
 

Engineering Advances, 2024, 4(2), 77-81 

https://www.hillpublisher.com/journals/ea/ 

ISSN Online: 2768-7961 

 

DOI: 10.26855/ea.2024.04.001 77 Engineering Advances 

 

Research on Longitudinal Damper Mitigation 

Measures for Super Kilometer-scale Cable-stayed 

Bridges 

Laixu Li, Gao Zhang*, Yating Cao, Jie Liu 

School of Environment and Civil Engineering, Chengdu University of Technology, Chengdu, Sichuan, China. 
 

How to cite this paper: Laixu Li, Gao 

Zhang, Yating Cao, Jie Liu. (2024) Re-

search on Longitudinal Damper Mitigation 

Measures for Super Kilometer-scale Cable-

stayed Bridges. Engineering Advances, 

4(2), 77-81. 

DOI: 10.26855/ea.2024.04.001 

 

Received: March 13, 2024 

Accepted: April 10, 2024 

Published: May 9, 2024 

 
*Corresponding author: Gao Zhang, 

School of Environment and Civil 

Engineering, Chengdu University of 

Technology, Chengdu, Sichuan, China. 

 

  Abstract 

In this paper, a super kilometer-scale cable-stayed bridge was used as the research 

background. A nonlinear time-history analysis method was employed to study the 

seismic mitigation measures of installing longitudinal dampers between the main 

tower and the main girder. The influence of various damper parameters on the seis-

mic response of the structure was analyzed, and a set of appropriate damper param-

eters was determined. The research findings demonstrated that the installation of 

longitudinal dampers can effectively reduce the seismic response of large-span ca-

ble-stayed bridges. The selection of damper parameters should consider the varia-

tion patterns of internal forces and displacements of the main structural components 

under seismic loading. Parameter optimization analysis was conducted based on the 

desired goals to achieve the intended seismic mitigation effect. 
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1. Introduction 

In recent years, the development of cable-stayed bridges in China has been rapid, with spans exceeding a kilometer due 

to their economic and versatile advantages. For large-span cable-stayed bridges, the method of the tower-pier constraint 

system has a significant impact on the seismic performance of the structure [1-4]. Cable-stayed bridge structures usually 

adopt floating systems, semi-floating systems [5], and fixed systems under seismic action, floating systems are prone to 

excessive seismic displacement response, while fixed systems exhibit significant seismic internal force response in the 

main tower [6-8]. 

In the longitudinal semi-floating system, different connection methods are often employed between the tower and girder 

to reduce structural seismic response [9-12]. Various connection methods have different mechanical characteristics. For 

instance, elastic cables only increase the stiffness of the structure in a certain direction without providing energy dissipa-

tion. Velocity-dependent viscous dampers generate damping force related to velocity, dissipating energy through the 

relative motion of the damper to increase additional damping without increasing structural stiffness, thus not constraining 

temperature deformations and creep of the bridge. 

For super kilometer-scale cable-stayed bridges, the seismic response characteristics are different compared to large 

cable-stayed bridges with spans around 500 meters, which is due to the extraordinary span and flexibility of the super 

kilometer-scale cable-stayed bridge [13]. The seismic vulnerability also varies, necessitating different seismic strategies 

to reduce seismic response. For large-span cable-stayed bridges, reducing seismic response by extending the structural 

period is not suitable. When the structural period is long, further extending the natural period of vibration has no 

https://www.hillpublisher.com/journals/ea/


Laixu Li, Gao Zhang, Yating Cao, Jie Liu 

 

 

DOI: 10.26855/ea.2024.04.001 78 Engineering Advances 

 

significant effect on reducing seismic response and may increase structural displacement. Therefore, seismic mitigation 

for large-span bridges primarily focuses on increasing structural damping by incorporating energy dissipation devices to 

reduce internal forces and displacements. 

