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Abstract:

Material strengthening and embrittlement are controlled by intrinsic interactions between various defects,
such as dislocations and hydrogen that alter the observed deformation mechanisms of the material. Here, we
present a hierarchical approach to differentiate two fundamental stress-corrosion mechanisms for hydrogen
embrittlement in iron, namely, hydrogen-enhanced localized plasticity (HELP) and hydrogen enhanced
decohesion (HED). In HELP, (1) dislocation mobility increases significantly with an increase in hydrogen
concentration; (2) hydrogen reduces dislocation-dislocation interactions (i.e., increase in dislocation pile up);
and (3) hydrogen interacts with other defects and changes the dislocation pinning strength of those defects.
In HED, it is widely believed that an increase in hydrogen concentration results in cleavage-type decohesion.
This talk will be focused on assessing several key mechanistic aspects of hydrogen embrittlement and
developing continuum scale models for simulating structural integrity under dynamic loading conditions. In
particular, using density functional theory, atomistic simulations, cohesive zone modeling, and extended
finite element analysis, the deformation behavior and the underlying mechanisms of hydrogen embrittlement
will be discussed in an effort to shed light into the phenomena observed in various experiments.
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