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Shaking Table Tests on Semi-active Base Isolation System Employing Magnetorheological Damper
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This paper presents the results of an experimental study of a particular adaptable, or smart, base isolation

system that employs magnetorheological (MR) dampers. The experimental structure is a base-isolated two

degree-of-freedom building model subjected to simulated ground motion.

A sponge-type MR damper is

installed between the base and the ground to provide controllable damping for the system. Bouc-Wen

hysteresis model is employed to describe dynamic behavior of the MR damper. A clipped-optimal controller

is introduced for the semi-active control. The effectiveness of the proposed smart base isolation system is

demonstrated for both strong and moderate earthquake excttations.
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Fig.1 Experimental setup of the smart base isolation system
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Fig.2 Schematic of the MR sponge damper.
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Fig4 MR damper model with Bouc-Wen hysteresis
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Fig.7 Numerical response for simulated El Centro NS
earthquake record with maximum acceleration of 0.2 g
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Fig.8 Experimental result due to the strong El Centro NS
earthquake record

Table 1. Maximum experimental structural response

due to simulated earthquakes.
El Centro NS [IMA Kobe NS
Ground Acceleration [cm/s?]
198.5 68.76 | . 455.6

Base A cceleration [cm/s*]

Without Damper 111.6 33.41 236.4
Optimal Passive 142.2 54.94 2374
MR Damper 89.0 30.56 179.5

(37.4%)* (44.4%)* (24.4%)*
Structural Acceleration [cm/s2]

Without Damper || 96.24 24.93 179.9
Optimal Passive | 69.47 37.18 150.4
MR Damper 52.49 15.73 134.5

(24.4%)*  (57.7%)* | (10.6%)*
: Base Drift [cm]

Without Damper | 1.0639 0.2558 1.953

Optimal Passive | 0.3988 0.0556 1.135

MR Damper 0.4567 0.0979 1.117
Damper Force [N]

Optimal Passive 26.74 21.56 - 28.88

MR Damper 27.30 7.30 40.07

*: reduction ratio over optimal passive defined by
(Optimal Passive—MR Damper)/Optimal Passive x100
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=H=with optimal passive damper

=o=with semi-active damper
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Fig.9 Experimental results for attenuation of the input ground acceleration due to scaled El Centro NS earthquake record
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Fig.10 Comparison of the e xperimental results and
simulated results due to scaled El Centro NS
earthquake record
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