PANM 15

Consistent nonlocal tangent operator
for
damage-plasticity model

Martin Horak, Mathieu Charlebois, Milan Jirasek
Department of Mechanics
Czech Technical University in Prague

Philippe Zysset
Institute of Leightweight Design

and Structural Biomechanics
Vienna University of Technology




Obsah

* Motivace
* Model spongidzni kosti

— Lokalni
— Nelokalni

e Zaver



Motivace

~ Cortical
—— Cancellous



Motivace




lVacCe

Mot




Motivace




Motivace




Motivace




Motivace




Motivace




25

Motivace .|

10

Stress [MPa]

5L |
03 04 0.5 0.6 0.7
Strain [-]

Stress [MPa]

0 0.05 0.1 0.15 02
Strain [-]



Zakladni rovnice
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Princip maxima plastické disipace
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Tenzor poddajnosti
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Linearizace algoritmu navratu na
plochu plasticity c
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Linearizace algoritmu navratu na
plochu plasticity
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Lokalizace nepruznych vlastnosti
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Lokalizace nepruznych vlastnosti

Disipovana energie

L&, hiee hae nse -



Lokalni modely

Silna(rank-1) elipticita
Symetrické tenzory men:D,:men> oc||n||2||m||2

a(x)>0 mneR’
det(n - D’pa -n)z 0
Nesymetrické tenzory elipticita

det(n-Dpd n)>0

neR?®



Lokalni modely

* Neobjektivni popis po ztrate elipticnosti
— Fyzikalni vyznam : Nulova disipovana energie

— Numericky vyznam : Patologicka zavislost na siti



Regularizace

* Gradientni modely
— explicitni K=K+CcVk
— |mp|IC|tn|, E—CVZE = K (Helmholzova rovnice)

* Nelokalni modely
R(x) = [ a(x, E)x(E)dV

e Casoveé zavislé modely(viskoplasticita)
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Nelokalni model

Nelokalni kumulovana pl. deformace:

K(X)= \J/.a(x,é;)lc(ﬁ) dg




Nelokalni model

poskozeni

® = 0(K)

#(x) = m& (x) + (1—m)x(x)
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Vektor vnitrnich sil:
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Deformace GPr: &, = Brd
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Linearizace:
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Linearizace:
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Linearizace:
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