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Abstract

The objective of this study is to explore the mechanical
characteristics of a low-capacity fluid dampers through our cooperation
with company discovering possible industrial applications in control of
machine-induced vibration, and earthquake resistance of building
structures (on both wood and steel model structures) . To get more insight
of the mechanics of viscous fluid dampers, a fluid dynamic model has been
developed based on theories in fluid dynamics with consideration of
non-Newtonian fluid. The effects of piston area, piston thickness and gap
of the annular orifice on the mechanical behavior of the fluid dampers are
assessed via the parametric study. Both the damping coefficient and
stiffness of the fluid damper are found to be frequency- dependent, which

could not be reflected by using the Kelvin’s model. Results of the



component tests indicate that the fluid dampers developed by cooperation
with company exhibit rich and stable energy-dissipative characteristics
superior to those of the prototype Dby the Japan manufacturer.
Effectiveness of the low-capacity fluid dampers in machine-induced
vibration control have been observed via the simulation tests. The
dampers are proved to be effective in a wide range of spectrum as
revealed from the one-third octave spectrum analysis, and generally
speaking, the control effect is most prominent within the bandwidth of
30~100 Hz. A series of seismic performance tests of the fluid dampers for
structural response control by the shaking table has been conducted.
Experimental results for both the wood and steel model structures show
that the fluid dampers are effective in seismic vibration control. The
potential of using fluid dampers for earthquake protection of building

structures has been confirmed.

Key words : fluid damper, fluid dynamics, Newtonian fluid,

non-Newtonian fluid, vibration control, seismic

performance test
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LI ICH Y Srd o AT sg & 4R A H(polar coordinate) k £ o 5 F
EEFTEEEABE NS B T AR A BT

ERERG  THEG ORERA A S - RRE A F2 2 F

11



PERERREELLTANRE PEFIRT AR EE P
BREEFZREETARRPAAZ AR R L4 20 R 3
PR 2 pd BB T IR A TR EIENITE o BRIRM A

3ERE Y TG GEE 0 B AT ERT 2 s S AR

pM_ P 0T (2.4)
ot ox oy

et
Ar'S

u:ind~22 i
p— H AR

— I EREREFERE v RRYAE

x(24)9 2 Poap/L (25)

H v
Ap P EREETEZEA L,
L #RELEAK -
ERFUEAPNERATI B ELT o F RARA SRR B

12



EFEEPMPFAIRY TALZ B REEN RIPH R ny=h/2
R ¥HAEPH(h 5 3V 2 BR) > 4Bl 2.2 977 o B 0 wy=h/2
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n ay L 2 y ( )
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ErEREEUh) =0 FEIEY I w2 E R AT

u(y) = 2§p|_ (hy - y2) (2.9)
0
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BEFNTTRGRAELEAPE BRNh<<R TT U EF A
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A
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0
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= (R+h)2v=ﬁj§[R(hy—y2)+y(hy—y2)]dy
0

o, Ap o hy® Yyt by oyt
= (R+h) VZ—L[R(— 3 )+(? 2 )]‘0

o 2
3 4
~ Rehv =P R 1Ny
nlL 6 12
3
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3
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Fr =Fp =6210L(R/h)*V (2.11)

2.2.2 2£2 # 5 k8 (Non-Newtonian Fluid)
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#58 (27) 2 (213) F A58 (26) ¢ Ff32 o FEF|IMAD E T 2k
Wi R u(y) o d AP L A Al e F A b2 ARt R
Ap » B A BRI BLF| A2 R IV(E) > d 2 EF R 20

FEILHPZ B o B il A 0E 2 2R R R

AV (1) = [ 22 (R + y)u(y,t)dy (2.14)
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YRR R TR 0 IV T L PR 2 Sl 0 B
u(y) iz s u(y,t) -
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Maxwell $23] & $7 4™ @
r+ﬂiﬁ=777'/ (2.15)
ot
He Y 5 Mz £ prREF o

F(215) B3 (27) i B AR E- 0 #0 (26) 8 5 (215)

¥ L E T

ou(y,t)
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£ -9) (4P + 4AP©) =7 (2.16)

Nhud
An S

AP(t) 5 Ap(t) 5 F 2 S dic -
BN (216) BN (214) BE o TN BAESE B 2 i

= ¥
3 T 5 °

0 RfRIMZ g R AT 0 7 LE* 5 PUZL 4 (Finite Difference) &
fazbais > A5t (2.16)
AU (Y1) _ Uyeay (Y,1) —Uy (y,1)
oy Ay
(2.17)

;z‘;\‘ (2.17) fj“)‘;\‘ (2.16) v "31%57;1]/”,% ?j?!- }i’é\ljﬁ \ZX' {:
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il (y.1) = {E () (ap) + AAD(t))}%}+ Wyt (2.8)

HYP Ay d I E R > A3 n BERFIERIZ Ff o FILH 25
B i AmmpE s Ay=1/nmm - d ;% (218) " N EI Yy > & 2 iF B A
oo R FFN P AP(L) & ATl TR EN (218) F A5 (214) ¢

Fodl Ap(t) 22 B 758
AV (D) = Jg‘zfz(my){[ Q-y) (Ap(t)mimo(t»}f7 Ul (y, t)}

d 3% t(yt)—.a;ff 'ﬁr-IEI ’ E?Faw——ﬂ-l} 5’7 E‘J—V'IE' o P;\gg_t%;’fgfljj

e O 0PV (0 20 (.08 .01

Ap(t) + LAP(Y) = -

d Chien-Yuan Hou [20] z 7 B #icdp (8 5v > & 0 il 2 L5 pF A

A, =0.0015s > #-pt @ & > F 3% 5 F 4] * (Heaviside)ifii& & v f O

Ap(t)z fa4eT

Ap(t) = e S5 . ﬂ R )+ 2Rt t)n()}

Ayh

+9><10L{(R+h) ()/()+( h)2 (t)\/(t)_(%+1Ju‘y(y,t)ﬁ(t)}

Ayh
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3t (219) ¢ o BARA M) F PR L Sl JEY S (213) REF
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Vave -0 _ 2Vave
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4 h2 h (2.20)
Ad A FEe . v RN ARKIH? hT R ER
AV(t)  (R+h)
Vare = = V(t (2.21)
ave A2 (R+h)2—R2 ()
Flpt T AR iR 2R Gk
. 2(R+h)
= V(t (2.22)
! h[(R+h)* - R?] ©
38 (222) 3 (213) T @ FIARR ()4 T
( ) b (a-1)/b
2i(R+h)
t)=111+ V(t (2.23)
)= 2T vty

s p(t) S Y A T 09 5 (1) e
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[(a-1)/b]1

