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Emilio Mart́ınez-Pañeda∗, Philip K. Kristensen† and Christian F. Niordson†

∗ University of Cambridge
Department of Engineering, CB2 1PZ Cambridge, UK

e-mail: mail@empaneda.com, web page: www.empaneda.com

† Technical University of Denmark
Department of Mechanical Engineering, DK-2800 Kgs. Lyngby, Denmark

ABSTRACT

We present a predictive damage framework for hydrogen embrittlement of metals. The model
builds upon (i) a variational phase field description of crack nucleation and growth [1]; (ii) a
stress-driven mass diffusion law for hydrogen transport [2]; (iii) an enriched characterization
of crack tip fields through higher order strain gradient plasticity [3]; and (iv) a first principles
based fracture energy dependence on hydrogen concentration [4]. The coupled deformation-
diffusion-fracture problem is solved in an implicit time integration scheme, where displacements,
plastic strains, phase field order parameter and hydrogen concentration are the primary variables.
We make use of appropriate boundary conditions to characterize the electrochemistry-diffusion
interface, with the chemical boundary moving with crack growth. The constitutive response
relies solely on measurable material properties and a hydrogen damage coefficient that is inferred
from atomistic calculations. We show that crack initiation thresholds and subcritical crack
growth rates can be predicted as a function of the material, the loading configuration and the
environment; a long-standing and elusive goal in the hydrogen embrittlement community. In
addition, we showcase the capabilities of the model by addressing engineering case studies with
complex loading conditions and crack trajectories. The finite element code developed can be
downloaded from www.empaneda.com/codes.
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