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ABSTRACT 

Utilization of the phase-field diffusive crack approach in prediction of crack evolution in voided 

material is investigated herein. It has been established that the ductile failure is predominantly 

production of nucleated and grown micro-voids, which is followed by the formation of the micro-

cracks from void coalescence mechanism. Development of modelling strategies that studies both the 

material internal degradation and its transition to discrete crack modelling is a topic of interest in 

both fracture and damage communities.  

In this study, the damage growth modelling is performed via the Rousselier micromechanical law [1], 

in which the void volume fraction evolution is suggested as a precursor to the meso-crack initiation. 

In the light of proved ability of phase-field diffusive crack approach in dealing with arbitrary and 

intricate crack patterns and following the recent developments on its application in the context of 

ductile fracture [2]–[5], an attempt is made to obtain a meaningful relation between the two 

frameworks. In this regard, the void growth mechanism is embedded into the diffusive phase-field 

energy, and a crack initiation criterion is proposed based on the critical void volume fraction that 

principally is not considered in the damage model under study. As the crack development is mainly 

driven by accumulation of internal damage, the coupling of the mechanical problem to the crack 

diffusion mechanism necessitates the employment and use of the phase-field degradation function in 

the material constitutive description. The numerical implementation is performed using the 

commercial Software ABAQUS implicit analysis, whereby a fully-staggered integration of the 

mechanical and diffusive fields is considered. Benchmark testing is carried out and a good 

correspondence with the results from literature is observed. 

REFERENCES 

[1] G. Rousselier, “Dissipation in porous metal plasticity and ductile fracture” J. Mech. Phys. 

Solids, Vol. 49, pp. 1727–1746, (2001). 

[2] M. J. Borden, T. J. R. Hughes, C. M. Landis, A. Anvari and I. J. Lee, “A phase-field 

formulation for fracture in ductile materials: Finite deformation balance law derivation, 

plastic degradation, and stress triaxiality effects”, Comput. Methods Appl. Mech. Eng., Vol. 

312, pp. 130–166, (2016). 

[3] M. Ambati, T. Gerasimov and L. De Lorenzis, “Phase-field modeling of ductile fracture”, 

Comput. Mech., Vol. 55, pp. 1017–1040, (2015). 

[4] C. Miehe, F. Aldakheel and A. Raina, “Phase field modeling of ductile fracture at finite 

strains: A variational gradient-extended plasticity-damage theory”, Int. J. Plast., Vol. 84, pp. 

1-32, (2016). 

[5] F. Aldakheel, P. Wriggers and C. Miehe, “A modified Gurson-type plasticity model at finite 

strains: formulation, numerical analysis and phase-field coupling” Comput. Mech., Vol. 62, 

pp. 815–833, (2018). 

Acknowledgement: Authors gratefully acknowledge the funding of Project POCI-01-0145-FEDER-030592 titled 

“ifDamagElse - Modelling and numerical simulation of damage in metallic sheets: anisotropic behavior”, financed by 

FEDER funds through the Operational Program Competitiveness and Internationalization - COMPETE 2020 and by 

National Funds (PIDDAC) through the FCT/MCTES. 

 

mailto:cesarsa@fe.up.pt