(ﬁ e vl

(2.24)
R+h N e |- TS
V V
2 _R?] (t)} {h[(R+h)2—R2] (t)}
BE RS2 R L BE mAEARR  TF EFIER A 4o
Ry (t)=Ap(t)A (2.25)

2.3 %¥#A T

SR RN AR S Forfg 2 Rt L BS FiTL A
%‘iﬂl%’ DR IER B2 2 ot ivER 8 ’%%ﬁbﬁ RS S/
IR R R PR LA AL AT Vg P X TR
PorraE FRE SRR € E T Ao DRSS F T 5 Tl A B R

RORIER B RET 0 L kg 4 B
BORREE S Fia 2 R B o

nHEd F e RURE R Batd L e g

(L) b 2_ 43 4L 2§50 pF R 1, =0.0015s ;
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(2)4~ 42k R 17,=1.002 Pas ;

()2 # #ex=7.2x10" ;

(4)i-t8z %4 (rheological) # #a=0.43 ~ b=0.6 ;

(2)%%5'?}5&{

h=0.2mm
it E R °
Sl {h:O.Smm

B R fER Bz 2 o n
ZEAM R R IR B2 AT Ao AT

F =C(Q)x* + K(Q)x
* & %12 Modified Kelvin’s model z_ fe & 4 #C(Q)~% & K(Q) 2 o &
PA MG TR BT B R ERE AT Rk d 2 S
Big A R4vrLgH o

B A HERA TR F e 23 BiRinEL B

(1) R=27.5mm > L=10mm > h=0.2mm ;
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(2) R=55mm > L=10mm > h=0.2mm ;
(3) R=27.5mm > L=20mm > h=0.2mm ;
(4) R=27.5mm > L=10mm > h=0.3mm -
232 #E RS

PR GRS W O 3R PE o R IE R E RAUE 2 5 (Modified
Kelvin’s model) & j# e Bl = 222 flid 4 2 ek B o N

wBEE o THEES

i

% @32 Ripdkca® i 1 Modified
Kelvin’s model #% & 2. = ‘3.9_‘%-‘3:5??:@;:\ A4 2.1~2.4 > Modified Kelvin’s

model z_ = ‘& % #ic¥ 4B 2.7~2.10 #7177 o

FLHetHmeESFsE - gHF 5 Hz it & % % > Kelvin’s
model # & J1z2 e R 28 C @& 5 3 kgf -sec/mm » F] 5 & 47 212 B F
@ERF RIS REK S 00 #F 5 SHz PrenfR s B %
Kelvin’s model # & J1z_ e R 8 C & 5 2.9 kgf -sec/mm ~ & & K &
= 5 kgf /mm o 47 & & = pF Kelvin’s model 3% it 5368 & 9478 2 12

RGECEZ2 BRKIE » 24X it BlEE S A4e@) 2.3 AT e

FQecdHmegr o s Qe T 2R E FAEF L
IHz = % X728 ~ 5 R=55mm pF ek 24 C Ed 3 kgf -sec/mm &

I 45 kof -sec/mmeosgEFAg F 2 5 3 25Hz - H = g d 100 kgf /mm
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W 4o 5 1450 kof /mm > #& 7% Bl#E & 4eB] 2.4 971 o

HOEREE L IR OER:= S ] N
IHZ> # e 5 R e % 5 L=20mm pF> e & % C Ed 3 kgf -sec/mm
#2326 kof -sec/mmesgF4p 2 3 3 26Hz> 2 = & 4 100 kgf /mm

B 4c 5 200 kof /mm > & i B4R 4 4o 2.5 #77 o

P@ecdme s sDemmEe i HEE S
1Hz 3V M R sc% 5 h=03mm pF e R 28 C Ed 3 kgf -sec/mm '}
% 0.65 kgf -sec/mm - F#4p 52 B 3 25Hz> # = & d 100 kgf /mm

B

T g % 21 kgf /mm > W Bl#E L AeB 2.6 T o

233 &

b ST ET UFR D R B a5V B

Bl¢ " EFMIRAm mAZADR EHRETF D 2ZWIEET LT AR

FER B4 R 2 s AR R TIEFARNB I RN B2 T
BRATEARP B o 1 H (D) e T s HBE » st R L BR 2

IR SVHFR G EAELERTAABE FEZ IR GHCE
MrtpR S > BRKER §EFRF R cFEEHEAE L %
BB HE L GECESPRAKESFRA T Ea B o 5itK

FREh%<a 2 Hpp R GkCEZ DRKESET S od - k7]#
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#. 2.1 Modified Kelvin’s model z. %-#c$% & 2 %

(R=27.5mm,L=10mm,h=0.2mm)

Frequency(Hz)
Coefficients 1 5 10 15 20 25
Modified Kelvin’s model
C(Q) (kgf -sec /mm) 3 2.9 2.8 265 | 265 | 2.6
% 2.2 Modified Kelvin’s model 2_ %-#c#z & % %
(R=55mm,L=10mm,h=0.2mm)
Frequency(Hz)
Coefficients 1 5 10 15 20 25
Modified Kelvin’s model
C(Q) (kgf -sec/mm) 45 41 39 39 37 36
0 60 250 600 900 | 1450

K(Q) (kgf /mm)
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#. 2.3 Modified Kelvin’s model z. %-#c$% & 2 %

(R=27.5mm,L=20mm,h=0.3mm)

Frequency(Hz)
Coefficients 1 5 10 15 20 25
Modified Kelvin’'s model
C(Q) (kgf -sec /mm) 6 5.8 5.6 5.5 5.2 5.2
K(Q) (kgf /mm) 0 60 250 600 900 | 1450
% 2.4 Modified Kelvin’s model z_ % #c#% & % %
(R=27.5mm,L=10mm,h=0.3mm)
Frequency(Hz)
Coefficients 1 5 10 15 20 25
Modified Kelvin’s model
C(Q) (kgf -sec/mm) 0.65| 0.63 | 0.61 0.6 0.59 | 0.59
K(Q) (kgf /mm) 0 1 3.5 8 15 21
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Q:1Hz Q:5Hz

