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Multi-Dimensional and Multi-Point Random Seismic Response Analysis of

Long-Span Cable-Stayed Bridges at Different Sites
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(1.College of Management and Engineering, Huaiyin Institute of Technology, Huai’an, Jiangsu 223003, China; 2.School of Infrastructure

Engineering, Dalian University of Technology, Dalian, Liaoning 116023, China)

Abstract: To study the random seismic response of long-span cable-stayed bridges at different sites, the site transfer
function was used to evaluate the influence of different site conditions on ground motion propagation. By considering
the traveling wave effect and the coherence effect, the multi-point power spectrum under different site conditions was
generated. By using the pseudo excitation method for solving the absolute displacement, the seismic responses of
cable-stayed bridges under uniform excitation and multi-dimensional and multi-point excitation at different sites were
compared. A long-span cable-stayed bridge was selected as an example, and Ansys finite element software was used
to analyze the random seismic response of the bridge. By considering the influence of site conditions on the seismic
power spectrum, the random responses of the bridge under different excitation modes were calculated, and the power
spectrum of each element of the bridge was extracted. The extreme root mean square of the power spectrum response
was calculated. The results show that the amplification effect of soft soil on the random response of the bridge is about
three times that of hard soil, and the amplification effect of multi-point excitation on the random response of the bridge
is about 1.5 times that of uniform excitation. Therefore, the site effect has a great influence on the random seismic
response of long-span cable-stayed bridges, and its influence cannot be ignored in bridge design.
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Figure 1 Finite element model of long-span

cable-stayed bridge
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Table 3 Values of power spectrum density parameters

under different site conditions
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Figure 2 Power spectrum density function under

different site conditions
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Figure 3 Extreme root mean square of bridge axial forces
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Figure 5 Extreme root mean square of bridge shear force
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Figure 6 Frequency variation curve of root mean square of

shear force at peak point
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Figure 7 Extreme root mean square of transverse

bridge bending moment
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Figure 8 Frequency variation curve of root mean square of

bending moment at peak point

FENES SIS PR 70 o 77B: U - 4 DR L
WA — OO I 1A AT B R g, 2 ROMUR R Y
B G i g e 1 2 — OO B9 1.6 17 5 2 R0BUR O
R R AR B b Y A g 0 R A R SRR Y 3.0
T — SOOI D0 AR R AR AR b Bl g 0 R R
T AT 3445 o IR A AT LK S RE AL e R 35

Figure 9 Extreme root mean square of vertical

displacement of bridge
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Figure 10 Frequency variation curve of root mean square

of vertical displacement of bridge at peak point
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Figure 12 Frequency variation curve of root mean square

of displacement along the bridge at peak point
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Figure 13 Extreme root mean square of bridge tower

bending moment along the bridge
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Figure 14 Frequency variation curve of root mean square of

bridge tower bending moment along the bridge at peak point
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Figure 15 Extreme root mean square of vertical

bridge bending moment
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Figure 16 Frequency variation curve of root mean square

of bridge bending moment at peak point
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