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Abstract: The effectiveness of multiple viscous dampers in reducing response of the bridge subjected to earthquake and 

wind load is investigated. A bridge of span 32 m with an intermediate bent at centre and abutment at the ends, subjected 

to various loads is analysed in software. The resonant response of the bridge is studied for different loads like wind, 

earthquakes, and other external forces. In this study, dampers are installed in strategic locations throughout the bridge, 

and their damping coefficients are adjusted to control the level of vibration. Response of the bridge is also studied for 

different arrangements of FVDs. Additionally, the location and number of dampers can be optimized based on the specific 

characteristics of the bridge, such as its size and geometry, to achieve the best performance. 
 
 

Keywords: FVD – Fluid Viscous Damper, Resonant response. 

 

I. INTRODUCTION 

Transportation infrastructure is one of the significant factor which reflects the development of a nation’s economy. Due 

to the deficiency of land and increased traffic in urban areas, the bridges have become inevitable part of the transportation 

facilities, such as highways and railways. At the same course of time, day by day, the bridges are becoming more slender 

and lighter and hence more prone to vibrations due to heavy vehicles. Nowadays, energy dissipation devices have become 

the focus for vibration mitigation in different types of structures including bridges. Vibrations induced by moving vehicles 

become excessive when the vehicle velocities reach resonant or critical values. Therefore vibration control using control 

devices is very efficient way to suppress response of bridge. Passive energy dissipation devices or supplemental damping 

devices have been successfully implemented into structures for controlling the excessive vibrations under moving load, 

wind and seismic excitation. Literature review shows that the dynamic behaviour of the bridges has been significantly 

impacted due to moving loads. Bridge models of different spans prepared in CSI Bridge V_23. Load case is generated in 

such a way that two moving 70R vehicles crosses the bridge. The spacing between two vehicles is kept 30m according 

to code IRC: 6, & the velocity of the vehicle is taken as maximum permissible velocity according to IRC: 99. The 

deflection of mid span of the bridge without damper and with damper is measured. After changing the properties of fluid 

viscous damper deflection vs. time graph is plotted. 

This results in reduced structural response and increased damping, which can significantly improve the overall 

performance of the bridge. 

The specific objectives of this study is summarized as. 

(1)  To measure vibration induced in bridges due to moving vehicles.  

(2)  To measure vibration after providing viscous dampers. 

(3)  To use Multiple Dampers at strategic locations in order to achieve maximum control over deflection. 

(4)  To measure vibration after changing properties of the viscous damper.  

To use Multiple Dampers at strategic locations in order to control seismic and moving load excitations. 

 

Modelling of Bridge, load case and FVD: 

A bridge of length 32m and width 8.7m modelled in CSI Bridge V_23. The depth of longitudinal beams kept as 1.2m 

and thickness is taken as 0.3m. Thickness of deck slab is taken as 0.2m. After providing FVDs at the location shown in 

fig.2 the reduction in deflection is measured and the graph of deflection vs. span is plotted. Then in software moving 

combination is applied. Deflection of bridge without providing damper is measured. 

https://iarjset.com/


ISSN (O) 2393-8021, ISSN (P) 2394-1588 IARJSET 

International Advanced Research Journal in Science, Engineering and Technology 

ISO 3297:2007 CertifiedImpact Factor 8.066Peer-reviewed / Refereed journalVol. 10, Issue 4, April 2023 

DOI:  10.17148/IARJSET.2023.10462 

© IARJSET                  This work is licensed under a Creative Commons Attribution 4.0 International License                  471 

              
 Fig.1 Continuous Bridge            Fig.2 Continuous Bridge with Damper 

 

Deflection of bridge is measured without damper and with damper. It is shown in fig. 3 and fig 4. Comparative graph is 

shown in fig. below. 

 

Table-1 Deflection without damper                                               Table-2 Deflection with damper 

               
 

 
Fig. 3 Comparative study graph  

 
 

Comparative study is carried out and Deflection vs. Time graph is plotted. Reduction in deflection for moving load 

combination is 24.875%. 