— — Modified Kelvin's model(C=3,K=0,0=1) — — Modified Kelvin's model(C=2.9,K=5,a=1)
Fluid dynamics Fluid dynamics
300 — 1500 —
150 — 750 —|
) )
g 0 T o
S} S
w w
-150 — -750 —
-300 I I I \ -1500 \ \ \ \
-10 -5 0 5 10 -10 -5 0 5 10
Displacement(mm) Displacement(mm)
Q:10Hz Q:15Hz
P Modified Kelvin's model(C=2.8,K=20,0=1) — Modified Kelvin's model(C=2.65,K=35,a=1)
Fluid dynamics Fluid dynamics
3000 — 4000 —
1500 —
5 5
= =
g o 8
S S
iy L
-1500 —
-3000 T T T ] -4000 T T T ]
-10 -5 0 5 10 -10 -5 0 5 10
Displacement(mm) Displacement(mm)
Q:20Hz Q:25Hz
— — Modified Kelvin's model(C=26.5,K=70,0=1) — — Modified Kelvin's model(C=2.6,K=100,0=1)
Fluid dynamics Fluid dynamics
6000 — 6000 —

Force(kgf)
Force(kgf)

-6000 T T | -6000 T T

-10 -5 0 10 -10 -5 0 5 10
Displacement(mm) Displacement(mm)

o —

Bl 2.3 R R B2 ¥ %@ Bl#E & (R=27.5mm,L=10mm,h=0.2mm)
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Q:1Hz Q:5Hz
— — Modified Kelvin's model(C=45,K=0,0=1) — — Modified Kelvin's model(C=41,K=60,a=1)
Fluid dynamics Fluid dynamics

4000 —

20000 —
- — _
2000 — 10000 — N
g g
3 0 K3 0
g 2
\
-2000 200004 N\
-4000 I I I ‘ -20000 I I I ‘
-10 -5 0 5 10 -10 -5 0 5 10
Displacement(mm) Displacement(mm)
Q:10Hz Q:15Hz
— Modified Kelvin's model(C=39,K=250,a=1) — — Modified Kelvin's model(C=39,K=600,a=1)
Fluid dynamics Fluid dynamics
40000 —

P p—

Force(kgf)
Force(kgf)

-30000 I ‘ ‘ |
-10 -5 0 5 10 0
Displacement(mm) Displacement(mm)
Q:20Hz Q:25Hz
— — Modified Kelvin's model(C=37,K=900,0=1) — — Modified Kelvin's model(C=36,K=1450,a=1)
Fluid dynamics Fluid dynamics
60000 — 80000 —
40000
2 2
g g o
<] 5
T8 L
-40000 —
-60000 T T T ] -80000 T T T ]
-10 -5 0 5 10 -10 -5 0 5 10

Displacement(mm) Displacement(mm)

B 2.4 Feonre kB 20 B Bl & (R=55mm,L=10mm,h=0.2mm)
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Force(kgf)

Force(kgf)

Force(kgf)

Bl 2

Frequency:1Hz
— — Modified Kelvin's model(C=6,K=0)
Fluid dynamics(R=27.5mm,L=20mm,h=0.2mm)

600 —
300 —
0
-300 —
-600 I I I \
-10 -5 0 10
Displacement(mm)
0O:10Hz
—_— Modified Kelvin's model(C=5.6,K=40,a=1)
Fluid dynamics
5000 —
2500 —|
0 —
-2500 —
-5000 T T T ]
-10 -5 0 5 10
Displacement(mm)
Q:20Hz

— Modified Kelvin's model(C=5.2,K=130,a=1)
Fluid dynamics

0
Displacement(mm)

%

-~

5 RIRIER B2 BF

Force(kgf)

Force(kgf)

Force(kgf)

3000 —

1500 —

8000 —

4000

-4000

-8000

12000

31

Q:5Hz
— — Modified Kelvin's model(C=5.8,K=10,a=1)
Fluid dynamics

I I I I
-10 - 0 5 10
Displacement(mm)
Q:15Hz
—_— Modified Kelvin's model(C=5.5,K=80,a=1)
Fluid dynamics
I I I |
-10 -5 0 10
Displacement(mm)
Q:25Hz
— — Modified Kelvin's model(C=5.2,K=200,a=1)
Fluid dynamics

I I I I
0 10
Displacement(mm)

Bl#t & (R=27.5mm,L=20mm,h=0.2mm)



Q:1Hz
— Modified Kelvin's model(C=0.65,K=0,a=1)
Fluid dynamics

60 —
40 —|
20 —
g 4
=3
g 7
(e}
2 i
-20 —
-40 —|
-60 I I I \
-10 - 0 5 10
Displacement(mm)
Q:10Hz
— Modified Kelvin's model(C=0.61,K=3.5,0=1)
Fluid dynamics
600 —
300 —
)
4
g o
5
'R
-300 —
-600 \ \ \ \
-10 -5 0 5 10
Displacement(mm)
Q:20Hz
— — Modified Kelvin's model(C=0.59,K=15,0=1)
Fluid dynamics
1000 —
500 —
S
=
g o
S
('R
-500 —
-1000 T T T ]

-10 -5 0 5

Displacement(mm)

10

g

f®l 2.6

S v Lo s 5N
R TER B2 R

Q:5Hz
— Modified Kelvin's model(C=0.63,K=1,a=1)
Fluid dynamics

300 —
150 —
)
X
g o
<]
s
-150 —
-300 \ \ \ \
-10 -5 0 10
Displacement(mm)
Q:15Hz
e Modified Kelvin's model(C=0.6,K=8,a=1)
Fluid dynamics
800 —
400 ~
Bl
x
g o
5
L
-400 —|
g \ \ \ \
-10 -5 0 5 10
Displacement(mm)
Q:25Hz
— — Modified Kelvin's model(C=0.59,K=21,0=1)
Fluid dynamics
1500 =
750 — \
)
<
g o
S
s
-750 —
-1500 T T T ]
-10 -5 0 5 10

