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Composite Parameter Analysis of Seismic Vulnerability of High Bridge
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Abstract: To enhance the accuracy of predicting damage to high bridge piers during earthquakes and
to understand the effect of pile-soil interaction on the seismic vulnerability, the model for pier col-
umns, caps, and pile-soil systems was established. This model considers the contributions of the high-
er order modes for composite parameters, including ground motion intensity and displacement ductili-
ty ratio. It uses a composite index that integrates the elastic and plastic energy dissipation rates as a
structural damage index. Based on the IDA method, the nonlinear dynamic analysis of the system was
carried out, and the seismic vulnerability curves of high piers under pile-soil interaction based on com-
posite index were drawn. The results show that the selected composite parameters effectively evaluate
the seismic performance and damage state of high piers. The pile-soil interaction allows for a more pre-
cise capture of the variation of structural damage probability under earthquakes, as it is more sensitive
to strong ground motion.
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Fig.1 Schematic diagram of the bridge structure
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Fig.2 Simplified model of the bridge pier
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Fig.3 Fiber cross-section
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Fig.4 Constitutive relation diagram of materials

23 BREH

O RUETT50ORT BE , A i 5 3 25 4y Y B 0 A
AINTHES KB H AR T 20 m'™ o A O 450 0 B +
SR EEBCH 110 m, =5 R 60 mo B2 7R 76 3 = AR
FH T A B 5 Ul as B, A e A PN 32 Bk A
f10 59 U 300 SRR AT A, BB AR e A P i
SR FE L [ 25 Gl 1 equal DOF 528 ) o 78 4K



BB 15 ] [ S, A 1] >R FH 2 M Rl A4 BE (Viscous uni-
axial material) 1% K J& ¥4 5T (zerolength element) 3k
E B JE fw , FH AT K P 5 ] RSN S B s 2
K U R S SR A ff B N Tl A, 2% 08 iR
5 Sk BHL @ A 45 1 72 B AE A o1 v B A% B S W s 5, D)
1A 5[] R 1) I 6 K B S e NS 2T AR A
\V.B.Joyner%?%%ﬂjE@jfﬁ§uﬁ FHLJE s REOE SN T

e IE S5 R kL TN BT D) I A e L 4 5K (2)
G
C=A.V.:D, (2)

Arp, CON e RBGAN B AT AR VO L5 35 1)
W 5 D, HE S B

(A B RHUR BTN 350 1T 25 (260 m/s<<
V<510 m/s) il 2 1= Hh F& 37 b 1 W 7% 30 3% 3 S 0
ik B bR, % H AR5 A 98 [ OROF 7 R TR
WFFE 0 (PEER) 04 2 R 45 1 50 i id 5%, Jf
MR BT 1 Hby 72 Bl P R G 5 RYE A i R AR
JEl 0 AH I HL A5 R 30 B 2 ) R 25 AN R i
2096 [ JEE0 Bk T R 22 MR Bhid sk . 4

b A TR AR B 4 R A b D e N i (BHLJE EE 5%6)
J HOF- 34938 5 H bR 3 i % A B/ S s 5 45 4k R
P EARER R,

4 ERESHEHRMIER

3 MRIEE 11 BRMEHNBESBNBE
8 B 52 Py 52 B B BE AL A SC LT SR /N g3 A 45 SR B4 BICTE | B IO 5 I B b R
MEFFERER
Table 1 Detailed information of ground motion

i Zt A Fisf [ W3ty £3 PGA/g
El "Helena_ Montana-01" 1935 "Carroll College" 6 0.162 5
E2 "Northwest Calif-02" 1941 "Ferndale City Hall" 6.6 0.162 5
E3 "Borrego" 1942 "El Centro Array #9" 6.5 0.125
E4 "Kern County" 1952 "Taft Lincoln School" 7.36 0.125
E5 "Southern Calif" 1952 "San Luis Obispo" 6 0.132 5
E6 "Imperial Valley-05" 1955 "El Centro Array #9" 5.4 0.375
E7 "Northern Calif-04" 1960 "Ferndale City Hall" 5.7 0.162 5
ES8 "Parkfield" 1966 "Temblor pre-1969" 6.19 0.187 5
E9 "Borrego Mtn" 1968 "San Onofre-So Cal Edison" 6.63 0.162 5
E10 "San Fernando" 1971 "2516 Via Tejon PV" 6.61 0.625
E1l "San Fernando" 1971 "Carbon Canyon Dam" 6.61 0.187 5
E12 "San Fernando" 1971 "Fairmont Dam" 6.61 0.125
E13 "San Fernando" 1971 "Gormon-Oso Pump Plant" 6.61 0.1
El4 "San Fernando" 1971 "LA-Hollywood Stor FF" 6.61 0.375
E15 "San Fernando" 1971 "Pasadena-CIT Athenaeum" 6.61 0.25
E16 "San Fernando" 1971 "Puddingstone-Dam(Abutment)" 6.61 0.25
E17 "San Fernando" 1971 "Santa Felita Dam (Outlet)" 6.61 0.125
E18 "San Fernando" 1971 "Upland-San Antonio Dam" 6.61 0.375
E19 "San Fernando" 1971 "Whittier Narrows Dam" 6.61 0.125
E20 "San Fernando" 1971 "Wrightwood-6074 Park Dr" 6.61 0.25
E21 "Managua-Nicaragua-02" 1972 "Managua_ ESSO" 5.2 0.125
E22 "Hollister-03" 1974 "Hollister City Hall" 5.14 0.375
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Fig.5 22 elastic response spectra of seismic waves
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Table 2 Dynamic characteristic parameters of the bridge pier
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Table 3 Displacement values of damage critical state
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Table 4 List of damage index of each state

L0548 b D, D, D
SEUF 0~0.1 0~0.1 0~0.1
R 0~0.3 0.1~0.25 0~0.275
S IR 0~0.55 0.25~0.6 0.275~0.576
FEEMIR 0~0.84 0.6~0.8 0.576~0.816
{538 0.84~1 0.8~1 0.816~1
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Fig.6 IDA curves for severe damage states of the high pier under two constraints
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Fig.7 Quadratic fitting curve for the mean value of serious damage states of the high pier under two constraints
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Fig.8 Seismic susceptibility curves of high piers under two constraints
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