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Evaluation of crack initiation time due to grain boundary cavity formation for cold worked Alloy
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Abstract Cavities formed on grain boundaries of Alloy 690TT may lead to SCC initiation when exposed to
PWR primary water. This research focuses on influence of cold work and temperature on grain boundary
cavity formation. Creep test with blunt notch CT specimen were conducted under high temperature air to
obtain crack initiation time (time to reach tertiary creep). Cold work and temperature dependence were
evaluated based on the test result. Correlation formula calculating crack initiation time based on the test result
was determined. Then, possibilities of SCC initiation under operating temperature of PWR plant due to grain
boundary cavity formation were evaluated based on the formula. The test with 10%, 20% and 30% cold
worked Alloy 690TT under 360°C to 475°C revealed cold work reduces crack initiation time. Also, Arrhenius
type temperature dependence was observed for crack initiation time. Activation energy of 20% and 30% cold
worked Alloy 690TT were evaluated as 212kJ/mol and 23 1kJ/mol, respectively. The correlation formula that
calculates crack initiation time based on cold work ratio, temperature and activation energy were determined
and good correlation were observed with the tested data for 20% and 30% cold worked Alloy 690TT.
According to the formula, crack initiation time of 30% cold worked Alloy 690TT was calculated as
approximately 129 years only considering grain boundary cavity formation. It was also indicated that lower
cold work ratio and lower stress condition would extend the crack initiation time.
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