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Variational Phase-Field Formulation of Non-Linear Ductile Fracture

Introduction

M. Dittmann, F. Aldakheel, J. Schulte, P. Wriggers and C. Hesch

Higher order phase-field model to non-linear ductile fracture
Novel multiplicative triple split of the deformation gradient
Isotropic gradient enhanced plasticity model

Exponential update scheme for the return map

Multi-field problem
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Dual hardening force field:

Phase-field regularization
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m Regularization
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m Critical fracture energy density function
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m Crack density function (Allen-Cahn type)

1 I¢ [}
Asg) — 2 U 2 1 M Ag2
v (s, Vs, As) 4lf5 2|Vs| o As
m Degradation function 2
g(s) = (1 —s)
Triple Split
- . - (e i T
F°¢ — F(FP —1 7 F°© — ¢ g(ﬁ)na®Na 7 J = ) (
(F) >0 S e

Internal energy potential

1 = [ W8, () U (DAV+ [ 0 (@) + 8, (0, Va)aV + [ Wi(s, Vs, As, a)dV
By By By

15
Al
pe = H(FG:FG—P))

i
4

[
/- ge(a) { 2 §|V5|2+

~

AEQ}

fracture
zone

plastic

1S0 9 o ) Zone
k| J°—1 ~
C L= — In|J
VOl 2 2 n[ ]
WP =Yoo — (Yoo — o) exp[—wpa] + ha
D yolf) 2
grad " 7|V0&|

University of Siegen
Chair of Computational Mechanics

Variational formulation

m Von Mises type yield function
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m Deviatoric Kirchhoff stress: 74., = QW

m Plastic resistance force: ¥ = o,UP

m Fracture threshold function
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m Phase-field driving force: H = %

m Crack resistance force: r' = 5, 0!

m Concept of maximum dissipation
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m Phase-field evolution: s = )‘fa(

m Mixed variational principle
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m Exponential integration scheme / Preserving deviatoric state
- 0Dy,

(CP); L, = e N FumeFa (o)L with

aTtr

Numerical example

lu
m Tension test similar to the 3rd Sandia Fracture
Challenge [1]

m Steel like material

m Elastic parameters

1 = 73,255GPa, k = 150 GPa
m Plastic parameters

Yo = 343 MPa, yo = 680 MPa , [, = 0.78125 mm
m Phase-field fracture parameter

g = 142.5kJ/m? , Iy = 0.78125 mm

m Residual stresses distribution

m Crack phase-field result
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