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Evaluation of seismic performance of gravity dam based on incremental dynamic analysis
ZHENG Xiaodong' , HAO Jianguo' , LI Dandan®
(1. College of water conservancy and hydropower , Hebei University of Engineering  Handan 056000, China;

2. Tianjin University , Tianjin 300350, China)
Abstract: The ratio of plastic energy consumption to total deformation energy based on the incremental dynamic analysis
method (IDA) was used as the structural performance index. The three-level seismic damage classification of gravity dam
seismic performance evaluation and the failure degree division under two limit states were proposed. The IDA curve was
made and combined with the quantile analysis and fragility analysis to evaluate the seismic performance of the gravity dam.
Taking the Jingniang Lake gravity dam as an example, a series of nonlinear analyses were carried out. The results showed
that the peak ground acceleration (PGA) of each limit state in the IDA curve of the quantile analysis was larger than the
peak ground acceleration of the designed earthquake, which satisfied the gravity and the level of functional support and safety
assurance of the dam. Under the fragility analysis, 65. 92 % probability of the 1. 5 times design earthquake was in the nor-
mal use stage and could a 100 % safety guarantee. The results showed that the gravity dam had a good seismic performance.
The results of this study may provide a new idea for the seismic performance design and safety risk assessment of gravity
dams.
Key words: incremental dynamic analysis; quantile analysis; fragility analysis; plastic energy consumption; seismic perform-

ance
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Fig. 1 IDA curve diagram
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Tab. 1 Limit state points under different DM
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Fig. 2 Analysis steps of performance-based seismic design method
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Tab. 2 Parameters of the gravity dam model
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Fig. 3 2-dimensional finite element model of gravity dam
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Tab. 3 Selected ground motion records

e HURARE ARG RE WREHMEINEE /g RS/ s

1 NorthRidge 1989 7.1 0. 568 24.58
2 Imperial valley 1979 6.9 0. 313 39. 99
3 Friulli - — 0.479 20
4 Kobe 1995 7.2 0. 345 24.79
5 Sakaria - — 0. 628 19. 98
6 Koyna 1967 6.3 0. 474 11
7 NI - — 0.150 20
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Fig. 4 Seismic wave acceleration response spectrum
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Fig. 6 IDA curves for different quantiles
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Tab. 4 Peak ground acceleration corresponding to each limit

state under different fractile probabilities  Bifdi:g

I3 IEH i IR BRRES HRE IR
84% 0.219 0. 421
50% 0.235 0. 442
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Fig. 7 vulnerability curve
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Tab. 5 Surpass probability of different waterproofing standards

A/ Y
WK/ g
IHREPR IR AL R
0.1 0 0
0.15 3 0
0.2 16. 70 0
0. 225 34.08 0
0.3 96. 83 3. 14
0.4 100 16. 70
0.5 100 95
0.6 100 0
0.7 100 0

* 6 AEIZFKERRIIETR

Tab. 6 Failure probability of different waterproofing standards

WP/ %
BB K/ g
BB BUGERBB By ESE B
0.1 100 0 0
0.15 97 3 0
0.2 83. 30 16.70 0
0. 225 65. 92 34.08 0
0.3 3.17 93. 69 3. 14
0.4 0 83. 30 16.70
0.5 0 5 95
0.6 0 0 100
0.7 0 0 100
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