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— Minimal, ssimple small strain viscoel astoplasticity

reduction of empirical freedom

plasticity, rheology

differential equation (1D, homogeneous)



Min?
Classical plasticity

1.Elastic stress strain relations

2.Plastic strain: e=¢°+¢”

3.Yield condition- £ f(c,..)=0

(f(o...)=0)

4.Plastic potential —g: &7 = za—g(a,...)
(non-associative) oo

5.Evolution of plastic strain
(non-ideal)

— Three empirical functions:
static potential s, yield function £, plastic potential g
— Second Law?



Thermodynamic plasticity iegler, Maugin, ...,
Bazant, Houlsby,...)

1. Thermostatics — elastic stress strain relations

2.Plastic strain isa specia internal variable
3.Dissipation potential = plastic potential

4.First order homogeneity (74,5 Y0 ) =F &
oD
0g”

—>to Second Law is established, evolution of plastic

strain isderived>
— Two empirical functions:
static potential s, dissipation potential @

F=v




Thermodynamic rheology (verhss, 1997)
s(e,F,§) =s,(e,F)— %& @ entropy

Entropy balance:
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Min?



: _ Min?
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; Isotropy, one dimension, ...

|deal elastic: '08__'0_( ue . e)=-2Ge,
Second Law: [,>0, [,>0, [I,—-1,,,>0.
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The internal variable can (must?) be eI imi nated

C+170 = 2777dg+ 2775+ 2G¢ Jeftreys body

r=P50, 1, =P 50 op=bleThlat20P

2 i, [




Further motivation:

- Rheology (creep and relaxation)+plasticity
- Non associated flow - soils

dissipation potentials= normality
= (nonlinear) Onsagerian symmetry ?

Truesdell + dual variables (JNET, 2008, 33, 235-254.)
rheological thermodynamics (KgKK, 2008, 6, 51-92)

| s the thermodynamic framework too strong??

. computational and numerical stability



min+min=simple?

Unification:
dissipation potential — constitutive relations
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Differential equation



simple

Strain hardening:
G=1 G =0.05 /,=0.001 /=0.00005 o, =05 v=1
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L oading rate dependence:

v =10, 15, 25

simple
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simple

Creep:

G=1 G=015 v,=01, v, =10.
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like Armstrong-Frederic kinematic hardening



. . _ simple
Hysteresis, Bauschinger effect, ratcheting:

G=1 G=0.15 7,=0001 /=000 o, =05, 0, =06 v=1

o
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o _ simple?
Non-associative, Mohr-Coulomb, dilatancy

(according to Houlsby and Puzrin): B

s(e8,8") =50(e)—— (6 ~bed)* - (e, —e)P - e
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Discussion

1.
2.

> W

o U

Minimal viscoelastoplasticity

Possible generalizations

— Objective derivatives,
— gradient effects,

—<modified Onsagerian coefficients,
—cyield beyond Tresca, etc...>

Non-associative? + thermo

More general constitutive relations
(gyroscopic forces?) + thermo

Differential equation (can be incremental)

Numerical stability (thermo)




Thank you for your attention!



P+R+T

| nterlude — damping and friction

Dissipation in contact mechanics:

F
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Mechanics — constant force F=xuN
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Thermodinamics - Mechanics

Impossible world —
Second Law is violated

Real world —
Second Law is valid

Ideal world —
there is no dissipation



