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Study on the influence of near-fault ground motion characteristics
on the seismic response of gravity dams
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(1. Hubei Key Laboratory of Disaster Prevention and Mitigation, China Three Gorges University, Yichang 443002, China;
2. College of Civil Engineering and Architecture, China Three Gorges University, Yichang 443002, China)

Abstract: Based on the database of the Pacific Earthquake Engineering Research Center, the collected seismic
records were classified according to the fault distance of the seismic stations, and the amplitude, spectrum and time
characteristics of the ground motions under different site conditions were studied and quantitatively analyzed. Taking
the Huangdeng gravity dam as the research object, based on the three response quantities of downstream
displacement at the upstream dam face, principal tensile stress at the upstream dam face and principal compressive
stress at the downstream dam face, the influence of near-fault earthquake pulse characteristics on seismic response
of gravity dams was investigated. The results show that the relative displacement of the toe of the top dam of
Huangdeng gravity dam under pulse earthquake is 44% larger than that under non-pulse earthquake. The principal
tensile stress at the dam heel is 30% larger than that of the non-pulse type. The principal compressive stress at the
toe of the dam is 31% greater than the response value of non-pulsed earthquake. The impact of pulse earthquakes on
the structure is not negligible compared with non-pulsed earthquakes, and the response values of the structure were
significantly larger. Therefore, it is necessary to consider the impulsive action of near-fault earthquakes in seismic
fortification.
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Fig. 1 Schematic diagram of the two types of fault distance in PEER
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Fig.2 Near-fault earthquake fault distance and magnitude distribution
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Table 2 Comparison of the characteristics of four types of amplitudes
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Table 3 Comparison of the characteristics of two types of response spectra S
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Fig.8 Comparison of the time history of typical pulsed and non-pulsed ground motions
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Table 5 Pulsed/non-pulsed ground motion parameters

il 5%
blitm E ] W J2 1/ km Apc/g Vpe/ (em/s) (Vog/Apg) /s
s EiS
Jok w7y 1 EMO 0.07 0.30 92.62 0.32
2 A-STU 10.84 0.32 71.96 0.23
3 CHY104 18.02 0.15 56.26 0.39
4 YPT 4.83 0.23 69.73 0.31
5 PRI 3.31 0.35 90.69 0.27
QUL 6 I-ELC 6.09 0.28 31.03 0.11
7 A-BAG 8.18 0.19 34.71 0.19
8 CHY041 19.83 0.64 37.35 0.06
9 DZC 15.37 0.36 55.67 0.16
10 NIS 7.08 0.48 46.86 0.10
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Fig.9 Comparison of the mean response spectra of pulsed and non-pulsed ground motions
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Table 6 Material property parameters of the dam body and foundation
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Fig. 13 Principal tensile stress

of the upstream dam face

B 14 TiHENEEERN S
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Table 7 Response value at the dam crest

)] I LTG50 7 5 A
E FA7S WO R /em WU/ (m/s) MG B/ (m/s?)
ik v 1 H-EMO 18.2 0.924 10.317
2 A-STU 14.1 0.922 18.575
3 CHY104 37.1 2.455 23.890
4 YPT 26.4 1.849 19.083
5 PRI 17.3 0.773 10.304
Tk ek 750 52 o g S 4 {1 22.6 1.385 16.434
E[S7QUIE 6 I-ELC 16.1 0.084 18.786
7 A-BAG 13.7 0.883 12.578
8 CHY041 18.0 1.257 14.834
9 DZC 16.0 0.687 10.333
10 NIS 15.4 0.947 13.503
Ak infr 28 1 7 w7 F- 249 (L 15.8 0.772 14.007
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Table 8 Relative displacement and response values of tensile and compressive stresses
e o %&ﬁjw I WURROY /M WU EFR R/ P
ik e Y 1 H-EMO 16.5 10.21 -12.26
2 A-STU 12.7 9.62 -11.45
3 CHY104 34.0 20.15 -24.43
4 YPT 24.3 14.60 -18.06
5 PRI 15.6 10.62 -11.97
Jok e 50 4, 75 e 7 - 241 20.6 13.04 -15.63
FE Nk b 6 I-ELC 16.1 11.41 -13.48
7 A-BAG 14.1 9.72 -12.00
8 CHY041 12.7 9.67 -10.74
9 DZC 14.5 9.85 -12.30
10 NIS 13.9 9.66 -11.02
AR K L 7 ) 17 - 24 14.3 10.06 -11.91
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