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Effects of Traveling Wave Excitation for Super
Long-span Cable-Stayed Bridges
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Abstract;
excitation of supports was derived in the form under uniform
Through the

participation factors and the equivalent modal

The equation of motion under non-uniform

excitation. modal analysis, the modal
ground
accelerations with consideration of traveling wave excitation
were obtained, so that the influence of traveling wave
excitation on dynamic responses could also be judged in a
response spectrum of this equivalent modal ground
acceleration. Vibration mechanism analyses with consideration
of traveling wave excitation by mode analysis method were

carried out for a trial designed symmetrical cable-stayed
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bridge with a central span of 1 400 m. The deformation of the
cable-stayed bridge under different support displacements due
to traveling wave excitation was analyzed by pseudo-static
analysis. Effects of traveling wave excitation on seismic
response for super long-span cable-stayed bridges with energy
dissipating system in longitudinal direction, were researched
by the displacement time-history method. The results show
that traveling wave excitation decreases energy dissipating of
the piers so that seismic damage of the pylons aggravates.
Effects of traveling wave excitation on seismic response for
long-span cable-stayed bridges with energy dissipating system
were disadvantageous, especially under long-period ground
motion with the wave velocity within 1 000~3 000 m » s™*.
Therefore, traveling wave excitation should be taken into
consideration in seismic response analysis of long-span cable-

stayed bridges with energy dissipating system.

Key words: long-span cable-stayed bridges; earthquake

ground motion; traveling wave excitation; mode analysis

method; displacement time-history method
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Tab.4 Modal participation factors and the pseudo peak acceleration response spectrum of the equivalent seismic
Py S350 7 I O R B R P W/
B I? o El-Centro # AT MexicoCity 3

150 500 1500 3000 o0 150 500 1500 3000 o0 150 500 1500 3000 oo
1 0. 497 0.03 0.03 0.02 0.01 0 0.11 0.11 0.06 0.03 0 0.1 0.1 0.06 0.04 0
2 0. 335 0.03 0.03 0.04 0.05 0.05 0.07 0.05 0.11 0.12 0.12 0.07 0.05 0.1 0.14 0.16
3 0. 044 0.05 0.04 0.07 0.04 0 0.16 0.18 0.18 0.1 0 0.16 0.16 0.18 0.11 0
4 0. 025 0.1 0.11 0.07 0.12 0.14 0.29 0.28 0.23 0.32 0.37 0.31 0.37 0.21 0.43 0.52
5 0. 013 0.13 0.07 0.17 0.12 0 0.23 0.18 0.32 0.18 0 0.61 0.36 0.67 0.41 0
6 0.171 0.11 0.19 0.11 0.19 0.21 0.25 0.41 0.19 0.35 0.42 0.4 0.83 0.35 0.84 1.01
7 0. 038 0.16 0.11 0.24 0.15 0 0.3 0.23 0.45 0.28 0 1.06 0.67 1.09 0.67 0
8 0. 042 0.15 0.19 0.09 0.22 0.29 0.39 0.45 0.23 0.47 0.57 0.9 0.92 0.38 1.11 1. 38
9 -0. 001 0.15 0.16 0.28 0.17 0 0.39 0.38 0.58 0.39 0 1.41 1.19 1.6 1.00 0
10 0,023 0.15 0.19 0.09 0.22 0.29 0.4 0.42 0.21 0.5 0.61 1.23 1.05 0.4 1.35 1.7
11 -0, 001 0.19 0.22 0.28 0.18 0 0.52 0.46 0.65 0.45 0 2,35 2.09 2.42 1.58 0
12 0. 039 0.15 0.17 0.09 0.22 0.29 0.34 0.42 0.18 0.54 0.7 L5 1.25 0.44 2.1 2.75
13 0,018 0.17 0.26 0.28 0.19 0 0.55 0.59 0.61 0.43 0 2,52 2.22 2.53 1.65 0
14 0. 007 0.16 0.17 0.09 0.21 0.28 0.38 0.44 0.18 0.49 0.72 151 1.07 0.38 1.86 2.41
15 0.19 0.27 0.29 0.21 0 0.53 0.8 0.87 0.69 0 1.49 1.43 1.56 1.03 0
16 —0. 005 0.17 0.16 0.09 0.22 0.34 0.57 0.55 0.256 0.72 1.07 0.87 0.62 0.23 1.21 1. 64
17 —0.017 0.22 0.29 0.33 0.26 0 0.91 0.99 1.05 0.83 0 1.31 1.18 1.42 0.97 0
18 —0. 005 0.17 0.19 0.1 0.24 0.34 0.58 0.64 0.29 0.71 1.06 0.74 0.52 0.21 0.99 1. 34
19 —0. 007 0.17 0.26 0.32 0.28 0 0.76 0.84 1 0.79 0 1,01 0.92 1.14 0.8 0
20 0. 055 0.19 0.22 0.12 0.23 0.32 0.53 0.54 0.29 0.62 1.03 0.6 0.54 0.23 O 111
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Fig.7 The ground motion relative displacement between

