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[ Abstract] To address the issue of bridge collisions induced by earthquakes, seismic vulnerability curves for the overall system and
individual components of conventional and irregular box girder highway bridges, with and without collisions, were developed and com-
pared based on nonlinear time history analysis using the OpenSees finite element software. Four damage states, ranging from minor to
severe,, were eslablished. The fragility function was employed to elucidate the interaction between structural irregularities and collisions
between the bridge deck and the abutment on the seismic vulnerability of multi-span box girder highway bridges. A conversion coeffi-
cient, r , was introduced to quantify the impact of collisions on the vulnerabilities of bridge components and the overall system. Tradi-
tional analysis methods, including static and simplified analyses, alongside technical seismic models, were applied to adjust the vulner-
ability values associated with collisions and irregularities. The findings reveal that collisions exert adverse effects on all structural com-
ponents. As the damage level increase, the variability in RP values for the ductility of bridge columns and anti-falling beams also in-
crease. Specifically, for earthquake number 2, the r, values under damage conditions are 0. 95 for mild(DC, ) and 1. 02 for moderate
(DC,). Under pulse type seismic motion, collisions significantly increase the degree of damage to engineering demand parameters

(EDP). For earthquake number 3, the average r, value for foundation translation was 0. 71 with collisions and 0. 57 without, highlight-
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ing the significant destructive influence of collisions on foundation translation. By comparing the median values across all categories, it

was observed that the median values for earthquake numbers 3 and 1A were lower than those for earthquake numbers 2 and 1B, indica-

ting that collisions caused more severe damage under lower ground motion intensities. This study provides a valuable reference for seis-

mic bridge design, offering insights to improve design specifications, enhance the seismic performance of bridge structures, and deliver

significant engineering and practical applications.

[ Keywords | bridge engineering; seismic fragility; multi-span reinforced concrete bridge; impact effect; nonlinear time history analysis
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Fig. 3 Impact analysis model used in the study
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Fig. 5 Probabilistic seismic demand model of HBRC bridge
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Table 9 Component vulnerability function parameters
DC, DC, DC, DC,
Fa SFEE BriE(E SFEE BriE(E FE{E Bk (e S {E FrifEE
P NOP P NOP P NOP P NOP P NOP P NOP P NOP P NOP
itk 0.206 0.201 0.468 0.580 0.308 0.342 0.468 0.580 0.425 0.522 0.468 0.580 0.523 0.684 0.468 0.580
BivE%:  0.082 0.066 0.569 0.626 0.205 0.171 0.568 0.626 0.366 0.307 0.569 0.626 0.513 0.434 0.569 0.626
SRS 0.097 0.082  0.531 0.615 0.266 0.239  0.528 0.615 — — — — — — — —
WG48 0.982 2.000 1.026 5.902 2.115 2.000 1.026 5.902 —  — - = - = - —
RS 2.352 5.360  0.784 1.092 15.497 69.462 0.784 1.092 — — — — — — — —
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Table 10 r, values for different limit states and four ground motions

i’ DC EDP HBRA HBRB HBRC HBUSB  HBUSC HBUMB HBUMC  HBUIB HBUIC
W 1.00 1.00 1.02 1.05 1.01 0.91 1.00 1.01 1.02

ne, i v 3 0.89 1.00 1.02 0.79 1.10 0.35 0.77 1.10 1.04
YEEEE 0.91 1.00 1.02 0.80 1.06 0.39 0.76 1.09 1.03

HafiFE  0.89 0.30 0.44 1.03 1.01 1.10 1.01 0.24 0.57

A 0.99 0.97 0.96 1.08 1.02 1.00 1.01 0.93 1.01

A De, S5 ¥ 72 1.00 1.00 1.02 1.02 1.10 0.70 0.98 1.02 1.02
RS 1.00 1.00 1.01 1.03 1.10 0.83 1.00 0.94 1.01

i 0.95 0.20 0.22 1.04 1.04 1.10 1.01 0.20 0.31

ne, e 0.98 0.95 0.92 1.12 1.13 1.05 1.02 0.88 1.00

By % % 1.01 1.01 1.02 1.05 1.06 1.01 1.01 0.81 1.00

ne, WAL 0.98 0.94 0.90 1.14 1.00 1.09 1.03 0.85 0.98

577 7 T 1.01 1.01 1.02 1.07 0.91 1.04 1.02 0.65 0.98

ik 0.96 1.16 1.08 1.08 1.02 0.94 0.81 1.02 1.01

ne, 55 v 1.00 1.01 1.01 1.01 1.10 0.82 1.00 1.00 1.00
AR 1.00 1.00 1.00 1.01 1.02 0.83 1.02 0.83 1.01

ik 0.29 1.10 1.05 0.24 1.10 1.10 0.20 0.74 0.20

Lig = 0.94 1.20 1.11 1.12 1.02 0.98 0.75 1.03 1.10

B ne, 55 v 1.00 0.81 0.81 1.10 1.10 1.02 1.10 0.46 1.10
ZHEEAETE 0.90 0.73 0.58 1.10 1.10 1.08 1.06 0.27 0.20

