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Fig. 1 A sketch of deck CFST arch bridge

with large span
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Tab.1 Mechanical parameters of the steel
B e AL f,/MPa E/MPa b
HRB400 400 210 000 0. 001
16Mn 343 206 000 0.01
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Tab. 2 Information of the concrete filled steel tube members and the mechanical parameters of the restrained concrete
I R
Fa R+ S S/ MPa ep fpeu” MPa epsU f,/MPa E./MPa
D/mm d/mm

Tt 920 14 C60 60. 31 0.007 3 45.79 0.04 6.03 3 015.57

R FF 351 8 €60 69. 03 0.009 8 57. 84 0.04 6.90 3451.63

H L S7AE 353 8 G50 68. 05 0.009 5 56.98 0.04 6. 81 3 402. 62
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Fig. 2 The first six vibration modes of the arc bridge structure
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Tab. 3 Natural vibration periods and the mode of the first six

vibration modes of the arc bridge structure
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Tab. 4  Information of the selected ground-motion recordings
9> R R R TR AR/ 5 31 PGA/g
GM1 RSN88_ SFERN_ FSD San Fernando, Santa Felita Dam 6.6 0.1549
GM2 RSN164_IMPVALL. H_H - CPE Imperial Valley —06, Cerro Prieto 6.5 0.168 3
GM3 RSN286_ITALY_A - BIS Irpinia_Italy - 01, Bisaccia 6.0 0.0955
GM4 RSN740_TLOMAP_ADL Loma Prieta, Anderson Dam 6.9 0.078 2
GM5 RSN827_ CAPEMEND_FOR Cape Mendocino, Fortuna — Fortuna Blvd 7.0 0.116 8
GM6 RSN1614_DUZCE_1061 Duzce_ Turkey, Lamont 1061 7.1 0.1312
GM7 RSN1616_DUZCE_362 Duzce_ Turkey, Lamont 362 7.1 0.044 1
GM8 RSN1633_MANJIL_ABBA Manjil_Iran, Abbar 7.3 0.514 6
GM9 RSN3750_ CAPEMEND Cape Mendocino, Loleta Fire Station 7.0 0.265 3
GM10 RSN3757_LANDERS_NPF Landers, North Palm Springs Fire Sta #36 7.2 0.138 9
GM11 RSN4013_SANSIMEO_ 36258 San Simeon_ CA, San Antonio Dam — Toe 6.5 0.092 9
GM12 RSN4848_ CHUETSU_65011 Chuetsu — oki_ Japan, Joetsu Ogataku 6.8 0.322 4
GM13 RSN4872_ CHUETSU_65053 Chuetsu — oki_ Japan, Sawa Mizuguti Tokamachi 6.8 0.146 9
GM14 RSN5284 _ CHUETSU_NIGH11 Chuetsu — oki_ Japan, NIGHI1 6.8 0.184 4
GM15 RSN5663_IWATE_MYG004 Iwate_ Japan, MYG004 6.9 0.693 3
GM16 RSN5775_1IWATE_54009 Iwate_ Japan, Tamati Ono 6.9 0.2852
GM17 RSN5776_IWATE_54010 Iwate_ Japan, Kami_Miyagi Miyazaki City 6.9 0.1558
GM18 RSN5783_IWATE_54026 Iwate_Japan, Semine Kurihara City 6.9 0.160 5
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Fig. 3 Ground motion acceleration response spectrums

and the target spectrum after amplitude modulation
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Tab.5 Criteria for damage state classification of the displacement-sensitive structural members
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Tab. 6  Criteria for damage state classification of the

acceleration-sensitive non-structural members
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Tab.7 Detailed description of each damage state of non-structural members of the fragility group
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Tab. 8 Detailed description of each damage state of structural members of the fragility group
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Fig. 4  Structural fragility curve of B1051. 001

