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Abstract: For three-tower cable-stayed bridge, the dynamic characteristics of the structure is
studied by establishment of the finite element model. By changing structural parameters of
thickness variation of the bridge panel and elastic modulus of concrete, some regularity of stiffness
and dynamic properties is to find out in this article.

Introduction

Dynamic characteristics of the bridge structure is important parameters of the dynamic
behavior, including natural frequencies, mode shape, which reflects the stiffness of the bridge
indicators(!-8]. Dynamic characteristics of bridge structure system depends on the composition,
stiffness, mass distribution, as well as supporting the boundary conditions, it is carried out for the
right bridge seismic design, analysis of vehicle vibration, wind stability analysis and maintenance of
great significance. It is very important to study the dynamic performance because of the new
structure of three-tower cable-stayed bridge and few studies. Yueyang Dongting Lake Bridge is
China's first dual cable plane full-floating cable-stayed bridge with three towers, prestressed
concrete pi-type beam, of which is the span is 130 + 310 + 310 + 130m. In this paper, the research
on the dynamic characteristics is based the bridge, providing an important reference for future
seismic design of such bridge, the wind stability analysis and other dynamic analysis.

Fig.1 Calculation model
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Dynamic Characteristics Analysis

From the calculated results, the first order vibration modes and the second order vibration
modes of cable-stayed bridge are torsional vibration, and the third-order mode is lateral vibration,
and the fourth-order mode is vertical vibration, the results indicat that floating system of
three-tower cable-stayed bridge in the outer surface of the torsional stiffness is weak, and the
vertical stiffness of the plane is relatively large.

In table 1,”TV” stands for “torsional vibration”, and ”LV” stands for Lateral vibration,
and ”VV” stand for “vertical vibration”

Table | Modal data

Order Frequency (Hz) Modes Order Frequency (Hz) Modes
1 0.02 vV 6 0.43 \'A%
2 0.03 vV 7 0.46 \'A%
3 0.15 LV 8 0.66 \A%
4 0.22 \A% 9 0.75 LV
5 0.39 LV 10 0.79 \A%

Impact of structural parameters on the vibration characteristics

The effects of the changes is studied in bridge dynamic characteristics by means of different
parameters in three-tower cable-stayed bridge, and the parameters are including: height bridge deck
thickness, elastic modulus of concrete, the stiffness of the tower, and a small stringer stiffness, the
height of tower.

Thickness variation of Bridge panel

Stiffness of the bridge deck is one of the important parameters that affect the dynamic
characteristics of the three-tower cable-stayed bridge. When the bridge panel thickness respectively
changes as 10cm, 20cm, 30cm, 40cm, the first-order vertical vibration of the structure, the
first-order lateral vibration and first-order torsional vibration frequency curves are shown in Fig. 2,
and second-order vertical vibration, and second-order Lateral vibration, and second-order torsional
vibration of the curve are shown in Fig 3.

The data shows that when the bridge panel thickness change from 0 to 40cm, the reduction
of the first-order vertical vibration and the first-order lateral vibration is relatively slop, and
first-order torsional vibration frequency remained unchanged with the change of thickness of the
deck, which illustrates the bridge panel thickness changes on the rate of increase in 0-40cm lateral
stiffness and vertical stiffness but not obvious on torsional stiffness.
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Table 2 Modal data

Thickm=zz{0) Thidkmeazz{10cm) Thidmeazz{20cm) Thidmazz{30cm) Thicknazz (40cm)
Cletler Freguency Frequancy Freguancy Fraquancy Freguancy
Nloda: Nlodaz Nlodaz hlpgdas Mpdaz
{Hz) {Hz) {H) ) {Hz)

1 0.02 TV 002 TV 0.0z v 0.0z v 0.0 ™

1 0.03 v 003 TV 0.03 v 0.03 v 0.03 TV

3 015 LY 0.15 LY 0.15 LY 015 Ly 0.13 LV

4 0,32 Vi 0.1z Vv 0.21 VY 0.1 Vv 0.18 Vv

5 0.3% LY 040 LY 0.40 L% 0.40 LY 0.36 LV

] 0.43 Vv 0.42 Wi 0.41 VY 0.40 W 0.36 W

7 .46 Wy 0.45 WV .44 Vv 0.43 Vv 0.38 Vi

S .66 vV 064 vV .63 VvV 061 vV 0.53 Y

bl 075 LY 076 LY 076 Vv 0.74 Vv Q.65 Vv
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Fig.2 First-order vibration

Elastic modulus of concrete

When the elastic modulus of concrete are changed respectively with the certain value 3.60E +
10,3.45E + 10,3.25E+10,3.00E+10,2.55E+10.The first-order frequency curve are shown in Fig.4,
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and second-order frequency curve are shown in Fig 5.
The data shows that the elastic modulus of concrete respectively changes by 3.60E+10,

3.45E+10,3.25E+10,3.00E+10,2.55E+10, the increase of the first-order and second-order vertical
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Fig.3 Second-order vibration

vibration is relatively flat, and the slope of the curve of first-order and second-order Lateral
vibration is larger than those of vertical vibration, and first-order torsional vibration frequency
keeps unchanging essentially as the elastic modulus of concrete increase, which describes the
thickness of the concrete bridge deck elastic modulus change on vertical stiffness and torsional
stiffness of the structure is relatively obvious, but the impact on the lateral stiffness of the structure

is relatively obvious.
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Table 3 Modal data
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Fig.4 First-order vibration Fig.5 Second-order vibration

Conclusion

Based on finite element, dynamic analysis is carried out for floating system cable-stayed
bridge with three towers, and parametric analysis carried out in accordance with factors affecting
structural vibration, the conclusions are as follows:

The changes in the thickness of the bridge panel is relatively obvious influence on vertical and
lateral stiffness, but the change of the torsional stiffness is negligible;

The changes in the elastic modulus of concrete are smoe impact on the torsional stiffness of the
structure but is relatively small impact on the vertical stiffness and lateral stiffness.
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