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Seismic response analysis of skew bridges under pulse-type
near-fault ground motions

ZHANG Hongying, HE Zhuoli, LIU Yunshuai, CHE Changquan, SHI Yan
(School of Civil Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: To systematically study the influence of near-fault pulse characteristics on the seismic response of skew
bridges, a four-span highway skew continuous girder bridge was taken and finite element models of the skew bridges
with different skew angles were established by using OpenSees. The near-fault pulse-like ground motions with high-
frequency components were artificially synthesized by using the decomposition-incorporation method. The effects of
the moment magnitude and fault distance to the piers, main girders, beam-abutment collisions and exterior shear
keys of skew bridges are analyzed. The results show that the sensitivity of the top displacement of the middle pier to
the moment magnitude is greater than that of the side piers, but the sensitivity to the fault distance is not much
different. The increase of the moment magnitude increases the displacement and rotation ratio of the main girder, as
well as the maximum pounding force between the girder and the abutment. The results of increasing the fault
distance are opposite to the previous results and the rotation ratio of the girder varies most when the skew angles is
15°. Tt is suggested to strengthen the shear reinforcement of the exterior shear keys for skew bridges with skew
angles greater than 15°. As the moment magnitude is greater than 6.0 or the fault distance is 2~7 km, the exterior
shear keys are in a state of failure under the near-fault ground motion.
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Fig.1 Layout of bridge structure
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Fig.2 Finite element model of bridge
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Table 1  Parameters of mechanical model of exterior shear key A 3
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Fig.3 Hysteretic rule of exterior shear key
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Fig.4 Flowchart of artificially synthesized near-fault pulse-type ground motion
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Table 2 Pulse period and peak velocity corresponding to different moment magnitudes and fault distances

My = 6.0 My= 6.3 My = 6.6 My= 6.9 My=172 My=15
R/km

T, V, T,, V, T,, v, T,, V, T,, v, T,, V,

2 1.12,70 1.50,98 2.02,139 2.71,196 3.63,277 4.87,391
3 1.12,57 1.50,80 2.02,113 2.71,160 3.63,226 4.87,319
4 1.12,49 1.50,69 2.02, 98 2.71,139 3.63,196 4.87,276
5 1.12,44 1.50,62 2.02, 88 271,124 3.63,175 4.87,247
6 1.12,40 1.50,57 2.02, 80 271,113 3.63,160 4.87,226
7 1.12,37 1.50,53 2.02, 74 2.71,105 3.63,148 4.87,209
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Fig.5 Time-history curve of the ground motion
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Table 3 Original information on earthquake records

e R AT EVIER S FERRY W72 B/ km
GMO1 Northridge Newhall-W Pico Canyon Rd 6.69 5.48
GMO02 Landers Yermo Fire Station 7.28 23.62
GMO03 Imperial Valley EC Meloland Overpass FF 6.53 0.07
GM04 Imperial Valley EC County Center FF 6.53 7.31
GMO5 Kocaeli Gebze 7.51 10.92
GMO06 Chi-Chi TCU103 7.62 6.10
GMO7 Chi-Chi TCU087 7.62 7.00
GMO08 Chi-Chi TCU082 7.62 5.18
GM09 Chi-Chi TCUO54 7.62 5.30
GM10 Chi-Chi TCUO052 7.62 0.66
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Fig. 6 Time-history curve of the ground motion before and after filtering( GM10)
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Fig.7  Acceleration time history curve of synthetic ground motion( GM09)
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Fig. 13 Top displacement of pier at different fault distances
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Fig. 14 Displacement of the girder at different fault distances
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