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Computational Mode Number Research in Seismic Response Spectrum
Analysis of Long-Span Cable-Stayed Bridge

WANG Xiaowei~  YE Aijun
( Department of Bridge Engineering Tongji University Shanghai 200092 China)

Abstract On the basis of Guidelines for Seismic Design of Highway Bridges the vibration mode number
considered in mode-decomposition response spectrum analysis should get more than 90% of the effective mass
in the calculation direction. To study the applicability of this standard in long-span cable-stayed bridges three
physical quantities on modal participation were introduced and compared. Then a computational model of
Sutong Bridge was set up to identify the different calculating vibration mode number in terms of the modal
participation mass radio reaching 0.9 in different direction so as to conduct response spectrum analysis and
analyze the error. The result shows that to conduct response spectrum analysis for a long-span cable-stayed
bridge under both horizontal and vertical seismic excitation the vibration mode number derived from the
vertical moda participation mass radio reaching 0.9 should be taken as the calculating vibration mode number.
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Table 2 Comparison of internal forces on the key sections between 70 ( or 270) and 400 modes (L +V)
@ |70 8.44 x10* | 6.59 x10* | 5.61 x10* | 1.63 x10* | 2.90 x 10* | 8.38 x10* | 8.03 x10* | 5.50 x 103
P/kN @ [270 | 7.57 x10* | 6.91 x10* | 6.27 x10* | 3.07 x10* | 5.60 x10* | 9.54 x10* | 8.39 x10° | 7.82 x 103
@ 400 | 7.55%x10* | 6.92 x10* | 6.30 x10* | 3.06 x10* | 5.57 x10* | 9.33 x10* | 8.42 x10* | 7.66 x 103
o IOD—BI/®| 11.66 4.81 10.91 46.5 47.86 10.2 4.59 28.11
%
1@—31/®| 0.23 0.11 0.41 0.58 0.68 2.21 0.28 2.11
@ |70 3.28 x10* | 2.77 x10* | 3.26 x 10* | 1.51 x10* | 3.26 x10* | 1.31 x10* | 8.90 x 10> | 7.68 x 10>
Qy/kN @ [270 | 3.15x10* | 2.88 x10* | 2.63 x10* | 1.57 x10* | 3.39 x10* | 1.36 x10* | 8.79 x10* | 7.62 x 103
@ 400 | 3.15x10* | 2.88 x10* | 2.63 x10* | 1.57 x10* | 3.39 x10* | 1.36 x10* | 8.79 x10* | 7.62 x 103
o ID—BI1/®| 4.13 3.76 23.83 3.95 3.82 3.94 1.33 0.84
0
1@—3I1/®| 0.07 0.07 0.04 0.01 0 0.03 0.01 0.04
@ |70 2.68 x10° | 1.40 x10° | 1.47 x10° | 5.30 x10° | 1.06 x10° | 6.09 x10° | 3.88 x 10> | 3.64 x 10°
My/(kKN-m)| @ [270 [2.69x10° | 1.40 x10° | 1.40 x10® | 6.33 x10° | 1.26 x10° | 6.18 x10° | 3.95 x10° | 3.58 x 10°
@ 400 | 2.69x10° | 1.40 x10° | 1.40 x10° | 6.33 x10° | 1.26 x10° | 6.18 x10° | 3.95 x10° | 3.58 x 103
) IOD—®1/®| 0.29 0.05 4.63 16.34 16.24 1.46 1.76 1.74
%
Q—3I/® 0 0 0 0 0 0 0 0
X 4 L+V .

