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Research on multi-dimensional evaluation and decision-making
methods for the aging state of rubber expansion joints
in nuclear power plants

Xu Xiaobin', Xue Chunxu?, Liu Yuanging', Han Chuanwei®, Yang Longlong', Zhu Yaijie®

(1.Yangjiang Nuclear Power Co. LTD., Yangjiang 529500, Guangdong, Ching;
(2.Suzhou Nuclear Power Research Institute Co. LTD., Suzhou 215004, Jiangsu, China)

Abstract: In view of the limitations of surface inspection and the insufficient economic efficiency of
maintenance strategies in the traditional "regular visual inspection + fixed-cycle replacement” mode of rubber
expansion joints in the circulating water system (CRF) of nuclear power plants, this study aims to establish a
multi-dimensional and standardized aging detection technology system. By optimizing fraditional inspection
methods, four core modules are proposed: firstly, a quantitative visual inspection standard is constructed,
including defect classification, response strategies, and typical defect maps; secondly, a dynamic hardness
analysis and evaluation system based on benchmark values is established, which divides hardness changes
info normal, monitoring, and out-of-specification zones, and formulates differentiated management
measures; thirdly, a standardized percussion inspection process and "sound map" grading criteria are
developed to achieve rapid qualitative screening of internal defects; finally, to avoid misjudgment based on
a single indicator, a decision mafrix integrating visual, hardness, and percussion results is designed, enabling
precise grading of the health status of expansion joints and scientific guidance for maintenance decisions. This
technology system transforms subjective inspection into a standardized, quantifiable, and fraceable scientific
management process, providing effective technical support for achieving "knowable, controllable, and in-
control" aging status of key rubber components in nuclear power plants, significantly enhancing the safety
and economy of equipment management.

Key words: rubber expansion joint; aging detection; multi-dimensional technology; condition assessment;
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