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ABSTRACT 

This study aims at investigating the properties of a non-local locking-free GTN ductile damage 

model [1] at finite strain within the framework of small-scale yielding. This model solves the 

problems of spurious localization and volumetric locking. The former is achieved by introducing the 

gradient of the hardening variable into the Helmholtz free energy (gradient plasticity). On a 

numerical ground, this results in spatial gradients of state variables within the constitutive relations:  

a decomposition-coordination techniques [2] is used to treat the corresponding term. Regarding the 

volumetric locking resulting from plastic incompressibility prior to damage, the Hu-Washizu mixed 

variational principle [3] is put in practice. An additional penalty term is also introduced into the 

corresponding Lagrangian in order to ensure coercivity. Finally, a new 5-field finite element is 

derived from the non-local locking-free variational formulation, in combination with the set of 

constitutive relations.  

The model is applied to simulate large crack propagation under small-scale yielding and plane-strain 

mode I conditions. A new way to extract the crack length from the porosity field is introduced. 

Besides, purely numerical parameters are introduced to help convergence. An adequate range is 

exhibited for each of them so that their impact on the 𝐽 − Δ𝑎 crack growth resistance curves be 

negligible. Finally, a parametric study is performed for several values of the material properties in 

order to estimate their influence on the crack growth resistance. 

Here are the main findings:  

1. A linear relationship between the non-local intrinsic length implicitly introduced by the 

hardening gradient terms and the width of the damage/strain localization band is established. 

2. Crack tip blunting, crack initiation and large crack propagation can be well captured with the 

modified GTN model.  

3. The numerical formulation is robust; wide ranges for the material plasticity and damage 

parameters can be used in a reliable way so that toughness at crack initiation as well as ductile 

tearing behaviour can be thoroughly studied.    
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