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Responses of Cable-Stayed Bridge Transversely
Isolated with Elasto-Plastic Cable Pairs and
Fluid Viscous Damper Subjected to Near Fault
Ground Motions

GUAN Zhongguo' , YOU Han', GUO He®

(1. College of Civil Engineering, Tongji University, Shanghai
200092, China; 2.
100011, China)

China Road and Bridge Corporation, Beijing

Abstract: The response feature of cable-stayed bridge with
elastoplastic cable pairs and viscous damper adopted in lateral
pylon seismic isolation design under near fault ground motions
was investigated. Real near fault ground motions were
simulated using the equivalent near fault pulse model, and the
three sets of synthetic seismic waves with various pulse
periods corresponding to II site condition are synthesized.
Based on Yongning Yellow River Bridge, nonlinear time
history analysis was performed under the synthetic near fault

ground motions, and the effects of variation of design

WeRs B 2015-12-31

parameters of isolation device on the seismic response of the
bridge in terms of relative girder-pylon displacement were
studied. The results show that the responses under synthetic
ground motions are comparable to those records with the same
pulse characteristics, which can satisfy the need of
engineering practice. Near fault ground motions are likely to
cause large displacement response. Therefore, it is strongly
recommended that the natural period of the structure should
be set apart from the pulse period by properly determining the
design parameter of the elastoplastic cables. Allowing certain
inelastic behavior of cables does not lead to the increase,
sometimes even a decrease, of relative girder-pylon
displacement response when compared with a hypothetic case

where the cables behave elastically all along.

Key words: near fault ground motions; elastoplastic cable;

viscous damper; cable-stayed bridge; transverse isolation
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Fig.2 Simulation of near fault ground motions

FERAT RK e BT LU B 0T A , LBk Z
TR BTG T SE BRI W7 2 b sR AL R R B 4, B A e A
SRR, R T RE S S o Hl R ORE Bk v 5 Bk i il
BN — oY Frt BLSE BRI Bk v AR T
TR B W B A R K v R A T B T
JEHRR  BRRES | A\ %2587 + i) J5 AR R4 , SCRE STt
AT DT ) K AR B 3K LR R BT 0 » FE AN 5 Bk o
MR b B bk A B, R R W H B [ AR

2 PR

DK TER R HAE 0 LRE &, HEHH 110
m—+260 m+110 m fXUE R IR (B 4); £
PR R SRAA 2 R A 4 BUR #1355 s
SR PR SRR B, TOE B8 R ok A L
BE. FIFH Sap2000 &, @RI OB R4 — 4
A BRICHLEY, Hh AR A B R R BRI ZE E
PAEBROTHATEG, I T R R E T, B R
AR HEATEEA T TS 28 i b kil e P o A
PR A ST T A e LA, + BRI B
i m IR, TR TR IR Ak i g
JCHIDIBH A MR .

FERR R1 R AR R IR T A 8 1) 8 P X
HORVERM— AR R E 4. H A o v R AN



Gl ¥ 1=y el )

Bus

1656
0.4r . 04r . 0.4 .
F Rk Jik F=954
0 02F o 021 o0 027
B, = L] B
by bl 1
= = =
R _02H R_p2f = _02}
—-04 | | | —04 | | ] —-0.4 1 )
0 20 40 60 0 20 40 60 0 20 40 60
Al /s A IE] /s B IE] /s
1.0r . 1.0 . 1.0 .
~ F Rk ~ Jik — F=954
» 0.5 b 05F v 05
g ()NNWWMW 5_5)/ 0 g 0
] 0.5 = 0.5 = 0.5
_1.0 1 1 1 _1'0 1 1 J _1‘0 1 1 J
0 20 40 60 0 20 40 60 0 20 40 60
Al /s A IE] /s B 1E] /s
081 08+
0.6 Te ks 0.6 ko 0.6} Bk
0.4 g 04r g 04f
g 0.2 ~ 02 < 02F
R 0 R R
by & &
= -02 -0.2 = -02r
—0.4 -04 04t
_0.6 1 1 J _0.6 1 1 J _0.6 1 1 1
0 20 40 60 0 20 40 60 0 20 40 60
AFIE] /s 1A /s 1A /s

3 AIARIEEEHEER
Fig.3 Synthetic near fault ground motions

4 fRHS4HE(SMA:om)
Fig.4 Configuration of cable-stayed bridge(unit: ¢m)

LR, TR Z A BT BB I R E. RIOAE
P 2 ] SR PR AR A AL, SR A Plastic-
Wen #1505 hook Hion s BRI TR, RLZAAM KL
RZMOCH18]3. 2. 4 §1 1 725 MPa fZ LRI R F1

