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DYNAMIC RESPONSE OF CABLE-STAYED BRIDGE UNDER EARTHQUAKE
MOTION WITH PHASE LAG
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The effect of the transmission time of a ground disturbance which cause the phase lag of input wave upon the
response of cable-stayed bridge is studied. The harmonic excitation is used to investigate the dynamic
characteristic of the structure, and random input of artificial earthquake waves are employed to the structure to
observe the effect of ground transmission time of arbitrary ground disturbance on the response of the structure.

The results show that the horizontal displacement of the structure decrease when the ground transmission time

is considered, while a large axial force and moment might occur at the structure during resonant harmonic
excitation of symmetric mode. The internal force of structure might increase on some propagation wave velocity

of arbitrary ground disturbance.
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Fig.1 Analysis model

b. Input wave on the 2nd foundation

Fig.2 Sample of ground disturbance motions

Table -1

Model 1| Girder| Tower| Pier Cable

A (m?) | 1.386| 0.850] 1.103| Cy,C,=0.027
C3-Cig= 0.016

1(m%) | 2.724} 1.636| 1.899 | C,7-C15=0.024

E (t/m?) 2.1x107 2.0x107

o (t/m 7.85

h : 0.02

Table - 2

Model 2

Girder{ Tower| Pler Cable (m?)

A (m?)

1.553| 1.1641 1.876 |C170.018 ,C;70.015 .C4,C45:Cqy=0.013

1(mt)

C4.031=0.012 ,C5.C4.530.Cpg =0.011

3.218[ 7.430 [13.389| 0. G 0 Crar 120010

E ¢/m?d)

2.1x10 C10:C11:C12:C24:C25:C24.C1:C1570.008

p t/m)

765 €43:C14:C15.C23C72.C 21,C 2¢70.008

0.02 E=1.8x107 ¢/m?)




Table-3 Tension of Cable

Model 1 (ton) Model 2 (ton)

C1,C18 = 465.3 C1,C34=535.7 ; C11,Cq4 = 357.2
C9,C17=459.7 | C9,C3,C33,C32=516.1; C12,Co3 = 342.3
C3,C16 = 426.6 C4,C31 =v511.0 ; C13,Cog = 334.9
C4,C15=23896.9 Cs,C30 = 488.5; C14,C21 = 3285
C5,C14 = 369.9 Cg,Co9 =472.2 ; C15,C90 = 335.7
Cg,C13=332.3 Cr,Cog =446.4 ; C14.C19 = 360.1
C7,C12=306.2 Cg,Co7=417.9; C17,C18 =392.1
Cg,C11=3829.1 Cq,Cog = 394.7

Cg,C1p =358.0 C10,Co5 =877.3

Table-5 Phase lag of input wave

Period of | 3.061 2.199 1. 682 0. 504
input wave| (sec) (sec) (sec) (sec)
100 (w/s)| 0.29% 1.18=%n 1.13 7w 1.89 %
200 (m/s)| 1.14x 1.59x 1.57x | 0.94~x
300 (m/s)| 0.76x 1.06=x 0.38x= 0.63x

note : columm 1, 2, 4 and 3 are the same with the 1st, 2nd,
8th natural period of model 1 and the 5th natural
period of model] 2
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Table-4 Natural period (sec)
Mode Model 1 Model 2
1 3.061 (*) 4.505 (+)
2 2.199 (+) 3.538 (%
3 1518 (*) 1.935 (+)
4 0.981 (+) 1777 ("
5 0.799 (*) 1.682 (*)
6 0.704 (+) 1.457 (+)
7 0.609 (*) 1.118 ()
8 0.504 (+) 1.055 (+)
9 0.466 (*) 1.008 (*)
10 0.465 () 0.849 ()
11 0.442 (*) 0.665 (%)
12 0.365 (1) 0.640 (+)
13 0.336 (4) 0.623 ()
14 0.288 (%) 0.553 (+)
15 0.261 (+) 0.511 (+)

note : (+) = symmetric mode
(*) = anti-symmetric mode
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of model 1
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of model 2
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Fig.7a Max. axial force of the Sth anchored cable of model 1
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Max. moment of girder(tm)

