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Abstract— This paper concentrates on assessing how the variation of placement and number of dampers affect the 

structural responses of a building. To achieve the above aim, the structure designed is G+47 storeys, located in a highly 

seismic prone zone. A parametric study has been carried out on the R.C.C building for its structural responses. The 

similar structure is analysed with performance base placed visco-elastic dampers to understand the changing responses of 

the structure. Optimum combination of dampers is hence achieved. Finite Element Analysis was employed using the 

program ETABS 2016. 

 

Index Terms- ViscoElastic damper, Response Spectrum Analysis, Performance Based Placement, Structural Responses, 

Dynamic Analysis, Vibrations. 
________________________________________________________________________________________________________ 

I. INTRODUCTION 

Civil engineering structures located in environments where earthquakes or large wind forces are predominant will be subjected 

to serious vibrations during its lifetime.  The vibrations can range from harmless to severe with the later resulting in serious 

structural damage and potential structural failure [1]. The dynamic force like an earthquake force resulting from rapid movement 

along the plane of faults within earth’s crust releases great energy in the form of seismic waves, which are transmitted to the 

structures through their foundations, and cause to set the structure in motion. These motions and induce abrupt horizontal and 

vertical oscillations in structures, which result accelerations, velocities and displacements in the structure [2]. 

When wind blows against the building, vortices are created. When vortex shredding frequency reaches near to the natural 

frequency, resonance occurs. When this vortex shredding takes place along the large side of the building height, it results in large 

forces and amplitudes. Fluctuations in the upstream wind cause the building to vibrate, resulting in accelerations. The 

accelerations can negatively influence the inhabitants of tall structures [3]. It is rightly said that, “Earthquakes don’t kill people, 

buildings do.” Considering the rise in the construction industry, life of the structure is an important aspect to look at. Getting the 

residential and commercial buildings equipped with different types of base isolation and damping systems is the need of an hour. 

The western countries along with other few earthquake prone countries have intensified the production and use of damping 

systems. Considering the vertical crawl of the towers the need of such damping systems has been realized. Hence promoting the 

need for study and analysis of methods for resisting wind and seismic waves. 

Using dampers in structure is costly, therefore their number and optimal locations in a structure, where their performance can 

be optimal in terms of seismic energy dissipation, is significant to build a cost effective earthquake resistant structures [4]. Zhang 

[5] stated that for the 10-storey example structure, a saving of two to five dampers can be realized if storey drift is taken as the 

criterion of response reduction. The results obtained by Wei WH [6] indicate that both viscoelastic damper and the fluid viscous 

dampers are quite effective in reducing the dynamic responses of the structures. 

II. METHODOLOGY 

Any structure that is subjected to vibration stores energy both in the forms of kinetic energy and potential energy and also has a 

means to dissipate energy. The kinetic energy is stored due to the mass of the structure, potential energy is stored due stiffness 

and the energy is dissipated due to damping. If the damping is insufficient, the structure that is vibrating at a resonant frequency 

tends to result in high amplitudes might lead to structural failure [7]. 

A G+47 RCC multistorey building has been considered for analysis. Analytical modeling of structural components has been 

done. The effect of soil structure interaction has been ignored in analysis. The columns are considered fixed at the base. Beams 

and Columns are modeled as frame element and joined node to nodes. Viscoelastic dampers are designed for the particular time 

period of the structure and are installed in the building to combat the wind forces and acceleration forces due to earthquake. The 

building has been modeled using E-TABS basic modeler. Trial and error method has been carried out to find the optimum 

location for the visco elastic dampers in the building. 

III. MODELLING DETAILS 

Structural Details 
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As mentioned earlier, G+ 47 RCC structure has been considered. The elevation of structure is 192.7 m. The building plan size 

varies at intervals. Building plan size at ground – 5 storey = 40.7m x 25m.  

Building plan size at 6-39 storey = 40.7m x 19.5m. 

Building plan size at 40 – 47 storey = 40.7m x 15.5m 

The structure has been designed for the following load conditions. 