196 500e,; »
Ss :{1 725_1, 72,

Eps

ey < 0. 007 6
€Y

e > 0.007 6

s fo BRI ST MPase, HRENAS. ICH R
KA L;RE2BEI N; RWIBMAEE S =
0. 007 6L;WIANIE Ki =EA/L, KhHiRHEM A=
Nrd?/4, BPE#i 8 E=196. 5 GPa; JEfR /7 F, =
KiS,. A TERB B RERABE KN 33 m, HILH
ERRBPRAFE S,=0. 007 9X33=0. 26 m,JH 5
BE S#ENIEE I K, /K, =0. 015, RRIRZ S5 T 1
PLR T NI RE L Jm AR 57 DL R S F R ) B A R 45 2
LR 3. Fii BHJE 28 R H Damper BT, 1

ACH L Z BT S BCRAE AL BUE 5 sE A A )™
FHEHE% «=0. 3. BHIE B % C=2 500 kN » (m +

S—l ) —0.3

®3 EZBBERNESHEE
Tab.3 Mechanical parameters of elastoplastic cable
BR] BRER  RaER Eﬁ%‘i‘ﬁﬂﬂif}?/ BB/
REH JAHA/s (kN + m™1) kN
1 37 4,723 16 949 4 420
2 73 4, 090 33 440 8721
3 121 3. 550 55 428 14 456
4 187 3. 090 85 662 22 341
5 253 2. 790 115 895 30 226
6 301 2. 630 137 883 35 961
7 367 2. 458 168 117 43 846
8 409 2. 450 187 356 48 864
9 450 2. 446 206 137 53 763

3 S5HANmAL ST
3.1 EIRBRSATHEN L
A5 IR R I T HLA 3R (R DIER
WA SRS 22 5 QRE R B ROV 3 L
3). HLAF BRI 8 B8 AT AN ST 5 .
I 5 ST LU 2 1 T4 B of 50 A 4 P
T4 W 5 5% B MR T W B A — . T LA AR
TR HER.



E11M

IR, G WR A MR S B A A R RR 1657

1.0 -—— EPrHhFER
—— AT

=2

R

SR
—~— BLA

3.0x105 -
T 2.5x105}
szé 2.0x105}
@ 1.5x105}
Jﬁﬂé 1.0x105}
1 5.0x105 1
0

T2 3 4 s
Mg
E5 SRS R

Fig.5 Comparision of structural response

0.5
g 0.4+
80
&
=03
243 0.2+ —— W2
0'1 1 1 1 1 1 J
20 25 3.0 35 40 45 5.0
T,/s
aTpy=1.0s
1.0p
\E 0.8
80
&l
=06
£ ——WI
Boaf ——W2
oY —— W3
0.2 1 1 1 1 1 ]
20 25 3.0 35 4.0 45 5.0
T,/s
cT,=3.0s

3.2 SHERS MR EY

3.1 PR b 3 H AT AR EE
RES BT A, A IR E ZE C=2 500
kKN« (mes D) R4, PIERZE & N I 37~
450, ZEAERE M e AR UM 4. 7 s AL 2.5 s(GR 3).
P BEAE O RS e S ) F OB 3 B (R VB #8) 1Y
RN 5 R R IRUR AR 4 M RE I T 454 » U S i
& T T R BRI AR RHE BRI N7 7 B R .

25 Tl 38 AE AL RS L 45 A s ) B A SR B (T AR
AR (B 6) 5 i) LR I W7 )2 b R S i R (M A5 T
B (HR R B Bk i A T R AR M ECR . A5 —
TERVEAE. ZERK b RN (T, =1. 0 5,2. 0 s) , 3§
G 1% ek /N2 A Wi IO 488 A A6 ) o T o Bk
AT (T, =3. 0 s,4. 0 ), B4 JEHH & T A A,

DIkop R T, S48 T, (8 BV i sk
¥ » 25 ARk iR (B 7). W) LLE A ko R

0.8r

3\20.7 I \
Fosp

£0.5F

Z o4t —— W1
sl —— W2
#1023 DERE

0.2 1 1 1 1 1 ]
20 25 30 35 40 45 50
T,/s
bTy=2.0s

L1f

Lo}
§0.9 -

08f
Sogt
3% 0.6}

0.5} —— W1
;%ﬁ 0.4 —— W2
o3} W3

0-2 1 1 1 1 1 1

20 25 30 35 40 45 5.0
T /s
dT,=4.0s

B 6 FEZHE S Bk B AT B48 X #8 0 R

Fig.6 Relative displacement response with various natural period and pulse period

