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Learning goals and topics

The course aims at giving the participants a comprehensive introduction to

formulation and implementation of constitutive models for elastic-plastic
materials.

Main topics:

*Plasticity

*\/isco-plasticity

«Stress update algorithms

Damage mechanics
*Hypo/Hyper-elastic-plastic plasticity
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Introduction

Plasticity describes the deformation of a material experiencing
irreversible changes of shape in response to applied forces.
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Introduction

Plasticity describes the deformation of a material experiencing

irreversible changes of shape in response to applied forces.

*|rreversible deformation
*Path dependence
*Energy dissipation
*Rate independence
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Introduction

A Fracture
o) Plastic flow j

Yielding \
——

N\

Elasticity

SIMLab




Yield criterion
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Yield criterion
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Yield criterion
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Yield criterion

. . . L Inadmissible
Elastic domain Yield criterion region
f(o) <0 f(o)=0 flo) >0
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Yield criterion

Positive homogeneous function of order
one:

Assumed form: p(ao) =ap(o),a >0

Euler’s theorem for homogeneous
functions:

Oeq = ¢ (0) Oy (o)

UijaTijZSO(U)
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Yield criterion

\ von Mises criterion 1913
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o1+ 02+ 03 =0

Valid for:
*isotropic materials
*pressure insensitive o5
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Yield criterion
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Anisotropic Pressure sensitivity
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Yield criterion

Anisotropic %
da ‘
Rodney Hill
A o 1048
aoy Hill criterion:

902 (U) = F (022 — 033)2 +G (033 — 011)2 + H (011 — 022)2

> + L (U§3 - U%z) + M (U%:s - (7%1) + N (U%Q - 031)
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Yield criterion

f (U) — ¥ (U) — Oy Oeq = ¥ (U) | P
Pressure
dependency e AN

Drucker Prager

Drucker-Prager criterion 1952
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Yield criterion

f(o)=p(o) -0y Ocq = ¢ (0)
\/72,11 plane
A\@
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Yield criterion

flo)=¢(o) -0y Oeq = ¢ (0)

|

Can be “customized” !

f(o)=f(o1,02,03) =0 f(o)=f s 11, 111,) =0

For isotropic materials:

flo)=[(J2,J3) =0
flo)=f1,J2,J3) =0
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Yield criterion

flo)=¢(o) -0y Oeq = ¢ (0)

|

Can be “customized" !

The Deshpande-Fleck-Ashby yield criterion:

©? (o) = F (099 — 033)2 + G (033 — 011)2 + H (011 — 022)2

+ L (033 - 032) + M (U%?) - 031) + N (0%2 - 031)
+K (011 + 022 + 033)

Anisotropic + Isotropic pressure sensitivity
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Yield criterion

flo)=¢(o) -0y Oeq = ¢ (0)

|

Can be “customized” !

The Caddell-Raghava-Atkins yield criterion:

©? (o) = F (099 — 033)2 + G (033 — 011)2 + H (011 — 022)2

+ L (033 - 032) + M (0%3 - 031) + N (0%2 - 031)
+1o11 + Joog + Koss

Anisotropic + anisotropic pressure sensitivity
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Yield criterion

flo)=¢(o) -0y Oeq = ¢ (0)

|

The Raghava yield criterion:

(a =) I +/(a— 1212 + 120,
20

p(o) =
A

Vo
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Yield criterion

flo)=¢(o) -0y Oeq = ¢ (0)
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Yield criterion

flo)=¢(o) -0y Oeq = ¢ (0)

|

p (o) =p1(0)+ 2 (o)

Capped Drucker-Prager yield criterion:
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Yield criterion

flo)=¢(o) -0y Oeq = ¢ (0)

|

Clam-Clay yield criterion:
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Yield criterion

Assumed form: f (o) = (o) — oy

YielV
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Flow rule

Plastic flow
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Flow rule
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Flow rule

.p L
Eij = 8% + 53?, & —?
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Flow rule

.p L
Eij = 8% + 53?, & —?
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Flow rule

Plane stress visualization of a plastic
flow

von Mises
criterion:
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Flow rule

\/ J2, I1 Plane visualization of a plastic flow

Drucker-Prager criterion :

o (o) =+/J2 —aly
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Flow rule

\/ J2, I1 Plane visualization of a plastic flow

Drucker-Prager criterion :

2v/ Jo
Vc(:)rri]tel\fiisr? S vM: O

| trace( SO(U)) =0
f(o)=+3J2—oy oo

trace (e?) = ey,
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Flow rule

Associated plasticity:

L Of  0p (o)
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Non-associated
plasticity:
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Flow rule

Potential restrictions on the flow potential
functions:

Positive homogeneous function of order
one:

g=g(ac) >0 g(ao)=ag(o),a>0

Euler’s theorem for homogeneous

functions:
dg (o)
O-’LJ 50@;‘ — g (U)
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Flow rule

Plastic dissipation has to be

positive:
D= O'Z'jé?;j Z 0 D= O'Z'jé?;j Z 0
.99 (o) . 0f (o)
= g\ — 0,
0:‘7 (%ij O-J)\ 80’1']'
= Ag (o) — \f (o)
A>0 A >0
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Flow rule

Equivalent plastic strain: P
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Flow rule
Equivalent plastic strain: P

S A 'p. p— -
Non-associated 0ij€q 7 OeqP
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Flow rule

Principle of maximum plastic
dissipation:
P

* | 2P .. ~P *
(Uij — O-ij) e >0 0-@]51']' > O-ijgij
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Flow rule

Principle of maximum plastic
dissipation:
P

* | 2P .. ~P *
(Uij — O-ij) e >0 0-@]51']' > O-ijgij
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Flow rule

Principle of maximum plastic
dissipation:

% D Y % * 2P

7] 1]
implies:

*Convexity of the yield/flow potential
Normality rule
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Flow rule

Stress inside the elastic
domain:

;<0 A =0

Stress on the yield surface:

Tyy A
f=0 X>0
L — 0 / o
Kuhn-Tucker conditions: >
. . O-xx
F<0,A>0,Af =0 /

Consistency condition:

Af =0
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Flow rule

Precautions related to the choice of a yield/flow
potential:

Drucker-Prager criterion :
p (o) =/Jo —aly

dy (o) A
= I
Jo 2\/ JQU Ta
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Flow rule

Precautions related to the choice of a yield/flow
potential:
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Flow rule

A
o Plastic flow
Yielding \
\ ~"
>
E

F<0OA>0M =0
*Convexity of the yield/flow potential
>\f — 0 *Normality rule
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Project discussion

*Elasticity

*Yield criterion

* Associated/Non-associated
plasticity
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