Displacement(mm)

Bl#t & (R=27.5mm,L=10mm,h=0.3mm)
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C(kgf*sec/mm)

C(kgf*rsec/mm)

3.0

2.9

2.8

2.7

2.6

46

44

42

40

38

36

——C K 100
----- K L
///
e — 80
//
,/ — 60
///
R L 40
e L 20
'—T—’ | T | T | T | T 0
5 10 15 20 25
Frequency(Hz)
®) 2.7 Modified Kelvin’s model z. % #c ¥t /& 8]
(R=27.5mm,L=10mm,h=0.2mm)
——cC — 1500
_____ K /’
i — 1000
7 — 500
"T——’ | T | T | T | T 0

5 10 15 20

Frequency(Hz)

® 2.8 Modified Kelvin’s model z. % #c %+ & B

(R=55mm,L=10mm,h=0.2mm)
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C(kgf*sec/mm)

C(kgf*sec/mm)

6.0 — — 200
58 —| — 150
56 —f — 100
5.4 — — 50
5.2 0
0 25
Frequency(Hz)
®] 2.9 Modified Kelvin’s model z. % #c ¥t /& 8]
(R=27.5mm,L=20mm,h=0.2mm)
0.65 — — 22
_ [ 20
0.64 — s
7 [ 16
0.63 — B
14
] 1
0.62 — -
— 10
[ 8
0.61 — i
1 — 6
0.60 — — 4
i 2
0.59 o
0 5 10 15 20 25

Frequency(Hz)

B 2.10 Modified Kelvin’s model z_ % #c¥t & @]

(R=27.5mm,L=10mm,h=0.3mm)
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L #FEFEA

h @3 M R §E;
m) ~ () T 2 A R AR B AR
UL (y,t) ~ Ul (Y t) ¢ BRI R B - a2 e el

Ap, ¥ 2 ZbRmy ~ fyFoT AT

, 51 (a-1)/b
m(t):no{l{ h[(i"fi;“_)Rz]ul(w} } (33)

[(a-1)/b]1

208 U(le{l{ h{é’ﬁ;*‘_>;2]ul(t>}b}

U e

(3.3b)
Ap, ® 2R 1y > 1y F T AT
) b (a-1)/b
nz(t)=ﬂo{1+{ h[(i"fi;“_)Rz]uxt)} } (340)
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. ()= (A1 2c(R+h) 1o o1 (a1 /b1
0= n(, j{“{hummz_azﬂ“z@) w)]}}

2cRen? v [ 2k(Ren?
x{b{h[(m)z_RZ][uza)—ul(t)]} Hh[(m)z_RZ][uz(n—ul(t)]}

(3.4b)
Hd
K DR B
a~b sz n%8g (rheological) # # -
33 HEfAH 2 —RATRFZ
9(31) 23> ARV @t 5o
M(t) + Cu(t) + Ku(t) = =M, (t) - F4 (1) (3.5)
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o

2(t) = Az(t) + EU (t) + GF4 (1) (3.6b)

E:;}émd1%%4ﬁm%@;

o
G= LAx2 2[R R 4 A FRAEE
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#- (3.6) 3% # Laplace transform # 12 18 3]

2(s)=H(s)z(ty)+ H(s)|Etiy(s) + GFq ()] (3.7)
H ¢

H(s)=(sl - A)™" ;

2(ty) 5 A= kg i

3+ (3.7) 34 P~ Laplace i 3% 3 pF3s > ¥ (9 Pl a8 é 2 4250 2 R

EdoF

2(t)=e W2ty )+ [ Eug () + GF4 (r) (3.8)

B (38) 7 AN U () Fylr) ey p 28 4
GBI L Ar o B A fﬁi&iﬁﬁfx,ﬁ'{&@‘g%ﬁi%g& LERMS B

t=KAt ~ ty =(k -1)At ~ z[k]=2z(kAt) ~ t [k] =i, (ka) 2 Fylk]=F4(ka)
o

kAt — 7

F(r)= ﬁKk&Mﬂ+ii%éQgﬁﬁ@ﬂﬂ«ﬂm3rskm

(3.9a)

i (r)_kmt Zti, [(k -1)at]+ %Ug[kAt]’(k—l)AtSrSkAt
(3.90)

A dE > A25% (3.6b) 2 HErpE R AV 00 d 58 (38) A EF 40T

z[k]= Apz[k -1]+ Eqli, [k -1]+ Eyu, [k]+ G, Fp [k -1]+ G Fp [k] (3.10)
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ERPEHIE RSN B IEL S R EEALE S L o B 3.2

BORITIE R BRFRIER 4 2 3% AR

3.4 MATLAB #c i -t 4 17
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Structural Control Society ) #+2& 2% 2. Kobe Earthquake i% 3 ﬁi%J SR

# > kiR 5 PGASlg s k2 frido®] 3.3 w7 o
342 Wi s

& Kobe ++ Z(PGA=10)## T » 2 P ir L E2 2 WA 2 B
F R EfFypstd 33 5% Hr a2 RPEEFLET » Bl o
SRR R RS2 RF E T ATRRE AR 2 b
B F v e B 3.4~3.100 % i A B2 % 5 X £ (R=25mm)
P RF 2_4cig B Y @472y 5 55.1% ~ 2F % 23.6% o “E ¥ 2 & 5
TR R ER B2 R Bl b 0 Tt LR 2 Aeig
B AT S Rk R o F 5 R R 2L S (R=10mm)pF > RF 2 4c ik & (B
FTRACE L 37.9% 2F 2 47k E S 14.0% ¢ & HLA FE A B

Bl4c@ 3.11~3.17 -

LR A B F 2357 12 1E (root-mean-squares, RMS ) et g
YA 34 e FiRinIL A B2 B F L (R=25mm)pE 0 RF 2 4eig
B RMS E47 st 5 53.3% ~ 2F 2. 37325 5 29.4% - " ¥ H % Ff
LR F AR R REITEF TR o FRERLE

(R=10mm)p% » RF 2_ 378 %c 5 % % 30.1% » 2F * % 8.5% -
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Mass per unit Volume : ¥ =% 2 & ;
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Weight per unit Volume : ¥ =82 £ & ;
Modulus of Elasticity : &+ fific
Poisson’s ratio : j& >+t ;

