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ASTM 

standards
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Stress  Strain: tensile test
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Material properties

Microscale tensile test

Machine is 

about 1.5 mm 

in height !!



Mechanical Engineering Department

Material properties: Stress - Strain

Tensile test: ductile material

Failure surface



Mechanical Engineering Department

Necking

Material properties: Stress - Strain

Tensile test: ductile material
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Material properties: Stress - Strain

Tensile test: brittle material

No Necking
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Does not “fail” Shear failure

Even materials: same behavior in tension as in compression.

Material properties: Stress - Strain

Compression test: ductile & brittle materials

Ductile Brittle
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Ductile material
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Stress - Strain

Stress-strain diagrams: ductile materials
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 diagram for 

mild steel

Stress  Strain: Hook’s Law

  E

E = proportionality constantEngineering 

stress

 Elastic range

 E (aka Young’s modulus)
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 diagram for 

mild steel

Stress  Strain: elastic properties
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For diagram shown:

(E for steel)

Remember 

E for 
steel !!
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Stress  Strain: Hook’s Law

  E

E = Elastic modulus (aka)

Remember: E is 
practically the 

same for different 
classes of steels !!
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Brittle material

minimum 

necking

Stress - Strain

Stress-strain diagrams: brittle materials

Offset 

method
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Stress - Strain

Stress-strain diagrams: natural rubber

Non-linear 
behavior !! Stretching of 

rubber fibers

Note how high strain 
levels are !!
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Why is gray cast iron 

tested in compression?

Stress - Strain

Stress-strain diagrams: gray cast iron

Non-linear 
behavior !!
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Strain hardening

One load-unload cycle

Two load-unload cycles

One load-unload cycle
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Strain energy:
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Strain energy density:

 





2

1

V

U
u

(area)



Mechanical Engineering Department

Strain energy: resilience
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Strain energy: toughness
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Poisson’s ratio:
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Shear stress  strain

Pure shear

Stress

Strain
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Reading assignment

• Chapter 3 of textbook

• Review notes and text: ES2001, ES2501
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Homework assignment

• As indicated on webpage of our course


