Inelastic models based on additive
strain decomposition (plastic material)

11 Total strain is decomposed into elastic and inelastic strain counterparts:
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Additive strain decomposition

(elasto-plastic material)
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Coleman’s Method
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1 Theorem:
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o Proof:
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Additive strain decomposition

(elasto-plastic material)
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1 Using the Coleman’s theorem for the plastic material model:
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Strain driven models
—

1 Variables sets:
=2 The strain is the free variable F = {8}
01 The internal variables are given by: 7 /= {ei ,0(}

o The stresses are dependent variables D .={c,y }

1 Potential
o1 The free energy is required: PV (,0) = %Se C:e®+ H ()
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Stress driven models

1 Variables sets:

The strain is the free variable F = {0-}

The internal variables are given by: g = {q}

The stresses are dependent variables D ={e,G}
Legendre transform: €, (¢)—>0,G(0)

1 Potential

The Gibbs potential is required:

and its time derivative equation is:

Substituting it in the dissipation yields:

Isothermal case

D=06:¢-p,yv20

=

q _ é/(o_,q) Evolution

equation

pG(o)=0:e-py(e) ; ©

PG =(6:8+0:&)—pyr

D=p,G-£:620

IR0)

oe



Legendre transform
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Elastic material model (stress driven)

]
1 Variable sets definition
Free variables: £ .= {0'} ¢ = Je(0) >
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Elastic material model (stress driven)
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1 Linear elastic case:

Gibbs energy :

pol//(a)zés:((::sec)':apol’y(s):C:sas(a)z(C‘l:a

o€
<
,Oog//(a')zi e :C: ¢ =£a':(C_1:(C:(C_1:0':10':(C_1:0'
20‘16_1 C‘Hi:a 2 jH 2
C-lgo %(O‘.‘C_l.’d)

—— 1 1

p,G(o)=0:¢(o) —;001//(8(0')} =0 :(C_lia—za:@_lia'zia:@_lia

,Cogsgw“(%;equa'on\ Dissipation _ Gibspotential
_9Y/,\O) _ ~1. g - K 1 -
E—T—C e 2=0 G(O‘)ZEO':(Cl:O'




Inelastic Material

Variable set definition
Free variables: F :={c}
Internal variables: 7 .= {q} g=_(o,0)
Dependent: D = {g(o',q),G(G,q)} G=
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Inelastic Material

1 Using the Coleman’s method:
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Inelastic models based on additive

stress decomposition

©1 The total stress is decomposed into elastic M

and inelastic counterparts
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1 lsothermal case:
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No thermal influence

1 Variable set definition
Free variables: F o= {0}
Internal variables: 7 = {Gi , q}

Dependent variables:
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Inelastic models based on additive
stress decomposition (plastic material)
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1 Potential
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Replacing the free energy, into the dissipation yields:
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The following expressions are used:
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Plastic Material

Using the Coleman’s method for the thermo-elastic material model:
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Rheological models

1 Elastic element F
L & F K
F =Ko >
o]
1 Elastic model
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o1 Stress driven model £ .= {G} A= {8} and D .= {8(0', ,B)},G(O', ,B)}
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Rheological models

Viscous element F
L & F : : 1 _177
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Positive dissipation (2. principle) translates into restrictions on the physically
meaningful values of the material properties.




Rheological Models

= Viscous element F
| =2 _F F=pé-é= e L
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1 Viscous model

L & o [B=¢— Internal variable Z
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Free and internal variables
must be different !!!!
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Maxwell’s model

1 Viscous Model Let’s define
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1 Strain driven model

Variable sets definition
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Maxwell’s model

l ' € —
| 8(1) | 8(2) | G

C 7
]
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1 Stress driven model

Variable sets definition
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Potential p,G(0,8) = PoG(l) (0,0)+ PoG(z) (6.8)

Elastic poG(l)(G,,B)=ic:(C‘l:0'
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Kelvin’s model
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Stress driven model

Variable set definition
Fo={o} s T:={B} B= 0%= (0-0")= (6-C:f)
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Kelvin’s mo
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NOT PHYSICAL

Free and internal variables
must be different 11!






