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Seismic behavior of concrete ground-anchored cable-stayed bridge with

inclined tower

WANG Xiao-jia',ZHANG Han-zhao',ZHANG Zu-jun’
(1.Poly Changda Engineering Co., Ltd., Guangzhou 510000, China;
2.School of Civil Engineering, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: To study the stress state induced by seismic load of single span single tower cable-stayed
bridge, the three-dimensional finite element model was established using the Midas Civil 2019
software based on a single-span ground-anchored concrete cable-stayed bridge with single and inclined
pylon. The effects of ground vibrations and damping ratios on the bending moment and displacement
seismic time-history responses of the girder and the tower were studied. It was showed that the global
rigidity of cable-stayed bridge was relatively low, the significant vertical bending could be found in the
girder in the first 2 orders of natural vibration modes. Consequently, the critical attention should be
played to the cable tensioning caused by the bending vibration of girder to avoid the breaking of cables.
When the seismic wave was input in the longitudinal direction, the maximum bending moment of the
tower was induced at the bottom, causing the concrete cracking easily. The vertical seismic load had
the maximum effect on the deformation of the girder in the mid-span, and the minimum effect on the
bending moments of the tower at the bottom and girder. The horizontal seismic load had the maximum
effect on the deformation of tower top. The reduction of damping ratio had the significantly increasing
effect on the time-history responses of bending moments and displacements of the tower and the girder.
In the seismic design, the damping ratio should be designed reasonably to effectively improve the
seismic responses of the girder and tower, and enhance the structural seismic performance. The
research results can provide reference for the seismic design and the calculation of related project.

Keywords: ground-anchored cable-stayed bridge; natural vibration characteristic; seismic time-history

response; single span and inclined tower; finite element analysis
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Fig.2 Finite element model of cable-stayed bridge
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Table 1 The natural vibration frequencies of the first 10

orders and vibration modes of cable-stayed bridge

[URY A/ Hz EEREES
1 0.516 749 TR 1S
2 0.992 089 F R ) 2 [ il
3 1.045 028 MRIERE 1) 1 25 R
4 1.530 362 Bzt Ry el
5 1.725 770 BRI 3 A
6 2.028 201 FREEINI 1 s il
7 2454215 MR 1) 1 st

PRy 1 B i+
8 2.600 563 o

TR ] 4 B il

e e 1 s h+
9 2.681 760 o

TR ) 1S

BRI 1) 2 B 25 i+
10 3.449 371 )

TR SHES

(a)Z (A4

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

(QIUIBEAE]
3 HERS LW g HRES
Fig.3 The first natural vibration mode of cable-stayed bridge
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Fig. 4 The second natural vibration mode of cable-stayed
bridge
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Table 2 Maximum seismic bending moment of cable-stayed

bridges by three-direction input waves
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Table 4 Maximum seismic bending moment of cable-stayed

bridges under different damping ratios
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Table 5 Maximum seismic displacements of cable-stayed

bridges under different damping ratios
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