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Development of the vibration control devices and the optimal
base-isolation design system for Structures
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ABSTRACT
Seismic Isolation and Shock/Vibration Control Laboratory has performed the National Research
Laboratory(NRL)  project,  "Design and  Application of  Control
Earthquake/Shock/Vibration". In this project, the prototypes of the vibration control devices for

Devices  against
structural control against earthquake and wind were developed and verified their performances.
And also, the computer programs were developed for the seismic response analysis and the
optimum design of the base-isolated structures with vibration control devices. This paper

introduces the developed vibration control devices and computer programs.
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(a) FPS (b) PFS
Dead Load 800 kg/Unit
Vertical Stress 20 MPa
Diameter of Friction Material 22.3 mm
A Plate 4 Friction Materia - 05 m
Surface Roughness 0.03 um
Frequency/Period 0.705Hz/1.42 s
Restoring Stiffness 16000 N/m
Total Displacement of Design 400 mm
Plate Material SC45C Steel
Surface Coating Material/ Thickness| Cr / 50 ym

Fig. 1 Prototypes of the Friction Type Isolators
and Principal Specifications of the FPS

(b) PFS

Fig. 2 Prototypes of the Friction Type Isolators
and Principal Specifications of the FPS
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Fig. 3 Comparion of seismic response of five
stories steel frame structure with/without FPS
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Fig. 4 Comparison of seismic response of five
stories stone pagoda with PFS +LRB
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Piston Rod Diameter 35mm
Piston Head Diameter 55mm
Effective Piston Area 14.14cm’
Maximum Stroke +50mm
Maximum Damping Force 2000kgf
Used Qil Compressible DTE24
Fig. 5 Prototype and Prin

cipal Specifications of
the OFS
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Fig. 6 Control Performances of the OFD under
Random Excitation and Earthquake for 6-Story
Steel Structure
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Fig. 7 Comparison of the Simulation and
Experimental Results under Earthquake for
6-Story Steel Structure with the OFD
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Fig. 8 Control Performances of the Semi-active
OFD under Random Excitation and Earthquake
for 6-Story Steel Structure
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Max. Force (F) 10kN
Max. Stroke +30mm
Designed Velocity 62.8mm/sec
Cylinder Outer Diameter 95mm
Cylinder Inner Diameter (D) 80mm
Piston Diameter (Do) 35mm
Coil Size (Diameter) 20gage(0.81mm)
Coil Turns (N) 800 turns
Designed Current (I) 2A

Fig. 9 Prototype and Principal Specifications of
the MR Damper
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Fig. 10 Characteristics of the MR Damper
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Fig. 11 Control Performances of the MR
Damper under Random Excitation and
Earthquake for 6-Story Steel Structure
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Fig. 13 Control Performances of the MSA
under Impact Test for Beam Structure
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Fig. 14 Flow chart of the program “NLDA-BIS”
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Fig. 15 Verification Example of NLDA-BIS
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Equation of Motion
-Superstructure, Base,
Nonlinear Base Isolator-

-Assumption of Base Excitation
as Stationary Random Process
-Stochastic Lincarization of

Nonlinear Base Isol:

Stochastic Properties of the
System Response
-Mean, Standard Deviation -

Constraints based on
System Requirements P
-Structural Safety, Costs, etc. -

Constrained Optimization
based on
Stochastic Properties of
System Response

Optimization Technique
-Sequential Quadratic
Programming Method-

Optimum Parameters
of
Base Isolators and Dampers

Fig. 15 Flow chart of the program “OPT-BIS”
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