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ABSTRACT

We present recent enhancements of an engineering concept, which was introduced by Lian et al. [1], to
model ductile failure. The concept consists of using an appropriate plasticity model, an uncoupled indi-
cator of damage initiation, and a simple model of damage evolution which is fully coupled to the con-
stitutive equations leading to material softening. We focus on the following improvements which have
been recently published [2]: 1) In order to account for the impact of hydrostatic stress on macroscopic
plasticity due to the evolution of damage (nucleation and growth of voids), an elliptic yield function in
terms of hydrostatic and equivalent stress is proposed. The plastic yielding deviates from J,-plasticity in
case of damage onset only. Damage is driven by the additive combination of equivalent and volumetric
plastic strain leading to a triaxiality dependent damage evolution law similar to the one suggested by
Mediavilla et al., [3]. 2) The important issue of spurious mesh dependency is handled by incorporat-
ing an implicit gradient-enhancement, see [4]. The non-local counterpart of the previously mentioned
damage driving strain is used to formulate the damage law. The model is efficiently implemented into
the FE-code ABAQUS, utilizing the similarities between the field equations of the implicit gradient-
enhancement and the equation of heat conduction, see [5]. A convergence study is performed to show
the mesh-independence and other features of the enhanced damage model. Finally, the proposed model
is exemplarily applied to experimental data of a pressure vessel steel (18Ch2MFA) at moderate to high
stress triaxialities. It is shown that groups of model parameters can be calibrated independently. The
calibration has been performed using a crack growth resistance curve of a SENB-test and results from
notched tensile tests. The numerical prediction of a small punch test shows good agreement compared to
experiments. Additional numerical examples are performed to discuss further applications, restrictions,
and open issues of the model.
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