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Unified Understanding of Base Seismic Isolation, Interstory Seismic Isolation

and Tuned Mass Damper for Buildings
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Synopsis

For a building with an interstory seismic isolation system, an inverse problem is formulated

based on the pole allocation method in control theories. The structural system is simplified as a

3DOF lumped-mass shear model. The natural frequencies and the corresponding damping

ratios in the three vibration modes are set as the initial control target. To achieve this target, the

introduced solution provides the natural frequencies of the lower substructure, upper

substructure, and the isolator with damper capacity. The closed-form expression clarifies how

the isolator's natural frequency and damper's capacity are related to the dominant natural

frequencies of both the substructures and to the target modal damping ratios. The mathematical

expression explains the trade-off relationship between the damping ratios of the lower and

upper substructures. The solution is also applied to a building with a base seismic isolation

system or a tuned mass damper system.
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Fig.1 3DOF model for interstory seismic isolation
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Fig.2 3DOF model for base seismic isolation
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Fig.5 10DOF model to verify Equation (23)

Table 1 Parameters for 10DOF model

Stiffness ki (kN/m)

Story  Model ~ Model ~ Model Di?ff;ng
A B C
10 310,870 388,340 907,120 .
2% in
9 318,720 397,170 914,960 nd local
8 328,520 406,980 921,830 mode
7 338,330 416,780 931,630
20% at
6 12,337 (Isolator) 0.25Hz
5 1,814,200
4 1,853,460 2% in
3 1,902,490 1st local
2 1,961,330 mode
1 2,010,360
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Fig.6 Modal shapes of three 10DOF models

Table 2 Natural frequencies and damping ratios
of 10-DOF models

Model A Model B Model C
Mode Freq. Damp. Freq. Damp. Freq. Damp.
(Hz) (%) (Hz) (%) (Hz) (%)
1 0242 17.9 0.243 18.2 0.245 18.7
2 1.830 5.2 1.985 2.0 2.033 6.4
3 1.997 8.0 2.043 10.7 2.992 5.1
4 3371 5.7 3.756 5.5 5.686 4.5
5  4.636 5.9 5.167 5.9 5.754 7.6
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Table 3 Mass ratios corresponding to Fig.7
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