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CME]Js’ effect in limiting relative displacement between girders
with excitation of seismic sequence

Wang Jianguo , Yuan Wancheng, Gao Kang, Dang Xinzhi

(State Key Laboratory for Disaster Reduction in Civil Engineering, Tongji University, Shanghai 200092, P. R. China)

Abstract: Residual displacement between girders would have occurred after the main shock. And it would
get further destroy (like pounding and unseating) with the excitation of aftershocks. Conclusions draw
from the comparation on the response of continuous bridge with or without Cable—sliding expansion joints
(CME]Js) under the excitation of seismic sequence. Relative displacement between girders gets effective
restrained during the whole seismic process with the CME]Js which get great meaning for avoiding pounding
and unseating. With the contribution of the CME]s, all the girders work together causing the relative
displacement between girder and the pile decreased. And the pier force also gets optimized.
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Fig.1 Cross-section view of the modular expansion joints
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Fig.2 Schematic diagram of symmetrical cable-sliding

expansion joints and force-displacement relationship
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Fig.3 Time history of seismic sequence
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Table 1 PGA of the seismic sequence
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Fig. 4 Finite-element modal of bridge
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Fig. 5 Time history of displacement between

girders with the excitation of seismic sequence
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Fig. 6 Peak displacement between girder and

piers with the excitation of seismic sequence
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Table 2 Time peak force of the cable with the

excitation of seismic sequence
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5 & it

<1

DAL 3% S 0% Ry ) 64T T L TC B AR BRI
BEWIRE DL R 1 M 5% F 8 43 A 38 Sk 2 P S s
5 IR ON B T B 2 1Rl A O AL R AR R T
HRIAD AR A0 RS o F b 9 Rl 00 T B9 3 7 i) )5 45 4
WMF45E .

D) AEHE A 3 55 5 50 2o A8 v, 2R R e 5 4% ol
IR (1) K X437 % 1 30 A 200 0 s o o 3l s BB i) Al 43
S5O (R X0 8% /)N o DA T AR A1 K 2 7 2 0 3 1 ]

HETE .

2) A FIE TR S5 A AR B A L AL i A S 25 4
K R W R R ) 7R L AR RS 4 S 0 16 (]
BB AV RS S 3 /0 o DT i O A% AR VR R R Sk —
A Al A Y RT BB

VIRFRAIE T, hi Z i 45 4 1 45 BE 32 R IR R AE
— i [R]iE 3y . 45 S P IR AR L A% 3 B0 BUR 19 5T )
1525 Ry A AT

S & Lk

[ 1]ZHANGS., WANG G, SA W. Damage evaluation of
concrete gravity dams under mainshock - aftershock
seismic sequences[ J |. Soil Dynamics and Earthquake
Engineering, 2013, 50(1). 16-27.

[ 2] RAGHUNANDAN M, LIEL A B, LUCO N.
Aftershock  collapse  vulnerability —assessment of
reinforced concrete frame structures[]]. Earthquake
Engineering & Structural Dynamics, 2015, 44 (3):
419-439.

[ 3] AMADIO C, FRAGIACOMO M, RAJGELJ S. The
effects of repeated earthquake ground motions on the
non-linear response of SDOF systems[]J]. Earthquake
Engineering and Structural Dynamics, 2003, 32 (2).
291-308.

[4]LI Q, ELLINGWOOD B R. Performance evaluation
and damage assessment of steel frame buildings under
main shock - aftershock earthquake sequences[]].
Earthquake Engineering & Structural Dynamics, 2007,
36(3): 405-427,

[ 5] HATZIGEORIOU G D, BESKOS D E. Inelastic
displacement ratios for SDOF structures subjected to
repeated earthquakes [ J ]. Engineering Structures,
2009, 31(11): 2744-2755.

[ 61 skABME. 5 a7 50 4E Y 2 32 5% & 43 A i 8 (D,
PG K2R, 2008,

ZHAGN Y M. The analysis of unseating prevention
devices considering the excitation of strong earthquake
sequence[ D], Xi'an: Chang'an University, 2008.

