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Abstract Stress corrosion cracking (SCC) has long been a critical factor affecting the
safe operation of load-bearing facilities such as pipeline steel and offshore platforms.
SCC is influenced by numerous factors, with complex mechanisms that make effective
prevention and control challenging. Its delayed onset and sudden occurrence can often
lead to severe safety incidents and significant losses. Therefore, assessing the
development of SCC and predicting the SCC life of materials are key strategies to
prevent unexpected failures and reduce facility-related costs. Currently, the evaluation
of SCC susceptibility is primarily based on slow strain rate testing (SSRT), which is
time-consuming and cannot provide online assessments of in-service facilities.
Moreover, the accurate determination of crack growth rate (CGR) still relies heavily on
experimental testing, and existing CGR prediction models face limitations such as
insufficient consideration of critical factors, inapplicability to active systems, and
excessive undetermined parameters. These drawbacks hinder the practical application
of prediction models. To address these issues, this paper proposes a rapid online SCC
assessment model and a generalized, simplified CGR prediction model based on the
study of the unsteady electrochemical processes at the crack tip. The SCC rapid
assessment model requires only electrochemical testing and a limited number of
SSRTs to determine the SCC susceptibility distribution of materials under various
applied potentials. This model is applicable to different environments and materails,
offering broad applicability, operational convenience, and accurate results, with an
assessment error of less than 18%, meeting the engineering requirements for SCC
evaluation. The generalized CGR prediction model, which requires only
electrochemical testing and minimal crack growth testing, can accurately predict the
crack growth rate under different potentials, with an error of less than 20%. The
establishment of these two models provides valuable guidance for the safety
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assessment, life prediction, and selection of protective measures for materials in
service.
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