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PASSIVE CONTROL OF SUPER HIGH-RISE BUILDINGS USING HYSTERIC TUNED MASS DAMPER 
 
 
  

Kensaku KANEKO 
 

This paper proposes design method for a hysteric dynamic absorber to reduce seismic response in super high-rise buildings. Friction, 
rigid-plastic and bi-linear hysteresis type are employed for the absorber. Optimal conditions for the initial stiffness, the post-yielding 
stiffness and the yielding strength of the damper are estimated by numerous time history analyses using an equivalent two degree of 
freedom systems. Finally, effectiveness of seismic mitigation for super high-rise buildings having wide variety of natural periods is 
confirmed through a comparison of a conventional linear viscous absorber. 
 

Keywords : Super high rise building, Long-period ground motion, Tuned mass damper, Vibration control, Seismic retrofit, Tuning condition 
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Recently, super high-rise buildings of an early date are thought possibly to suffer severe damage by coming long period ground motions. The 

objective of this study proposes seismic retrofit procedure using a hysteric dynamic absorber located at top of the existing buildings.  

Firstly, the buildings are modeled as a lumped mass model having single degree of freedom (SDOF). The target system is two degree of 

freedom system consisting of this SDOF system and the roof top absorber with one mass. The absorber is a normal bi-linear hysteresis model. 

Other two types of the absorber are employed because it is difficult to obtain three optimal parameters determining the bi-linear hysteresis 

model at a time. The optimal yielding strength of a friction damper (or coulomb slider model) is discussed. The optimal parameters are obtained 

in such a way as to maximally reduce seismic response of the buildings by numerous time history analyses. The optimal yielding strength is the 

value that multiplied 0.25 by base shear coefficient of the buildings without the absorber. This value holds for any building having wide variety 

of natural periods if the velocity response spectrums around the target buildings are almost flat shaped. The optimal post yielding stiffness is 

determined through the response surface model created by time history analyses of the system with a rigid-plastic absorber. This optimal 

stiffness is almost accorded with the well-known optimal value based on a linear viscous absorber. In other words, the optimal stiffness is 

governed by the ratio of the damper mass to the effective mass of the building. Finally, the optimal initial stiffness is discussed by the bi-linear 

hysteresis absorber having the optimal yield strength and the optimal post-yielding stiffness derived from the previous study. The initial 

stiffness of the absorber contributes little to the maximum displacement of both of the buildings and the absorber if the ratio of the initial 

frequency of the absorber to the natural frequency of the building is more than three. Therefore, the initial stiffness is trivial in case that this 

condition is satisfied. Through the above-mentioned study, all of the optimal parameters are presented. Using these parameters, the optimal 

absorbers potentially mitigate maximum seismic response by forty percent in case that the mass ratio is 0.03.  

Secondary, multi degree of freedom system for the buildings is employed to consider higher modal responses. It is theoretically shown that 

the vibration modes are coupled if the hysteric absorber is adopted. However, the every coefficient of correlation between any modal responses 

are relatively 0.25 when the absorber is optimally tuned. Consequently, the modal responses evaluated by the response spectrum method can be 

combined by using the square root of square sum (SRSS) method. The hysteric absorber is able to reduce only one mode like the linear viscous 

damper. Therefore, the higher mode responses of the building remain if the absorber is optimally tuned to reduce the first vibration mode. 

However, it is confirmed that the performance decline by ten percent by the response spectrum approach in terms of mitigation of the story drift 

angles.  

Finally, effectiveness of seismic mitigation is verified through a comparison of the hysteric and the linear viscous absorber. Ten simulated 

long period ground motions and twenty super high-rise buildings with natural periods ranging from two seconds to six seconds are employed. It 

is concluded that the hysteric absorber meeting the optimal condition have almost the same performance as the linear viscous one.  
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damper. Therefore, the higher mode responses of the building remain if the absorber is optimally tuned to reduce the first vibration mode. 

However, it is confirmed that the performance decline by ten percent by the response spectrum approach in terms of mitigation of the story drift 

angles.  
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