A% 0.20 1.10 1.08 0.20 0.20 0.20 0.20 0.73 1.10

ne, et 0.92 1.20 1.13 1.15 1.03 1.00 0.72 1.03 1.10

97 ¥ 0.99 0.67 0.65 1.10 1.10 1.05 1.10 0.28 1.10

ne, e 0.91 1.20 1.14 1.17 1.04 1.02 0.70 1.04 0.99

i v 3 0.97 0.60 0.57 1.10 1.10 1.08 1.10 0.21 1.10

et 1.02 1.01 0.95 0.96 1.04 0.97 1.03 0.97 1.01

ne, 977 v 2 0.86 0.75 0.97 1.00 1.10 0.97 0.68 1.01 1.01
AL 0.95 0.79 0.93 0.96 1.04 0.93 0.69 1.00 1.01

SR 1.10 0.81 1.10 0.80 1.01 1.10 1.02 0.20 0.78

WAL 1.05 1.05 0.98 0.98 1.00 0.96 1.17 0.93 1.07

) be, 7 7 T 1.01 0.79 0.81 0.89 1.10 1.00 1.00 1.01 1.01
) LA 0.97 0.77 0.71 0.82 1.12 0.99 1.01 1.00 0.99

SR 1.10 0.88 1.10 0.83 1.01 1.10 1.03 0.20 0.71

De, AL 1.08 1.09 0.67 0.80 1.01 1.01 1.03 1.07 1.00

; B V% 3% 1.10 1.12 1.01 1.00 1.20 0.94 1.20 1.08 1.16

ne, A 0.20 0.82 0.67 0.75 1.02 1.01 1.05 0.20 1.00

i v 1.01 1.08 1.01 0.97 1.01 1.18 0.87 1.03 1.20

WAL 1.06 1.10 1.05 1.02 0.20 1.10 0.27 1.05 1.10

ne, 577 7% G 1.02 1.10 1.04 1.02 0.20 1.10 0.22 1.05 1.10
SR 0.20 0.35 0.22 0.45 1.10 1.10 0.21 0.20 0.20

FERi % 1.01 1.02 1.01 0.95 1.07 1.11 0.93 1.03 1.20

Mkt 1.06 1.08 1.02 0.91 0.52 1.10 0.47 1.05 1.10

3 ne, 577 7% T 1.02 1.04 1.01 0.85 0.69 1.10 0.46 1.05 1.10
TR 0.20 0.20 0.20 0.25 1.10 0.20 0.20 0.20 0.20

RO 0.96 0.96 1.00 0.94 1.14 1.07 0.98 1.03 1.06

De, T 1.01 1.02 1.01 0.76 1.01 1.09 0.67 1.04 1.07

) 7 7% % 0.92 0.92 1.00 0.93 1.19 1.04 1.01 1.03 0.98

ne, kL 0.87 0.98 0.69 1.06 1.06 0.82 1.04 1.01 1.01

5 ¥ 0.92 1.03 0.28 1.04 1.02 0.78 1.03 1.01 1.01
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Table 11 Mean and standard deviation of r, under shock conditions

U o itz B v 3 AR SRR

WSS i

FHE FRiE(E FHE FRUE(E - E FRUE(E FHE FRifE(E

DC1 1.001 0.036 0.854 0.216 0.870 0.201 0.741 0.333

1A DC2 1.002 0.044 0.973 0.096 0.982 0.057 0. 681 0.404
DC3 1.002 0.074 0.995 0.067 — — — —
DC4 1.004 0.096 0.985 0.121 — — — —

DC1 1.007 0.940 0.975 0.061 0.969 0.075 0. 669 0.404

B DC2 1.016 0.119 0.944 0.203 0. 880 0.279 0.455 0.374
DC3 1.020 0.134 0.893 0.275 — — — —
DC4 1.023 0.143 0.871 0.308 — — — —

DC1 0.995 0.324 0.918 0.117 0.917 0.100 0. 889 0.277

) DC2 1.032 0.074 0.947 0.089 0.917 0.111 0.79%4 0.342
DC3 1.057 0.099 0.936 0.116 — — — —
DC4 1.067 0.108 0.931 0.135 — — — —

DC1 1.046 0.095 0.889 0.351 0.884 0.361 0.448 0.357

3 DC2 1.038 0.077 0.922 0.235 0.928 0.198 0.305 0.281
DC3 1.016 0.061 0.963 0.136 — — — —
DC4 1.001 0.079 0.939 0.119 — — — —
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