
HAL Id: hal-02018617
https://hal.science/hal-02018617

Submitted on 15 Feb 2019

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

XFEM-CZM combination for the numerical treatment of
ductile fracture

Johannes Wolf, Konstantinos Nikolakopoulos, Patrice Longère, Jean-Philippe
Crété, Jean-Marc Cadou

To cite this version:
Johannes Wolf, Konstantinos Nikolakopoulos, Patrice Longère, Jean-Philippe Crété, Jean-Marc
Cadou. XFEM-CZM combination for the numerical treatment of ductile fracture. 6th. European
Conference on Computational Mechanics, Jun 2018, Glasgow, United Kingdom. �hal-02018617�

https://hal.science/hal-02018617
https://hal.archives-ouvertes.fr


6th European Conference on Computational Mechanics (Solids, Structures and Coupled Problems) (ECCM 6) 

7th European Conference on Computational Fluid Dynamics (ECFD 7) 

June 11- 15, 2018, Glasgow, UK 

XFEM-CZM combination for the numerical treatment of ductile fracture 

Johannes Wolf
1
, Konstantinos Nikolakopoulos

1,2
, Patrice Longère

1
, Jean-Philippe 

Crété
2
 and Jean-Marc Cadou

3
 

1
 Université de Toulouse, ISAE-SUPAERO, Institut Clément Ader, CNRS 5312, Toulouse, France 

2
 Institut Polytechnique Grand Paris, SUPMECA, Laboratoire Quartz, EA 7393, Saint-Ouen, France 
3
 Université de Bretagne Sud, Institut de Recherche Dupuy de Lôme, CNRS 3744, Lorient, France 

 

Key words: Damage Mechanics, Fracture Mechanics, Computational Methods, XFEM, 

Cohesive Zone Model. 

 

ABSTRACT 

We are here interested in the numerical prediction using commercial finite element 

computation code of the response of large engineering structures made of ductile materials 

when submitted to accidental overloads. The challenge consists in reproducing within a 

unified methodology based on the finite element method (FEM) the different steps of failure 

as observed in the materials under consideration, namely diffuse microvoiding-induced 

damage, strain/damage localization then macro-cracking, if any. 

 

The behavior of the material in presence of ductile damage is governed by the microporous 

plasticity Gurson model in the context of standard FEM and the kinematic consequences of 

the macro-crack propagation throughout the meshing are described in the context of the 

eXtended FEM (XFEM), see Crété et al. (2014). A key point for the prediction of ductile 

fracture is the numerical treatment of the continuous-to-discontinuous transition, intermediate 

stage, i.e. localization within a narrow band. To describe it, a model of ‘cohesive strong 

discontinuity’ and the XFEM are combined. Criteria for the (more or less) diffuse-damage-to-

localization and localization-to-macro-cracking transitions are as well proposed. 

 

The feasibility of the methodology has been shown, see Wolf et al. (2017), via the 

implementation of user element subroutines into the commercial finite element computation 

code Abaqus, and boundary value problems are solved. 
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