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Phase-field damage models for time-discontinuous crack evolution
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The modelling of damage behaviour has been an
intensively researched topic for decades — both
from the mechanical as well as from the mathe-
matics point of view. Since the modelling of sharp
cracks/interfaces and the resulting free boundary
problem has been shown to be numerically very chal-
lenging, phase-field theories have become very pop-
ular, cf. [1].

Within this talk, the focus is on rate-independent
damage models and their implementation. In this
case, the resulting phase-field approximation is char-
acterized by (incrementally defined) non-convex op-
timization problems. This non-convexity leads to
two problems addressed here:

1. A discontinuous evolution of the crack in time (so-
called brutal crack growth) might occur. Therefore
two different internal time-scales have to be consid-
ered and modeled.

2. Different mathematical solution concepts are ap-
plicable to these kinds of rate-independent systems
which are generally not equivalent, for instance the
concepts of global energetic solutions and balanced
viscosity solutions are here to be named. In combi-
nation with a time-discrete numerical approximation
it is necessary to prove the convergence to one of
the solutions concepts, see [2]. Furthermore these
approximations have to be carefully evaluated with
respect to the predicted physics.

One mathematically sound concept bridging the
different, aforementioned time-scales is the time-
discrete scheme proposed by Efendiev & Mielke,
cf. [3]. Within this talk, the framework [3] is im-
plemented into the Finite-Element-Method and care-
fully analysed from a physics point of view, see [4].
Particularly, the implementation and effect of the dif-
ferent norms and time-increments in the framework
[4] are investigated by the means of numerical ex-
periments.

References

[1] B. Bourdin, G.A. Francfort, J-J. Marigo, Nu-
merical experiments in revisited brittle fracture,
Journal of the Mechanics and Physics of Solids
2000, 48, 797-826.

D. Knees, Convergence analysis of time-
discretisation schemes for rate-independent sys-
tems, ESAIM: Control, Optimisation and Calcu-
lus of Variations 2019, 25.

M. A. Efendiev, A. Mielke, On the Rate-
Independent Limit of Systems with Dry Friction
and Small Viscosity, Journal of Convex Analysis
2006, 13, 151-167.

S. Boddin, F. Rorentrop, D. Knees, J. Mosler,
Approximation of balanced viscosity solutions
of a rate-independent damage model by com-
bining alternate minimization with a local mini-
mization algorithm, arXiv, 2022

(2]

[3]

[4]

CFRAC 2023

Prague, Czech Republic, 21-23 June 2023