S HT RS AR B 5 Bk R A 6 Fn B AR H
ZHG, 3% FEMA (2018) & X & % Hitk4
RS 2 5 R B T A KT, T R
gy R AU, BRI 4 O vk R AR A
T 11, T o WP B 0 R BR M, X T X
) o PPE 2, & N S B P 2 80000 i 45 oK
PEAEAM, AXBAMEES S 0=
0.2 H B<0.6, it HI&E /-1 EDP X
40345 R 2 1 R O s 7 B By B PR AR B IR TR
IR EUR F S AU g, RS A A
SRR g G E A M R ER S,
BEN i Ay =G i || BT R - O RO E (S
SE R i%%ﬁ?ﬁ%%%ﬁﬁﬁﬁﬁw
MOl 28 55 1) & 258 WL A5 2 W 25 3, 38 4 4 i Y

e e F?Wﬁﬂmm,%*%b@QME
GG RERAR

RO UBHBREEMAGHNSHRESH

Tab. 9  Fragility parameters of the displacement-sensitive components

SHUN K 1% 2 9% 34 4 9% ik o )
Fa 124 Bk . TEEFRifE EEPUN
Aty 0 B 0 B 0 B 0 B HYH
FHEE B1041.032a e 0.002 0.4 0.0035 0.4 0.0055 0.4 0.009 0.35 @& SEhRdRESE
ﬁm%% 2020;
FHUFF B1041.052a e 0.002 0.4 0.0035 0.4 0.0055 0.4 0.009 0.35 @&  SChrisREdE KA 2017
SEHERFE B1041.93a e 0.0015 0.5 0.0035 0.5 0.005 0.5 0.008 0.5 o SEPRTE SR B

[ %% B1051.001 my 1.5 0.5 3 0.5 4 0.5 6 0.5 W BEIFREIE  California Depart-
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Tab. 10 Fragility parameters of the acceleration-sensitive components
1 % 2% 34
FF 24 Bk oot EDP Jo A PP i
0/g B 0/g B 0/g B
T ARG/ 167 M B3011.011 PFA 1 0.4 1.43 0.4 — — i HoAty
B i B3011.014 PFA 1.2 0.5 1.71 0.5 1.95 0.5 {liS LREW
4B C2011. 001a PFA 1.52 0.6 2.25 0.6 — — N S
FEAT €3034. 001 PFA 1.1 0.3 — — — — 1% LREW
Hesk & 1 D2031.011b PFA 1.1 0.5 2.4 0.5 — — LA LREW
T B A i D4011.021a PFA 1.2 0.4 2.46 0.5 — — LA LREW
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Tab. 11  Basis for quality grading of the component fragility function
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Tab. 12 The number of fragility groups and performance groups of the arch bridge struture
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Fig. 5 Probability distribution of the maintenance cost on the long-span, arch bridge hit by different earthquake

intensities (a) and the composition of the maintenance cost on components with 84% assurance rate (b)
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Fig. 7  Probability distribution of the maintenance time on the long-span, arch bridge hit by different earthquake

intensities (a) and the maintenance time composition on components with 84% assurance rate (b)
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Tab. 13 Basis for seismic resilience rating of the bridge structures
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Seismic Resilience Assessment of Long-span, Deck Concrete-filled
Steel Tube Arch Bridge

ZHANG Jiwei'?, DU Ke'?
(1. Key Laboratory of Earthquake Engineering and Engineering Vibration, Institute of Engineering Mechanics ,
China Earthquake Administration, Harbin 150080, Heilongjiang, China)
(2. Key Laboratory of Earthquake Disaster Mitigation, Ministry of Emergency Management
Harbin 150080, Heilongjiang, China)

Abstract

As a common type of highway bridge in China, the long-span, deck concrete-filled steel tube (CFST) arch
bridge is greatly affected by earthquake disasters. In order to evaluate its seismic resilience subjected to different
earthquake intensities, a 300-meter long, deck CFST arch bridge was studied. Midas/Civil software was used to
establish the finite element model of the structure to analyze the structure’s nonlinear structural response. The “fra-
gility group” and the “performance group” of the arch bridge were defined, to analyze the bridge’s seismic fragili-
ty. The seismic resilience indexes for the bridge—maintenance cost and maintenance time—were evaluated respec-
tively according to different ground motion intensities. The method and basis of seismic resilience rating for arch
bridges were given according to the Standard for Seismic Resilience Assessment of Buildings ( GB/T 38591 -
2020f). The seismic resilience of the bridge is rated as “one star”, in this case the maintenance time is the key
index affecting the comprehensive seismic resilience grade of the bridge. Meanwhile, the structural components sig-
nificantly influence the seismic resilience of the bridge.

Keywords: long-span, deck CFST arch bridge; nonlinear structural response analysis; performance group;

seismic resilience index; seismic resilience rating