2. Engineering Background 

A certain super kilometer-scale double-tower three-cable-plane cable-stayed bridge is considered as the engineering back-

ground, with a main span of 1092 meters and a 462-meter side span on each side of the main span, an additional 140-

meter auxiliary span is added on each side of the auxiliary navigation hole to meet navigation requirements while satis-

fying structural loading and beam end rotation requirements. The specific span arrangement of the main bridge is 

(142+462+1092+462+142) = 2300 meters, as shown in Figure 1. The main girder of the bridge adopts a combination of 

plate truss and steel truss, with a truss width of 35 meters, a truss height of 16 meters, a segment length of 14 meters, and 

a structural system of tower-girder separation and tower-pier fixed form. Bearings and dampers are installed between the 

towers and girders. The main girder features a new box-truss composite truss structure, with the lower chord of the truss 

composed of steel boxes of the same width as the main girder section, which also serves as the integral bridge deck. The 

upper chord of the highway bridge deck uses orthogonal anisotropic steel bridge panels and is integrated with the main 

truss.  

 

Figure 1. The overall layout diagram of the cable-stayed bridge (unit: mm). 

3. Finite Element Model 

The finite element model of the bridge is established using the OpenSees finite element program. The main girder, towers, 

and abutments are simulated using elastic beam-column elements, with rigid arm elements connecting the main girder 

nodes and cable suspension points. The cross-sectional properties of an elastic beam-column mainly include the moment 

of inertia, cross-sectional area, elastic modulus, and shear modulus. Use the MinMax material in OpenSees software to 

simulate the stress in a cable of a cable-stayed bridge, and use the Initial Strain Material to apply the initial strain to the 

cable. The combination of these two simulates the material properties of the cable. The inclined cable element is simulated 

using the Truss Element. Due to the focus of the study on the upper bridge structure, fixed constraints are applied at the 

bottom of the piers. 

4. Damping Measures 

It is proposed to use viscous dampers to reduce the longitudinal seismic response of the bridge. Two longitudinal viscous 

dampers are set between the lower crossbeam of the main tower and the main girder on each side of the main tower, 

totaling four viscous dampers along the longitudinal direction of the entire bridge. The mechanical relationship of the 

velocity-type viscous damper can be expressed as F=CV
ξ

, where F is the damping force, C is the damping coeffi-

cient, V is the velocity, and ξ is the velocity exponent, which is generally chosen between 0.1 and 1.0 [14]. Under tem-

perature and creep deformations, the reactive force of the damper is almost zero, which does not affect the normal func-

tional use of the bridge structure. When the velocity exponent of the viscous damper is 1, the damping force is proportional 

to the velocity. At the maximum deformation velocity of the main tower, the damper provides the maximum damping 
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force, resulting in minimal tower deformation and internal forces. When the main tower deforms maximally, the damping 

force approaches zero. Therefore, the viscous damper does not significantly increase the forces on the main tower [15]. 

5. Nonlinear Seismic Response Analysis 

The bridge is subjected to seismic response calculations using nonlinear time-history analysis. Three artificial seismic 

waves are synthesized based on the actual site conditions of the bridge, with the seismic input combination being "longi-

tudinal + vertical," where the vertical seismic acceleration is 0.65 times the longitudinal seismic acceleration [16]. The 

structural internal forces and deformation responses under the action of the three seismic waves are calculated, and the 

maximum values are compared for analysis. 
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Figure 2. The force and displacement of the damper. 

To study the damping and energy dissipation effects of the dampers on the structure, calculations, and analyses are 

conducted for both the longitudinal semi-floating system without dampers and multiple sets of different damper parame-

ters. The velocity exponentξis varied from 0.2 to 0.7, and the damping coefficient C is set at 1000, 5000, 10000, 15000, 

20000, and 25000, resulting in a total of 36 different damper parameter analyses. The seismic response analysis results 

for the major structural components are as follows. Figure 2 shows the variation of the maximum damping force and 

damping displacement at the dampers at the main tower when different velocity exponents and damping coefficients are 

set. 

It can be observed from Figure 3 that when the damping coefficient is constant, the maximum damping force of the 

damper decreases with the increase in the velocity exponent. Conversely, when the velocity exponent is constant, the 

maximum damping force of the damper increases with the increase in the damping coefficient. The damping coefficient 

has a significant impact on the maximum damping force of the damper. When the damping coefficient is constant, the 

damper displacement increases with the increase in the velocity exponent. Conversely, when the velocity exponent is 

constant, the damper displacement decreases with the increase in the damping coefficient. Typically, a smaller velocity 

exponent of the damper results in better damping and energy dissipation effects, but it also leads to an increase in the 

damping force generated by the damper [17]. 

