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Quantitative evaluation of hydrogen embrittlement under elevated temperature
based on a newly-proposed local parameter
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Fatigue crack growth (FCG) tests of an annealed, low-carbon steel,
JIS-SM490B, were performed under various combinations of hydrogen pressures, test frequencies, and
test temperatures. The FCG rate was hardly dependent on the hydrogen-gas pressure. In contrast, in
certain conditions, the FCG rate increased with a decrease in the test frequency; then, peaked out.
In the lower test frequency regime, the FCG rate decreased and became nearly equivalent to the FCG
rate in air. The stress intensity factor range, A K, for the onset of the FCG acceleration in
hydrogen gas was shifted to a higher A K with an increase in the test temperature. Hydrogen
diffusion / Elastoplastic coupling analysis in a commercial finite element method (FEM) software
Abaqus was conducted and revealed that the onset and ratio of FCG acceleration could be predicted by
using two novel parameters: a gradient of hydrogen concentration near a crack tip and an effective
diffusion depth based on its gradient, respectively.
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