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Abstract: A macroscopic constitutive model was developed to characterize the coupled evolution of

anisotropy and porosity-induced damage in the mechanical response of metal additive manufacturing (AM)

components. The model integrated an anisotropic yield criterion, a nonlinear mixed hardening mechanism,

and a porous media damage theory to systematically describe the yield behavior, strain hardening, and

damage evolution under complex loading paths. Numerical simulations were performed and compared

with experimental data under monotonic tension, cyclic loading, and various build orientations. The results

demonstrated that the model exhibited prediction errors of less than 5% for monotonic tensile responses of

both H and V-oriented specimens made of additively manufactured high-temperature alloy, with stress

amplitude deviations under cyclic loading not exceeding 4%. Furthermore, it effectively quantified the

influence of pore evolution on the mechanical properties, predicting approximately 15% reduction in

material ductility when porosity increased from 0.004% to 0.010%. The proposed model demonstrated

strong potential for engineering application and broader implementation.

Keywords: additive manufacturing of superalloys; anisotropy; constitutive modelling;

mixed hardening; pore evolution
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Table 4 Material Parameters for the SLM IN718 (research group)
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