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Longitudinal seismic performance and parametric analysis
of combined seismic isolation bearing of continuous beam bridge

LIU Pan', XIANG Jinghui’, LI Jianzhong', QU Hongya'
(1.State Key Laboratory of Disaster Prevention for Civil Engineering, Tongji University, Shanghai 200092, China;
2.Tianjin Municipal Engineering Design & Research Institute Co., Ltd., Tianjin 300392, China)

Abstract: The combined seismic isolation bearing is composed of a sliding friction bearing and an elastomeric bearing. The bearing system
offers a substantial vertical support capacity, various post-yield stiffness choices, and the ability to separate the bridge’s vertical support system
from the horizontal support system. To investigate the seismic performance of the combined seismic isolation bearing system, by way of
example of a continuous beam bridge with each continuous unit of (4 x 40) m spans, the OpenSees software was used to model with the
conventional spherical steel bearing, full sliding friction bearing and combined seismic isolation bearing support systems to obtain the
longitudinal seismic response of the bridges, respectively. The influence of seismic parameters such as sliding friction coefficient and shear
stiffness on the seismic performance of the combined seismic isolation bearing was discussed. The results demonstrated that the combined
seismic isolation bearing exhibits excellent seismic performance and self-centering ability. The seismic performance of the combined isolation
bearing will be affected by the sliding friction coefficient and shear stiffness. By selecting appropriate seismic parameters, the maximum

displacement demand of bearings, the residual displacement of bearings, and the seismic response of the piers can be effectively controlled.
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Fig.1 Layout of combined seismic isolation bearing
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(a) Hysteretic model of sliding friction bearing
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(c) Hysteretic model of combined seismic isolation bearing

B3 SRR
Fig.3 Hysteretic model of bearings

M AR S J3E ) (JT/T 4—2019) U HUE 5 A AR IR X
JAE 1) B D) T AL (m?) 5 T AR IR R

P T 30 B 4 SR R e SR AR SR A R Y 2 A TR
I B R S A A R R AT SR UL £ P AR AU, A
KU 3(e) I o 7 4 4 R U6 7 S A B L i A 2R
Hh, SRR A B M JEE Sk T B0 SR ) 0 IR K, R L S
JE B2 K, 2 R, T M JRE A 5 SRR I K, i I

2 HRARTEE

21 TR

AR SCUAHE (4x40) m W 3% SR TRETY 5, &
ﬁﬁﬁﬁ%wﬁﬁ%ﬁﬁi&mnmmwﬁmﬁﬁ
P 1.3 m, BEA A1 98 2.8 m, W0l 4 T . LR R
FH C50 TR BE 4, AF IR C40 TR BE 1, R & R C30
REE L . IR E N 25090 kN, BN B
F1129t, A FR T E N 151t ARG BEN
101.6 to AR #a <3k T A B P R i AL ) (ClJ
166—2011) ML E, FEF B ZAAEH T, R H
ﬁFE&ﬁMﬁ% B 0OF 7K & R DR 3 MR

o B, ANZ R A R A SRS, R
%Wiﬁﬁ%ﬁ%ﬁiﬁ%%%@%@ﬁmn
W .

22 BRTESR

R 5T 20 B B R B SRR AR R I BT RR P RE L R
OpenSees F 4 LA K] 4 Sy Ji 789 48 37 7% 21 P2 0 A5 PR oo
A, f@"ém@ilﬁ uﬁTﬁ*KlﬂE‘Zf“B‘Z?“M&\,
DI EAT OB PR MERE M LB . IR R 1 R R LK
ﬂ%iﬁi%%%ﬁﬂ%ﬁiuﬁ%ﬂ%%%lm
S, JE AR R AR R [ 8 SR R AR IR . K
F2: R AW EHFAR R, KR FR 1Y P3 UL [
S SR R S L 2 B R B AT T B JEE AR [ S e, b
REAE AT S K2 R R 3, R AR ST AR
Bl MR B M B EE S KRR 3 R
TR 9 o 752 SRR SR AR FR 3 A A BRI R 5 Ak A

