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Theory of SV-wave Multi-support Seismic Excitations by a Layered
Circular-arc Canyon and Study on the Damage Mode of Bridge

LIU Guo-huan*"*, JIANG Da-lai"*, LIU Zhong-xian®, LI Xinyang'"*
(1. State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin
300350, China; 2. School of Civil Engineering, Tianjin University, Tianjin 300350, Chinaj;
3. School of Civil Engineering, Tianjin Chengjian University, Tianjin 300384, China)

Abstract: In this study, the effects of local sites and layered media on underground multi-support
seismic motions were investigated. A double-layered canyon was modeled, and a simulation
program for multi-support seismic motions was developed and verified to simulate the target site
conditions. Next, the seismic response analysis of a steel bridge crossing the target site was
performed, considering underground multi-support seismic excitations. The details were as

follows. First, based on the derived frequency-domain solution of the seismic response of a
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layered circular-arc canyon under SV-wave incidence, the auto-spectrum matrix (absolute value)
was determined based on the standard spectrum, and the cross-spectrum could be determined by
combining the auto-spectrum with the proposed canyon coherence function. The power spectrum
matrix was derived by combining the auto-spectrum with the cross-spectrum, which reflected the
three typical physical effects (scattering, coherence, and layered media) of the local site in the
canyon and laid the foundation for simulating the multi-support ground motions of the layered
circular-arc canyon. Subsequently, a theoretical method was developed by compiling the code and
through visual development to verify the feasibility of the program and the reliability of the
simulation results. Finally, the model of the bridge crossing a canyon was established and
modified to reveal the influence of multi-support excitations of soil stratification and the canyon
effect on a bridge subjected to SV-wave excitations. The multi-support earthquake response was
determined, and the results were compared. The results indicate the following. (O The layered
effect significantly influences the structural response, and the influence of the traditional
homogeneous medium should be reasonably considered. @ The traditional multi-support seismic
ground motions suitable for the flat site lead to considerable inaccuracies for the multi-support
seismic response of a canyon terrain, and the structural response may be underestimated. @& The
spatial variability of ground motions generated by the oblique incidence of SV waves under multi-
support excitations further increase the seismic response amplitudes of the bridge. The theoretical
method and program development can be used as references for seismic response analyses of
similar sites.

Keywords: bridge engineering; steel bridge; simulation of multi-support seismic motions; seismic
response analysis; layered circular-arc canyon
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6 1
Table 6 Maximum Displacement of Bridges Excited by Case 1
/m
0.2g 0.4g 0.6g 0.2g 0.4g 0.6g 0.2g 0.4g 0.6g
0.061 4 0.083 3 0.134 4 0.070 4 0.081 2 0.106 0 0.006 1 0.013 0 0.025 1
0.061 0 0.082 2 0.138 2 0.057 1 0.099 1 0.109 2 0.005 3 0.008 4 0.030 9
0.061 1 0.083 3 0.138 7 0.070 7 0.083 4 0.118 3 0.005 4 0.012 0 0.073 7
0.061 0 0.082 4 0.139 2 0.078 3 0.087 4 0.109 6 0.001 7 0.027 8 0.062 8
0.060 8 0.082 2 0.138 8 0.060 8 0.088 4 0.098 2 0.002 3 0.034 5 0.078 6
7 2
Table 7 Maximum Displacement of Bridges Excited by Case 2
/m
0.2g 0.4g 0.6g 0.2g 0.4g 0.6g 0.2g 0.4g 0.6g
0.169 4 0.2059 0.253 7 0.036 4 0.063 4 0.078 4 0.038 3 0.054 1 0.074 2
0.169 1 0.210 4 0.258 1 0.038 2 0.057 4 0.093 6 0.004 8 0.010 4 0.034 0
0.156 8 0.207 3 0.260 8 0.102 1 0.114 8 0.157 4 0.053 4 0.073 3 0.090 6
0.157 3 0.206 2 0.258 8 0.094 9 0.107 4 0.134 5 0.0239 0.053 9 0.091 3
0.169 3 0.209 1 0.257 9 0.036 8 0.067 3 0.084 3 0.038 7 0.064 1 0.084 2
8 3
Table 8 Maximum Displacement of Bridges Excited by Case 3
/m
0.2g 0.4g 0.6g 0.2g 0.4g 0.6g 0.2g 0.4g 0.6g
0.174 4 0.2219 0.2617 0.017 8 0.038 4 0.05114 0.017 3 0.030 2 0.068 1
0.180 4 0.240 5 0.262 3 0.010 5 0.036 6 0.056 2 0.010 9 0.031 9 0.054 2
0.175 6 0.216 9 0.270 1 0.011 4 0.032 1 0.084 2 0.015 4 0.035 7 0.062 4
0.179 7 0.217 0 0.269 4 0.0111 0.032 4 0.104 3 0.016 4 0.026 9 0.060 7
0.175 6 0.2216 0.258 9 0.011 3 0.032 5 0.062 4 0.015 7 0.026 1 0.059 7
9 4
Table 9 Maximum Displacement of Bridges Excited by Case 4
/m
0.2g 0.4g 0.6g 0.2g 0.4g 0.6g 0.2g 0.4g 0.6g
0.1757 0.234 1 0.301 4 0.010 8 0.05114 0.071 2 0.013 4 0.038 9 0.057 7
0.176 6 0.227 4 0.310 2 0.010 7 0.048 9 0.078 6 0.013 9 0.042 1 0.067 3
0.179 3 0.229 8 0.308 4 0.010 5 0.061 3 0.069 6 0.015 2 0.041 3 0.064 8
0.176 8 0.230 3 0.299 1 0.013 3 0.062 1 0.080 1 0.01114 0.036 5 0.059 2
0.179 8 0.236 3 0.305 6 0.012 9 0.059 4 0.0711 0.012 3 0.037 6 0.070 4
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17 ( iy
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