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Structural integrity demands a sufficient level of toughness from steels maintained through 

various environmental exposures, such as low temperatures and hydrogen uptake. Elimination 

of the weakest links in the microstructure is one way to mitigate materials susceptibility to 

brittle failure. Here, we present novel methods with lath-like microstructures for i) quantifying 

the effects of microstructural factors on the (impact/fracture) toughness transition temperatures 

(T28J/T0) [1], ii) predicting ductile-brittle transition (DBT) via multiscale modelling with a 

coupled cellular automata finite element method (CAFÉ), and iii) how elevated hydrogen 

contents affect fracture toughness at low temperatures with conventional displacement rates. 

The results show that the coarsest grains in the effective grain size distribution are the primary 

propagators of failure, and that the toughness transition temperatures can be accurately 

estimated utilising a reference toughness concept [1]. Furthermore, the CAFÉ method can 

accurately reproduce experimental DBT curve of a low-carbon ultrahigh-strength steel [2], and 

hydrogen embrittlement is present even at sub-zero temperatures, causing an increase in T0 and 

a small decrease in deformation capability, and that H can affect the T0 – T28J correlation [3]. 
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