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Estimation frequency formulas for vertical vibration for double-span
continuous system asymmetric suspension bridge

considering tower stiffness influence

Wang Xuwang', Song Tao*
(1. School of Civil Engineering ,Shangluo University ,Shangluo 726000, Shaanxi;
2. School of Civil Engineering ,Shangdong Jiaotong university, Jinan 250037, Shandong,P. R. China)

Abstract : In order to facilitate the calculation of the vertical natural frequency of the asymmetric suspension
bridge of the two towers, the Rayleigh method is used to derive the approximate expression of the first
order bending vibration frequency under the influence of the stiffness of the main tower. The influence of
the stiffness of the expression, and finally the feasibility of this formula is verified. The results showed that
the stiffness of the main tower has an effect on the first-order symmetrical vertical bending frequency of the
structural system and has no effect on the first-order anti-symmetrical vertical bending frequency. The main

tower stiffness can be calculated by the influence coefficient of the main tower. The degree of error between
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the solution and the finite element solution is in the allowable requirement of the initial conceptual design

stage. The approximate expression of the fundamental frequency is deduced in this paper.

Keywords: bridge engineering;  suspension

estimation formulas
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Fig. 1 Mode shape of first symmetric vertical vibration
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Fig.2 Mode shape of first asymmetric vertical vibration
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Fig.3 Tower force diagram in first symmetric vertical vibration
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Fig. 4 Tower force diagram in first asymmetric vertical vibration
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Fig.5 Mode shape of stiffening girder first

symmetric vertical vibration
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Fig. 6 Mode shape of stiffening girder

first asymmetric vertical vibration
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Table 1 Structural parameters of real bridge
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Table 2 First fundamental frequencies of vertical

vibration for numerical example

5 AT HI fif R I R

fi#/Hz 1/Hz 1/% 2/Hz 2/%
1 0.100 5 0.110 3 9.75 0.095 3 5.15
Ve 0.078 7 0.085 1 8.13 0.085 1 8.13

VR 1A UE AR S BRI R SR S 1
R A S N 55 ) 0 25 R B2 27 R
SEM S ERIE A 2 2 IR L e A 27 T A B
L5 I I 45 4 R S
S5 M I 5 £ 25 18 T 1 O 18] B2 WL 5 )

JE o AR AR B — [ X ik e 5 R A 1Y O R A I

— BB Ry DA 2 W T 4 5 1 15 A A DL 3 AR

IR R AT B O TR s B 4 5 B9 — B X AR e

FEM R 22 PE — B SO 8 75 R B 3 R R 2

/0N B IRAE T % 2 B — [ SO R 119 i 20 ok 25

FUSCR T oA B AEBOR 22 57 - B 254 S B i 78 2

B AR B Xt B 75 R Bl 5 VRS 5 Ak 3. 3Gk

[16-18 Aty AH O AT 7 IS Ik A A7 A5 b 3 4 45 Ik B4 19 A7

T+ IR 4 S 1) — [ S X 188 7255 R 0t 5 A FROC fe

Z I 22 SRR

6 iR

DFETF IR MR ZR B — B %) R 188 25 S 3t 1 25
JE T B O\ 18] BT A5 W B T JFE R i G R i A AT
TS W R Wi 2% 300 1k AXOR gk 5 T 3 58 L 18 BT 25
I FEE 0 — [ 168 25 % R S 031 T 5

2) K Rayleigh % 4 T 1% 1R 2 1 15 25 L5
R LRk S AT T % M R TR 8 BT B BE ik
FEMMAIT A SR

3) P4 T 19 — B 8 25 B AR 03 2k X 1 XL
B VO B 5 A R 0 A R il o RO ) R A A
B PR AR R I T ORI 7R LLR B
FEH REZ T AR R B GO R



90 P RAREHRERKRE IR

% 39 %

SE Bk

[1]LIU M F, CHANGT P, ZENG D Y. The interactive
vibration behavior in a suspension bridge system under
moving vehicle loads and vertical seismic excitations[ ] .
Applied Mathematical Modelling, 2010,35(1),398-411.

[ 2 ] KONSTANTAKOPOULOS T G, RAFTOYIANNIS 1 G,
MICHALTSOS G T. Suspended bridges subjected to
earthquake and moving loads [J]. Engineering Structures,
2012,45.223-237.

[ 3] WESTGATE R, KOO K Y, BROWNNJOHN J, et al.
Suspension bridge response due to extreme vehicle loads
[J]. Structure and Infrastructure Engineering, 2014, 10
(10) :821-833.

