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MULTIPURPOSE PASSIVE CONTROL OF MID-STORY ISOLATION BUILDINGS 
DESIGNED TO MITIGATE SEISMIC RESPONSE IN SUBSTRUCTURE 

 
 
  

Kensaku KANEKO 
 

This paper describes the passive control method of mid-story isolation buildings designed to mitigate seismic response in the 
substructure. An equivalent two degree of freedom system consisting of both the substructure and the super structure is introduced. 
Optimal parameters of the isolation are formulated for the building subjected to white noise ground motions. The equivalent 
frequency and the damping factor of the equivalent single degree of freedom (SDOF) system are defined based on the random 
vibration theory. The practical estimation methods of maximum responses are proposed with the combination of the SDOF model and 
the response spectrum method. Finally, performance curve diagrams are presented. 
 

Keywords : Mid-story isolation, Tuned mass damper, Dynamic absorber, Vibration control, Performance curve, Seismic retrofit 
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Mid-isolation buildings designed to mitigate seismic response in a substructure is discussed. Similar systems such as a heavy tuned 

mass damper (TMD) attached to the rooftop of buildings is also involved in our subject. The objective of this paper is to find both optimal 

tuning ratios and viscous damping factors of the mid-isolation minimizing seismic peak response of the substructure to ground motions 

induced by earthquakes. Evaluation methods of the peak responses in both the super structure and the substructure are presented based on the 

response spectrum method. It is applicable to the wide range of the tuning ratios from the optimal condition to isolated-conditions.  

Applicability of the classical Den Hartog’s expression for the tuning ratio is reviewed. For this purpose, the equivalent 2DOF system is 

formulated from the stick model of the building with the aid of the dynamic reduction approach. Optimal parameters minimizing the mean 

square response in the substructure to the white-noise ground motion are derived in terms of the equivalent mass ratio. The optimal 

parameters are compared with one estimated by a number of numerical analyses. The response surface is generated by the peak responses of 

the various systems with various tuning ratios and damping ratios. The optimal parameters on the response surface are estimated by using the 

sequential quadratic programming method. The result shows good agreement with the optimal points predicted by the proposed method for 

systems with various mass ratios.  

Next, evaluation methods of the peak response are formulated. The two dominant frequencies of the system are statistically replaced by 

an equivalent frequency based on the random vibration theory. The equivalent damping is also derived in the similar manner. The two 

parameters consisting of the mass ratio and the effective mass of the substructure define a SDOF model. The model theoretically shows that 

there exists the upper limit of the performance mitigating the seismic response. In order to verify the parameters of the SDOF model, the time 

history responses of the 2DOF model are intentionally under-fitted by the ARX model with insufficient number of AR parameters. The 

estimated SDOF parameters correspond to the parameters obtained by the proposed SDOF model. Two types of the peak response ratios are 

defined. One is the ratio of the peak isolation displacement to the peak displacement in the substructure. Another is the ratio of the peak 

acceleration of the superstructure to the peak acceleration of the substructure. The ratios are rigorously represented by the tuning ratio, the 

damping factor, and the mass ratio. The estimated response ratios have accuracy within twenty percent errors in comparison with results by 

time history analyses.  

Finally, performance curve diagrams are presented in combination with the equivalent SDOF parameters and the proposed equation for 

the response ratios. The performance curves are utilized to realize multipurpose passive controls including reduction of seismic response both 

the substructure and the superstructure by graphical interpretation.  
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