4000} emem tVs=2300m/s]
3000 N 1
1
I
2000} i 1
I N,
VARSI
1000} AN N 1
FVNL
o

G5 1.0 15 20 25 3.0
Period of input wave(sec)
Fig.8¢ Max. moment of the center main span of model 2

MBRBERSCEEMICRIETREEOERIT, =741 E
TFN2OMICEBO IR 7,

3. 3 EREANOBEESORKEGENEAH ,
FEHEEPANLEZLEDEFLL EEFA2OEHED
5By —7NEENMER X UHREMPRAEDEKIG

WG % B-Ta~B-Tc & B-8a~K-8¢iZ R,

H-Tak@-Bak V., EEOESHr—TVEEMNED
BRENOIZ, EEOESEyr—7VESMEORKHRE
AL L BBROER T, JAHFEe— NIRRT (&5

—657—



L ® :level 1
O :level 2
0.8

0.6

0.4r

e 0

. L o
0.2 o S

Horz. displacement (m, level 1)
[o]
1
N

Horz. displacement (m, level 2)

706 200 300
_Propagation velocity(m/s)
Fig.9a Max. response of the Sth anchored cable at tower

of model 1 and propagation velocity relation

—~ ® :level 1 —
s O :level 2 o
] : Q
> >
2 O.GL 13 2
£ £
E £
£ o.sf 4, =
Q L]
£ S 1 £
3 g
s 1% 8
o, Q.
0.3r 41
£ ¢
> <
L) [
> - >
g i .30

700 206 300 &

Propagation velocity(m/s)

Fig.9b Max. vert. response of the Sth anchored cable at
tower of mode} 1 and propagation velocity relation

® M:levell; O, O:level2
o ®, O : the 5th anchored S
3 x O cablte at s_idte sfpan 3
.0 : center point o
@ 0.3F main s'p?an 409 3
5 £
5 o ° 5
£ 0.2 -10.6 £
3 3
L
5 011 o ° 10335
5 . 3
> - =] ™ >
(0] ud -0

L 1 ! |
100 200 300 o
Propagation velocity(m/s)

Fig.9c Max. vert, response of girder and propagation
velocity relation

V1 DARET— F2, 199F0) ALANKE < GEAMRE-SS
BE) RDITHNKEL 2B, WIZ, WRHE— FOR
BT (BF01 O3KE— FL5I8F, 1kE— K
3.061%, BLU, ®F N2 D51, 682F) ArEZEMN K
E<RBE, BRAMAN, MBEZERLAVESLY
HINEL o TS,
H-Tb&E-8bk ¥, ADBEONBEL ER LA VES
BTN EETNA2OPREMBPRED TN O KEH
DEALNIEFITHE, LrL, ANEOMEESZE
THENThOBERECHLFREMPREOEHOR

= { ® :level &
K] O :level 2 o
(3 Q
2 2.4 %
£2.15f 5
[ L «
o o o 123 ¢
u w
:i 2.1F . ° :;

o) 22 o
8 ) . g
S K]
—2.05F =
g 2.1 3
< <

1. L —t 1
2 700 200 300 & 2

Propagation velocity(m/s)
Fig.10a Max. axial force of the 5 anchored cable at tower
of model | and propagation velocity relation

= o m:level1; O,0:level2 «
° ® O:the 5th anchored ?
§ | cable at side spanj, @
£ 4 W 0: center point of <
S main span o
8 3f © o 3 8
i &
T o © T
v o * e ® * o 3
s U o 8
5 1 =
K] L 4
2! ) | I n <

]

1

700 200 300 %
Propagation velocity(m/s)

Fig, 10b Max. axial force of girder and propagation
’ velocity relation

= e N :levell; O,0O:level2 «
T ® O :the 5th anchored o
> cable at side span 2
2 &F ®, O :centerpointof 42 =2
§' main span E
[y ~r
Q 4.5r o) 1.5 9
uw o w
< ° <
bt - 41 =
N o :

£
5 o hd S
= 1.5f b 0.5 =

T u L] do

L ] 1]
100 200 300 «©
Propagation velocity(m/s)

