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Plastic Strain εp

Hardening Variable χ

Hardening Force ζ

f = |σ+ζ|−k ≤0

ϕdt = σdε − dΨ ≥ 0
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Stress σ, Strain ε Stress Tensor σ , Strain ε

Plastic Strain εp Plastic Strain Tensor εp

Hardening Variable χ Hardening Variables χ, χ

Hardening Force ζ Hardening Forces ζ, ζ

f = |σ+ζ|−k ≤0 f = |s + ζ|−k ≤0

ϕdt = σdε − dΨ ≥ 0 ϕdt = σ:dε −dΨ ≥ 0
etc etc

1D → 3D Extension



1.033/1.57: Mechanics of Material Systems

(a)                                                     (b)

σΙ   

σΙ Ι  

DE f = 0

∂f
∂σ

σΙ   

σΙ Ι  

DE

f = 0

σ

σ’

Convexity of Elasticity Domain



1.033/1.57: Mechanics of Material Systems

Fe

C
Impurity = defects in the crystal
structure / network

Overcome
an Obstacle

“when?”
Slippage planes =

Direction of permanent deformation
“how?”

Example: Crystal Structure of Steel
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Sliding in a Monocrystal (“Kinematics”)
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Von-Mises Plasticity: Yield Criterion
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Von-Mises Plasticity: “Kinematics”
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Drucker-Prager Plasticity: Yield Criterion
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Drucker-Prager Plasticity: “Kinematics”
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Drucker-Prager Plasticity: 
Thermodynamic Restrictions
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Plastic Hardening Models
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Cam-Clay Model: Yield 
Criterion
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Cam-Clay Model: “Kinematics”


