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Seismic response and control study of continuous beam arch bridges
under track constraint

SHI Yan, ZHAO Xiangyu, JIAO Yinggian, LIU Yunshuai, ZHANG Jiaoling

(School of Civil Engineering, Lanzhou University of Technology , Lanzhou 730050, China)

Abstract: Taking a single track railway long span continuous beam arch bridge as the prototype structure ,a dynam-
ic analysis model considering the track constraint and pounding effect was established. To investigate the influence
of track constraint and arch rib on the seismic response of bridge , 40 sets of bidirectional horizontal ground motion
records were selected to conduct the nonlinear time history analysis. Two strategies were used to control the horizon-
tal seismic response, one was the combination of steel energy absorber and cable restrainer (SEA-CR) , the other
was the combination of self-centering energy dissipation braces and bucking-restrained brace (SCEDB-BRB). An-
ti-vibration effect of the two vibration control systems was compared. Then, effect of layout of braces on displace-
ment of girder was studied. Results indicate that the track constraint will reduce the displacement response of the
girder. SCEDB-BRB has better damping effect than SEA-CR. The bridge is able to achieve self centering target
when layout angle of braces ranges from 40° to 45°, the peak and residual displacement of girder can be controlled
effectively.
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Fig. 1 Long-span railway continuous beam-arch bridge
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Fig. 2 Finite-element model of prototype bridge
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Fig. 4 Peak displacement of key positions of girder

F3 HUBLRM BIREFIERIR MR

Table 3  Effect of track constraints on self-vibration characteristics
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Table 4 Effect of arch ribs on self-vibration characteristics
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Table 5 Coefficient of displacement variation of girder and
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Fig. 5 Displacement time-history curve of girder and arch ribs
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Table A1 Selected earthquake records

i HE 4R fi mg N Tty
(km) FN FP

1 Imperial Valley—06 Superstition Mtn Camera 6.5 24.6 0.097 0.20
2 Imperial Valley-06 Plaster City 6.5 30.3 0.041 0.055
3 Big Bear-01 Lake Cachulla 6.5 - 0.034 0.035
4 Big Bear-01 Snow Creek 6.5 - 0.131 0.175
5 Big Bear-01 North Shore-Salton Sea Pk HQ 6.5 - 0.088 0.065
6 Big Bear-01 Seal Beach - Office Bldg 6.5 - 0.043 0.034
7 Loma Prieta Fremont -Emerson Court 6.9 39.9 0.127 0.196
8 Loma Prieta Fremont - Mission San Jose 6.9 39.5 0.144 0.136
9 Loma Prieta Dumbarton Bridge West End FF 6.9 35.5 0.143 0.119
10 CA/Baja Border Area El Centro Array #7 53 - 0.083 0.056
11 CA/Baja Border Area Calexico Fire Station 5.3 - 0.079 0.113
12 CA/Baja Border Area "Holtville Post Office 5.3 0.0 0.039 0.026
13 Chalfant Valley-02 Lake Crowley-Shehorn Res. 6.2 24.5 0.126 0.121
14 Northridge-01 Elizabeth Lake 6.7 36.6 0.136 0.136
15 Northridge-01 Bell Gardens-Jaboneria 6.7 44.1 0.097 0.069
16 Northridge—01 Compton-Castlegate St 6.7 47.0 0.085 0.142
17 Northwest China—-02 Jiashi 59 - 0.163 0.102
18 Victoria, Mexico SAHOP Casa Flores 6.3 39.3 0.070 0.086
19 Whittier Narrows—01 Norwalk-Imp Hwy,S Grnd 6.0 20.4 0.236 0.129
20 Whittier Narrows—01 West Covina-S Orange Ave 6.0 16.3 0.124 0.157
21 Whittier Narrows—01 Canoga Park-Topanga Can 6.0 49.0 0.123 0.132
22 San Fernando Santa Felita Dam (Outlet) 6.6 24.9 0.180 0.146
23 Coalinga—01 Parkfield -Stone Corral 3E 6.4 34.0 0.128 0.114
24 Coalinga—01 Parkfield-Cholame 3W 6.4 45.7 0.126 0.068
25 Coalinga—01 Parkfield-Fault Zone 16 6.4 27.7 0.142 0.207
26 El Alamo El Centro Array #9 6.8 - 0.045 0.045
27 N. Palm Springs San Jacinto -Valley Cemetary 6.1 31.0 0.069 0.060
28 N. Palm Springs Indio 6.1 35.6 0.063 0.124
29 Chi~Chi, Taiwan—03 CHYO034 6.2 37.0 0.074 0.083
30 Chi~Chi, Taiwan—03 TCU145 6.2 48.5 0.041 0.031
31 Chi~Chi, Taiwan—03 CHY047 6.2 46.2 0.054 0.054
32 Chi-Chi, Taiwan—06 CHYO036 6.3 46.2 0.196 0.124
33 Morgan Hill Gilroy Array #2 6.2 13.7 0.178 0.146
34 Morgan Hill San Juan Bautista, 24 Polk St 6.2 272 0.045 0.033
35 Morgan Hill Gilroy Array #7 6.2 12.1 0.138 0.158
36 Livermore-01 Tracy-Sewage Treatm Plant 5.8 - 0.052 0.069
37 Livermore—01 San Ramon-Eastman Kodak 5.8 - 0.054 0.159
38 Friuli, Ttaly-01 Codroipo 6.5 33.4 0.064 0.097
39 Friuli, Italy-02 Codroipo 5.9 414 0.019 0.026
40 Mammoth Lakes—06 Bishop-Paradise Lodge 59 - 0.096 0.107