Fig.10c Max. moment of girder and propagation velocity
relation

RKBABRKEL R>TVD, ETFT /L 1DIZJR (0.3368) .
2ROBMHLET— F, TFL2ITHLTIXI2% (0. 640%p)
DRFE-FRFBEINTNE Z EMNX-Tb, H-8bX Y
EHBND, MHELALT, POKS RAMED L &I
IR ORBNC— FARIR I N BN OVTIE & bizhRS
EMABLERDD,
FREMPREOEHORKEIFE— 2 M, K-
TcE W8T LI EFALIDIR, TEFAL2D5
ROVHHE— FREBTHEBEXONDLD, FLA
LELTHRY, UL, ANEOERARKE— RO

— 658 —



BE (FEFV1ID8®EZRE—R, EFL2D6K L
SWE— F) T3 L PREMPREOENTOF K
FE—A IBREL RO TWVEB,
ULZFELdd e, ANFTOMNBELERTS LFR
ERPREOEHTOEH B I OHITE— 2 PBREL
2%, R, FHFE~ FORBMFHEINDIBHITIX
MHENRKE RS L EEOEMADINNELL Y, #HiT,
HFFE— FORE N IN D HEITIIMAENKE L
5 LEEORRBANRKEL 2B,

3. 4 AIHBEEZANLELEOEKRKIGEEML
B KrE

ANV ATHBE LV IBIRL~L 2 (GhicH#
BEM2) ORKMEEIXIEZN TN lgal B LW
417. 1gal, EHEAHIZZNTHO8198 B X (N1.8628 T
5,

X-9al ®-9bizEF N LICATHBREOL VIR L
VL2 BAN LEBEDEEOESBr — 7 VEE
LB DRRKEEN & BRPEEME~T, EZEEEA
ALEBEORER L K CHRELERT S LEEOE
FKAKEEMITN S R BN, BARELMIGEITRE

%oTW5h, TOREREIZ, URELERT S L& LEHE

BEOERER COREEMICENE LB DITMHE-T, M
REEERRTHIALEC DD, EEORBEEMMAK
X RDEEZLND,

RIERBEMROE S B — 7 VEEBMNE L PR B R

ROBRMEEMIGE % BH-9cilRT, MEMEHOE -

SB— 7 VEEBMEBORRKNERMIINEELZE T
BLNEL BoTWEBEN, HREMBPEEORANEE
AILHFIZRE L 2o T B,

-102il EEDOE S By — TV EEBMBOERE N %
R, BV, GEEE200m/sDBS R NE AR/
XL R2HBH, HOGBHEEIIH L CHREREANKEL
o TB I N5,

MEREROE 5 By — 7 VEEBNME & P REE PR
HOBKEHER-10bIZRT, BEY, &BHERE100
m/sOBEEIIRREROE S B — I VESMEBD
BAREANPMBEELEZEB LRV LEIVHLRELRLT
WANR, MOGEEEICR LTIHAEL RoTWE I E
Bohbd, =5, PREBEMPREOBRKEHIIMHEEL
BRI DERELIARY, RV 2 2 GHEEE
300m/s TAN L EH AT, PREMPLEORKE
AP ABREL Ro T D, ZOBEBIL, BOHEE
NMNBARELRIFEREBMLELELBNS,

K-10ciIEM EHTOE S By — 7L EBME & P i
BEhREoRRMiTE— 20 VERT, KXY, R
BEHOE 5 By — T VEBMBORKMITE— 2 K
IMIRZEEEBRT D L E/NEL< B0, PREMhiE
FHOBRBTFE— A MIWTHhOBERETHRE

Ko TnBZ ERb5,
UEaELHr e, A\IHBEOLVLVIEZANLE
BE. ARV 1 oSBEY LR CEREDOERE
ANUERERLIZE-BRLCWD, £k, GEHEE L
BROSBEHOBRIIEE CEELOT, &HBEERED
RNT X BREOBEBE—EICN ARV, BOonOHE
Ba AN U CHRE O S8R & AR O BRI oW
THRINEMZDLERD D, 2. FFETE, AHE
RGN L BT R~ TH B LIRE L TV DA, R
OFE & T 5 DI A DR OBEZE, BEROGEB IV

EWEHREELC CRHNEMIDLERSHD L E
% bh%, '

