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Outline
•  Stress and strain: What are they and why are  

they used instead of load and deformation?they used instead of load and deformation?
•  Elastic behavior: When loads are small, how      

much deformation occurs? What materialsmuch deformation occurs?  What materials 
deform least?

Pl i b h i A h i d•  Plastic behavior: At what point does permanent     
deformation occur?  What materials are most 
resistant to permanent deformation?

•  Toughness and ductility: What are they and howg y y
do we measure them?
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DeformationElastic
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StressEngineering
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Common States of Stress
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)1Other Common Stress States (
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)2Other Common Stress States (
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Engineering Strain
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Strain Testing-Stress
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Linear Elastic Properties
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υPoisson's ratio, 
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Mechanical Properties
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Other Elastic Properties
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:  ComparisonModuliYoung’s 
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Useful Linear Elastic Relationships

Dr. Mubarak١٦



Plastic (Permanent) Deformation
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yYield Strength, 
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Yield Strength : Comparison

Based on data in Table B4,
Callister 7e.
a     = annealed
hr   = hot rolled
ag = aged
cd = cold drawn
cw = cold worked
qt   = quenched & temperedq q p
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Tensile Strength, TS

Dr. Mubarak٢٠



Tensile Strength : Comparison
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Ductility
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Toughness
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rResilience, U 
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Elastic Strain Recovery
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Hardness
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Hardness: Measurement
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Hardness: Measurement
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True Stress & Strain

Dr. Mubarak٢٩



Hardening
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Variability in Material Properties
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 Design or Safety Factors
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