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Seismic performance evaluation of high CFRDs based on incremental
dynamic analysis
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Abstract: The seismic performance analysis can effectively estimate the risk of structures under earthquake action, so it
gradually becomes the important method of seismic safety evaluation. However, this method is still in the beginning stage of
application because of the complexity of CFRDs. The safety of these high dams must be seriously considered as a large number
of high CFRDS are constructed, so it is very important to perform the seismic performance analysis of dams. As the seismic

performance analysis method, the incremental dynamic analysis (IDA) can analyze the change of structural performance under

different intensity earthquakes comprehensively and deeply. IDA is introduced into the field of safety evaluation of high
CFRDs, and a seismic damage performance evaluation method is established. Fifteen different strong motion records are chosen

according to the site conditions. The peak ground acceleration of earthquake is selected as the earthquake intensity factor. The

dam seismic deformation, slope stability and anti-seepage of face safety are selected as the indexes of seismic performance

evaluation. First, the damage grade standards of high CFRDs of each evaluation index are suggested after selecting the
safety risk assessment of high CFRDs.
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appropriate performance parameters. Afterwards, the seismic fragility curves of each performance parameter are acquired

through a large number of nonlinear finite element calculations. Finally, the failure probability of dams under different

earthquake intensities is analyzed, and the results may provide the reference and basis for the seismic performance design and
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Fig. 1 Time histories of input ground motions
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Fig. 2 Curves of earthquake acceleration response spectra
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Table 1 Parameters of static model

R p/(kg'm™) K n Ry K, m 0d(° ) Ag/(° )
TR} 2180 1150 0.25 0.75 465 0.16 50.2 7.8
R 2250 1190 0.26 0.82 500 0.16 51.2 8.5
R 2250 1220 0.26 0.82 510 0.15 51.0 8.2
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Table 2 Parameters of dynamic model

TR} 2026.8 0.577
R 2092.7 0.565
R 2092.7 0.565
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Table 3 Parameters of residual deformation model

ok} /% c c3 co/% Cs
TR} 12.85 1.37  0.00 68.4 1.33
R 10.02 126 0.00 48.3 1.23
WK 10.02 126 0.00 48.3 1.23
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Fig. 5 IDA curves of various performance parameters under seismic action
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Table 4 Parameters of seismic fragility for dam failure with respect to PGA
WIR 5%
HERETE IR LRIEE 27N PR ENET2
6 /(m's?) o /(m's?) 6 /(m's?) o /(m's?) 6 /(m's?) o /(m's?)
WA TE J5 8 % 4.85 0.23 6.69 0.29 7.97 0.31
Wit e 3.26 0.17 4.71 0.18 6.05 0.18
TR B 18 k22 4 231 0.34 3.92 0.25 — —
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Table 5 Failure probabilities of various dam performance indexes under different intensity earthquakes (%)
W NN IEEI IR E AR 795 4 % 4
NSTF S
BB DEROA EEBOR BESOR hEROA EEEE REBUR h EEROA H IR
0.2¢g 23.3 0 0 0 0 0 33.7 0
0.3 313 0 0 1.8 0 0 77.8 14.3
04g 88.0 16.4 1.1 20.0 3.9 1.4 94.6 53.3 JRERO
0.5 100 60.5 14.4 55.4 16.0 6.9 100 83.5 IR
.S5g . . . . . . N
0.6g 100 90.0 48.1 82.5 35.6 18.3 100 95.6
0.7g 100 100 79.1 100 56.2 34.0 100 99.0
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