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Fig. 1 Mass rotation wrap rope device structural diagram
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Tab.1 Additional weight details of model
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Fig.3 Acceleration time history of input earthquakes in test
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Tab.2 Natural frequencies of two kinds of model

structures
R T AR I E /He e HIHE E /Hz
pi =i} 3.654 3.197
0.1g 3.652 3.194
0.2g 3.657 3.205
0.4g 3.652 3.194
0.6g 3.651 3.248
0.8g 3.649 3.250
1.0g 3.655 3.250
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Fig.5 Variation trend of the maximum acceleration response
damping rate of the pier top with seismic input intensi-

ty under El-Centro wave
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Fig.6 Variation trend of the maximum displacement
response damping rate of the structure with seismic

input intensity under El-Centro wave
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Fig.7 Variation trend of the maximum strain response damp-
ing rate of the pier bottom with seismic mput intensity

under ElI-Centro wave
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Tab.3 Natural frequencies of four kinds of model

structures

, , P MR MWLEER SR
SR T jriﬁﬁﬁ U LR LR R MR
B /Hz  18/Hz 28 /Hz 38 /Hz

Jin i 3.649 4.305 4.303 4.304
0.6g 3.644 3.650 3.645 3.647

0.8g 3.636 3.649 3.656 3.643

1.0g 3.628 3.653 3.650 3.649
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Fig. 8 Variation trend of the maximum acceleration response
damping rate of the structure with seismic input inten-

sity under Tianjin wave
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Fig. 10 Variation trend of the maximum strain response

damping rate of the structure with seismic input in-

tensity under Tianjin wave

140% £ A7 (M) | 35 196 2h B3O8 f Rz A% i) 1o s
T R R SRR B I 75 % A Ay (M), S W s
(4 1ib 7 52 77 45 0 5 88 R 6 T S B3I S5 K A% 11
M) 7 PR S 4R A7 AE — B B DR FR o N [ B30 1 3% Bl
TG e A 7 72 Wi 7 ik 7 4 349 B 2 20 58 2% 4 g VB 5 1) 3
FmsE . X T 25 BUEEONF RN E S, W
SOV Y e A7 758 W) 7 7 24 A %o A SR FH B 1Y
A I /N, R AR i R R AR oA R SR A
40% Zc A H IRV RE 4 2% VB B 00 T, Bl % 7R i A
SO B 14 H 0T, N A ) 7 ek 7 R 1 K /)N L A B 2
o 55 5 K v o7 AH AR Bif % 4 48 AR 4 4% el 4L
4 7% Ak [ SOOI o R o7 7% M) 7 ) 9 e 2850 % s A7
AN, 95582 9 54 2 P ) SBIRC 7 748 U /N R e A
9 58 FL 95 5 3 Bl 1) DL IS 80 SR A T 4 48 R g 4% 1 LR
2 Z 18],

4 &

A SCUA R S A B — B e B o A Y
ST UIRE 4> B 5 U 52 1 00 D B 48 — ol B T il
JE G AL IE 8 32 E RS T TR e 2 5 | Ak 1Y) 22 18 AR
A 3R, SR b RR AR RN & R B0E IR] A2 0 9
LS LR E I o [ T S B g
FR) B o o ek B %) 5 sh AR R S 48 2% R T Bl G Fir
T3, WG ) 45 4 B (A S %) JBE 48 7, v I ok 0 e
FERFERR I AVE A o 38 2 — M A 3% 2 2 0 1) 4R 2 15 3t
B IR IE T %€ BN T A R % S R RO A e i
S R AE A [ A3 A4 0 i A 9 3 L 52 Sh 3 T 1
TR AR B LT 48

(1) 2% B 0T I, 06 Sl SO T g A o 3k 2
N7 oK 7 1 A A R 2 A T R AL L ) ;Y
G BRI AR AR — G R . HUOR W) 48 58 % g 4%
R 500 e AR 5 e R s A 25 L I OH
T0 $5 A 38 ) 07 ik 75 %6 A R SR P 4 A T Y
i, L 48 B 2 4 2% Rl B506F 1 45 S0 T Jn s R o 3 )
MR A — ., KES TS S5hEZ
BB A iR 3 TR E I H .