4. £¢8
FIREOBWIS B RIETNHREAN OEEIT SN T

Bt E{Tol, TOEREELDDELEUTOL IR,

(1) FRFE— FOBBBREINDHE. MHRESY
AR S < IZfEV, REEBOEMIGE B X UWE
HABPNEL 2D, ThHbD, MHEERRKEWVITE,
NARZEOREN/NEL 2B,

2) XFE— FOREIDPBHE SN BIES. MBZENHEAT
MIE3 < IZfEy, RHEBOSBEEME X OiE H
BRESARD, Thbb, MMAERKEWVIZE, AL
BEOEBNRRES D, - T, /AFHE— FOR
EphiE Sh2BE I, MEHOKMIZIX+4E
ETH20ENHSD,

(B) ANLHEEE AN LB/, EREEAS LS
BLIZERKEORERN TH D, KBHBICERIND
MERCBOCRIREORE L+ SBEETHILE
BhHERBDWE, 2B, GBEEOKR/NMILBRE
EEMR L CWE A OMET BTV IRy, Ko
T, BB CEACREE, HEOT—F 2RHT5
HENRDH D,

BEIR

D WiHEE—, IERM, WFR : 2 X EER
BAGD T ¥ DHBISEBIT— ADARZERIC
DNT—, FIoE L ARES BT ERARRS.
1981

2) TkE=. AFR  EBITHRBRBIC X SERSE
BB, FloEl L AFES BT EWARR
£, 1981

3) NHER, FHEBEL  SXRICER 2 HREE D
TR OISERNT, TAFESHRICMEE, 175
. 1970

4) J. L. Bogdanoff, J. E. Goldberg and A. J. Schiff : The
Effect of Ground Transmission Tme on the Response of
Long Structures, Bulletin of the Seismological Society of
America, Vol. 55, No. 3, pp. 627-640, June 1965

— 659



5) HEPILE, AP LRGBS 3 ANMLBEIC

L HEBORN, FAELARFESHBETLEFER
£ 1990

6) MY, AFHLE  HEBEANERITH 1A UH
EMORSER/ME, EARESEEERENRHS .
SERR6429 A

7Y RARBR, WINEL. NB—Z : EHO @RI
DEVHABEDOBBEE I RIETEE, LAK
P& KI24-10, 1982

8) Abdel-Ghaffar, A. M., Rubin, L. L : Suspension Bridge
Response to Multiple-Support Excitations, Journal of
Engineering Mechanics Division, ASCE, Vol. 109, No.
EM2, pp. 419-435, Apr. 1982

9) Abdel-Ghaffar, A. M., Rubin, L. I : Lateral Earthquake
Response of Suspension Bridges, Journal of Structural
Engineering, ASCE, Vol. 109, No. 3, pp. 664-675,
March 1983

10) Shinozuka, M., Kameda, H. and Koike, T.: Ground
Strain Estimation for Seismic Risk Analysis, Journal of
Engineering Mechanics, ASCE, Vol. 109, No. 1, pp.
175-191, Feb. 1983

11) Naganuma, T., Deodatis, G. and Shinozuka, M. :

ARMA Model for Two-Dimensional Processes, Journal
of Engineering Mechanics, ASCE, Vol. 113, No. 2, pp.
234-251, Feb. 1987

12) ERE. AHE. EBEWE 2l ML AEEE
BTHHBEL I 2L — 3y, BRESRHRE,
F3865/1-8, pp. 359-367, Oct. 1987

13) JII BT — R OBREEE & T IR DR 22
MEEDOYIalb—vay, TRERRIE. &
4105-/1-12, pp. 435-443, Oct. 1989

14) Il E¥= /NEFHR  —#R COBRRESE Qv
Bl BEREOY I v—>1ay, R¥EESH
X4, No. 441/1-18, pp. 167-175, Jan. 1992

15) BhafE, WAL, EfhEl  BRIIBROWT A 57
T, WP LEBE pp. 21-28, 875

16) AASERES GBI ORE TICE 35 AEN
eWMEE., FR643A

17) ARE : ZERERET VI L HBROEH HEX
3), BRLERE, 97

18) AAERHS  ERBERAE. 1990

19) WHELHF, BEM=, dLREE. SHIE : ZTHFK
BR/BOXR Yy —Y v OFERE. BR L EE, pp.
27-33, 1985-12

( 1995429 H 18 H %= A#)

—660—