C71mZ8 AMmE. HREREIML Jta. AR 3E € )
#L. 2011.

YE A J, GUAN Z G. Seismic design of bridges [J].
Beijing: People’s Communications 2011. (in Chinese)

[ 81 s/, ZRgep, sk, 7 S0 AR G 1) Bl v 2R 206 5 25
PR X L AIF 5% [T ], [l 5 2 2 i CH AR B2 10
2009,37(9): 1146-1152.

HUANG X G, LI J Z., ZHANG Z. Comparative



40 T RAEHR L RKE A

% 38 %

research on modes of longitudinal unseating prevention
system for continuous bridge [ J]. Journal of Tongji
University ( Natrural Science), 2009, 37 (9); 1146-
1152. (in Chinese)

[ 9] sk i, B, XIER. R F 51 i 32 % 3 8 Y
B 7% AR L) ], 9CF %, 2010,25(3) ¢ 53-56.
ZHAGN Y M, ZHAO G H LIU J X. Analysis on
collapse-proof effectiveness of unseating-prevention
device under earthquake sequences [ J]. Journal of
Catastrophology, 2010(3): 53-56. (in Chinese)

[107 e sShair, Rl . B0 0. M e 0 /E F T AR R 45 M Y

Wil o R AR R L) 1. MR LR S TR 4R S, 2010,30
(2). 137-141.
ZHAGN Y M, LIU ] X ZHAO G H. Seismic
responses and aseismatic measures of bridges under
earthquake sequences[ J]. Earthquake Engineering and
Engineering Dynamics, 2010, 30 (2). 137-141. (in
Chinese)

(110 EFESC, ZE v Jusr il 3R 0 000 2 0 1o 45 4 AL 11 Al J3

X AR R S M [T ], bR TR, 2006,39(1)
54-59.
WANG ] W L1J Z FAN L C. Effect of pound ing at
expansion jo in ts on seism ic response of irregular
girder br idges[ J]. China Civil Engineering Journal,
2006,39(1): 54-59. (in Chinese)

[12] BI K, HAO H. Numerical simulation of pounding
damage to bridge structures under spatially varying
ground motions[ J]. Engineering Structures, 2013, 46
(1): 62-76.

[13] SHRESTHA B, HAO H, BI K. Effectiveness of using
rubber bumper and restrainer on mitigating pounding

and unseating damage of bridge structures subjected to

spatially varying ground motions [ J ]. Engineering
Structures, 2014, 79(1) . 195-210.

C14] A 3 K 2. it BRAL BF 52 o % B B0 Ak 47 48 2% 50

CN203834347U [ P/OL ]. 2014-09-17. http://epub.
sipo. gov. cn/dxb. action 0184868. 7.
Tongji university. Cable-sliding expansion joints” effect
in limiting relative diaplacement: CN203834347U [ P/
OL]. 2014-09-17. http://epub. sipo. gov. en/dxb. action
0184868. 7. (in Chinese)

(157 FAL 5 i S e, bR )p FIBF s i3k [T, h E MR8,
1999(3) . 72-81.

ZHOU S Y, XU Z H. A review on earthquake
sequence research[ J]. Earthquake Research in China,
1999(3): 72-81. (in Chinese)

[167] s S, RIERr . B0 . MR P 5 T 7% 3272 5 B K
B[], MRS TR, 2011,27(2): 159-163.
ZHANG Y M.LIU J X,ZHAO G H. Analysison anti-
disaster designfor girderfallingdamage under earthquake
sequences[ ] ]. World Earthquake Engineering, 2011,27
(2): 159-163. (in Chinese)

[17] ZHAIC H, WEN W P , CHEN Z Q . et el. Damage
spectra for the mainshock - aftershock sequence-type
ground motions [ J]. Soil Dynamics and Earthquake
Engineering, 2013, 45(1); 1-12.

[18] GAO K, YUAN W, CAO S. et al. Seismic

performance of cable-sliding modular expansion joints

subject to near-fault ground motion [J]. Latin

American Journal of Solids &. Structures, 2015, 12

(7):1397-1414.

(R 3 %)