Similarly the study carried out for earthquake load combination. Displacement of bridge span with and without damper 

is measured. FVDs provided in the bridge as shown in the figure 2. The properties of fluid viscous damper is taken from 

the manual of Taylor Devices. After providing viscous damper deflection of the bridge is measured for the EQ Basic load 

combination. 
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               Table -3 Deflection without damper  Table – 4 Deflection with damper  

    
Figure shows graphical representation of span wise deflection of bridge with and without damper. Figure shows reduction 

in deflection is around 13%. The performance of FVDs in controlling the undesirable response of the bridge is 

investigated. The properties of fluid viscous damper is taken from the manual of Taylor Devices. When multiple fluid 

viscous dampers are provided at stretagic locations it become more effective in controlling vibration. 

 
         Fig.4 Comparative study 

 

After changing position of FVDs and providing it on pier as shown in figure  the deflection of bridge deck is measure for 

moving load combination. Span wise deflection is measured after providing FVDs properties for Taylor Device design 

manual. 

 

                                                   
Fig. 4-FVDs at pier  

For moving load combination span wise deflection with damper and without damper is shown in table below. Which 

shows reduction in peak mid span deflection. 
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Table – 5 Deflection of bridge under moving load   Table-6 Deflection of bridge with damper 

 

 
 

Comparative graph of displacement vs. span is plotted and the reduction in displacement is around 24.59%. It is important 

to note that the seismic analysis of bridges in India should be performed by qualified structural engineers who are familiar 

with the Indian code and its provisions.  

The code provides detailed guidelines and procedures to ensure the safety and reliability of bridge structures under 

seismic conditions in the specific Indian context.  

The effectiveness of viscous dampers depends on their design parameters, such as damping coefficient and installation 

location, which need to be carefully selected and calibrated to achieve the desired performance. 

It is more effective to provide viscous damper at pier’s location. Which reduced displacement in more effective way.  

Two fluid viscous dampers provided at each outer girder in order to reduce deflection.  

 

 

 
Fig.5 Comparative study 
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Fig.6 Min / Max envelope for deflection due to earthquake load combination  

Similarly the study carried out for earthquake load combination. Displacement of bridge span with and without damper 

is measured. FVDs provided in the bridge as shown in the figure 2. The properties of fluid viscous damper is taken from 

the manual of Taylor Devices. After providing viscous damper deflection of the bridge is measured for the EQ Basic load 

combination. 

     Table 7 – Deflection without damper  Table 8 – Deflection with damper                           
         

     
 
After providing 4-FVDs at pier reduction in peak deflection is 25.36%. Following figure shows comparative graph of 

span wise deflection.   
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            Fig.7 Comparative study 

 

II. CONCLUSION 

➢ The use of viscous dampers for vibration control in bridges has shown promising results. 

➢ Viscous dampers can effectively reduce the amplitude of bridge vibrations induced by traffic and seismic excitations. 

➢ FVDs reduces vibration in bridge around 45%. They work by dissipating energy through the relative motion of a 

piston and a viscous fluid, which converts the kinetic energy of the bridge vibration into heat.  

➢ This results in reduced structural response and increased damping, which can significantly improve the overall 

performance of the bridge. 

➢ Viscous dampers are relatively simple and easy to install and can be customized to suit specific bridge configurations 

and load conditions.  

➢ They are also cost-effective compared to other vibration control methods such as active control systems.  

➢ However, the effectiveness of viscous dampers depends on their design parameters, such as damping coefficient and 

installation location, which need to be carefully selected and calibrated to achieve the desired performance. 

➢ It is important to note that the seismic analysis of bridges in India should be performed by qualified structural 

engineers who are familiar with the Indian code and its provisions. The code provides detailed guidelines and 

procedures to ensure the safety and reliability of bridge structures under seismic conditions. 

   

 

ACKNOWLEDGMENT  

I consider it a privilege to be associated with the BVM Engineering College in this academic endeavor. I express my 

heartfelt thanks to my Guides DR. DARSHANA R. BHATT & DR. SNEHAL V. MEVADA, Assistant Professor of 

Structural Engineering Department, BVM Engineering College, V.V.Nagar, Anand for their spirited and valuable 

guidance, continued interest throughout the course of this work and encouragement towards the successful completion 

of this study. 

