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Vulnerability analysis of multi-span continuous rigid frame bridge based
on IDA method

LI Sicheng, NING Xiaojun, XUE Huijie
(Faculty of Civil Engineering and Architecture, Kunming University of Science and Technology,Kunming 650500,China)

Abstract: To analyze the seismic fragility analysis of a high pier multi-span continuous rigid bridge in
southwest of China, the finite element model was established, and the IDA method was used to
analyze the susceptibility of five double-limb thin-walled piers of the bridge using the displacement
ductility ratio as the seismic damage index. And the first-order limit method was used to analyze the
susceptibility of the whole bridge. The research results show that the damage probability of bridge
induced by transverse seismic waves than that by direction seismic. When multi-span continuous rigid
bridge piers are symmetrically arranged, and the height is the same, the seismic vulnerability is
similar. The higher the pier arranged in the symmetrical position, the lower the damage probability
induced by the earthquake along the bridge, while the transverse seismic action is not obvious. It can
provide reference for bridge damage assessment during earthquake.
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Fig.1 Reinforcement drawing of double limb thin-walled

pier section (unit: mm)
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Fig.2 Finite element model
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Table 1 Seismic wave information

cA N RFAE ) 3 PGA Framt /s
obg 270_w 0.35 0.40g 40.00
obg_360_w 0.35 0.43g 40.00

Sfs 48 w 0.35 0.45g 37.82
Sun_ew_w 0.35 0.34g 34.78
RHI1TGO35 0.35 0.58g 44.70
RH2TGO035 0.35 0.63g 80.48
tar_360_nor 0.35 0.99¢ 60.00
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Table 3 Data of pier and curvature values in transverse and longitudinal direction
B BE/ m % 73/ kN J7 1A U R R S350 R R Jii iz C4 A2 R et e ol =R
YA 1) 0.001 01 0.001 12 0.005 36 0.009 88
1" 103.5 118 963
T 1) 0.000 35 0.000 46 0.001 44 0.003 52
YA 1) 0.001 01 0.001 11 0.005 44 0.010 15
2" 117.0 120218
T 1) 0.000 35 0.000 46 0.001 55 0.003 53
Y 1) 0.001 02 0.001 13 0.004 95 0.009 32
3 130.5 127 496
T 1) 0.000 35 0.000 46 0.001 44 0.003 23
Y ) 0.001 01 0.001 11 0.005 39 0.009 32
4" 1215 127 297
T 1) 0.000 35 0.000 46 0.001 44 0.003 23
Y ) 0.001 01 0.001 12 0.005 36 0.009 88
5* 103.5 119718
T 1) 0.000 35 0.000 46 0.001 54 0.003 52
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Table 4 The damage index of pier in transverse and longitudinal direction
1# 2# 3# 4# 5#
J7 1A
WA B 1) WA B 1) WA B 1) WA B 1) WA B
A, ~ 3604000 1250000 4956100 171.8900  580.0600 201.1600  460.1600 161.6900  360.4000  125.000 0
ey, 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0
Hey 1.1053 1.3249 1.105 1 1.3273 1.104 3 1.308 7 1.1052 1.308 7 1.1053 1.3247
i, 13190 1.540 0 1.3249 1.5419 1.300 3 1.499 7 1.304 6 1.500 3 13190 1.5399
. 43190 4.540 0 43249 45419 4.300 3 4.499 7 43046 4.500 3 43190 45399
AN e Bl g RN, DL R — il 2 i 2 9 ‘ — o
B, EN R E SRR ARk s T 3 IR EAHBE R SR S A

IO AE bR DAALRS ZE 1 Ly kA, 8 H IDA 5
FH A BN AL R SE R B, 0 B O b R R R AR
PREEAT BIA 2 Hr o AN IR T B3 i 46 5
RS S HEM R, B 5 PDARATMG
13 5 ik 26

S %t i AT I, FE R IDA U7 ik BEAT
ARLE RIS FE 73 H, Xk 45 4 S B 1) 7K 2R BE g AT 2
2t 7 7 SR O B, HAE AT & IS AR, B
PGA (e Bl V(B INd J5 0~ 132 5 85 D e i %
HOEAF il ARSI [ S8T00AE T 5 5



90 x @ # ¥ 5 T £ % 38 %
LU 6 B A G, JE I s R XS AE LR 3.07
B A2 23 B 1 BOHE 25 R AT R mE, W 3~7 251
FI7R o
3.0
2.5} ’ 2
=
2.0r
1.5F
~ 1.0r
S
g _ ; ; i : i
05 1'92.5 -2.0 -1.5 -1.0 -0.5 0
In(PGA)
0.0} i )
. El6 JAHE 4 B0 EE Kom 5 = )3 A7
05 - Fig. 6 Regression analysis of seismic demand response of the
_ . ‘ , , ‘ 4% pier al bridge directi
1,92.5 . g 5 3 5 pier along bridge direction
In(PGA) 30.
B3 A& 5 EE Rom 2= )2 547 55

Fig. 3 Regression analysis of seismic demand response of the

17 pier along bridge direction

2.5¢

15 1.0 =05 0

In(PGA)
B4 ARG 245 R F Kom B = YA AT

Fig. 4 Regression analysis of seismic demand response of

03,3 2.0

2" pier along bridge direction

2571

71'0 b
-1.5 : : ' : '
2.5 2.0 -1.5 -1.0 -0.5 0
In(PGA)
El5 e 3ok R E Ko B = )3 oAt
Fig. 5 Regression analysis of seismic demand response of

the 3" pier along bridge direction

-1.0
-2.5

-15 -1.0 -0.5 0
In(PGA)

7 ARE) SR E R ok L =) )3 AT

Fig. 7 Regression analysis of seismic demand response of the

-2.0

5 pier along bridge direction

M 3~THLLE H, 5 A # 2l T4
PEARAL, BSEOREEERCN . BT, WA A b
Fe A FH R M S A A2 A% S 1 BE 5 3 7R B 5 PGA
Mk Hook 20, RS, 4FIRES I 5 5 1
W6,

RS A6 ESAEAS SN b 5 M A ik BT S K R
Table 5 Relationship between displacement ductility ratio of

piers along bridge direction and ground peak acceleration

function
Y EEAS S
1" In(py)=092219 x In(PGA) +2.179 3
o In(u,)=0.85578 x In(PGA) + 1.973 8
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Table 6 Fragility function of piers along the bridge in four
states
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Fig. 8 Fragility curve of the 1” pier along bridge direction

1.0 —
/‘ ]
/ - X
0.8} 7. e
1 o
B /- g
?;5 0.6} A & R
44454 7
5 4 #
Rogt [1 ) P
=04 S — R
! R4 - — P
1 Vs c e EEE
02r £ — - - EAH
R
. -~ ’
0 = 1 1 1 1 1
0.2g 0.4g 0.6g 0.8¢g 1.0g
PGA
B9 MR E 275k 5 Bk £

Fig. 9 Fragility curve of the 2" pier along bridge direction
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Fig. 12 Fragility curve of the 5* pier along bridge direction
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Fig. 13 Fragility curve of the 17 pier in transverse direction
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Fig. 14 Fragility curve of the 2" pier in transverse direction
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Fig. 15 Fragility curve of the 3" pier in transverse direction
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Fig. 16 Fragility curve of the 4” pier in transverse direction
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