Coeff of Thermal Expansion : #4% % % #ic -

Fla AT A @ 5 A T AL 2 Type of Design

"

3 25T None o & 4§ % ki B i 2 2 % =+ 7 3t Frame Section

BT e &% 2% ® > 4@ 3.19 #ro7 -

Import : # » ¥ &

/ﬂ}
e
E22

Add : 4 > — ¥Tm

Z & Add/Rectangular » =g % < < i {73k T_o - 3.20 7 0 %7

BOHEEC WAEETR SRRk AR A d A o BlY 2T £

o

BegEr 2R L RARE € BT 2R 2 B R Ak .
353 R BH A S8K T

ETABS #2523 Damper ~% » ¥ & &% MR LR B2 0

i 2424

\

# o Damper 3% T_iE 3% (> & 5 4 ( Linear Properties )7 2 |+

( Nonlinear Properties )= f3k < _i& > 4R 3.21 #75+ - Damper 2 $i-7]
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% 31 ~i

% 4%

2L

=

o) <

wE R 500 cm
A3 R 250 cm
AR 200 cm

R 14 x 9.cm

LA 3cm

%32 WERAATTY R R BiERE LT
ERFELER (Mm)
25 | 225 | 20 | 175 | 15 | 125 | 10
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33 AHE RS BEF R
( Input= Kobe Earthquake, PGA=10)

R=25 mm R=22.5 mm
w/o w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(Q) (%)
RF 2.418 1.085 55.1 2.418 1.098 54.6
2F 1.384 1.056 23.6 1.384 1.062 23.3
R=20 mm R=17.5 mm
w/o w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(Q) (%)
RF 2.418 1.082 55.3 2.418 1.097 54.6
2F 1.384 1.055 23.8 1.384 1.062 23.3
R=15 mm R=12.5 mm
w/o w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(Q) (%)
RF 2.418 1.100 54.5 2.418 1.212 49.9
2F 1.384 1.056 23.7 1.384 1.007 27.3
R=10 mm
w/o w/ Reduction
damper(g) | damper(g) (%)
RF 2.418 1.503 37.9
2F 1.384 1.191 14.0
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%34 LHE G RESPENR
(Input=Kobe Earthquake, PGA=19)

R=25 mm R=22.5 mm
w/o w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(Q) (%)
RF 0.302 0.141 53.3 0.303 0.149 50.9
2F 0.192 0.136 29.4 0.193 0.141 27.0
R=20 mm R=17.5 mm
w/o w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(Q) (%)
RF 0.303 0.140 53.9 0.303 0.148 51.0
2F 0.193 0.135 30.0 0.193 0.141 27.1
R=15 mm R=12.5 mm
w/o w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(Q) (%)
RF 0.303 0.162 46.4 0.303 0.182 39.8
2F 0.193 0.149 22.8 0.193 0.161 16.8
R=10 mm
w/o w/ Reduction
damper(g) | damper(g) (%)
RF 0.303 0.212 30.1
2F 0.193 0.177 8.5
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%36 HEBHAHR A w2 F kY (H = kgf /om?) [23]
A LY FFIEA B R
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¥
1T % 70 55 90 v
et
I %5 65 50 85 7
e
IV 60 45 75 6 s
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B L 90 80 130 | 14
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I 57 70 50 ) 6
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%37 AHEES 92 ik (¥ & 10°kgf fom? ) [23]
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2 | 1 100 110
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T 4 80 90
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% 38 WL FREF LETHBL L B¥cE @& Ripdk
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Fy [k]: Fy [k —1]

v

Fy [k]= Fdl[k]

A 4

Calculate z[k]

!

ulk] > k]

Calculate F,'[K]

Proceed to next time step

] 3.2 LA il L B4 3% (X0 4758 42
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(a) First Mode
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Ground Motion (g)

O
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0
0

Acceleration (Q)

\ \ \
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Bl 3.4 2 i PF (Kobe Earthquake)

R=25 mm

w/ damper
w/o damper RF

e

2F

5 10 15 20 25 30
time (sec)

Bl 35 &k 2 teid B F R i

(R=25mm, Input=Kobe earthquake)
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Acceleration (g9)

Acceleration (g)

R=22.5 mm

w/ damper
w/o damper | RF
2F
L e
5 10 15 20 25 30 35 40 45 50
time (sec)
Bl 3.6 & HLA& 2 4eid B F RAFE R
(R=22.5mm,Input=Kobe earthquake)
R=20 mm
w/ damper
w/o damper RF
i
2F
B
5 10 15 20 25 30 35 40 45 50

time (sec)

B 37 & HA 2 beid B F BPE

(R=20mm, Input=Kobe earthquake)
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Acceleration (g)

Acceleration (Q)

| R=17.5mm

w/ damper
w/o damper

RF

i

2F

5 10 15 20 25 30 35 40
time (sec)

Bl 3.8 &k 2 4oid B F LR R

(R=17.5mm,Input=Kobe earthquake)

45

50

R=15mm
w/ damper
w/o damper RF
2F
I L L L L L
5 10 15 20 25 30 35 40 45 50
time (sec)

B39 &k it & F RJF R

(R=15mm,Input=Kobe earthquake)
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Acceleration (g)

Acceleration (g)

R=12.5mm
w/ damper

w/o damper RF

2F

0 5 10 15 20 25 30 35 40 45 50
time (sec)
B 310 2Kk 2 4t BF BRI R
(R=12.5mm, Input=Kobe earthquake)
R=10 mm
] w/ damper
w/o damper | RF
- i
B 2F
i wtljor
I ‘ I ‘ I ‘ I ‘ I ‘ I ‘ I ‘ I ‘ I ‘ I ‘
0 5 10 15 20 25 30 35 40 45 50

time (sec)

Bl 301 2 HA 2 boid B F P

(R=10mm,Input=Kobe earthquake)
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Force(kgf)
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B 312 &4k
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B 3.13 & HLA oA R F i E(R=22.5mm)
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[2F(Rz15 mm)]
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[ZF(Rzlo mm)]

Force(kgf)

N
[6)]
\

-1 -0.5 0 0.5
Displacement(mm)