(1) 90% . .
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Table 3 Comparison of internal forces on the key sections between 72 ( or 270) and 400 modes ( T +V)
®© |72 2.86 x10° | 2.81 x10° | 2.17 x10° | 2.07 x10° | 2.60 x 10* | 7.64 x10* | 6.92 x10* | 4.83 x10°
P/kN @ 270 | 2.77x10° | 2.75x10° | 2.15x10° | 2.06 x10° | 5.42 x10* | 9.43 x10* | 8.48 x10* | 8.06 x 10°
@ 400 | 2.77x10° | 2.75x10° | 2.15x10° | 2.06 x10° | 5.38 x10* | 9.22 x 10 | 8.49 x10* | 7.90 x 10°
. ID—@1/®| 3.45 2.24 0.70 0.72 51.61 17.17 18.54 38.91
% IQ—@1/®| 0.02 0.01 0.03 0.01 0.73 2.23 0.19 2.01
O |72 3.74 x10* | 2.68 x10* | 3.25 x10* | 1.31 x10* | 2.09 x10* | 1.33 x10* | 9.43 x10* | 1.34 x 10*
Qy/kN @ 270 | 3.52x10* | 2.72 x10* | 3.10 x10* | 1.22 x10* | 2.21 x10* | 1.27 x10* | 8.99 x10* | 1.18 x 10*
@ 400 | 3.52x10% | 2.72x10* | 3.10 x10* | 1.22 x10* | 2.21 x10* | 1.27 x10* | 8.99 x10* | 1.18 x 10*
. ID—@I1/®@| 6.18 1.64 4.76 7.18 5.52 4.88 4.88 13.39
% 1Q—®1/@| 0.03 0.11 0.08 0.16 0.00 0.00 0.00 0.00
O |72 1.25x10°% | 7.15x10° | 1.38 x10° | 5.35x10° | 7.80 x10° | 7.64 x10° | 5.30 x 10° | 6.90 x 10°
My/(kN+m)| @ [270 |1.23x10% | 7.10 x10° | 1.28 x10° | 4.80 x10° | 8.63 x10° | 7.53 x10° | 4.92 x10° | 5.98 x 10°
@ 400 | 1.23x10° | 7.10 x10° | 1.28 x10° | 4.80 x10° | 8.63 x10° | 7.53 x10° | 4.92 x10° | 5.98 x 10°
IO—@1/®| 1.51 0.80 8.17 11.48 9.54 1.43 7.66 15.44
% 1©Q—@1/®| 0.01 0.02 0.00 0.02 0.00 0.00 0.00 0.00
X Y T+V .
(1) 90% N o
N M, (3)
Qy 5% “00%
s 90% o
90% o

(2) 90% 6



Structural Engineers Vol.27 No.4

90«

Earthquake and Wind Resistance

“90% »

(4) € )

“90%

”»

90%

.JTG/F B02 —01—2008
S .
2008.
China Merchans Chongqing Communications Research
& Deaign Insitute Co. Ltd. JTG/FB02 — 01—2008
Guidelines for Seismic Design of Highway Bridges
S . Beijing: China Communication Press 2009. ( in
Chinese)
. GB50011—2001

2002.
Ministry of Construction of the People”’ s Republic of
China. GB50011—2001

Code for Seismic Design of

10

Buildings S
Building Press 2002. ( in Chinese)

Beijing: China Architecture and

J . 2002 18(2):29 -31.
Shi TH Wei C J. Decision of reasonable mode

number in mode-superposition method J . Building

Science 2002 18(2) :29 —31.( in Chinese )

I 2002 18(4):
20 - 24.
Bian CD Li A Q Lou Y et al. Analysis of vibration
modes and participating coefficients for high—ise
connecting structure J . Building Science 2002 18
(4):20-24.( in Chinese )

J . 2009 29(5):
485 —490.
Sun G J Li A Q. Analysis of mode participation factor
and modal contribution of structures J . Journal of

Disaster Prevention and Mitigation Engineering 2009

29(5) 1485 —490. ( in Chinese )

J . 2007 22(5) :395 -398.
LiSC Nie D L Sun B. The reasonable mode num
reseach in the seismic design J . Journal of Shandong
Jianzhu University 2007 22 (5): 395 - 398. ( in
Chinese )

Wilson E L. Three Dimensional Static and Dynamic
Analysis of Structures M . USA: Computer and
Structures Inc. 2002: 185 - 186.

ETABS User’s Manual M
Structures Inc. 1999.
SAP2000 User’ s Manual
1995.

. USA: Computer and

M . USA: Computer and
Structures Inc.
Chopra A K. Dynamics of structures M . USA:
Prentice — Hall 2000.

Clough R W Penzien J. Dynamics of structures M .

2nd Edition. USA: McGraw — Hill 1995.