5.1 Sensitivity Analysis of Viscous Dampers Parameters 

The key research points under the seismic action of the bridge mainly include two aspects: one is the internal forces of 

the critical structural parts, and the other is the displacement of the structure under seismic action [8]. The dampers set on 

the bridge are mainly used to suppress the longitudinal seismic action of the bridge, with the critical force location under 

longitudinal seismic action being the base of the tower. Meanwhile, the displacement analysis of the critical parts of the 

bridge under longitudinal action mainly focuses on the end of the beam and the top of the tower. Therefore, the impact of 

damper parameters on the seismic resistance of the bridge structure is analyzed by comparing the internal forces at the 

base of the tower with the displacements at the end of the beam and the top of the tower, combined with the magnitude 

of the maximum damping force of the damper, to ultimately determine the reasonable damper parameters for the bridge 

[18]. 

From Figure 3, it can be seen that when the velocity exponent of the damper is constant, with the increase in the 

damping coefficient C, the displacement at the end of the beam and the top of the tower monotonically decreases. When 

the damping coefficient is constant, the displacements at the end of the beam and the top of the tower decrease with the 

decrease in the velocity exponent. When the velocity exponent is constant, the displacements at the top of the tower and 

the end of the beam decrease with the increase in the damping coefficient. From the perspective of reducing the longitu-

dinal displacements at the top of the tower and the end of the beam, it is advisable to choose a smaller value for the 
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velocity exponent and a larger value for the damping coefficient. It can be observed from the figure that the changes in 

the damping coefficient and velocity exponent of the damper have a relatively complex and varying impact on the bending 

moment and shear force of the main tower [19]. 
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Figure 3. The impact of damper parameters on bridge structure. 

When 0.2<ξ<0.5, the base shear at the tower decreases with an increase in the damping coefficient (C). However, when 

the damping coefficient exceeds 10000, the base shear starts to increase with further increases in the damping coefficient. 

When 0.5<ξ<0.7, the base shear at the tower decreases with an increase in the damping coefficient. Similar to the 

previous case, when the damping coefficient exceeds 15000, the base shear starts to increase with further increases in the 

damping coefficient. 

As the damping coefficient (C) increases, the base moment decreases. When the damping coefficient exceeds 15000, 

the base moment attenuates rapidly and eventually reaches a plateau with a slower rate of decrease. 

From these patterns of change and the response quantities of critical structural parts, it can be seen that, under the 

premise of not increasing the internal forces of structural components, and minimizing the displacements at critical loca-

tions, the most suitable damper parameters are C=15000, ξ=0.3. 

6. Conclusion 

Through the study of the longitudinal bridge shock absorption measures with set the dampers between the main tower 

and the main girder of the long-span cable-stayed bridge of over a kilometer, the following conclusions can be obtained: 

(1) Compared with the longitudinal semi-floating system without dampers, the internal force and displacement response 

of the main components such as the main beam and main tower can be effectively reduced after installing the viscous 

dampers in the longitudinal direction of the bridge. 

(2) Through the optimization analysis of the parameters of the viscous damper, the changes of the velocity index and 

damping coefficient of the damper have different degrees of influence on the internal force and displacement response of 

different components of the structure. 
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(3) For the parameters of the viscous dampers used in the bridge, the internal force and displacement response of the 

main components of the structure under the action of the earthquake should be comprehensively considered. For the 

bridge model in this paper, the damper with the damping coefficient C=15000, ξ=0.3 can be selected. 

In short, to reduce the longitudinal seismic response of a large-span cable-stayed bridge, the measures of setting the 

damper between the tower and the beam can be taken. In order to obtain the best damping effect, the damper parameters 

should be optimized. Comprehensively consider the force and deformation of each key part of the structure and determine 

the appropriate damper parameters according to the optimization goal. 
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