[1F(R:10 mm)]

30 —
15 —
"'C—n |
Y4
@ 0
o
(@) a
L
_157
30 I A R
-1 -0.5 0 0.5 1
Displacement(mm)

B 3.18 ¥ A& re L F &k B(R=10mm)

Material Property Data

Matenial Hame wO0o|
Type of Material
{+ |zotropic " Orthotropic
Analyziz Property D ata
Mazz per unit Yalume 5.400E-07
Weight per unit Yolume 5.257E-04
Moduluz of Elazticity 0000,
Foizzon's Ratio 0.1
Coeff of Thermal Expansion 5.500E-06
Shear Moduluz Na1a.182

Dizplay Colaor

Color I

Type of Deszign

Mone -

Deszign

[ezign Property O ata

Cancel

] 3.19 ETABS 444 1 %% % %
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Define Frame Froperties

Froperties Click to:

Type in property ta find:
|&4-CompBim

| Irpart |Mwide Flange ﬂ

[E

A-GravBm

A-GravCol '
ﬁ-L;?ng b odify/Show Property. .. |

A-LatCol

A-TiChdw0 Delete Property |
ATiChdw 12
A-TiChdw 14
A-Trwiebd

ATiweb10
A-Trwebl2
Cancel

5.4

B 3.20 T &% 2 %Ta

Rectangnlar Section Rectangnlar Section

Section Name [wooDa Section Name [w00DE
Properties Property Modifiers b aterial Properties Property Modifiers I aterial
Section Properties.. ‘ Set Modifiers... | wao il Section Properties.. | Set Modifiers.. | WwOoD i
Dimengions Dimenziang
14 2 q p
Depth [t3] - Depth [t3]
Width (12 3 Width [12) 14
Dizplay Calor . Dizplay Colar .

B 3.21 ETABS 4+ ~

¥
<
‘E‘L\%
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NLLink Directional Froperties

Identification
Froperty Mame ’FVD*
Direction ’mi
Type W
MonLinear lkfesi

Linear Propertias

Effective Stiffness 0.
Effective Diamping 0.

Monlinear Properties

Stiffress 100000,
Diamping 26)

D arnping E xponent 11

0K | Cancel

Bl 3.22 ETABS ® Damper % T_%-# 1

=1

- ~ry

— k | ——|C
7T

F F
(a) Maxwell Model (b) Kelvin Model

B 3.23 re £ Bz Maxwell B B30 22 Kelvin & 75 4750
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Acceleration (g)

Acceleration (Q)
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B 3.26 %A e B E R

(R=25mm,C=26, @ =1.1, Input=Kobe earthquake)
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Bl 3.27 &k i B &0

(R=22.5mm,C=21, « =1.1, Input=Kobe earthquake)
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Acceleration (g)

Acceleration (Q)
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— MATLAB
— — — —ETABS RF
— 2F
I L L L | ]
0 10 15 20 25 30 35 40 45 50
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B3.28 & HLE 4vid R BV R
(R=20mm,C=16, @ =1.1, Input=Kobe earthquake)
— MATLAB
— — — —ETABS RF
- 2F
L L | ]
0 10 15 20 25 30 35 40 45 50

time (sec)

B13.29 &Kk 4cif B &0

(R=17.5mm,C=11, o =1.1, Input=Kobe earthquake)
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Acceleration (g)

Acceleration (g)
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B 3.30 & HA i R ER

(R=15mm,C=7,a =1.1, Input=Kobe earthquake)
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Bl 331 &k 4cif B &0

(R=12.5mm,C=3.5, ¢ =1.1, Input=Kobe earthquake)
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Force(kgf)
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Force(kgf)
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%041 PR B A p|EIE

Driving Frequency(Hz) 0.5 1 2 3 5
Actuator stroke(mm) 0.625 | 1.25 2.5 5 10
0 (rad) 1/480 | 1/240 | 1/120 | 1/60 | 1/30
% 4.2 1.5tF b B B
Model Number MTS 244.11

Maximum Force

3.3 kips (150 kN)

Static Stroke

7.2 in (182.88 mm)

Dynamic Stroke

6.0 in (152.4 mm)

#. 4.3 M EFEB~ k kv (datalogger) .t

Model IMC S
Analog Input 16 differential channels
Sum Sampling Rate 20 kHz
Maximum Sampling Rate 10 kHz
Noise(input Shorted) 9u Vrms
A/D converter resolution 16 bits
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% 4.4 j=& ~ (LoadCell) #%

Model JIHSENSE
Type LM-2T
Capacity 2000 kg
S.N. 40901

245 £3RATHAE

COMPAQ (Mobile Intel(R) Pentium(R))

4-M CPU 1.80GHz

265MB RAM

246 rBrEAL B4 mE (R F=05Hz)

Frequency -0.5Hz # #(kgf)

CRM_1 CRM_2 TOKIWA

MAX min E=4 MAX | min E=]

&N

MAX | min )

=
=

1/480 rad 184 | -20.6 | 195 | 26.3 | -25.2 | 25.8 26.8 | -26.9 | 26.9

1/240 rad 334 | -355 | 344 | 48.1 | -50.8 | 495 33.1 | -325 | 32.8

1/120 rad 66.6 | -69.7 | 68.1 | 88.8 | -85.9 | 87.3 | 46.8 | -47.2 | 47.0

1/60 rad 103.8 [ -106.8 | 105.3 | 149.5 [-150.1| 1498 | 70.2 | -75.1 | 72.7

1/30 rad 140.0 [ -144.5| 142.2 | 187.8 [-191.3| 189.6 | 98.2 | -97.8 | 98.0
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247 &R B2 A4 4miE (GRIEAE F=1Hz)

Frequency -1 Hz z(kgf)

CRM_1 CRM_2 TOKIWA

MAX | min B\iE | MAX | min #BE | MAX | min BE

1/480 rad 194 | -214 | 204 | 33.1 -35 34.1 33.1 | -35.7 | 344

1/240 rad 40.1 | -42.0 | 411 | 67.1 -73 70.1 | 44.0 | -43.8 | 43.9

1/120 rad 86.8 | -88.1 | 87.5 | 125.7 |-130.1| 1279 | 65.3 | -64.4 | 64.9

1/60 rad 1346 |-131.1| 1329 | 177.5 | -181 | 179.2 | 95.1 | -945 | 94.8

1/30 rad 199.9 | -214.6 | 207.3 | 272.3 |-280.2 | 276.2 | 118.3 | -123.0| 120.6

48 L BrR Bz &4 miE (R4 F=2Hz)

Frequency -2 Hz & #(kgf)