(2)%F T 45 0 e SR QR AR T 5 L 76 i A\ HiLRE B 5
&R 0.1g~0.4g B, >R F 5 oA SR F 2 W 3 Z B 1Y
I KA % AH 28 /0N 5 T A A (B I 28 B 2K 0.6¢~1.0g
B, T 2 22 R) 5 A% 22 (i B M 5 i A B8 B A9 A8 Ak 2
B, X RN R EWGEOIE G G S5 T 45
B9\ 1) B TR A8 T, HL B 25 b 5% Sl i A5 B A 3, B
[7i] 72 JE F4 20 SR B0 A S, 3 6 R B A K AR B ) A8
PEREA TR Th o X F A G50 i S R Y e
BEE TS, 1 Sl OIS e 7 ek 7R R 4 AT T



554 W& L

%37 &

BE o, I HL R 95 58 2% 2 52 R B 56 i i 35 0 5 e
5 (UK S50 1% 384 T LA T A T 5 T A T R 4 0 7
M 7 Pk 2 25 A 6 AR 2R FH 25& B8 IR A4 A e sk /) | e R ik
/NI BEAE 5500 7 4 5 LW A 4 58 2R 2 48 P B A2 Ak
PUEES TG SO A 22 57, S8 R I 58 2 BB 1) 60 4% il
INRICR AR T 4R 1 P AN 3 18 SR

(13) 2% M B B0 RE i A 0L 2% W) 7 9k 75 3% o 3t 72
N JEE AR B 2 A B A B 3 Sl BUBURE B R
A8 W 7 5 38 T R SR P 2 A Al S O P 22
R TR, W O 3R B M 7 A 58 JEE ) 2
AR BE U o [P FEBURR 1) IO 28 WD IO Dk R R AR
AR I B A BT/ o SR, S O
W & Hb 7= 2 AR R S, Sh S 5 Rl 2
Py IR S Al S (ML M SS- 3L 3 §ibE i )
RN L o A T 1% Sl BB S RN A F ) 7 R s AT
e — 58 W 9 F , AN [R] S8 335 Sl B0 7 728 Wi 17 2%
Wit 55 2 28 2% 4 5% T 50 8 o 46 o

(4) %oF 12X 56 BT BIF 2 14 7 o 458 B8 R A 45 8
2 RIS RN 55, 244 B O T, A A Y A
i )37 R AR BL B o X R A B TS TR S B Y
T 25 GE T K4 16 408 A e i P 81305 2 0 [ S B (] Y
5201 AR THES K B SZ TP RE . HA EAR S 25 4
F1% AN T S0 85 oF 1 G ST 5 2 BT S 8, LU E
REn: U EINASE R/

S X ik:

(1] Juszal . Bridfim M. deat: AR i ildt, 1997
[2] Eidinger J M, Kelly J M. Experimental results of an
earthquake isolation system using natural rubber bear-
UCB/EERC-78/03[R].
Center, University of California, 1978.

ings: Earthquake Research

[3] Kelly J M. Tension buckling in multilayer elastomeric
bearings [J]. Journal of Engineering Mechanics, 2003,
129(12): 1363-1368.

[4] Tyler R G, Robinson W H. High-strain tests on lead-
rubber bearings for earthquake loadings[J]. Bulletin of
the New Zealand Society for Earthquake Engineering,
1984, 17(2): 90-105.

[5] Hwang J S, Chiou J M, Sheng L. H, et al. A refined
model for base-isolated bridges with bi-linear hysteretic
bearings[ J]. Earthquake Spectra, 1996, 12(2) : 245-
273.

