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Abstract: An effective method for evaluating the damage probability of concrete gravity dams un-
der ground motions with different intensities is fragility analysis. The fragility analysis of gravity
dams generally assumes that seismic waves are vertically incident, but those in the near-fault area

are obliquely incident. The oblique incidence of seismic waves has a considerable influence on the
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seismic response of gravity dams. Based on the database of the Pacific Earthquake Engineering
Research Center, 16 ground motion records were selected, and the oblique incidence input of SV
waves was realized using the viscoelastic artificial boundary and equivalent nodal load. The PGA
of ground motion was modulated using the incremental dynamic analysis method. The Koyna con-
crete gravity dam in India was taken as the research object in this paper. The fragility curves for
different earthquake damage levels of the gravity dam under the oblique incidence of SV waves
were established by taking the relative displacement of the dam crest as the seismic performance
index. Results show that under the same earthquake damage level and ground motion intensity,
the damage probability of gravity dams under the oblique incidence of SV waves decreases com-
pared to that under the vertical incidence. When the PGA is close to the actual earthquake intensi-
ty of gravity dams, the maximum reduction rates of failure probability are 27.3% and 68.2% , re-
spectively, when the incident angles are 15° and 30°, compared with that under vertical incidence.
Meanwhile, the maximum difference values of failure probability are 36.6% and 83.9% compared
with those under vertical incidence. Therefore, the influence of the oblique incidence of seismic
waves should be considered in the seismic performance analysis of concrete gravity dams. The re-
sults can also provide a reference for the safety risk assessment of concrete gravity dams in near-
fault areas.
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viscoelastic boundary; relative displacement
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Table 2 Basic information of the selected 16 ground motion records

ETRE 7= A4 PR R =) A AR P /km R/ km
1 Humbolt Bay 5.80 Ferndale City Hall 1937 71.28 71.57
2 Northwest Calif-01 5.50 Ferndale City Hall 1938 52.73 53.58
3 Northern Calif-07 5.20 Cape Mendocino 1975 28.73 34.73
4 Parkfield 6.19 Cholame-Shandon Array # 12 1966 17.64 17.64
5 Hollister-02 5.50 Hollister City Hall 1961 17.20 18.08
6 Kern County 7.36 Santa Barbara Courthouse 1952 81.30 82.19
7 Lytle Creek 5.33 Devil's Canyon 1970 18.38 20.24
8 Borrego 6.50 El-Centro Array #9 1942 56.88 56.88
9 San Francisco 5.28 Golden Gate Park 1957 9.74 11.02
10 Lytle Creek 5.33 LA-Hollywood Stor FF 1970 73.46 73.67
11 Southern Calif 6.00 San Luis Obispo 1952 73.35 73.41
12 San Fernando 6.61 Fairmont Dam 1971 25.58 30.19
13 Imperial Valley-06 6.53 El-Centro Array # 3 1979 10.79 12.85
14 Imperial Valley-06 6.53 Cerro Prieto 1979 15.19 15.19
15 Chi-Chi 7.62 TCU107 1999 15.99 15.99
16 Yountville 5.0 Napa-Napa College 2000 15.45 17.29
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Fig.3 Shape and finite element model of the Koyna dam
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Fig.4 Fragility curves of the concrete gravity dam under different seismic damage levels
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