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Life prediction and research on rubber expansion joints
in the circulating water system of nuclear power plants

Xu Xiaobin', Xue Chunxu®, Han Chuanwe?, Zhu Yaijie?, Yang Longlong'

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

Abstract: The rubber expansion joint of the circulating water system (CRF) in nuclear power plants is a
crucial component for ensuring the safe operation of the cooling system, and its lifespan prediction is vital for
the reliability of the unit. This paper focuses on the DN2800 rubber expansion joint of a certain nuclear power
plant and systematically investigates its aging behavior and lifespan prediction under a multi-field coupled
environment. Through thermal-oxidative aging, seawater immersion, and salt spray aging, combined with
accelerated aging fests, DAKIN kinetic model extrapolation, exponential decay model, and finite element
structural simulation, a comprehensive evaluation of the lifespan and structural reliability of the expansion
joint is conducted. The research results indicate that, based on the tensile elongation at break as the failure
criterion, the DAKIN kinetic model and exponential decay model predict that the lifespan of each layer
material of the expansion joint ranges from 25.2 to 30.9 years at a service temperature of 30°C . Finite element
analysis confirms that under design conditions (0.6 MPa internal pressure and +25 mm axial displacement), the
maximum stress and strain are far below the material failure threshold, and fatigue tests also verify its excellent
resistance to cyclic deformation.

Key words: rubber expansion joint; life prediction; finite element analysis; nuclear power plant; circulating
water system
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