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Plastic modulus

Hardening function

H(") > oy, H(0)=o0y, E,=H'()
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Plastic modulus

Hardening function
H(") > oy, H(0)=o0y, E,=H'()

Additive decomposition

do " do N do
NG B
Hence
1
E —
P B—E,

It holds that £/} < £/ and £, — 0o as £y — I, which causes some ill-conditioning

for smooth o-¢ curves. Progressive hardening E; > E is prohibited. Perfect
plasticity is recovered for E; = 0.
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Equivalent plastic strain

Effective strain rate
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Equivalent plastic strain

Effective strain rate

Tensile test

&=/ (@2 F2 587 = &)
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Equivalent plastic strain

Effective strain rate

Tensile test

& = /2((E)2 +2( 1)) = |&)]

Thus, the coefficient 2/3 is only good for an incompressible plastic flow.
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Equivalent plastic strain
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Equivalent plastic strain

Effective strain rate

2.p :p
3€i5€ij

Tensile test

& = /2((E)2 +2( 1)) = |&)]

Thus, the coefficient 2/3 is only good for an incompressible plastic flow.

Equivalent plastic strain

t
ep:/ é,dT  (history dependent)
0

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

Hill (1950)

f(oij) < H(ep)




Institute of Thermomechanics

Isotropic hardening (1/2)

Hill (1950)

Yield function



Institute of Thermomechanics

Isotropic hardening (1/2)

Hill (1950)

Yield function

Consistency condition



Institute of Thermomechanics

Isotropic hardening (1/2)

Hill (1950)

Yield function

Consistency condition

Substitution

(j-ij — zgkl(ekl )\Rkl) and ép A 2Rmann
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Isotropic hardening (2/2)

Plastic multiplier

OF
— T
9o, JKI€K

A:

oo L oNd
Ep %Rmann+aTmeqrers

Perfect plasticity is recovered, setting £, = 0.
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Kinemnie hardvnng/
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Kinematic hardening (1/3)

Prager (1955)

e S Oy
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Kinematic hardening (1/3)

Prager (1955)

e S Oy

Yield function

F(o4j, hij) = floi; — hig) —
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Kinematic hardening (1/3)

Prager (1955)

Yield function

F(o4j, hij) = f(oij — hij) — oy
Consistency condition
OF
= @b — 0
j ij
00'@'
Constitutive assumption
_ D b
hi; = ce;;, ¢ = const.
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Kinematic hardening (2/3)

Plastic multiplier

OF
—Cz" :
30@7‘ ]klekl
OF OF
Rmn =+ —Cpqrers

C—
0 mn 0oy
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Kinematic hardening (2/3)

Plastic multiplier

oF :
a—cz'jklekl
A=
F F
Cao_—mann + anqCpqrers

It must hold that A\, = \i,,, therefore

OF e
60'mn Rmn - Ep ngann

C
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Kinematic hardening (2/3)

Plastic multiplier

oF :
5——C%mwm
A=
F F
Cao_—mann + anqCpqrers

It must hold that A\, = \i,,, therefore

OF e
60'mn Rmn - Ep ngann

C

Associated flow rule

C\/(‘?F OF . ng

00 1mn O n, 3
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Kinematic hardening (3/3)

Jo-theory
oy OF §Smn§5mn 3

2

OO OT,n 2 0o 2 0,
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Kinematic hardening (3/3)

Jo-theory
oy OF §Smn§5mn 3

T2

OO OT,n 2 0o 2 0,

3 2 2
C\/;:\/;Ep = c:ng

Hence
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Kinematic hardening (3/3)

Jo-theory
oy OF §Smn§5mn 3

T2

A0 OO 2 00 2 0,

3 2 2
C\/;:\/;Ep = c:ng

Important note: Since c is a constant, so is I, which implies only linear hardening

Hence

is available for this particular model!
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