two pylons and the deformation at the top of pylon
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Tab.5 Pseudo-static displacement amplitudes

i T/ El-Centro AL MexicoCity J%
me st U Du gy U Dus, Uy Dusn
150 3.63 3.53 1. 97 1. 89 0.72 1. 06
250 3.07 2.42 1.64 1. 64 0.75 0. 67
500 1. 80 1.33 1.49 1. 46 0. 81 0. 89
750 1. 23 0.96 1.42 1. 08 0. 68 0.76
1000 0.93 0.75 1.11 0. 86 0.73 1. 06
1500 0.70 0. 59 0.78 0.61 1. 08 1.01
2000 0.58 0.46 0. 62 0.53 1.02 0. 84
2500 0. 49 0. 36 0.57 0.47 0. 91 0.71
3000 0. 40 0. 30 0.51 0.41 0.79 0. 60
4000 0. 29 0. 24 0. 43 0. 33 0.61 0. 46
5000 0. 24 0.21 0. 36 0.28 0.50 0.38
oo 0 0 0 0 0 0
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Fig.8 The top displacement amplitude curves of the pier with apparent wave velocities

100 DS5 100 Dss 10° P8

DSt =2 DS o A Lo

SO LY B S So— BT DA - R
o DS2

—24 B
—— 2% 58 -
DS2

< 10-!
QIOW

5w 0 1 2 3 4 5 o
MpiE/ (km - s71)

¢ MexicoCity I

0 1 2 3 4 5 o 0 1 2 3 4
PLBEGE/ (km + s-1) I/ (km - s-1)

a El-Centro i b AL

B9 BUR Park {55 HiRE R REREL

Fig.9 The park D; curves at the bottom of pier with apparent wave velocities



EioM

ETI, B SERE PR 2T

1479

7>_<105
= —s— El-Centro
_%' sk —a— MexicoCity 3
= 4f
¥
’_i': Z_M—*——’_—t/‘/’__"__‘
B% 1
x\l—-\"_ I
0 1 2 3 4 5 o

LB/ (km - s-1)
10 Rt LS SiF B FERE I IENTL
Fig.10 'Total hysteretic energy curves of energy-dissipation

components LS with apparent wave velocities

5.2 #HEMRRG SN
11 45 7 A [v) M R el T B T A3 v 4
TETAAE PR RN 2 % R (ELIE R R A AR AL T 28, A1 T

AL W - 70 S A 0 R AR T T AL b /N it
AT I 50T B R XS B Wi 8 R (E A i
R, AT WOV H R Wi B/ R A N TR A
MR IAE T AR IE AR X 57 88 A R o B S AR
AL LB KT 3 000 m « s R TF5R; 7 L
Yo/ N T B TRUAL A AR X 57 A% R, (B0 KT 3 A
XA IRAE.

K12 25 T AEE 1500 mo« s AT A
T 5B T RO MR 1 4 8 B B v AL AL
hZR T LATE H AR R0 0 i ] X R % 0 2 e Ak Y
A 5 T AL 3t TR A0 A5 ER R W 8/, XoF P 3 22 TR] ER) AT B
e ) 7952 1 35 JE A6 3 5 8 40 By R i A, T
SHE T T P A AT 4 RIS R I A Sy O SRR I X
R HU =1 U B AT BB BEAT B 5.

—— FERE TR AL
—— BT
—— FEBETH AL —— Zeii AR 4
2.0 — Eiﬁl’ﬂi 2.0 —— BT 2.0 —— ISR 4
g —— AT A g 1 —— EESHRTE 4 g8 1
~ 15 —— ZeHEHH 4 8 S e ATEERTE 4 8 =
1.0 —— B 4 =10 &1.0
. Eos Eos
= z z
0 1 2 3 4 5 oo 0 1 2 3 4 5 o 0 12 3 4 5 o

M/ (km - s71)
a El-Centro %

APEIE/(km - s-1)
b AL

P/ (km - s71)
¢ MexicoCity I

11 gk B IR ERR RN T L

Fig.11 Displacement amplitude curves at the keypositions of the pylons with apparent wave velocities
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Fig.13 The Park DI curves at the key positions of the pylons with apparent wave velocities
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