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Abstract

In this paper, the seismic performance of
structures using Friction Pendulum Bearings
for isolation and vibration control using Tuned
Mass Damper or electric servomotor Active
Mass Damper are verified through numerical
simulations. Moreover, shaking table tests are
carried out to study the system identification of
a haf scale mode structure from earthquake
response records and shaking table tests of the
model structure isolated by friction pendulum
bearings are also conducted. It is concluded

that : (1)The electric servomotor AMD system
proves to be effective and efficient within a
certain range of the pitch. The reductions of the
peak responses can reach as high as 70 per cent
if properly designed ; (2)The dynamic
characteristics of a steel model can be
identified by a single input multiple outputs
(SIMO) ARX model and, in turn used to
construct the system matrices of the model
structure. ; (5)FPB is effective for isolation of
structures. The more intensity is the earthquake,
the more pronounced is the isolation effect ;

Keywords:Friction Pendulum Bearing, Tuned

Mass Damper, active control,
electric servomotor, system
identification
~dd BB D
1999 # 9 " 21 p R - gw - & 5

BoREL RS BARR T
BRE¥ R peelct 2 RlRe 2 H e
REFTZFFAF AL LR
ﬁk‘%*ng%%%”ﬁ&’Méﬁ%
(A -E - B2 (10" 22p) &
AEBEHLFSFRAN 64 G R 2
Fhe G o A KT UE o REL CBEA
FIESRAL L BE T Lf RS %w“
BHEH I PR AL L A A e p o
BHE 2L %wjfﬁwvm}ﬁ

- RRIRBR SRR AR A5
i o

-~

D B D B A A



PUH RS R B AR T MRS W 3 5 BHF Rdg AT S o 4 BV
HE AR RFRLERAF o F R oo FIEEL [, =1om~ [, =50mpF > S
TR E kG R EE uﬁj«?ﬁ*ﬂ,}ijﬁ; BB ITR F A T 900% Fdlre kAR Y

ﬁ@ﬁ’éﬂw RREERERFEIR a5
m;@w olgﬁbmﬁﬁ#%&bﬂ»ﬁ; 4 A 100
ggmz%’aj?ﬁ@‘;;/%x;o |
TUTEFAFPMIE CFR G REF S
?#ﬁ%ﬂﬂi°

A

g

=
=t
*~
==

Structural Response Index, SRI (%)
3
|

—&—  R=10%-2.0)
= N & : _@ ?—]-’:‘ﬁ —&— Re10v21)
= Y F = Rl . e

40 R=10%(2.2)

—@— R=10%2.3)

B 15 TMD bl A b R o
f/%‘”:?___’% 2‘?13)@3,;@;7' LL ﬁ;{o ‘:; @&ET s 14 TMD o 1 2 3 APitsch(cﬁm)7 8 9 10 11
K*“"%% FRAT 2% BT A AL Bl 3 SR ity 2 ocic ¥ &

Tk BARIRE R A AT

Bl 4 3 SREE gl 4 2 B

d
ﬁﬁ¢MﬂﬁE4*r«?m@r:ﬂaw
< oo FADRE Y < RS o R %E#J*
Fgrrg i FE TR A
77 o
- —— R=107(2.0)
100 o - —4— R=10%2.1)
—O— R=107(22)
6000 —| 4 —@— R=10%-2.3)
—A— R=10%(-2.4)
§ 0% g il —A— R=10%25)
°°°\‘\‘\‘\ :§ ]
000 050 f(Hz) 150 ]
E] 1 TMD *U#Jl’t’;\j.‘mﬁ,"lj lJ‘f#TEﬁ]ﬁf%'}tF'-} 2000 —|
L) o SRS 0
T T 1T T 1T 1T T T
v o s, R L o . . i o 1 2 4P|§:h(<:6m)7 8 9 10 11
B2:pAFPg2 d RS ELH B 4 WREES ] 4 chfl

Fogld rsi> i &d THFIRSE 2 FR
PR R iz ¥ A d R skiR4E

"En

i F KRR ] 0 TR TR

STIES U > T = o RUREH] K S mg s SR B AR T ﬁﬂﬁﬂﬁﬂﬂ

Pedl o ks TENEIRE E A B T H BF i T0%:ITR > A E B R
HORLE T L RS A B AN KA B 7500398 0 A Bl4cR] 5 2 Bl 6 4T o
R ﬁ<~¥%ﬁiﬁﬂ A A gk

Lb=4cm, R=107(-2.4)

4 wi/o Control

wi/ Control

Roof Acceleration (g)

- £ X 9 i i ;; ﬁ‘:' i’ﬁa ’ f’i’ ,:“. ‘:‘f.‘_, s T.mew(sec) 15 20
Bl 2 T8 50 PR 2 s T HSWﬁﬁﬁiﬁﬁ



5.0

Lb=4cm, R=107(-2.4)

,,,,,,, wi/o Control

wi/ Control

Roof Displacement (cm)

10
Time (sec)

HGWﬁﬁ%ﬁ%

"N

g Ew R B E d R4 B E
Centro ¥ # & (PGA= OZOg)zf:%ﬁis?]/\a%fﬁ S

gt Bk R3] 2 ﬁw?)iiﬁ B (7N A
%‘ro—?&%éﬁweﬂ Fl2 4vid B IMELIE L
R ﬁ;}é]"wg/?f | Rt 5L E &
BT E a‘&ﬁi Bor-sE j“"(SIMO)
Z. ARX #3873 s> ﬁFd '_é'_ﬂial R
e3P B 123k i i;“’u 2 | A -

Bl 7%tk 4 fi’;ﬁrﬂé“ e A
ez vt o d BV o PR FEERESE

g - R BHRE T LA E

0.25 — Predicted 025 — Experimental  g¢

025 — 025 —

025 — 0.25 — a

025 — 025 —

025 — 0.25 — -

Acceleration(g)

025 — 025 —

025 — 0.25 — o

025 — 025 —

025 — 0.25 —

000 |t ooo —-»Afwmwmmww»«

025 I

TTTTTTT
0 5 10 15 20 0 5 10 15 20
time (sec) time (sec)

£ eik RIS A 1T L

ST YT SERE It

21T KR Rk

Mode 1 2 3 4 5

Frequency (Hz) 2.77 9.75 17.82 20.55 27.02

Damping Ratio(%) 0.35 0.73 1.80 5.0 5.0
Mode Shapes
5f 0.574 -0.583 0.517 -0.244 0.154
4f 0.561 -0.160  -0.425 0.544 -0.423

0.481 0.347 -0.457  -0.300 0.588

0.324 0.589 0.303 -0.363  -0.566

1f 0.141 0.408 0.501 0.650 0.364
System Matrices
82.02 0 0 0 0
0 84.32 0 0 0
Mass matrix 0 0 84.32 0 0
(kgxs” [ m)
0 0 84.32 0
0 0 0 0 84.68

513553.3 -525459 12804.06 -24463.4 112196

-525459 1059683 -637327 141584.6 -121829

Stiffnessmatrix 1og04 06 637327 1231284 -733543 490652

(kg/m)
-24463.4 141584.6 -733543 1174386 -594433

112196  -121829 49065.2 -594433 1247133

20753 -293.99 112.21 11 -20.68

29399 64565 -46821 7835  88.75

Dampingmatrix 11551 46821 67468 -387.97 27.05
(kg xs/ m)

11 7835 -387.97 66046 -482.53

22068 8875  27.05 -48253 754.89
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