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Seismic Performance Analysis of Deep — water High Pier Long Span Continuous Rigid Frame Bridge
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Abstract: A numerical model of a deepwater high — pier, long — span continuous rigid — frame bridge was constructed using
OpenSees finite element software, with consideration given to the nonlinear characteristics of the bridge components and the
impact of hydrodynamic action in deepwater. The response characteristics of the bridge under seismic action were investigated.
The results indicate that in a deepwater environment, the dynamic response of the approach bridge piers decreases with
increasing water depth, whereas the main bridge piers and transition piers exhibit an increasing trend. The collision frequency
between beams and between bridge abutments shows no significant variation under different water depths. However, the collision
force at the expansion joints significantly increases with the rise in water depth.
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Fig.1 Spatial finite element model of the bridge
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Table 1 Information of natural seismic wave records

i’y HRR AR R MEERs O IERR HUriRkE
1 BN 8.0 16. 00 0.964  0.047 3
2 Chi- Chi_ Taiwan 6.3 61. 86 4.483  0.069 3
3 Chi-Chi_ Taiwan 6.3 61.86 1.642  0.047 5
4 Chi- Chi_ Taiwan 7.6 84.98 6.536  0.028 4
5  Chi-Chi_ Taiwan 7.6 84.98 1.273  0.076 0
6 Chi- Chi_ Taiwan 7.6 84.98 6.492  0.060 6
7 Chi-Chi_ Taiwan 7.6 84.98 2.737  0.0528
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Fig.2 Response spectrum of natural seismic ground motions
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Table 2 Maximum responses of bridge piers at different water depths

Tk K 20 m 7K 40 m 7K 60 m
s BUR S BURE BURE BURBT ) BURE BUREY ) BYOR A BURBT )
/ (kN-m) /kN / (kN+-m) /kN / (kN-m) /kN / (kN+-m) /kN
1* 7323 792 7013 731 7 092 744 7 087 738
2# 5436 599 5 160 529 5236 542 5228 526
3# 35 749 2024 35 358 1 987 37 614 2 890 43 744 3187
4% 176 858 6 458 182 633 7 836 194 218 9 150 202 902 9324
5* 195 738 7 676 198 724 8 228 207 569 9 600 215 084 10 159
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Table 3 Maximum responses of bridge piers under different types of ground motions
TJok JKIE 20 m KK 40 m JKIR 60 m
s BN BIUR % BT BUk % B % BUR 3% BIA % BIUR #h R
/m / (rad/m) /m / (rad/m) /m / (rad/m) /m / (rad/m)
1* 0.133 7.95 %1073 0.123 6.88 x10 73 0.129 8. 11x1073 0.125 6.9 %1073
2# 0.175 1.65 x 1073 0.171 1.47 x10 73 0.173 1.52 %1073 0.174 1.5x1073
3# 0.183 4.2x107* 0.183 4.2x107* 0. 196 4.7x107* 0.247 5.7x107*
4# 0.214 3.6x1074 0.218 3.8x1074 0.222 4.3%x10°% 0.237 4.7x10*
5# 0.211 4.5x107* 0.215 4.7x107* 0.219 5.3x107* 0.233 6.1x107*
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Fig.3 Development of plastic hinge at pier base
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Table 4 Detailed statistics of collision cases

K 1* (gt 2* g4k 3* gk
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