20 5 AU B R SRR, L S NI BE Sy S SR AR e S e 1)
SYUINIRE o A SCHESR I, BRI & b & E BRI X
JAE B4 5 B I 43 1 E 4000 1 2000 KN/m 1 S 4] 4H .
FEULIEAE b, J5 SORE DLt S8 T s WIS S 2 00k
AT, WS TS W BE X A S G5 Al Ml R e N A 52
Wi o % SR AR 2 v SO R TS BN R 1 R o R
?H@%ﬁ%?ﬁﬁ@ﬁfﬁﬁﬁ@WTﬁfl%

T3 F, 55 5 3l 38 0 Wi SR 48 T o3l AL o B BURIUR 5 345k ] 28 1] s P QR P T i L. X
) 160 m )
; 40 m | 40 m | 40 m | 40 m ;
I - ]
N N — 2 vk
4 ity 25
ISR B \;5\
P2 P3 P4

B4 SiTHeIEEThE
Fig. 4 Structural laylout of selected bridge



| X1

B, S RS EAR YR 1) 45 9 7 S JRE AR T R

YRS B 1081

TS ) S B R S R R, R R 1 Y [ S
K FH 32 2 SR, B S R F A 1E] 3(a) s 1
AR R 5 A AR 2 1) 4 0 SR8 1R T AN D 3(a) BT
Y A b 455 AL A R 3 Y 2H A AU DR R R S AR SR T
&1 3(c) T 7 B XL M AR RS RS AL A 5 W BE 2 2%
Caltrans $t 5% B FL i UV HRUME, an il 5 R, &

Agap+ Aot T K o 53590 07 11 45 2 55 FE L M7 55 AW 1) A R0
BLF FIHE & AT ) WIS, B 5 A 1) A RN B K e IR
“h 28919 KN/m., ¥ 82055 by Th1 2 DI e o 42 Ak B, A3
SR I 29 . 73R4T R Ze ik ik A2 3 B sk, R
Sty A BHJE #5E 8Y, Hig BUBH JE LL Bk 0.05, AR 314
Hr OpenSees # TN K] 5 FF 7 o

#1 FRAZEERETSH

Tab.1 Design parameters of different bearing systems
Fh R iR R/ T R S AR T/ W 15 Ab 7 e et IR i/
REAR 22 /\/\*ﬂ WE”/\"

HEERR SR FERC el Nem) O BREGNM JRRIE (N
LN W FERAAN S R R 0.03 58240/0 71690/0 24640/0
HR2 BRI IR R 0.03 58240/0 71690/0 24640/0
NN AR S R &R 0.03 58240/4000 71690/4000 24640/2000

B 414 Tyl b = e

HIT

ERE T~

HPEGE A BT

. BURMEZS

© B S ALY @ W3 SOEAAGHRY

Ael’(
O AR

@ ULA T S AR

B 5 4% OpenSees EH
Fig. 5 OpenSees model of whole bridge

2.3 HESHEA

T 500 3 R 50 3 b 2 3 O T 37 Mb, il v 06 {0
T FE A 0.6g, FFAEJE I R 0.45 s, T HLUE X 43y
B X RACIR T MR R PRI RE ) (Cl)
166—2011) US4 11 25 37 My 15 31 him 5 & = g 3% 4 H
Fri%, A PEER %4k J 16 B 7 2% B 50 b i gl id 5 (I
F2), RHIBHJE L 0.05, 715 7 45 V8 IE 2 0.6g J& 1 th
72 B I AR o R Ny i R L BT A A R
fE AN 6 Fr7s o K PRI I 10 7 4% b 72 30 ok FH — 20
R B A T, AR TR R 1O L BROE A S 1

)R FR 204 W B BRSO R R AR R (LA 1Y
ik P 7 S AR AR R ) A L B AR 1), O P A LR e AR
Ti AT A R AE AN [F) M B2 T AW . BF R A A
M 7 o 187 H 7 A% M R RIS A S A, A B A 1)
A0 1) M = B AR

