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Additive decomposition
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Hence

Ep =
EEt

E − Et

It holds that Et < E and Ep →∞ as Et → E, which causes some ill-conditioning
for smooth σ-ε curves. Progressive hardening Et > E is prohibited. Perfect
plasticity is recovered for Et = 0.
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Thus, the coefficient 2/3 is only good for an incompressible plastic flow.

Equivalent plastic strain

εp =

∫ t

0

ε̇p dτ (history dependent)

Remark: The latter quantity is also known as the cumulative plastic strain.
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Isotropic hardening (1/2)

Hill (1950)

f (σij) ≤ H(εp)

Yield function

F (σij, εp) = f (σij)−H(εp)

Consistency condition

Ḟ =
∂F

∂σij
σ̇ij − Epε̇p = 0

Substitution

σ̇ij = Cijkl(ε̇kl − λRkl) and ε̇p = λ
√
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3RmnRmn



Isotropic hardening (2/2)

Plastic multiplier
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Perfect plasticity is recovered, setting Ep = 0.
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Kinematic hardening (1/3)

Prager (1955)

f (σij − hij) ≤ σY

Yield function

F (σij, hij) = f (σij − hij)− σY
Consistency condition

Ḟ =
∂F

∂σij
(σ̇ij − ḣij) = 0

Constitutive assumption

hij = cεpij , c = const.
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Associated flow rule
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Important note: Since c is a constant, so is Ep, which implies only linear hardening

is available for this particular model!




