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Role of cavity formation in SCC of cold worked carbon steel in high-temperature water
—Part 2: Study of crack iitiation behavior—
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Abstract To consider the role of cavity formation in stress corrosion cracking (SCC) of cold
worked (CW) carbon steel in high-temperature water, SCC and creep growth (part 1) and
initiation (part 2) tests were performed. The part 2 crack initiation tests used blunt notched
compact tension (CT) type specimens of CW carbon steel exposed under the static load condition
in hydrogenated pure water and in air in the range of temperatures between 360 and 450°C.

Inter-granular (IG) crack initiation was observed both in water and in air even in static load
condition when steel specimens had been cold worked. 1/T type temperature dependencies of
initiation times were observed for CW carbon steel, and the crack initiation times in an operating
pressurized heavy water reactor, PHWR (Pt Lepreau) seemed to lie on the extrapolated line of
the experimental results. Cavities were identified at the grain boundaries near the bottom of a
notch (highly stressed location) before cracks initiated both in water and air. The cavities were
probably formed by the condensation of vacancies and they affected the bond strength of the
grain boundaries. To assess the mechanism of IGSCC initiation in high temperature water, the
diffusion of vacancies driven by stress gradients was studied using a specially designed CT
specimen. As a model for IGSCC in CW carbon steel in high temperature water, it was concluded
that the formation of cavities from the collapse of vacancies offers the best interpretation of the
present data.
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