Accepted Manuscript

Computer
. Methods
A framework for polyconvex large strain phase-field methods to in Applied
Mechanics and
fracture Engineering

C. Hesch, A.J. Gil, R. Ortigosa, M. Dittmann, C. Bilgen, P. Betsch, M.
Franke, A. Janz, K. Weinberg

PII: S0045-7825(16)30967-7
DOI: http://dx.doi.org/10.1016/j.cma.2016.12.035
Reference: CMA 11281

To appear in:  Comput. Methods Appl. Mech. Engrg.

Received date: 19 August 2016
Revised date: 23 December 2016
Accepted date: 30 December 2016

Please cite this article as: C. Hesch, A.J. Gil, R. Ortigosa, M. Dittmann, C. Bilgen, P. Betsch,
M. Franke, A. Janz, K. Weinberg, A framework for polyconvex large strain phase-field
methods to fracture, Comput. Methods Appl. Mech. Engrg. (2017),
http://dx.doi.org/10.1016/j.cma.2016.12.035

This is a PDF file of an unedited manuscript that has been accepted for publication. As a
service to our customers we are providing this early version of the manuscript. The manuscript
will undergo copyediting, typesetting, and review of the resulting proof before it is published in
its final form. Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.cma.2016.12.035

A framework for polyconvex large strain phase-field methods
to fracture

C. Hesch®, A.J. Gil’T, R. Ortigosa’, M. Dittmann®, C. Bilgen?,
P. Betsch®, M. Franke®, A. Janz® and K. Weinberg?

@ Chair of Computational Mechanics, University of Siegen, Siegen, Germany
b Zienkiewicz Centre for Computational Engineering, College of Engineering Swansea
University, Swansea, United Kingdom
¢ Institute of Mechanics, Karlsruhe Institute of Technology, Karlsruhe, Germany

4 Chair of Solid Mechanics, University of Siegen, Siegen, Germany

Abstract

Variationally consistent phase-field methods have been shown to be able to predict com-
plex three-dimensional crack patterns. However, current computational methodologies
in the context of large deformations lack the necessary numerical stability to ensure
robustness in different loading scenarios. In this work, we present a novel formulation
for finite strain polyconvex elasticity by introducing a new anisotropic split based on
the principal invariants of the right Cauchy-Green tensor, which always ensures poly-
convexity of the resulting strain energy function. The presented phase-field approach is
embedded in a sophisticated isogeometrical framework with hierarchical refinement for
three-dimensional problems using a fourth order Cahn-Hilliard crack density functional
with higher-order convergence rates for fracture problems. Additionally, we introduce for
the first time a Hu-Washizu mixed variational formulation in the context of phase-field
problems, which permits the novel introduction of a variationally consistent stress-driven
split. The new polyconvex phase-field fracture formulation guarantees numerical stabil-
ity for the full range of deformations and for arbitrary hyperelastic materials.
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1. Introduction

The numerical prediction of fracture patterns is one of the most challenging problems
in computational solid mechanics. In classical fracture mechanics, Griffith and Irwin
[16, 23] formulated the propagation of brittle fracture by assuming that the material
fails locally upon the attainment of a specific fracture energy related to a critical energy-
release rate. However, due to the complexity of the evolving fracture surfaces in three-
dimensional scenarios, the evaluation of appropriate interface conditions is an extremely
challenging task in the context of finite element discretisations.
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