[4]JFENG D, SUN H, FENG M Q. Simultaneous
identification of bridge structural parameters and vehicle
Loads [J]. computer and structure, 2015,157,76-88.

[ 5] GUO T, LIU J, HUANG L. Investigation and control of
excessive cumulative girder movements of long-span steel
suspension bridges [ J|. Engineering Structures, 2016, 125
(15),217-226.

[ 6 ] By /e, = BE 2 m 2 B R S 0 () A =R . 808

T AR .2003,78(2) ,59-63.
JU X H. Approximate formulas of calculate primary
frequencies for three-span continuous girder suspension
bridge [J]. Journal of railway engineering society ,2003,78
(2),59-63. (in Chinese)

[ 7] LARSEN A, GIMSING N J. Wind engineering aspects of
the east bridge tender project [J]. Journal of Wind
Engineering & Industrial Aerodynamics, 1992, 42 (1)
1405-1416

[ 8] EAD . tini BRI, 255 % B BRI Al 5 52
AR Bl RHE . 2012,29(1D) 58-62.

WANG B J,MA R J,CHEN A R. Practical formulas of
estimation  for  multi-pylon

fundamental  frequency

suspension bridge [ J ]. Journal of Highway and
Transportation Research and Development, 2012,29(11):
58-62. (in Chinese)

(90 3% =B RN 4 M 1A &R Bt 15 72 5C B [ L F 5%
[D]. b [[5Ro,2014,
JIANG Y. Study for structure system and process of
construction for three-tower suspension bridge [ D ].
Shanghai : Tongji University, 2014, (in Chinese)

[10] Xk, =8B R AR SR PEF 52 (D], BUER - 7Y g 2838 K
2,2009.
LIU B. Study for dynamitic response for three-tower
suspension bridge [ D]. Chengdu: Southwest Jiaotong
University, 2009. (in Chinese)

L] M. Mgl B IR 538 e L] R A %
1991(1) :54-58.

XIAO R C. Method to calculate natural vibration frequency
of suspension bridges [ J]. East Road, 1991(1):54-58. (in
Chinese)

[12] 8 /NE, B RE, PR BRI, i 2R AR Xob R 188 2 35 03 30T ) 2

KMBIELT] A TR 2002, 2(1) :44-49.
JUX H , LIAO H L, SHEN R L. Modification on
simplified formula of symmetric-vertical natural {requencies
for suspension bridge [ J]. Journal of China Civil
Engineering,2002,2 (1) : 44- 49. (in Chinese)

C13] ok, B VP A, 25 08 B W R s 1) = 2% B =0

KW BT E AKX KREREER AR
fR) ,2014,34(6) :100-106.
ZHANG C, HUANG Q J ,XU L. Frequency formulas for
vertical vibration of three-tower self-anchored suspension
Bridge considering tower stiffness influence [ ] . Journal of
Chang an University ( Natural Science Edition), 2014, 34
(6):100-106. (in Chinese)

[14] rrde A RHANE A28 &8, 2 B R HT KB JE I TG/ T
D60—01—2004 [S]. Jbxt: AR b ik . 2004.
Ministry of Transportation of the People, Republic of
China. Wind — resistant design specification for highway
bridge JTG/T D60-01-2004 [ S ]. Beijing: China
Communications Press,2004. (in Chinese)

[15] 2= ZE. MR a5 Fa s 5 3% 3 (M. Jbat. o 6 Bk 3E iR
#1,2002.

LI G H. Stability and vibration of bridge structures [ M].
Beijing: China Railway Publishing House, 2002. (in
Chinese)

[16] skmiik. s BB R it L o XURR B MR 5E (D, 4t
M WLl K 2 5 2009,

ZHANG C B. Study on wind stability of long-span
suspension bridge under construction [ D]. Hangzhou:
Zhejiang University of Technology, 2009. (in Chinese)

[17] LR HREAR. BRI 5 R miEa A kot L
B J1%,2012,29(2) ,142-148.

Study on longitude and vertical coupling vibration of
suspension bridge [ J]. Engineering Mechanics, 2012, 29
(2),142-148. (in Chinese)

[18] i, [ 4 =X A S8 & U AF R & A% gl Jy 2 ) BB OF 5
(DI 107 K% K% B TR 2%, 2010.

MIAO F. Study on dynamic problems for self-anchored
cable-stayed suspension bridge [ D]. Dalian, Liaoning:

Dalian University of Technology, 2010. (in Chinese)

(# AR



