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Real-time risk rate model for extra-high arch dams based on finite element analysis//HE Mengjia'**, CHEN
Bo"*?, LIU Tinghe*, ZHAN Mingqiang’, WU Chengshu®( 1. The National Key Laboratory of Water Disasier Prevention,
Hohat Unwerszty, Nanjing 210098, China; 2. College of Water Conservancy and Hydropower Engineering, Hohai
University , Nanjing 210098, China; 3. National Cooperative Innovation Center for Water Safety & Hydro Science, Hohai
University, Nanjing 210098, China; 4. China Water Northeastern Investigation Design and Research Corporation Limited ,
Changchun 130021, China; 5. Fuyian Shuikow Power Generation Group Corporation Limited, Fuzhou 350001, China;
6. POWERCHINA Northwest Engineering Corporation Limited, Xi’ an 710065, China)

Abstract: Aiming at the problems of the current real-time risk rate models for extra-high arch dams, such as over-reliance
on monitoring statistics, difficulty in linking the physical characteristics of the structure and the critical state, and
ambiguous mapping relationship between the measured data and the critical state, a real-time risk rate model for extra-high
arch dams based on the finite element forward and inverse analysis is proposed. This model uses the sparrow search
algorithm (SSA) and multi-output support vector regression ( MSVR) inversion to determine the integrated physical and
mechanical parameters of the dam body and foundation. Using the plastic strain energy criterion, it calculates the safety
factor against overload of the dam in service under the limit state, identifies the critical deformation values, and derives the
real-time risk rate based on the theory of engineering reliability and the safety specification of arch dams. The results of a
case study of an extra-high arch dam in Southwest China show that the model can effectively link the relationship between
the deformation monitoring data of the extra-high arch dam and the critical state of the project, improve the inversion
efficiency of the elastic modulus of the dam body and the deformation modulus of the dam foundation, and realize the
structural safety monitoring and early warning of extra-high arch dams. It can be used for long-term performance assessment
and real-time risk rate control of extra-high arch dams.

Key words: extra-high arch dam; finite element forward and inverse analysis; real-time risk rate; engineering reliability;

monitoring and warning
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5 1833 32 32 15 26. 89 26.54 28.42 26.92 23.51 15.79
6 1833 31 30 13 26.42 26.43 29.21 26.41 23.65 15.20
122 1876 31 32 14 27.89 28.11 29.53 27.95 23.52 15.99
123 1876 29 31 15 27.85 28.13 29.68 27.96 23.88 16.20
124 1876 30 30 13 27.62 27.96 28.13 27.74 23. 44 15. 84
125 1876 32 29 12 26.51 27.21 29.17 27.13 23.51 16.33
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