CRM_1 CRM_2 TOKIWA

MAX | min BE | MAX | min #@E | MAX | min BE

1/480 rad 189 | -19.2 | 190 | 349 | -36.2 | 355 | 43.4 | -45.0 | 44.2

1/240 rad 41.3 | -40.7 | 41.0 | 73.3 | -76.5 | 74.9 55.0 | -55.6 | 55.3

1/120 rad 89.8 | -87.3 | 88,5 | 143.1 |-143.6| 1434 | 76.3 | -76.4 | 76.3

1/60 rad 192.8 | -187.6 | 190.2 | 234.8 |-240.7 | 237.8 | 87.8 | -91.6 | 89.7

1/30 rad 385.7 | -404.3 | 395.0 | 375.4 |-377.8| 376.6 | 108.1 |-109.1| 108.6
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%49 2 BrER B2 U4 miE (BFEIEF=3Hz)
Frequency -3 Hz z(kgf)
CRM_1 CRM_2 TOKIWA
MAX | min | & | MAX | min | 33&E | MAX | min | B&E
1/480 rad 139 | -14.7 | 143 235 [ -254 | 244 324 | -34.1 | 33.2
1/240 rad 33.3 | -32.7 | 33.0 56 -58 57 49.3 | -50.3 | 49.8
1/120 rad 76.7 | -73.6 | 75.1 | 117.3 |-119.6( 1184 | 725 | -723 | 724
1/60 rad 177.8 |-177.5| 177.7 | 222.9 |-228.9| 225.9 | 89.7 | -93.4 | 91.6
1/30 rad 4149 | -405.4 | 410.2 | 374.7 |-378.1| 376.4 | 121.1 |-131.9| 126.5

%410 & BrR E2

7
-~

B A dgiE (PR S =5Hz)

Frequency -5 Hz & #(kgf)

CRM_1 CRM_2 TOKIWA
MAX | min | ¥& | MAX | min | #¥& | MAX | min | ¥E&
1/480 rad 8.2 -8.2 8.2 8.1 -8.3 8.2 189 | -19.0 | 18.9
1/240 rad 18.8 | -19.5 | 19.1 251 | -26.2 | 25.7 325 | -33.6 | 33.1
1/120 rad 44.7 | -42.8 | 43.7 55.6 -57 56.3 52.1 | -52.8 | 52.5
1/60 rad 110.3 |-114.7 | 1125 | 129.6 | -136 | 132.8
1/30 rad 287.3 [-278.7 | 283.0 | 329.5 |-316.5| 323
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Bl 4.5 ~ 2 RlzERe &

Bl 4.6 MTSL.5tf # i b & 5 6 %
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B 4.7 =% =~ (Load Cell)

®
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Bl 4.8 8 3B 4
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50— [—O CRM_1
—— CRM_2
| —A— TOKIWA
25 —
S
X,
S 07
o
LL
_25 |
-50 | | | |
-0.5 -0.25 0 0.25 0.5

Displacement(mm)

B 49 &NfLr ®2 &% B(Q=05Hz » 6=1/480rad)

Force(kgf)

-80 | | | |

-0.8 -0.4 0 0.4 0.8
Displacement(mm)

Bl 4.10 £ 5%per B2 ki B(Q=05Hz » 6=1/240rad)
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120 4 | —O—CRM_1

——CRM.2
1 | —A— TOKIWA
60 —
S
3
8 07
(@]
LL
_607
-120 | B | | |
-1.5 -1 -0.5 0 0.5 1 1.5

Diaplacement(mm)

Bl 411 & 5% p Bz ki B(Q=05Hz » 6=1/120rad)

200 - |—OG— CRM_1

———CRM 2
1| —A— TOKIWA

100 —

_ i

(@)]

X,

8 0~

o

LL
-100 —
-200 | | | |

-3 -1.5 0 15 3
Displacement(mm)

Bl 412 & N[ r Bz &b B(Q=05Hz » 6=1/60rad)
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300 1 —O—CRM_1

—— CRM_2
1 | —A— TOKIWA

150 —
S
X
s 0~
(@)
LL

-150 —

-300 | | | |

-6 -3 0 3 6
Diaplacement(mm)

B 413 & N[ i ®z Bk E(Q=05Hz » 6=1/30rad)

50, | —O— CRM_1

CRM 2
| —A— TOKIWA
25 —
S
3
S 07
o
LL
-25 —
-50 | | | |
-0.5 -0.25 0 0.25 0.5

Displacement(mm)

B 4.14 &5%per Bz kb B(Q=1Hz > 6=1/480rad)
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100 —

50 —

Force(kgf)

-100 | | |

-0.8 -0.4 0 0.4 0.8
Displacement(mm)

Bl 4.15 £ 5% p B2 JkiF i E(Q=1Hz > 6=1/240rad)

—O—CRM_1
— CRM_2
—/\— TOKIWA

200 —

Force(kgf)

-1.5 -1 -0.5 0 0.5 1 1.5
Diaplacement(mm)

B 416 & Nfei ®z EiFiw B(Q=1Hz » 6=1/120rad)
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200 —

100 —

Force(kgf)

-100 —

-200 | | | |

-3 -1.5 0 15 3
Displacement(mm)

B 417 & Nfer Bz B B(Q=1Hz » 6=1/60rad)

—O— CRM_1
300 4 | — CRM_2
—A— TOKIWA
150 —
_ |
o
<
g 07
(@]
LL
-150 —
-300 | | | |

Diaplacement(mm)
Bl 4.18 &N r Bz BFw B(Q=1Hz » =1/30rad)
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50

25

Force(kgf)

W

& 4.19

100 —

50

Force(kgf)

-50

-100

Bl 420 %

—O— CRM_1
——— CRM_2
—A— TOKIWA

\ \ \ \
-0.25 0 0.25 0.5
Displacement(mm)