L5 55 K J 3 30 A e BRSBTS
S B ik b JRYI I B AR LB 2 A BN, W]
A 5 RO A 5 30 P ok e S S B 15 L R T A
X B BAR X L B FEAT FE o BT LU SE R T IR 2 4L
B o JOL VAT B LE 25 AR 7 A FL ST T Rk e 4 4.
3.3 BMEMRSEMERI

T WS A VRIRR R A SB A S Xt B R AR X 2
R HIRE 73 iR — PR 20 A T 00 HAp R W 2%
THIBYERIIARIE  IF R AR IR A, AT

Xt B 8 B ALk W1, W2 &%5)d T,=3.0 s
XN R 3 s TR/ TOLREER. WA 8 th
AR, R HEBHR G IS RARXT A 5 i L
AHEIE T B nER, B2 - TR TESH
P TR TR R R IE AL B 9 Frs AP A
B T 3 W B g i A, o] LR Y, SE AR X 7
R ARk 5 3R B ko B A LR e KL H— %
FEE Ik I B A R B KA S B
F LI R Ay A R i 8 R e O T P R I R 3



1658 Rl ¥ k2 2 WE KRB 2B

Bus

HE B EE RGBS BT bk — e
A ERER Ik R, Boh RIS R st IR
S FHOE R M. B 10a AL W1
FHNT,=3.0 SSEF T 40 Bl A R A HHERE
B 1y 3 G 1) % BV 1P BB LE, L BUR ROR
T 3 sehfifit 2% & 10b H AT W1 &4
T,=3.0 stEF T 4 LSBT b, 7] 0L, 2%
VR B R IE AP o] DL by s s il b T IERA
() PR 5 A 7 o T T AT DG 25 R T o

——WI-10s

——W2-1.0s

i'(l): ——W3-1.05s
ool ——WI1-20s
Eosl ——W2-20s
o7} ——W3-205s
@ 0.6 ——WI1-3.0s
Eosl ——W2-30s
§0,4- —*—W3-3.0s
H0.3 ——Wi-40s
0.2} ——W2-40s
0.1t ——W3-40s

0
02 04 06 08 1.0 12 14 16 18

Fig.7 Period ratio and relative displacement relation

BERANXTALEE /m

WRAAN AL /m

Fig.8 Comparison of displacement response ( T, =3.0 s)

T,/T,

7 B SEREMABRE

L.0p B 5tk
#dk

7 7 v

o
o
Y

N

XX
4

oy

3,
R

R

<
>

o
S —
R
R

ur
o2a
kel

<
]
RIS
tekatotede
R

33
SRR
Do

S

1202020

R R R R R R S

%

L3

2]

%R

5%
oZode?

7e

o2
2]
R

&

R
N

RS

%
7
&

zS

o2

<

N
2=
)

tatels

g

o2

e

=
oos

o2
RS
oS

&
RIRZR

RRXXZRR
SRR
o

%

RIS
SRR
XXX
K
X3
oS
QR

3

ot
%
%

S

o2

S
o2
o202

‘

o028
zS
2
&

<
'S

XXX
%

2

S,

oLote

2
o202}
X
S

RIXLRS

%

TRRL

%S

%

RRRRRLRR,

%
o2

TR
SRR

S
oS

3
%

3
R

zS
%

3

oote

5
S

—
RX>

st
%
X

s

0%
XX
0265
(939,
B3

b
o2
R

~
o«
O

b AT W2
8 BRItk (T, =3.0s)

—
<

e <
o =

AR/ m
o x

F_04
-06 i
-0.8 — : : '
0 10 20 30 40
IEPS
a ATk W1
1.0p
0.8}
g 0.6r
R 04f
& oor
E o
= -02f
®_o4f
-0.6f
-038 : : : '
0 10 20 30 40
i) /s
b AT W2

9 {IEmEMEL(T,=3.0s)
Fig.9 Comparison of displacement time history ( T, =
3.0 8)

50
40
30F
20F

i — S
. AR R b A

0 1 J
-0.8-0.6-04-02 0 02 04 06 0.8
ABF /m

a R EE

—_
wn
(=

e
1.25 B

_
D
S

B H/(GN . m)
e o o

[\

b EIRBHE
B 10 SBR[ 1 BE 5 38 R % 4B N Bz Xt Bk (WL,
T,=3.05)
Comparison of hysteresis behavior of lateral

Fig. 10
girder-tower connections and base bending

moment of towers (W1,T;,=3.0 s)



E11M

IR, G WR A MR S B A A R RR

1659

4 g

-l

LB SR = AR AR P MR R A IR I TR] B
P> R BR3P DR Jok v » A B R 2 1 0 AR 9 5 7R
AT T AR AR R T R HF [ R A L
A BT W L4 1 I T VB R AR L3 A BB LR BT
SRGEBGHAT T 0T B LT 458

(L) I J2= AR W N T35 7 L T A Bk A Y
AL RGIT T SR b R A T B A A T AR T TR
TR EOR B — P AT T .

