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Abstract: To study the influence of obliquely incident seismic waves on the vulnerability of powe-
rhouse at dam toe, the design seismic component consistent with measured ground motion was

first obtained on the surface through the superposition of obliquely incident SV-wave field and
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P-wave field. Meanwhile, in order to consider the dynamic damage of the powerhouse, a program
of structural vulnerability analysis considering the system of obliquely incident waves was com-
piled, in which a damage constitutive model of concrete was embedded. Finally, 26 near-field
ground motions were selected from the PEER database and modulated according to the peak
ground acceleration (PGA). Taking a powerhouse at dam toe in southwest China as an example,
the vulnerability curves of its upstream and downstream walls under the action of obliquely inci-
dent system with different intensities were calculated with the incremental dynamic analysis
method. Through comparison, it is found that the failure probability of seismic vulnerability
curves under vertically incident waves is relatively higher than that under obliquely incident
waves, with the maximum difference of 26 %. The failure probability of downstream wall is high-
er than that of upstream wall, and the maximum difference is up to 19%. Thus, the seismic de-
sign of powerhouse at dam toe should consider the effect of obliquely incident seismic wave, and
more attention should be paid to the seismic safety of downstream wall.

Keywords: powerhouse at dam toe; oblique incidence; design ground motion; vulnerability analy-
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Fig.1 A free-field system under obliquely incident P-wave
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Fig.2 A free-field system under obliquely incident SV-wave
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Fig.3 Stress-strain curves of concrete
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Table 1 Material parameters
4k 5 R /GPa A HE/(kgem )
C25 IR %+ 28 0.167 2 400
C20 R %+ 25.5 0.167 2 400
e 8 0.230 2 700
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Table 2 List of earthquake records

HhRE 44 Bk £y Ms R/km TR I 3 BE S £k

San Fernando 1971 6.61 89.72 RSN59_SFERN_CSMO095.AT2 0059
San Fernando 1971 6.61 21.5 RSN80_SFERN_PSL180.AT2 0080
Loma Prieta 1989 6.93 73 RSN788_LOMAP_PJHO045.AT2 0788
Loma Prieta 1989 6.93 83.45 RSN789_LOMAP_PTB207.AT2 0789
Loma Prieta 1989 6.93 74.14 RSN797_LOMAP_RIN000.AT2 0797
Loma Prieta 1989 6.93 63.15 RSN804_LLOMAP_SSF115.AT2 0804
Landers 1992 7.28 2.19 RSN879_LLANDERS_LCN260.AT2 0879
Kocaeli Turkey 1999 7.51 7.21 RSN1165_KOCAELI 1ZT180,AT?2 1165
Chi— Chi_ Taiwan 1999 7.62 122.48 RSN1440_CHICHI_TAP065—E.AT2 1440
Tottori_ Japan 2000 6.61 70.52 RSN3920_TOTTORI_OKYHO02NS.AT2 3920
Tottori_ Japan 2000 6.61 15.23 RSN3925_TOTTORI_OKYHO7NS.AT2 3925
Tottori_ Japan 2000 6.61 15.59 RSN3954_TOTTORI_SMNHI10NS.AT2 3954
Niigata_ Japan 2004 6.63 77.5 RSN4248 NIIGATA_TCGHI17NS.AT2 4248
Chuetsu—oki_ Japan 2007 6.8 126.64 RSN5013_CHUETSU_FKSHI15NS.AT2 5013
Chuetsu—oki_ Japan 2007 6.8 103.85 RSN5363_CHUETSU_TCGHI17NS.AT2 5363
Chuetsu—oki_ Japan 2007 6.8 139.52 RSN5444_CHUETSU_YMTHO3NS.AT2 5444
Iwate_ Japan 2008 6.9 118.68 RSN5641_TWATE_TWTHO9NS.AT2 5641
Twate_ Japan 2008 6.9 99.05 RSN5646_TWATE_TWTHI4NS.AT?2 5646
Twate_ Japan 2008 6.9 72.44 RSN5649 IWATE_IWTHI17NS.AT2 5649
Iwate_ Japan 2008 6.9 82.93 RSN5670_IWATE_MYGO11NS.AT2 5670
Iwate_ Japan 2008 6.9 56.72 RSN5679_IWATE_MYGHO3NS.AT2 5679
Iwate_ Japan 2008 6.9 57.15 RSN5685_IWATE_MYGHI1NS.AT2 5685

El Mayor— Cucapah_ Mexico 2010 7.2 147.39 RSN6009_SIERRA.MEX_0604A180.AT2 6009
Tottori_ Japan 2000 6.61 152.1 RSN6231_TOTTORI1_HYGO27NS.AT2 6231
Niigata_ Japan 2004 6.63 110.16 RSN6526_NIIGATA_FKSH15NS.AT2 6526
Niigata_ Japan 2004 6.63 127.63 RSN6746_NIIGATA_SITHOINS.AT2 6746
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Fig.6 Response spectra of 26 seismic waves
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Table 3 Relationship between damage grade and story drift ratio of the power house at dam toe
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Fig.7 Vulnerability curves of the upstream and downstream walls
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