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Abstract

A phase-field theory of brittle fracture in elastoplastic solids hosting mobile interstitial so-
lute species is developed in this paper. The theory, which is formulated within the framework of
modern continuum mechanics, provides a systematic way to describe the interplay between solute
migration and solid deformation and fracture. A specialization of the theory, which accounts for
both solute-induced deformation and solute-assisted fracture as well as for their mutual effects on
solute migration, is selected for numerical studies. Toward this end, a numerical model based on
the finite-element method for spatial discretization and a splitting scheme with sub-stepping for
the time integration is proposed. The model is applied to the study of hydrogen-assisted crack
propagation of high-strength steel specimens under sustained loads. The solutions obtained are
validated by comparing them with numerical and experimental results reported in the literature. It
is shown that the proposed model has the capability to capture important features presented in the
studied phenomenon.
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1. Introduction
Multicomponent materials such as polymer gels, interstitial solid solutions and intercalation com-
pounds have in common the nature of their constituents: they are composed of a deformable host
solid of fixed composition and mobile guest species that can enter into, move through, and accu-
mulate within the interstices of the host solid. These materials have definite shape inherited from
the host component and variable composition since the amount of guest species within the host
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