()RS R Bk s 9 S M 2R B A2 1T B2 M AR
YRR kb A R — A 3 R WA S5 A Wi B R 2 8K
R R Mk e ) 30 -5 A A JR) ST 40 I o 0 (AR
R Bt L AE S U R 22 B A S 8 ) B A
JEVIBISRETF ik s A0 5 LA D2 7 5 iz

QOAEFHERAALE GBI AR
SEAAREN AR R A A T LR IR A 2 E] Y
RRAL T3, HEMIXT SRt B PR TP,

SR

[1] Somerville PG, Smith N F, Graves R W, et al. Modification
of empirical strong ground motion attenuation relations to
include the amplitude and duration effects of rupture directivity
[J]. Seismological Research Letters, 1997, 68(1): 199.

[2] BrayJ D, Rodriguez-Marek A. Characterization of forward-

directivity ground motions in the near-fault region[J]. Soil

Dynamics and Earthquake Engineering, 2004, 24(11). 815.

[ 3] Dicleli M. Performance of seismic-isolated bridges in relation to

near-fault ground-motion and isolator characteristics [ J 7.

Earthquake Spectra, 2006, 22(4) . 887.

[4] Jonsson M H, Bessason B, Haflidason E. Earthquake response

of a base-isolated bridge subjected to strong near-fault ground

motion[J]. Soil Dynamics and Earthquake Engineering, 2010,

30(6); 447.

[57] Dimitrakopoulos E, Makris N, Kappos A J. Dimensional

analysis of the earthquake-induced pounding between adjacent

structures [ J ]. [Earthquake Engineering & Structural

Dynamics, 2009, 38(7); 867.

[ 61 GUAN Zhongguo, LI Jianzhong, XU Yan. Performance test of

L7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

energy dissipation bearing and its application in seismic control
of a long-span bridge [J]. Journal of Bridge Engineering,
2010, 15(6): 622.

Infanti S, Papanikolas P, Benzoni G, et al. Rion-Antirion
Bridge: design and full-scale testing of the seismic protection
devices[ C] // Proceedings of the 13th World Conference on
Earthquake Engineering. Vancouver: FIP Industriale, 2004.
Paper No. 2174.

GUAN Zhongguo, LI Xiaobo, LI Jianzhong. An innovative
isolation system for lateral seismic control of a cable-stayed
bridge with heavy deck [C7 // IABSE Symposium Report.
Geneva: International Association for Bridge and Structural
Engineering, 2015, 105(8); 1-8.

Makris N, Chang S P. Effect of viscous, viscoplastic and
friction damping on the response of seismic isolated structures
[J]. Earthquake Engineering & Structural Dynamics, 2000, 29
(1. 85.

Agrawal A K, He W L. A close-form approximation of near-
fault ground motion pulses for flexible structures[ C] / ASCE
Engineering Mechanics Conference. New York: Columbia
University, 2002: Paper No. 367.

Mavroeidis G P,
representation of near-fault ground motions[ J]. Bulletin of the
Seismological Society of America, 2003, 93(3): 1099.

Makris N, Black C J. Evaluation of peak ground velocity as a

Papageorgiou A S. A mathematical

“good” intensity measure for near-source ground motions[J].
Journal of Engineering Mechanics, 2004, 130(9); 1032.
Mavroeidis G P, Dong G, Papageorgiou A S. Near-fault ground
motions, and the response of elastic and inelastic single-degree-
of-freedom (SDOF) systems|[]]. Earthquake Engineering &
Structural Dynamics, 2004,33(9):1023.

FKAR. LW R R EA T AR B R 2 S B i it
FEE[D]. ¥ RIFFRE, 2015.

HUANG Yongfu. Simplified method of parameter design for
viscous damper to near-fault cable-stayed bridge [ D J.
Shanghai: Tongji Univercity, 2015.

Farid Ghahari S, Jahankhah H, Ghannad M A. Study on elastic
response of structures to near-fault ground motions through
record decomposition [ J]. Soil Dynamics and Earthquake
Engineering, 2010,30(7).:536.

Park S W, Ghasemi H, ShenJ, et al. Simulation of the seismic
performance of the Bolu Viaduct subjected to near-fault ground
motions[ J]. Earthquake Engineering & Structural Dynamics,
2004, 33(13). 1249.

Rodriguez O. Bridge design for earthquake fault crossings:
synthesis of design issues and strategies[ D]. Los Angeles:
California Polytechnic State University, 2012.

Caltrans S D C. Caltrans seismic design criteria [ R .
Sacramento: California Department of Transportation, 2013.



