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Seismic Response Analysis of Intelligent Base-Isolated
Structure with MR Damper
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Abstract The performance of intelligent base-isolated structure with M R damper for suppressing
the seismic response is studied- The numerical model of the hybrid control system is established. The
bilinear hysteretic model is applied to simulate the hysteretic characteristics of the rubber bearing
isolation cushion. The fuzzy semi-active control strategy is employed to calculate the force of the MR
damper. Simulated analysis demonstrates that the MR intelligent basedsolated system can not only
significantly reduce the earthquake response of upper structure, but also protect the deformation of
base-isolated system from damage. Intelligent base—solated system becomes a practical and useful

control system.

Key words base-isolated struture, magnetorheological fluid damper, response analysis, fuzzy semi—

active control, earthquake response
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Fig. 1 Thebilinear hysteretic model
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kp1: The horizontal stlffness of the base-solate cushion
before yielding; k&» The horizontal stiffness of the basedsolate
cushion after yielding; W: the yielding displacement of base~
isolate cushion; W The hysteretic transformation according to
x,= Owhen the velocity of base-isolate cushion is from positive

to negative or from negative to positive
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Fig- 2 The intelligent basetisolated structure with M R damper
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Table 1 The fuzzy control rules
Ay, NL NS ZR PS PL
’ NL PL PL PS PS ZR
. NS PL PS PS ZR NS
ZR PS PS ZR NS NS
41 PS PS ZR NS NS NL
MR , MR PL ZR NS NS NL NL
fa . , 4.2
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s , MR
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Ay Ay .
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Axb AV[) Fmin, |u0‘< |me‘ ’
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F | Foal < Lo
max max | N
{AXb } = {AVb} = {UO} = N Fmin Enax g'min
{NL,NS,ZR,PS,PL}, (7) § MR - 340
,NL = (Negative Large), NS =
(Negative Small), ZR = (Zero), PS =
( Positive Small) ,PL = (Positive Large). 5
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ay ,b, the peak displacement of the base— isolated cushion

Table 2 The parameters of stories frame structure
in passive controlled structure; a,,b, the peak velocity of the

base— isolated cushion in passive controlled structure; & ,b. the

Storey mass( kg) Stiffness (kN /m)  Damping(N/m)
peak control force of the structure > > -
1 245 10° 1. 5< 10° 4.5 10
’ 2 245 10 1.5< 10° 4.5 10
MR 3 245 10° 1.5¢ 108 4.5 10
4 245 10 1.5< 103 4.5 10
B 5 2. 68 10 L 6X 103 5. 10
2
s 1 . (F %5 % 299 Continue on page 299)
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Table 3 The parameters of MR dam per

(mm)

D d L % [
(mm) (mm) (mm) (Pas) (kPa) (k Pa)

2

80 40 40 1.0 0 50

4

Table 4 The peak displacement of each storey in different

structure

Storey

Displacemen t( m)

Uncontrolled

structure

Passive base—  Intelligeat hase—
isolated structure isohted structure

Base-isolated -

0.1311
0.1197
0.0991
0. 0703
0. 0364

0. 0903
0. 0901
0. 0899
0. 0894
0. 0887

0. 0519
0. 0506
0. 0491
0. 0476
0. 0459

—_— N W kW

0. 0880 0. 0449

storey

48.98%0 ,

MR
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3L 1%
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