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ABSTRACT

Diffusional creep, i.e. the irreversible deformation triggered by diffusion of point defects in a crys-
tal, can be the dominant deformation mechanism when a metal is deformed at high temperature
and low stresses. In this context, the pioneering studies of Herring [1] and Coble [2] addressed
the influence of stress, temperature, and grain-size on the steady-state creep rate, assuming that
the process is controlled either by bulk diffusion or grain-boundary (GB) diffusion.

In this contribution, following the approach developed in the paper by Villani et al. [3], the dif-
fusional creep is modeled by accounting explicitly for the coupling between diffusion of vacancies
and mechanics in a thermodynamic consistent framework. Two different inelastic deformation
mechanisms are considered simultaneously, one taking place in the grain interior and the other
occurring at GB. Both of them are driven by climb, i.e. non-conservative motion, of GB dislo-
cations, which causes generation or annihilation of point defects at grain boundaries.

The role of the GB is here further investigated, in order to address its impact on the overall
creep-rate at different temperatures and grain-sizes. In addition, the kinetics of dislocations
climb is modeled in the cases where boundary regions act as perfect or imperfect source/sink of
vacancies.

The resulting fully-coupled model has been implemented in the open-source computing platform
FEniCS [4]. Several representative examples have been carried out assuming representative vol-
ume elements made up of an array of regular-shaped crystals. The impact of stress, temperature,
and grain size is analysed in both cases of perfect and imperfect GB behavior. The numerical
results have been compared with experimental evidence of diffusional creep of pure and impure
metals, as well as with the theoretical formulas proposed in [1] and [2].
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