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Fig. 2 Mechanical structure of AMD

Table 1 Specifications of CMM

Mass Maximum | Maximum

weight force stroke
4t-CMM(RF) | 4.0 tonf | 5.0 tonf + 25 cm
5t-CMM(5F) | 5.0 tonf 2.2 tonf +100 cm
2t-CMM(2F) | 2.0 tonf | 1.6 tonf + 50 cm

Photo 1 Full-scale frame for experimental study
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Table 2 Natural frequencies of test frame

obtained by microtremor

Mode Ist 2nd 3rd 4th 5th

Frequency| 169 | 528 | 877 | 13.z | 17.9
(Hz)
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Fig. 3b Transfer function obtained by microtremor
observation (3F/1F)
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Table 3 Natural frequencies and damping ratios of test
frame obtained by sinusoidal excitations

Ist mode] 2nd |3rd mode]4th mode|Sth model
mode

Frequency|1.66Hz|5.18Hz|8.72Hz|13.6Hz[17.8Hz

Damping | 0.50% | 0.30% | 0.70% | 0.60% | 1.00%
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Fig. 4b Frequency response of sinusoidal
excitations (2nd mode)
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Fig. 4c Frequency response of sinusoidal
excitations (3rd mode)
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Table 4 Natural frequencies and damping ratios of test
frame obtained by free vibration tests

Mode 1st 2nd 3rd 4th st
Frequency|1.67Hz|5.22Hz|8.75Hz|14.5Hz|17.8Hz
Damping | 0.50% | 0.31% | 0.80% | 0.90% | 1.00%

h=0. 50%

RF Acceleration (cm/s?)

g - 10 20 30 40
time (s)

Fig. 5a Free vibration of test frame (1st modc)

[=]
(=]

h=0. 31%
f=5. 22Hz

_3F Acceleration (cm/s?)

-
=
o

3.4 HEBEEBOETIVE
PLETE, BROBARDEKS XCBENGS
Nize LML, EE, BFZT 2200 3E8AT

REENDRLENH D, WMH, HEMGEY TIIH
Et\/lﬂ) A, BES MY ZABLITHEIME< R

ZraHWTEAEANEIN RS20, Th
6&&@5 %@%”mmémﬁ%%ﬁﬁ;ﬁm
Fid 32 MIOHER (Table 3) ZMn5d. Thid,
R Q= il R SRR L ALY R 7
), £, THHMEDERESRITCMME LR
IS APER LA TR EZ2KZDICHMT 2
&%Abﬂ%t@f%éabﬁbmmb,ilﬁm
533 EHoEERBREL, EEFE-RLTED, 0T
NOFERE A WTHINER L REM 2 E T
WefBbhbha,
EFNELTHEATTICARER P S ELOH
MBDETNEEZS, £7, BEEHML X)L
rmwuﬁmzb092Am&¢Um&«hU;z
Ko ZHER L, EHMETICL0E—RYR) I A

WARD D, My OWEEEWEEX, TRV N
JADHEMEMELTHNVAS,
M =M, (1)

Bk~ b 22 KBLOBMEY MU ¢ BRE
LR OEG RS KOS e8I ETE,

K = MW diag(w)® ¥ (2)
C = 2M Wdiag(h) diag(w) gl (3)

ELTRDS, 22T, whldThENwIZHIG
T BN H A MRS E, REEREERIIHDOA
ZRNTHD, £, diag(-) BAN7 Flaxfiv
U7 AT B, (HTHREETAERT.
COXIITUTHLEMEETIVIES{XOMHE ik
BEB IO BENERS R EERIT-#T S, L

ML, T—RY M)A wTHED, HBEHFERLE
iwamam COWESMRT LD, #
%Efme TR & E L R R TR S N
7o — R & 2 Hfﬂﬁ‘f—fﬁ%m‘ﬁﬁﬁ/”( I‘IE, 6 J;li

%L1m¢n64®{ Rid, 1%, 2K
ﬁ,s%4%%wmt‘ﬁTé:tﬁh#égm
B, HBHEROLSRKE—FOEMAFAHLBIIRETN
O, TR I AR BRI Y M &
MW TWhWakEhTH S,

ORI E T IV EIR T D M e o g 5 A
BT Az TE D, EREREEFICL
SHUET S EMNER (Fig. 11 BE U Fig. 12D 3
BEH & 4BHEOIE) shTnd,



1st 2nd 3rd 4th

Fig. 6 Comparison of mode shapes
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Table 5 Natural frequencies and damping ratios of the
test frame obtained by subspace algorithm

Mode Ist | 2nd | 3rd 4th | 5th

Frequency(Hz)
by El Centro 1.68 | 5.24 | 8.83 | 13.6 | 18.3

Frequency(Hz)
by JMA Kot 1.68 | 5.25  8.8513.6 | 18.3

Damping(%)
by El Centro 0.49 1 0.3510.69]1.24 | 1.19

Damping(%)
by JMA Kot 0.49 1 0.22 10.72 | 1.70 } 0.89

(1) Frequency Responsa from 5F Shaker to Each Floor

1
Frequency [Hz]

Fig. 7 Frequency response curves from excitor

to floors
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Table 6 Comparison of natural frequencies (Hz)
obtained by various methods

Mode 1st | 2nd | 3rd | 4th | 5th
Microtremor 1.691{5.28 |8.77(13.7|17.9
Sinusoidal 1.66 |5.188.72[13.6 [ 17.8

excitation
Free vibration 1.67 15.22(8.75|114.5]17.8

Sub-space method '
by El Centro 1.685.2418.83|13.618.3

Sub-space method|
by JMA Kot 1.681525(8.8513.6(18.3
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stroke acceleration and observed stroke
acceleration (El Centro NS 25cm/s?)
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Seismic Response Control Experiments of Full-Scale Structures By Active Mass Damper
Part 1: Identification and Seismic Response Generator System
Masashi YAMAMOTO """, Yoshiyuki SUZUKI, Toshihiro TAMAKI"",
Hiroaki KAGAYA™", Gi-Hwan BAE' and Tokihiko ARAKI'

* Graduate School of Engineering, Kyoto University
** Kawasaki Heavy Industries, LTD
™" Takenaka Corporation

Synopsis

For seismic response control experiments of full-scale test frame at Uji Campus of Kyoto University,
the dynamic characteristics of the test frame is identified from microtremor observation, harmonic
steady-state vibration tests and free vibration tests. The identification based on a subspace algorithm
was made. A seismic response generator system that generate seismic responses, as if under specified
earthquakes, by using two exciters installed on the frame is described. The validity of this system was
found by the fact that frame responses such as displacements and accelerations excited by the generator
system agreed well with those obtained by simulations

Keywords: active mass damper; full-scale test; identification; subspace algorithm; seismic generator



