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Seismic response of the main pier pylon of a multispan extradosed
cable-stayed bridge with a single cable plane
under traveling wave excitation
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Abstract; A six-span extradosed cable-stayed bridge with a single cable plane was investigated in
this study to assess the influence of wave traveling effect on the earthquake response of multispan
extradosed cable-stayed bridges. A finite element model of the full bridge was established using
the software MIDAS/Civil, and the multi-point excitation behavior was simulated based on the

theory of relative motion. The internal force or displacement response of three key positions,
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namely pier bottom, tower bottom, and tower top, under multipoint ground motion excitation
were analyzed. Furthermore, the variation law of structural internal force and displacement under
different apparent wave velocities was also explored. The research results reveal that the traveling
wave excitation has a significant effect on the earthquake response of the multispan extradosed ca-
ble-stayed bridge. At an apparent wave velocity of 500 m/s, the internal forces or displacements
at the most unfavorable key position are approximately 1.2 times those under uniform excitation.
Furthermore, traveling wave excitation has adverse effects on the bending moment and shear
force at the bottom of the middle pier and side tower, as well as on the displacement at the top of
the side tower. As the apparent wave velocity increases, the influence of traveling wave excitation
gradually weakens. When the apparent wave velocity exceeds 7 000 m/s, the internal forces and
displacements at key positions are basically the same as those under uniform excitation. This find-
ing indicates that the influence of traveling wave excitation on the internal force at key positions
of the structure can thus be ignored.
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Fig.1 Schematic diagram of the elevation of a extradosed

cable-stayed bridge with a single cable plane
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Fig.2 Cross section of concrete box girder (Unit:cm)
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Fig.3 Finite element model of the extradosed cable-stayed

bridge with a single cable plane

3 BRI AEE

H Tt TR R B R R A )
BARTETH AT BN R ARG 10 B [ AR50 5 R0, 45
Rank 1 8. A RITH AR RIS — B



266 ooz

=

T B ¥ i

2025 4

PRI F RS, {ARPIR 0.445 Hz, Ji M 2.248 s,
B EET 10 By AR AR B9 A2 AL VS AN 0.445 Hz =
1.135 Hz, BF BRI B IR IR B, Ui W 4544 HAT 4%
REGWIEE . LL_E 2B 45 2R 5 TR 20 B i) 3 3 65 1R A
P UL T AT R OTAS LAY R 1
®1 HRERGEXRS5EHH
Table 1 Natural frequency and period of bridge

BrEe  BiE/Hz JE /s Pk

1 0.445 2.248 FR 1 Hr X R

2 0.536 1.864 BB RIBORIN )
3 0.627 1.594 FE 1R

4 0.694 1.440 T3 1 O B A
5 0.773 1.294 B 14 X B 25

6 0.820 1.220 TR

7 0.884 1.131 MBS 1 B S0 Bk i 2
8 0.890 1.124 T 2 X R

9 1.020 0.980 F 7 2 B RO FR A
10 1.135 0.881 BR¥E 1 %

4 HEIRIEE

2 WS AT G245 1 A A () Ml 52 3 i AT B9 3l g e
FIRESAATER R E S . N T % IEAT MR 80 X 2
Y B JRL O 7% W 17 9 52 R SR T MIDAS/ Civil
B v B0 Bl g i 48R 22 SRR AR 114 T E SR S AL
22 B R A2 B0 AT I R 800 A8 5 i KL

7 18 b 7R Bl B AR 0 BEAIL PR L A SCMCOR P
HhE TR F 28 o0 (Pacific Earthquake Engineen-
ing Research, PEER) ¥ i % Bt H A X R 1 El-
Centro i , Taft # & Landers 3 #1757 92 1% i 52 M
L 53 BT %k 22 1 0 M ARHRL R 1) AT 10 280 2 AT ) A6
5% . El-Centro JE 542 mtE] 2N 32.5 s, W (8 hn o )&
0.357g  JLm i e B2 fh Lk 4n P 4 BT 7R . Taft P4
ZEWFR] N 54.5 s, WEAE SN 0.15g o H N 4 B2 ) 72
ek ani® 5 Fros. Landers ¢ FrE&E AT A hy 60 s, 1%
{ECE E 0.85¢ - FLf i B2 i) 722 il £k A ] 6 s
0.4 1
0.3
0.2
0.14

0l
-0.14
-0.21
-0.31
-0.4

N /g

0 5‘ IIO |‘5 2‘0 2‘5 3I0 3‘5
I al/s
B 4 El-Centro 3. E )k 6y 42 wh 2%

Fig.4 Time history curve of El-Centro seismic wave
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Fig.5 Time history curve of Taft seismic wave
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Fig.6 Time history curve of Landers seismic wave
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Table 2 Time required for seismic wave to reach each pier (Unit: s)
N MY/ (m/s)
B
500 1000 2 000 4000 7 000 10 000
155 0 0 0 0 0 0
2 S 0.21 0.105 0.053 0.026 0.015 0.011
35 0.566 0.283 0.142 0.071 0.040 0.028
4 51 0.922 0.461 0.231 0.115 0.066 0.046
5 5 1.132 0.566 0.283 0.141 0.081 0.057
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Fig.8 Variation law of shear force at pier bottom with

apparent wave velocity
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