloy

(b) The Larson-Miller parameter for ductile cast iron


