
14. Mechanical properties of Materials



Different mechanical tests

• Tension

• Compression

• Shearing



Stress vs. Strain

Normal stress

𝜎 =
𝐹

𝐴0

Normal strain

𝜀 =
𝑙 − 𝑙0
𝑙0

× 100%

Shear stress

𝜏 =
𝐹

𝐴0

Shear strain

𝜀 = tan 𝜃



Stress-Strain diagram



Elasticity





Temperature-dependent modulus

Temperature

Atomic vibration

Atomic distance

Atomic force

Modulus



Poisson’s Ratio



Inelasticity

Elastic deformation can be time-dependent:

• With constant stress, the strain may further increase;

• After stress is removed, strain goes back to zero after a while;

• For polymers, such time-dependent behavior is significant: Viscoelasticity



Viscoelasticity: Creep



Viscoelasticity: Relaxation



Spring dashpot for viscoelasticity



Viscoelasticity Model



Viscoelasticity Model



Viscoelasticity Model



Creep experiment



Data fittings



Rough estimations of material parameters in the model



Plastic deformation



Strength



Ductility, Resilience and Toughness



Ductility, Resilience and Toughness



Temperature-dependent mechanical properties



Temperature-dependent mechanical properties



Elastic recovery after plastic deformation



True stress and true strain



Hardness



Hardness



Variability of Material Properties



Design/Safety Factors



Design/Safety Factors



Fracture Phenomena



Microscopic process of fracturing



Examples of Ductile and Brittle Fracture of Pipes



Fracture Mechanics



Fracture Mechanics



Crack Propagation



Crack Propagation



Fracture toughness



Fracture modes

Tensile mode Sliding mode Tearing mode

𝐾𝐼𝐶 =
𝜎𝐼𝐶
𝜎0



Fracture Toughness Ranges



Design Against Fracture



Impact fracturing test



Ductile-to-Brittle Transition



Fatigue Test



Fatigue Failure



Types of Fatigue Behavior



Types of Fatigue Behavior



Fatigue Behavior of Polymers



Ashby Chart



Ashby Chart
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