3 mEMRELR

2 5 250 Dk R R SR ) DK R R P B TSR U S
T UL RS R SR A B8 5 R A5 2 B A, TS g



1082 3z T B ¥ iR %38 %
F2 EAMWESHRIER
Tab.2 Selected real ground motion records
=R g R AFR Hb = (] e EH MRS I /g
1 Imperial Valley-02 1942 El-Centro Array 9 6.95 0.06
2 Kern County 1952 Taft Lincoln School 7.36 0.14
3 Parkfield 1966 Cholame-Shandon Array 6.19 0.06
4 Borrego Mtn 1968 San Onofre-So Cal Edison 6.63 0.03
5 San Fernando 1971 Cedar Springs Allen Ranch 6.61 0.02
6 San Fernando 1971 San Juan Capistrano 6.61 0.01
7 San Fernando 1971 Pacoima Dam 6.61 1.22
25 ‘ 1 1 1 (9 8 52 AL RE ) AT SR SRR AL RS AT AN . (AR 3R
i D PR R N L = o . TR T
' ' ANy Al by e HS T 5 / BIERS RAIE —3,
iozo “‘",”"f"””"f’”"—'"—-:ﬂfﬁﬂiﬁ&ﬂj‘%ﬁzfﬂfﬁ' {ﬁ j]jiiﬁﬁ%%ﬂ‘fi*g I:jgé‘ I‘iigaﬁﬁﬁé‘xlgﬂ:/ %&
= il — LB AR SC LA By S 11 B A (3L R Fii ik 201 6 280 i RS 7% S e
= S e N
x 3 B AR o 3 R SR IR R AR B AR MR AR TR B
i 1.0 T S e s SIS - — EURN
= 3 i 1) 0 (I b, 5% ) 10 4098 3 T 7, v S AR BY g Sk B
= ! W O Ay
=05 R S AR BB AR L T A SR K S ) 2 R K
05 i : : R — 15 M= P P R 2 B AT 1) b o oz ) 7 il 2 2
fikfil / s K7 B
B6  SCBRANEEE T R H 3 AT, AEXT TR R 1, (KR 2 13 19 P33
Fig. 6 Actual acceleration response spectrum A A B b 72 W N, 0BRSS A T B AR T 24 88% Al
R3 RESCEERT KRG i e b R v
Tab.3 Longitudinal peak seismic responses of bridge under different bearing systems
NS et = SCEA #%/mm DY F1/RN STREER A A% /mm BT #%/mm BUREHE/(KN-m)
Pl 189.24 73.92 1.80 — —
P2 190.87 215.07 2.84 22.03 8485.52
EZE1 P3 0.00 5367.75 0.00 189.71 64030.43
P4 190.86 215.07 2.85 22.03 8485.34
P5 189.24 73.92 1.80 — —
Pl 228.47 73.92 140.36 — —
P2 229.27 215.07 140.72 19.13 7279.19
K72 P3 230.55 174.72 140.51 18.30 7238.75
P4 229.24 215.07 140.68 19.13 7279.41
P5 228.47 73.92 140.36 — —
Pl 167.45 408.82 3.66 — —
P2 159.57 853.34 4.36 33.04 11710.92
] P3 160.74 817.68 3.69 31.91 11323.78
P4 159.56 853.33 4.36 33.04 11710.91
P5 167.45 408.82 3.66 — —
300 ; ; 300
L — kR £
£ 200 SR : £ 200
R 1000} I I B 100
& e &
el 0 o o = 0
i; -100 - I I §§ -100
= : : =
= —200 ! ‘ ‘ @ 200
~ : : : ¥ : : : : :
-300 I i I i i -300 i i i i i
10 20 30 40 50 60 0 10 20 30 40 50 60
IRFTE] /s ITE] /s

(a) SEENIA I AR I 28

(a) Displacement time-history curve of bearing

&’ 7

(b) BT A o] R R £

(b) Displacement time-history curve of pier top

153 7R P A T B3R A 24 78 i O o 8 ol 4%

Fig. 7 Time-history curves of seismic responses of bridge under seismic wave 1



553

X R GE ES BE YANE 1] 2 B R 7 SR BT T e

YRS B 1083

82%, ML TR 7 43 S BEAR T 29 90% Fil 83%. HH Tk
213 rh P3 HIAL S A 1 T B R R AR R (AR 1 R
1A AT S0 b 5 ) 7 49 R R B /N, AT A AR A AT
PR IREEH .