 

REFERENCES 

 

1. Abdeddaim, M., Kasar, A., & Nassim, D. (2019). A Novel inerto - viscous damper for seismic vibration control. 

July, 0–4. 

2. Elias, S., Rupakhety, R., De Domenico, D., & Olafsson, S. (2021). Seismic response control of bridges with nonlinear 

tuned vibration absorbers. Structures, 34(July), 262–274. https://doi.org/10.1016/j.istruc.2021.07.066 

3. Gangopadhyay, A., & Ghosh, A. D. (2016). Seismic Retrofitting of an Existing Steel Railway Bridge by Fluid 

Viscous Dampers. Journal of The Institution of Engineers (India): Series A, 97(3), 291–297. 

https://doi.org/10.1007/s40030-016-0164-0 

4. Liang, R., Wang, H., Li, J., Gao, H., Zheng, W., & Xu, Z. (2021). Multiple tuned inerter-based dampers for seismic 

response mitigation of continuous girder bridges. Soil Dynamics and Earthquake Engineering, 151(September). 

https://doi.org/10.1016/j.soildyn.2021.106954 

5. Lin, C. C., Wang, J. F., & Chen, B. L. (2005). Train-Induced Vibration Control of High-Speed Railway Bridges 

0

5

10

15

20

25

0 2.667 5.333 8 10.667 13.333 16

D
e

fl
e

ct
io

n
 (

m
m

)

Span (m)

https://iarjset.com/
https://doi.org/10.1016/j.istruc.2021.07.066
https://doi.org/10.1007/s40030-016-0164-0
https://doi.org/10.1016/j.soildyn.2021.106954


ISSN (O) 2393-8021, ISSN (P) 2394-1588 IARJSET 

International Advanced Research Journal in Science, Engineering and Technology 

ISO 3297:2007 CertifiedImpact Factor 8.066Peer-reviewed / Refereed journalVol. 10, Issue 4, April 2023 

DOI:  10.17148/IARJSET.2023.10462 

© IARJSET                  This work is licensed under a Creative Commons Attribution 4.0 International License                  476 

Equipped with Multiple Tuned Mass Dampers. Journal of Bridge Engineering, 10(4), 398–414. 

https://doi.org/10.1061/(asce)1084-0702(2005)10:4(398) 

6. Li, J., Su, M., & Fan, L. (2005). Trains Using Multiple Tuned Mass Dampers. June, 312–   320. 

7. Park, Y. M., Kang, J. H., Cho, S. H., & Kim, H. S. (2014). Dynamic Behavior of Cable-Stayed Bridge under Moving 

Vehicle and Train. Advanced Materials Research, 1065–1069, 870–874. 

https://doi.org/10.4028/www.scientific.net/amr.1065-1069.870 

8. Pisal, A. Y., & Jangid, R. S. (2016). Vibration control of bridge subjected to multi-axle vehicle using multiple tuned 

mass friction dampers. International Journal of Advanced Structural Engineering, 8(2), 213–227. 

https://doi.org/10.1007/s40091-016-0124-y 

9. Zhu, J., Zhang, W., Zheng, K. F., & Li, H. G. (2016). Seismic Design of a Long-Span Cable-      Stayed Bridge with 

Fluid Viscous Dampers. Practice Periodical on Structural Design and Construction, 21(1), 1–11. 

https://doi.org/10.1061/(asce)sc.1943-5576.0000262 

10. N. Krishna Raju Design of Bridges (Fifth Edition) 

11. Design of Bridges Jayram and Jagdeesh 

12. Damper Design Manual Taylor device 

13. V. K Raina Concrete Bridge design practice 

 

 

 

https://iarjset.com/
https://doi.org/10.1061/(asce)1084-0702(2005)10:4(398)
https://doi.org/10.4028/www.scientific.net/amr.1065-1069.870
https://doi.org/10.1007/s40091-016-0124-y
https://doi.org/10.1061/(asce)sc.1943-5576.0000262

