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Seismic safety analysis of high earth-rockfill dams based on seismic
deformational fragility
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(Institute of Earthquake Engineering, Faculty of Infrastructure Engineering, Dalian University of Technology, Dalian 116024, China)
Abstract: The performance-based seismic fragility analysis can effectively estimate structural damage under earthquake action
and become one of the important methods for seismic safety assessment. The maximum settlement and the horizontal maximum
displacement of the dam crest are taken as the performance parameters. It is proposed to consider the seismic situation of the
dam site to determine the number of input ground motions. The performance levels are determined based on the catastrophe
point of the performance parameters. Firstly, the ground motion of Nuozhadu earth-rockfill dam site is reasonably determined
to be suitable for the ground motion of the high earth-rockfill dam, and the dynamic analysis is carried out by using the
improved PZC elastoplastic constitutive model and the dynamic consolidation finite element program SWANDYNE II. By
regarding the maximum settlement and the horizontal maximum displacement of the crest as the performance parameters, the
performance level of the high earth-rockfill dam is determined through the dynamic analysis of 60 selected ground motions.
The elastoplastic model-nonlinear method is used for dynamic analysis, and the MSA method is used to obtain the seismic
fragility curve of the performance parameters. By analyzing the relationship between the variation coefficients of the average
and standard deviations of performance parameters and the number of ground motions, it is determined that the variation
coefficients of the average and standard deviations of performance parameters almost do not fluctuate when the number of
ground motions exceeds 30. Finally, the seismic safety of Nuozhadu high earth-rockfill dam is determined by the results of
seismic fragility and the seismic risk curve. The results may provide a basis for the researches on the seismic performance of
high earth-rockfill dams.
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Table 3 Parameters of improved PZC model
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Table 4 Hazard parameters of ground motion of site

W% 50 a BB R 100 a AR R
10% 5% 2% 1%
R 2.1x107° 1.03x107°  2.02x10%  1.005x10™
A ) 5 /a 475 975 4950 9950
VE(EINEE /g 0.113 0.15 0.283 0.345

WP 4 3 (10) XA 25778 R 5 AT UG i
TS, SR TR E G2, Bk
11 firs.



BTIENE, S B THURAIE S BUER R AR 2 341

0 0.1 0.2 03 04 0.5
PGA/gE

& 11 Pk X R fE b 1 R 2k
Fig. 11 Seismic hazard curve of dam site
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Table 5 Maximum safety probabilities of maximum settlement of

dam crest in 100 years
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MEZE /% 80.54 17.98 1.48
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KA 2.7 m PIREZRALUA 1.48%.

3 6 100 a HMTUE K EB R ABER SR

Table 6 Maximum safety probabilities of horizontal maximum

displacement of dam crest in 100 years
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