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Abstract

Nuclear power plant (NPP) life extension is a critical strategy for the global development of nuclear energy.
The evaluation and enhancement of the in-service performance of nuclear power structures beyond their
design service life serve as an essential safeguard for safe life extension. Nuclear reactor pit structures are
chronically exposed to high-temperature and irradiation environments, and the detection and evaluation of
their irradiation-induced deterioration constitute a decisive factor for life extension feasibilityTo address the
challenge of accurately evaluating the long-term performance of reactor pit structures under irradiation, ex-
tensive high-dose irradiation tests were conducted and the first domestic performance database for irradiated
concrete was established. Based on experimental data, theoretical analyses were performed to systemati-
cally reveal the macroscopic performance degradation mechanism of concrete under high-dose irradiation. A
micromechanics-based multi-scale performance evolution model for irradiated concrete was developed, and
a performance evaluation and life prediction method for reactor pit structures under the irradiation-thermal-
mechanical coupling mechanism was constructed, enabling precise prediction of the performance of irradi-
ated concrete structures.The research findings have been successfully applied to the mid-term life extension
evaluation projects of Qinshan Phase II and Tianwan Nuclear Power Plants, accurately identifying the safety
margins of the units.
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