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The Stress Induced Hydrogen Diffusion Behavior and the Sensitivity of Hydrogen
Embrittlement at the Heat Affected Zone of Weld Part Based on Analytical Solution
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The analytical solution of hydrogen diffusion and concentration around the heat affected zone of weld part was derived by
taking account for the effect of residual stress on hydrogen concentration. Based on the theoretical analysis, the sensitivity of
hydrogen embrittlement was formulated and it is proportional to DK2, where D is diffusion coefficient, K is stress gradient term of
residual stress approximated by linear function. It was in good agreement with that previously obtained by numerical analysis.

This result shows that the law of hydrogen sensitivity is commonly valid independent of boundary condition when the distri-
bution of residual stress is approximately written by linear functions of the distance in the heat affected zone. Furthermore the
analysis of the period when hydrogen embrittlement becomes remarkable was conducted. This result enables us to predict the be-
havior of hydrogen embrittlement at the heat affected zone of weldment.
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Fig. 1 Residual stress distribution at the heat affected zone.
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Fig. 2 Initial and boundary condition and a predicted steady
state solution of hydrogen concentration.
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Fig. 3 Time sequential characteristics of hydrogen concentra-
tion of transition solution.
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Fig. 4 Elastic-Plastic stress field around a crack tip.
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Fig. 6 Time sequential characteristics of the sensitivity of
hydrogen embrittlement.
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Fig. 7 Acceleration characteristics of crack growth rate
caused by hydrogen embrittlement during the cooling process
at weld part.
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