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Fig. 1 Flowchart for rapid assessment of earthquake damage of reservoir dams
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Table 2 Values of seismic damage factors and predicted seismic damage levels of some reservoir dams

75 W& AUHTEAE MERRUEC) BZER HiKm o HlEm O IIESEm EESR Y1 Y2
1 UK 1978 8 1 120 28.0 8 3 306 327
2 Je ORI 1957 8 1 174 18.9 3.5 2 2.08 2.45
3 HZ5KE (&) 1977 7 1 168 30.05 4 3 2.9 333
4 AN 1)/ 1962 9 1 156 12.0 6 4 4.07 2.33
5 RARAKPE 1957 9 1 167 10.0 2 4 394 404
6 IR 1969 9 1 1095 93 2 2 209 267
7 P ieriNL3 1959 7 1 106 17.4 2 3 3.03 333
8 K 1959 6 1 294 10.2 3.6 3 2.9 3.58
9 AR 1958 7 2 247 15.1 3 3 295 272
10 BRIEAK 1958 7 1 284 113 3 3 2.99 245
11 EERiiYNES 1960 6 1 234 5.0 3 1 1.45 1.29
12 N—IKHE 1975 7 1 130 10.5 25 4 3.83 3.82
13 BRI 1957 7 1 246 12.8 37 3 2.96 2.99
14 WESKEE (EE) 1971 7 1 118 112 1 3 3.14 3.28
15 — Rk 1973 7 1 167 9.8 33 3 3.00 3.82
16 RPF KPR 1972 7 1 167 10 1.5 3 2.99 245
17 KK 1957 7 1 256 10.6 33 3 300 299
18 BRI 1956 7 1 107 17 32 3 291 2.23
19 FbAk 1979 8 1 110 21.6 2.8 3 2.98 2.43
20 W HKE 1958 8 1 148 9 4 4 4.03 4.07
21 RF IR 1978 8 1 124 8 4 4 394 407
22 MUK PR 1958 8 1 131 17.4 4 4 3.89 4.07
23 AR 1975 8 1 120 20 25 4 3.93 4.07
24 LK 1959 8 1 314 21 4 4 3.95 4.07
25 KK 1956 8 1 100.3 7.55 3 4 3.81 4.07
26 AR 1971 8 1 101 14 4.5 3 3.03 2.23
27 ALK 1974 8 1 37 6 7 3 2.87 2.43
28 NRi7/Ni 1973 7 1 470 22 54 3 2.96 245
29 T 1a7K e 1985 8 1 182 18 22 3 3.00 2.97
30 KBEYOK PR 1976 8 1 45 9 4 3 3.14 2.97
31 BRI R 1974 8 1 38 10 3 3 309 297
32 =Bk 1975 7 1 400 7.4 13.52 3 2.92 3.33
33 FF 7K 1977 8 1 175 24.4 3 3 291 2.67
34 G 1957 8 1 240 18.6 3.14 3 3.13 2.67
35 SEMOKAE 1977 8 1 150 10 45 4 389 267
36 1] BH K e 1964 7 1 405 20 4 3 3.01 2.9
37 WK A 1985 7 1 130 18 10 3 2.90 3.33
38 LK 1959 7 1 420 11.4 3 2 2.03 2.45

VE: A I SR I WA R £ 0530 Y1 BO-GBD TR A T 1% F 45 0L, Y2 st i KR & 2 40 5 S A T f i 45 SR

®3 KBRS

Table 3 Comparison between different models

T E YRR 2 0 EEGYEER LI LN
o - = Skl TR HIEF B
B/ e L f51/% K/ A%
UG IR E LS 26 68.4 12 31.6 0.363 0.908
BO-GBDTH 38 100 0 0 0.070 0.972
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Rapid assessment of earthquake damage of reservoir dam
based on BO-GBDT

CHEN Xiangyu' , GUO Yonggang'~, ZHOU Xingbo® , XIAO Yang' , WEI Luning',
QIN Deshun'
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2. General Institute of Water Conservancy and Hydropower Planning and Design, Ministry of Water Resources,
Beijing 100120, China
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Abstract: [Objective] Reservoir dams are critical infrastructure, and accurately assessing the extent of earthquake-
induced damage is crucial for developing rescue operations and post-disaster restoration. This study aims to achieve
rapid and accurate assessment of post-earthquake damage in reservoir dam.[Methods] Focusing on earthquake
damage data from the Wenchuan M 8.0 earthquake, this research integrates dam structural characteristics and
seismic intensity parameters to establish an assessment index system and dataset. The study employs k-nearest-
neighbor interpolation for missing values processing and feature correlation analysis. A rapid assessment model for
reservoir dam earthquake damage is proposed using gradient boosting algorithm. To optimize parameters of the
gradient boosted tree (GBDT) regression algorithm, four hyperparameter optimization methods are implemented:
Grid search (GS), particle swarm optimization (PSO), Bayesian optimization (BO), and hyperband search (HS). The
models are compared based on performance metrics, including the coefficient of determination (R”), root mean
square error (RMSE), and mean absolute error (MAE), and the feature importance of the optimal models is ranked.
[Results] The results demonstrate that the BO-GBDT model provides the most rapid and accurate assessment of
earthquake damage to reservoir dams, achieving a high R of 0.99. Feature importance analysis shows that the
maximum crack width is the most influential factor. The model demonstrates superior accuracy compared to earth
dam damage assessment models based on improved empirical statistical methods, confirming its reliability for rapid
post-earthquake damage evaluation of reservoir dams. [Conclusion] The research results provide a reference for the
earthquake damage assessment of reservoir dams.

Key words: reservoir dam; earthquake damage assessment; hyperparameter optimization; machine learning;

performance indicator; BO-GBDT ( Bayesian optimization-gradient boosted tree )
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