TABLE I 

1. Gravity Loads Dead load according to IS 875 part I 

 Live Load according to IS 875 part II 

2. Wind loads In accordance with IS 875 part III 

 Basic wind speed : 55 m/s 

 Risk coefficient and topography 

factor are taken as unity. 

3. Seismic Load Criteria as per IS 1893: 2002 

 Zone IV 

 Site type III 

 

 

Fig 1: Plan of Ground to 4 storey 

 

Fig 2: Plan of 5 to 39 storey 
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Fig 3: Plan of 40 to 47 storey 

 

 

 

 
Fig 4: 3D sketch of the structure 

 

Damper Details 

The damper properties are designed with reference from literature papers by M.L Lai, D.A Lunsford [8] and K.C. Chang [9] 

 

TABLE II 

PROPERTIES OF VISCOELASTIC DAMPER 

Damper used: Visco Elastic damper 

Model: 3M ISD 110 

Dimension of each VE 

Damper: 

30 x 76 x 2.5 cm. Total 4 

slabs used. (Refer fig 5). 

Designed Values:  

Shear Modulus G’ 0.348 

Loss Modulus G” 0.417 

Stiffness coefficient K 12695.04 kn/m 

Damping coefficient C 10444.48 kn*(s/m) 
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Fig 5: Design of Visco-Elastic Damper used [9] 

 

 

Fig 6: Location of Dampers  (indicated in red) 

 

Various distribution formats of Visco-Elastic Damper considered.  

In total 7 formats are considered. Format 1 is considered as reference format which is without dampers. Formats 2 to format 7 

are with different distribution patterns of visco elastic damper. The distribution patterns are explained below.  

Format 1: No dampers are used in this format. Structural responses of all the other formats are compared with this format 1. 

Format 2: In this format the dampers are placed at every 5 storeys. viz (5,10,15…..45) Location of the dampers is described in 

Figure 6. 

Format 3: In this format the dampers are placed at 14 to 34 storeys. Location of the dampers is described in Figure 6. The idea 

behind this format was to check how the building responds as a whole when dampers are placed at the middle 20 

storeys of the building.  

Format 4: In this format the dampers are placed at 27 to 47 floors. Location of the dampers is described in Figure 6. The idea 

behind this format was to check the structural responses of the building when the dampers are placed at top storeys.  

Format 5: In this format the dampers are placed at storeys where the column section reduces. The column section reduces 

throughout the elevation of the building at intervals. The column sections change at 5,10,20,30,40 storeys. Hence 

Dampers are placed at 5,10,20,30,40 storeys. Location of the dampers is described in Figure 6. Storey drift observed at 

changing sections is quite high. Hence this format is tried.   

Format 6: The column sections change at 5,10,20,30,40 storeys. The dampers are hence placed at two storeys above and below 

the storey where the column section has changed. For example, considering 5th storey as the storey where column 

section has changed, dampers are placed at 3,4,5,6,7 storeys. Location of the dampers is described in Figure 6.  

Format 7: Considering the aspect ratio of the structure, stiffness observed along X axis is too high. The stiffness helps in reducing 

the structural responses to a certain extent. Hence in format 7 dampers are placed only along Y axis to cope with 

forces in Y direction. Dampers are placed at every 5 storeys.  
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TABLE III 

NUMBER OF DAMPERS IN EACH FORMAT 

Format 1 Zero 

Format 2 72 

Format 3 168 

Format 4 168 

Format 5 40 

Format 6 160 

Format 7 36 

 

 

IV. RESULT AND DISCUSSION 

Every format has been analysed with Etabs 2016 basic modeller software. The results have been considered for the most 

critical load condition. Considering basic wind speed of 55km/s, here wind too is a governing factor. Results are hence 

obtained for the most critical load combination.  

