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ABSTRACT 

Different from discrete approaches, phase-field models of crack propagation avoid the cumbersome 

topological updates of the analysis mesh to track the crack path. The smeared phase-field approach 

allows for the proper modelling of crack initiation, propagation, branching and merging by solving an 

additional scalar field problem for the evolution of the crack phase which is coupled to the 

mechanical boundary value problem [1]. A novel approach for the prediction of fracture in elasto-

plastic solids has been recently proposed by Ambati et al. [2]. The key novelty of this model is the 

modified coupling function in the free energy functional, which depends not only on the phase-field 

variable but also on the plastic strain. In this way, the crack initiation and evolution are not only 

driven by the strain energy but also by the plastic strain which resembles a more physical cracking 

behaviour. 

Since the plastic strain localisation and the proper resolution of strong gradients of the phase-field 

order parameter both require highly refined meshes in the vicinity of the crack path, we present a 

combination of the phase-field approach to ductile fracture with adaptive spline-based discretisations. 

We have developed a framework for adaptive local refinement, which simplifies the incorporation of 

truncated hierarchical B-splines into existing finite element codes [3].  

In addition to the local refinement possibilities of the mesh, a fully adaptive framework requires 

appropriate marking criteria to select elements for refinement and a projection of the nodal 

displacements and internal variables. Here, we provide and analyse marking criteria and projection 

methods to efficiently solve the phase-field model of ductile fracture. For this purpose, several 

numerical examples are used to investigate the applicability and the properties of the adaptive 

approach.  
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