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Abstract

The objective of this study is an understanding of stress corrosion cracking of metals that is
recognized to mostly limit the lifetime of the structural materials by comparing the features of
delayed hydride cracking of zirconium alloys with those of stress corrosion cracking (SCC) of
Ni-based aloys and hydrogen cracking of stainless steels. To this end, we investigated a
dependence of delayed hydride cracking (DHC) velocity on the applied stress intensity factor
and yield strength, and correlated a temperature dependence of the striation spacing and the
DHC velocity. Wereviewed a similarity of the features between the DHC of zirconium alloys,
the SCC of Ni-based alloys and turbine rotor steels, and the hydrogen cracking of stainless
steels and discussed the SCC phenomenon in metals with our DHC model.
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Fig. 1. Dependence of the crack growth velocity with applied stressintensity factor.
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Fig. 2. Crack growth velocity of the Zr-2.5Nb tube with an approach to the test temperature by
either heating-up or cool-down.



Fig. 3. Striation lines observed on the fractured surfaces of the Zr-2.5Nb tube after the DHC test.
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Fig. 4. Brittle fracture pattern observed on the DHC fractured surface of the Zr-2.5Nb
tube.
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Fig. 5. XRD patterns determined (a) at a distance of 20 mm from the fractured surface and (b) at
the fractured surface of L90 CB specimen after DHC testing at 250 °C, demonstrating the
hydrides sitting on the fractured surface.
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Fig. 6. Yield strength dependence of the striation spacing and the DHC velocity of the

Zr-2.5Nb tube.
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Fig. 7. Crack growth velocity as a functon of applied stress intensity factor and temperature for

steels exposed to hydrogen.
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Fig. 8. (a) Crack growth rate of the 18 Ni maraging steel in 165 KN/m? at 23 °C and (b) SCC in

steels exposed to water at 160 °C.
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Fig. 9. Typical crack growth pattern and the correlation of the growth rate and applied stress
intensity factor with the stages of the environmental assisted cracking of Ni-based alloys.
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Fig. 10. Stress corrosion growth rate of steam turbine rotor steels with yield strength.
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Fig. 11. Correlation of acoustic and electrochemical events for around 20 um of decelerating

crack growth in copper under constant displacement.  The arrows indicate transients which had
avery short rise time and were simultaneous with acoustic events.
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Fig. 12. Striation lines observed on the copper-based alloys after stress corrosion cracking tests.
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