[6] Abe M, Yoshida J, Fujino Y. Mufti-axial behaviors of
laminated rubber bearings and their modeling. I: experi-
mental study[J]. Journal of Structural Engineering,
2004, 130(8): 1119-1132.

(7] 2Rk, A, sz i . 3 T 3k 780 s k) 7 S DA 174 ¢
m LR o B (7], W) O R 2 (A A B2 L 2007,

[9]

[10]

[12]

[14]

35(9):1181-1185.

PENG Tianbo, LI Jianzhong, FAN Lichu. Analysis of
vertical displacement of double spherical aseismic bear-
ing[J]. Journal of Tongji University (Natural Science),
2007, 35(9): 1181-1185.

KGR BRI W RS ) b RR ) ) R 4 43 5T A
o MY % b R RS W [T, 22 M A2 aE R A R,
2012, 31(1): 18-22.

ZHANG Yongliang, ZHANG Yuejin, WANG Chang-
feng. Effect of vertical ground motion on seismic re-
sponse of an isolated bridge with FPS [J]. Journal of
Lanzhou Jiaotong University, 2012, 31(1):18-22.
WICHE S, SR R 45 R0 L5 A0 i AR Y R HE A 119 1 E
PR ORI R (D) MR TR S LR R,
1995, 15(3): 73-87.

OU Jinping, WU Bin. Experimental comparison of the
properties of friction and mild steel yielding energy dissi-
pators and their effects on reducing vibration of structure
under earthquakes[J]. Earthquake Engineering and En-
gineering Vibration, 1995, 15(3): 73-87.

EV AT, 2B BREL R A A X 4 R B R AR AR
IR AR A TP g T [T ] b st Tl R A 2 4, 2012, 38
(8):1167-1173.

YAN Weiming, LI Yong, CHEN Yanjiang. The impli-
cation of a new type of metal alloy brace on seismic con-
trol of viaducts[J]. Journal of Beijing University of
Technology, 2012, 38(8):1167-1173.

TR BRSO BRR B A 1 < Ja BELJE #R T Y
(1] #R3h 5 ehik, 2014, 33(21): 96-101.

SHEN Xing, NI Xiaobo, YE Aijun. A new type of me-
tallic damper for bridges’ aseismic performance in trans-
verse direction[J]. Journal of Vibration and Shock,
2014, 33(21): 96-101.

AR, ART R B2 %% R Lock-up % ¥ 7 % 2
PR b BT LT ] A 5% FE Bl 2 B 2 4l , 2006, 19(1) -
5-9.

WANG Zhiqiang, GE lJiping. Application of viscous
damper and Lock-up devices in the seismic design of
continuous girder bridges[J]. Journal of Shijiazhuang
Railway Institute, 2006, 19(1): 5-9.

g K AL BR 2P B AE . Lock-up %% ¥ 7F % 2 24 I
1 ook 7% 1k B AF 7T [T]. i 5 M AR T 2010, 26 (2) -
48-52.

ZHANG Yongliang, CHEN Xingchong, YAN Zhihua.
Research on seismic reduction performance of Lock-up
device applied to continuous girder bridge[J]. World
Earthquake Engineering, 2010, 26 (2) :48-52.

FETTH, BT, SRAEIR BRI SR I R 5 1R
WEFELT]. M /R B TR R 2244, 2010, 31(12): 1593
1600.



# XUSE ST, 465 34 2 G I Ak 8 8 3R ¢ B AR 20 5 14

555

[15]

[17]

YUAN Wancheng, CAO Xinjian, RONG Zhaojun. De-
velopment and experimental study on cable-sliding fric-
tion aseismic bearing[J]. Journal of Harbin Engineering
University, 2010, 31(12):1593-1600.

R IEE, E A, A R S R i L
BT R I BESE[T]. TR Jy 2%, 2011, 28(3E T 2) .
204-209.

