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Vibration Control Performance Evaluation of Hybrid Mid-Story Isolation
System for a Tall Building
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Abstract

A base isolation system is widely used to reduce seismic responses of low-rise buildings. This system cannot be
effectively applied to high-rise buildings because the initial stiffness of the high-rise building with the base isolation system
maintains almost the same as the building without the base isolation system to set the yield shear force of the base

isolation system larger than the design wind load. To solve this problem, the mid-story isolation system was proposed and
applied to many buildings. The mid-story isolation system has two major objectives; first to reduce peak story drift and
second to reduce peak drift of the isolation story. Usually, these two objectives are in conflict. In this study, a hybrid
mid-story isolation system for a tall building is proposed. A MR (magnetorheological) damper was used to develop the
hybrid mid-story isolation system. An existing building with mid-story isolation system, that is “Shiodome Sumitomo
Building” a high rise building having a large atrium in the lower levels, was used for control performance evaluation of
the hybrid mid-story isolation system. Fuzzy logic controller and genetic algorithm were used to develop the control
algorithm for the hybrid mid-story isolation system. It can be seen from analytical results that the hybrid mid-story
isolation system can provide better control performance than the ordinary mid-story isolation system and the design process
developed in this study is useful for preliminary design of the hybrid mid-story isolation system for a tall building.

Keywords : Hybrid mid-story isolation system, Seismic response reduction, Smart vibration control, Soft computing,
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(Table 1) Structural
properties&

Sto Gravity Stiffness

VRN (KN/mm)
R 56580 1511
25 33950 1734
24 33810 2111
23 30170 2168
22 30250 2240
21 30350 2336
20 30570 2486

Linear spring for 19 31070 2484
rubber bearing

18 3109 2586
Bi-Linear spring 17 30650 2589
for damper 16 30720 2652

15 30800 2631
Isolation interface 14 31250 221
13 34990 3106
12 39530 Table 2
11 30680 1083
10 30670 4452
16330 4791

9
8 16650 4953
7 16850 5204
6 16820 5361
5 16830 5707
7 4 17000 5923
' , o 3 1680 6344
(Fig. 2> Analysis model 2 5330 2675
1 30210 3178

(Table 2) Properties of isolation svstems)

1st-stiffness  2nd-stiffness  Yield shear
Element "4 \/em) ~ (KN/em)  force (kN)
Multi-rubber
bearing 807 B B
dlead 26500 ; 22000
amper
dSteel 678 » 3500
amper
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(Table 3) Multi-objective functions

Objectives Description
1 Peak isolator drift of hybrid system
Peak isolator drift of original model
2 Peak story drift of hybrid system
Peak story drift of original model
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(Table 4) Comparative model
Name Description
Model 1 Without mid-story isolation
Model 2  Existing model of Shiodome Sumitomo

Model 3~ With mid-story isolation as a TMD
Model 4 With hybrid mid-story isolation
2.4
X Model 1
b <© Model 2
. X + Model 3
£ 27 O Model 4
T | @ Selected FLC1
2 A Selected FLC2
G 1.6
L
g +
X 1.2+
& X
8
0.8
0.4 T I T I T I T I T
0 0.2 0.4 0.6 0.8 1

J1(Peak isolator drift)

(Fig. b) Pareto optimal solution
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FLC Model1 Model 2 Model 3 Model 4
FLC1 0.0305 0.1817 0.1468 0.1776
FLQ2 0.0305 0.1817 0.1468 0.1186
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