H & 7 R 3 AT, 3 R AR R P2 A B A
JO7, VS 25 S RN T RS, 3% S JRE W Bl B R A 1
FH . B 550 7% ) 07 A Y A /N o AR SRR B R R A
FH AR T M B3t 7% g 7, {EL [R) B 2 i S0 88 7= AR R
ML T 3K o 3 Fh SR R P2 BILAL, TR R 2 1Y
SRR B B K, AR 2R 3 1Y SRR RS BN, 43 )
AR FR 1S AL I 1.20 47 F0.84 1 5 11 4 T S
RIS, A TR Z 2 09 3 B A BB 1 3R R0
HTIRR 2 AR E ), £ 340 T bl 7
R, B SRR R MR R AR, ik R 11
P3 MR ECRIAA R 3 014 L1 S 88 3 mT AR IE I &2 Ty, BRIk
SRR AT RS RSN . PR AR 2 P AR SRR B B
T 5 I IR AR IR A R 14 B A 6 B AR
FIF AR RE AT . X TIRR 3, H I EA B RN,
H SR A B AR /N, SR RAF ) A Z AL PERE

BT ER 1D 2, (K2R 3 ANALAT LLREARAT 22
T 445 A ) M 7 WV, UL DR/ T SR A B G SR R Bk AR
PiR%, DRIz A A el B 7 S e B AT RIS RE

4 AREBREXENESHIN

41 BHXEEZRYTANAEGRBREIE

707 1 B B B

IR, W R Z A R0, 52
JAE JIF 32 9 5 1) T g L T 8l R R R A U, DA I A
Sebrid e o EE S R BOF A RATE /Y . WIS B BE
A58 S AR PR 5 2R R 00 2 A X2 A R DR R 7 S R
P E 1 52 W, HCEE #5528 K 0~0.1, 3i 2ol 2k v i e
OPHT IR AR A B R RN MR R A MR WA R . fBUE
JEE 455 28 I8 A It 2 TR i 752 S A R A L S K
St 5 W E PR R R A, S SRR BT O W R I S
®1—8 LLPIH B, 72 R BE S R B, B
SR SR 1) 3t 5 W) SO A 8 TR

E 20000 2 350 En
g =
g/ 18000 2% % 12
250 <
JF% 16000 e -44:11 6
g 4 —é{ 200 EH( 4
5 14000 /_/'/. 2 150 \'\-\.\.\_ g 5
cn = —a—g cn
£ 12000 R = 100 " £ o0
b 0 002 0.04 0.06 008 0.10 0 002 004 006 008 010 = 0.02 0.04 0.06 0.08 0.10
T3S AR R R A T B SRR AR A T B0 32 AR R A
(a) BURE 255 (b) SHELR TR (¢) LIERALIHS
(a) Bending moment of pier bottom (b) Displacement demand of bearing (c) Residual displacement of bearing
1000 f 600 iﬂ
- 500 2% 7
2 500+ . = / /
= e %/ =3 400 b 7 /
= of il ngg 2 300 % % Z %
b= y ’ﬁ f’ z / / / /
S | BEL
o " B B B B
—1000 "m‘fﬁr&a“ﬁuoz 0 /Z %Z /Z /Z %Z
-03-02-0.1 0 0.1 02 03 0.01 0.03 0.05 0.07 0.09
SCHEARS / m T B0 S AR R A
CORGAEINHER (e) #if MIFERE (O =J5 FR3ZI150H7
(d) Hysteretic curve (e) Hysteresis energy dissipation (f) Force analysis of girder after earthquake
B8 R R BN 5 b R e L F B W

Fig. 8 Influence of friction coefficient on seismic response of bridge
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Fig. 9 Influence of shear stiffness on seismic response of bridge
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