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Safety evaluation of high rockfill dams subjected to earthquakes based on
site-related response spectra

LI Hong-jun, ZHU Kai-bin, ZHAO Jian-ming, LIU Xiao-sheng, YANG Zheng-quan, YANG Yu-sheng
(China Institute of Water Resources and Hydropower Research, Beijing 100048, China)

Abstract: Based on the provisions of “China's code for seismic design of hydraulic structures of hydropower project” (NB
35047-2015), the detailed effects of seismic parameters determined by use of different design response spectra including
site-related response spectra based on scenario earthquake and probability-consistent response spectra on the safety
evaluation of class A high rockfill dams located in highly seismic regions are studied. Comparisons of the key indexes such
as dynamic response acceleration, permanent deformation, safety of impervious body, factor of safety and sliding
displacement of the potential failure surfaces of 240 m-high Changhe core rockfill dam under the above-mentioned seismic
parameters are provided. It is shown that the results from the probability-consistent response spectra are higher than those from
the site-related ones. In addition, its ultimate seismic capabilities based on the above-mentioned two design response spectra are
achieved. It is proved that the probability-consistent spectra adopted in the safety evaluation of high rockfill dams may result in
conservative results.
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Fig. 1 Comparison between site-related and probability-consistent

response spectra
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Fig. 2 Time-history accelerations based on site-related response

spectra
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Table 1 Static and dynamic parameters of Changhe core rockfill dam

LR P ) Ao ¢ Duncan-Chang E-v 17! e e et

Ngrem®) /() ) /kPa Re K n G F D k n
kA=) 1.45 48.0 7.0 — 08 1100 034 033 001 40 4872 0.405
k=10 1.31 46.9 6.5 — 077 1075 033 029 0.024 44 4777 0.405
Wk A=16) 1.24 47.9 4.1 — 079 865 029 024 0.08 59 4626 0.398
AR 2.32 52.7 9.5 — 078 1139 032 031 0.103 45 3106 0.468
Ot 2.14 29.4 — 89 082 418 039 041 0085 18 1329 0.518
AR 2.32 51.7 9.6 — 078 1117 033 031 011 44 3106 0.468

*k2 G/G,, -yMA -y XRMLZ%
Table 2 Curves of G/G,,, - yand A -y

YR A O BiEQ BHEQ@ BHE®
y E%i/% A 1% E%;m« A 1% Eg;/% A% Z%i/% Al % Efi/% A 1%
2.00X10%  100.00 1.82 99.65 3.38 100.00 1.58 100.00 2.83 100.00 2.81
3.00X10° 99.98 1.83 99.31 3.41 99.97 1.59 99.99 2.84 99.95 2.82
5.00X10° 99.49 1.85 98.63 3.47 99.93 1.61 99.97 2.86 99.93 2.84
1.00X10° 96.74 2.49 96.98 3.62 97.53 2.28 92.61 2.95 9431 3.16
3.00X10° 87.33 3.36 90.91 421 82.16 245 79.82 3.86 78.66 3.92
5.00X10° 75.21 3.57 85.53 4.81 68.16 271 66.03 439 64.51 4.46
1.00x10* 64.68 421 74.53 6.32 50.72 3.85 4931 5.49 43.15 6.92
3.00X10* 47.65 6.43 49.21 11.84 33.16 432 32.51 9.77 31.16 10.03
5.00X10* 38.12 8.12 36.73 16.14 25.52 5.09 27.51 11.69 26.61 13.77
1.00X 103 27.48 9.66 22.48 22.99 14.82 6.42 20.22 14.91 19.31 15.42
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Fig. 3 Time-history accelerations based on probability-consistent
response spectra
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Table 4 Ultimate seismic capabilities of high earth rockfill dams
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