 

TABLE IV 

PERCENTAGE REDUCTION IN STOREY DRIFT 

Format Max Storey Drift Percentage 

Reduction 

Format 1 0.0071 - 

Format 2 0.00681 4.08% 

Format 3 0.00692 2.53% 

Format 4 0.00679 4.36% 

Format 5 0.00678 4.50% 

Format 6 0.00688 3.09% 

Format 7 0.00706 1.40% 

 

 

 

 

Fig 7: Comparison of storey drift for each format 
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Fig 8: Comparison of storey displacement for each format 

 

 

 
 

 

Fig 9: Comparison of Maximum displacement 

 

 

TABLE V 

PERCENTAGE REDUCTION IN DISPLACEMENT 

Format Max 

Displacement(mm) 

Percentage 

Reduction 

Format 1 679.073 - 

Format 2 639.943 5.76% 

Format 3 647.449 4.65% 

Format 4 661.529 2.58% 

Format 5 646.086 4.85% 

Format 6 636.667 6.24% 

Format 7 667.563 1.69% 
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According to Fig 7 and TABLE IV, Format 5 shows maximum reduction in storey drift. Proving that dampers placed at storeys 

where section changes show better reduction in storey drift. As per Fig 8 and TABLE V, it is observed that format 6 shows the 

maximum reduction in displacement. As state in TABLE III, format 2 is economical as compared to format 6. TABLE VI 

discusses about the changes in time period observed for every format. It is again observed that format 2 and format 6 show the 

lowest of the time periods.  

 

TABLE VI 

TIME PERIOD FOR 1ST MODE 

Format Time Period(sec) 

Format 1 4.471 

Format 2 4.314 

Format 3 4.340 

Format 4 4.412 

Format 5 4.355 

Format 6 4.304 

Format 7 4.420 

 

V. CONCLUSION 

1. Summary of results from this study suggest that location study of Visco-Elastic dampers are effective in reducing the 

structural responses of the structure.  

2. Damping ratio has improved significantly due to the visco-elastic dampers. 

3. The effectiveness of added ViscoElastic dampers is reduced the seismic response (drift, displacement, shear and 

overturning moment) of the structures about 4-10%. 

4. Time period of the structure too can be significantly reduced by performance based placement of dampers.  

 

REFERENCES 

[1] Hongnan Li and Linsheng Huo, “Advances in Structural Control in Civil Engineering in China,” Mathematical Problems in 

Engineering, vol. 2010, Article ID 936081, 23 pages, 2010. doi:10.1155/2010/936081     

[2] R. H. Lyon and R. G. DeJong, Theory and Application of Statistical Energy Analysis (Buttersworths-Heimann, Boston, MA, 

1995). 

[3] U.M Winter, 2011 Super High Rise in Rotterdam. Delft University of Technology. pp 108 

[4] Azin Shakibabarough, Ashutosh Bagchi 2016, Effect of Damper Locations and Base Isolators on Seismic Response of 

Building Frame. International Scholarly and Scientific Research & Innovation Vol:10, No:6, 2016 pp 739-744 

[5] Ri-Hui Zhang and T. T. Soong, 1992 ASCE, Seismic Design of Viscoelastic dampers for structural applications. Journal of 

Structural Engineering. Vol. 118, Issue 5 (May 1992), pp 1375-1392 

[6] Wei WH, Qu WL, Chen ZH. “Viscoelastic damper in control of earthquake responses on nonlinear buildings”. Earthquake 

Engineering and Engineering Vibration 1999; Vol: 19, No 4: pp 95-101. 

[7] S.S.Rao 2004, Mechanical Vibrations. Prentice Hall Inc. University of Miami.  

[8] M.L Lai, D.A Lunsford, K. Kasai, P.Lu and K.C. Chang 1996, ViscoElastic damper. A damper with linear or non linear 

material? Eleventh World Conference on Earthquake Engineering. Paper no 795 

[9] K.C. Chang, Y.Y. Lin and M.L. Lai, December 1998 Seismic Analysis and Design of Structures with VE Dampers. ISET 

journal of Earthquake Technology, Paper no 380, Vol 35, No 4, pp. 143-166 

[10]   Raheel Kazi, P. V. Muley, P. Barbude, 2014 ” Comparative Analysis of a Multistorey Building with and without Damper” 

International Journal of Computer Applications,ISSN0975–8887. 

 

 

    

file:///E:/Planet%20Publication/IJEDR/Volume%203/Vol%203%20Issue%202/Published_Paper_V3_I2/www.ijedr.org

