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Definition

f (σij) = stress magnitude

Property

f (σ, 0, · · · , 0) = |σ|
Yield condition

f (σij) ≤ σY

Yield function

F (σij) ≡ f (σij)− σY
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1. Hypothesis

Yielding is caused by shear.

2. Formulation

τmax =
σ1 − σ3

2
≤ const.

3. Calibration: tensile test

σ − 0

2
≤ const. ⇒ const. =
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2

. . . it follows

σ1 − σ3 ≤ σY

Effective stress

τe = σ1 − σ3 (tension = compression)

4. Prediction: pure shear

τe = τ − (−τ ) = 2τ ≤ σY

. . . consequently

τY =
σY
2

5. Validation

. . . Luders (1860), Schmid (1924)

Remark: Predictions can (and should) be validated.



Luders bands (1860)



       Single crystals – Schmid's law

  stnt   coscos

Dunne, F., Petrinic, N. Introduction to Computational Plasticity. Oxford 
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Thick wall tube (1/3)

Plastic state

equilibrium equation:
dσr
dx

+
σr − σt
x

= 0

yield condition: τe = σt − σr = σY

 ⇒ dσr
dx

=
σY
x

Solution

σr(x) = σY lnx + C

Boundary condition

σr(r2) = σY ln r2 + C = 0 ⇒ C = −σY ln r2

Hence

σr(x) = σY lnx− σY ln r2 = σY ln
x

r2
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Thick wall tube (2/3)

Stress field at collapse

σr(x) = σY ln
x

r2

σt(x) = σY

(
1 + ln

x

r2

)
Boundary condition

σr(r1) = σY ln
r1
r2

= −p ≡ −pp

Critical pressure

p = σY ln
r2
r1
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Applications: autofrettage, shot peening, laser shock peening.


