
The biggest challenges in science and engineering arguably lie at the interface between disciplines. We have a good
understanding of how materials and structures behave when subjected to mechanical loads but predicting material behaviour
due to combined exposure to applied loads and a degrading environment has long been considered to be an elusive goal.
Complex environmentally-assisted material degradation phenomena such as localized corrosion, hydrogen embrittlement
and corrosion fatigue are difficult to predict and continue to compromise the durability of structures and materials. The
problem has very much come to the fore in recent years due to the ageing of our infrastructure, the rise of the hydrogen
economy, and the higher susceptibility to hydrogen embrittlement of modern, high-strength alloys.

The speaker and his collaborators have pioneered the development of electro-chemo-mechanical phase field formulations for
localized corrosion and hydrogen embrittlement, which can predict environmentally-assisted material degradation as a
function of the environment, the material and the loading conditions. The talk will address the steps taken to achieve this
milestone and showcase the predictive capabilities of the models developed. Emphasis will be placed on how the use of the
phase field paradigm can be used to track the evolution of the corrosion front and the growth of cracks, as assisted by
hydrogen. This has enabled us to explicitly resolve the underlying electrical, chemical and mechanical physical mechanisms
at play, removing assumptions from the modelling and providing a mechanistic, physically-based framework for corrosion and
hydrogen embrittlement, for the first time. Model predictions will be compared with a wide range of experiments on samples
exposed to corrosion and hydrogen-containing environments, showcasing the success of phase field approaches in enabling
predictive modelling in the areas of corrosion and hydrogen embrittlement. Large-scale case studies of engineering interest
will also be addressed to demonstrate the potential of multi-physics phase field modelling in enabling Virtual Testing in
corrosive and hydrogen-containing environments. Among others, these will include simulations addressing two case studies
of significant technological interest: (1) quantifying the critical pressure at which hydrogen can be transported in natural gas
pipelines without leading to structural integrity issues in welds, and (2) conducting reliable virtual hydrogen-assisted fatigue
crack growth experiments for arbitrary choices of loading frequency, material, load ratio, pre-charging condition, and
hydrogen pressure. Finally, it will be shown how phase field corrosion and hydrogen embrittlement approaches can be
combined to develop a generalized multi-phase field formulation that can predict environmentally-assisted cracking
phenomena for arbitrary choices of environment without any ‘a priori’ assumption on the dominant mechanism.
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