YUAN Wancheng, WEI Zhenghua, CAO Xinjian, et
al. Cable-sliding friction aseismic bearing and its applica-
tion in bridge seismic design[J]. Engineering Mechan-
ics, 2011, 28(Sup2): 204-209.

ST, R . P AR W SR R P P RE AT T ] 1)
TR AR (A AR , 2011, 39(8):1126-1131.
YUAN Wancheng, WANG Binbin. Numerical model
and seismic performance of cable-sliding friction aseis-
mic bearing [J]. Journal of Tongji University (Natural
Science), 2011, 39(8):1126-1131.

SEOBE L RIT, VE T SF B SRR R R T
FLLT]. W R TR K % 2F i, 2013, 34(12) : 1537~
1543.

DANG Xinzhi, YUAN Wancheng, PANG Yutao, et
al. Development and application of the self-centering ca-
ble-sliding friction aseismic device[J]. Journal of Harbin

Engineering University, 2013, 34(12):1537-1543.

[18]

Wit bk, MR8, Ve T, 5 SR R0 38 38 /9 B 2 4R
g H e T]. P RFEMCBREAM) , 2016, 44
(2):192-197.

YANG Haolin, TIAN Shengze, PANG Yutao, et al.
Shaking table test of a bridgewith cable-sliding isolation
bearing [J]. Journal of Tongji University (Natural Sci-
ence), 2016, 44(2):192-197.

BRI A, SERE, 5 G0 oh BT 280805 328 ik
TR R R R E PERE LT ). MRS TR R A i, 2018,
39(9): 1511-1516.

YUAN Wancheng, GU Yitong, DANG Xinzhi, et al.
Seismic performance of a buffer cable sliding friction
aseismic bearing in pulse-type earthquakes [J]. Journal
of Harbin Engineering University, 2018, 39(9) : 1511~
1516.

EAEW AUz, WEE, 55 G2 B R S8
i 0 0 R O R A BT [T ] W IR Tl R 2 2 4l
2020, 52(9): 39-44.

WANG Zhengnan, GU Yitong, SHEN Guoyu, et al.
Quasi-static test on buffer cable sliding friction aseismic
bearing and analysis of its seismic performance[J]. Jour-
nal of Harbin Institute of Technology, 2020, 52(9) :
39-44.

Shaking table tests on mass rotation wrap rope device for
continuous girder bridges

LIU Yan-fang"*, ZHANG Wen-xue', DU Xiu-li', BAO Wei-gang’
(1.Faculty of Architecture, Civil and Transportation Engineering, Beijing University of Technology, Beijing 100124, China;

2.China Communications Construction Company Limited, Beijing 100088, China)

Abstract: In order to give full play to the seismic potential of the movable support pier and improve the overall longitudinal syner-
gistic effect of the continuous girder bridge, based on the principle of functional separation and synergistic force, a new type of
mass rotation wrap rope device is proposed based on the mechanism of wrap rope. Taking a typical three-span continuous girder
bridge as an example, the shaking table test is carried out by inputting actual seismic waves with different seismic spectrum charac-
teristics and intensity as excitation, the seismic response with equal pier height model and unequal pier height model are analyzed to
explore the synergistic force and shock absorption effect of the device on the continuous girder bridge. Through the test results of
the response of the key positions of the structure such as the acceleration response, displacement response and strain response, it
can be seen that the effect of the device on the movable bearing pier participating in the overall longitudinal synergistic force of the
continuous girder bridge is more obvious, and with the increase of the ground motion input intensity, the synergistic effect of the de-
vice becomes more and more prominent, the design intention of the device is realized. At the same time, the effect of the device is
related to factors such as the number of wrap rope turns of the device itself, the pier height of the movable bearing pier, etc. The
design needs to determine the reasonable design parameters of the device according to different factors such as the pier height to

achieve the best effect of the device.
Key words: continuous girder bridge ; synergistic force ; shaking table test; mass rotation wrap rope device
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