LV R B2 R B(Q=2Hz > 6=1/480rad)

—6—CRM 1
— CRM_2
—A— TOKIWA

\ \ \ \
-0.4 0 0.4 0.8
Displacement(mm)

FUPE R B2 B B(Q=2Hz > 6=1/240rad)
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CRM_2

—O—CRM_1
—Z\— TOKIWA

200 —

100 —

-100 —

(16x)82.104

-200

1 15

1 -05 0 05
Diaplacement(mm)

-15

1/120rad)

:2HZ ’ 9

Bl 4.21 2 ;\pe R B2 Sk B(Q

—A— TOKIWA

CRM_2

—O— CRM_1

300 —

150 —

(161)82404

-300

1.5

-15

Displacement(mm)

=1/60rad)

=2Hz > 9

e B (Q

z_ &

Cpe R BB 2

%
gl ¢

B 4.22

102



—0O—CRM_1

400 — CRM_2
—2Z\— TOKIWA
200 —
5
=
g 0
o
LL
-200 —
-400 ‘ ‘ ‘ ‘
-6 -3 0 3 6
Diaplacement(mm)
Bl 4.23 %N r Bz EiFw B(Q=2Hz » 0=1/30rad)
50, | O CRM_1
— CRM_2
| | —ZA— TOKIWA
25 —
)
=
g 0
S}
LL
-25 —
-0 | | | |
-0.3 -0.15 0 0.15 0.3

Displacement(mm)
B 4.24 % ;5 per %2 e E(Q=3Hz » =1/480rad)
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—6—CRM_1
— CRM_2
—Z/A— TOKIWA

100

Force(kgf)

-0.6 -0.3 0 0.3 0.6
Displacement(mm)

Bl 425 & Nfei ®z ki B(Q=3Hz » §=1/240rad)

oo | O CRM_L
——— CRM_2
—/A\— TOKIWA
100 —
S
<
g 0
o)
LL
-100 —
-200 ] T | | |

-1.5 -1 -0.5 0 0.5 1 15
Diaplacement(mm)

B 426 & Nfer ®z EkiFi B(Q=3Hz » §=1/120rad)
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300 —

150 —

Force(kgf)

-300 | | | |

-3 -1.5 0 15 3
Displacement(mm)

B 4.27 &R B2 &Fw B(Q=3Hz - =1/60rad)

(\x

500 —

250 —|

Force(kgf)
o
\

-500 | | | |

-6 -3 0 3 6
Diaplacement(mm)

Bl 4.28 ;P r ®2 Y% B(Q=3Hz > §=1/30rad)
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—O—CRM_1

30 1 |—— CRM_2
—A— TOKIWA
15 —
S
<
S 07
(@]
LL
_15 ]
-30 | | | |
0.3 -0.15 0 0.15 0.3

Displacement(mm)

Bl 429 & N ®z i B(Q=5Hz » §=1/480rad)

25 —

Force(kgf)

-50 | | | |

-0.5 -0.25 0 0.25 0.5
Displacement(mm)

B 430 &N ®z b B(Q=5Hz » §=1/240rad)
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Force(kgf)

-100

B 4.31

Force(kgf)

100 —

54
v

200

100

-100

& 4.32

200

e

—0O—CRM_1
———— CRM_2
—/A— TOKIWA

-0.5 0 0.5 1
Diaplacement(mm)

-1 0 1 2
Displacement(mm)

PR B2 &% B(Q=5Hz > 9=1/60rad)
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200 — CRM_2
200 —
e
g8
o
LL
-200 —
-400 | | | |
-5 -2.5 0 2.5 5
Diaplacement(mm)
Bl 4.33 %5 per B2 e E(Q=5Hz » 6=1/30rad)
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500 7 Frequency:0.5 Hz 500 7 Frequency:1 Hz
i —@ —CRM_1 i —@ —CRM_1
—Jl— CrRm 2 —Jl— CrRm 2
400 -| |—4&— TOKIWA 400 - |—&— TOKIWA
< 300 — < 300 —
g g
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0 I I I I I \ 0 I I I I I
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—@— CRM_1 1 |—@—CcRM_L
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o j=)
= <
Q (7} =
o o
o o
L 200 L 200 —
100 — 100 —
0 \ \ \ \ \ \ 0 \ \ \ \ \
0 1 2 3 4 5 6 0 1 2 3 4 5
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< 300 —
g
T i
2
(o]
L 200 —
100 —
0 I I I I I \
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Displacement(mm)
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Force(Kdf)

Force(Kgf)

Frequency:0.5 Hz

Frequency:1 Hz
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30 — 5Hz

CRM_1
— = Fluid dynamics

15 —
)
=
g 07
o
LL

_15 —

-30 \ \ \ \

-0.3 -0.15 0 0.15 0.3
Displacement(mm)

B 4.36 R onfE R Bz EF e B R

'

(6=1/480rad - R=8mm » L=11mm ~ h=0.72mm)

50 — 5Hz
CRM_1
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25 —
)
=
g 07
o
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_25 —

-50 \ \ \ \

-0.5 -0.25 0 0.25 0.5

Displacement(mm)
B 4.37 FonfE R F2 2 Bl R

(6=1/240rad > R=8mm ~ L=11mm ~ h=0.72mm)
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100 — 5 Hz

CRM 1
4 |— Fluid dynamics
50 —
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g8
o
L
-50 —
-100 \ \ \

-1 -0.5 0 0.5 1
Diaplacement(mm)

Bl 4.38 e A B2 ik E e B R

(6=1/120rad > R=8mm ~ L=11mm ~ h=0.72mm)

5 Hz
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CRM_1
N Fluid dynamics
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S
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o
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-100 —
-200 \ \ \ \
2 1 0 1 2

Displacement(mm)

B 4.39 RN R Bz BF i B R

(6=1/60rad - R=8mm ~ L=11mm ~ h=0.72mm)

112



5Hz

400 —
CRM_1
I Fluid dynamics
200 —
S
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g8
o
L
-200 —
-400 \ \ \ \
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Diaplacement(mm)

Bl 4.40 e R B2 ik E e Bl R
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5.2.1 % #.3)(Experimental Setup)

AGGIRRERN LA AT AR A2 A AR R TES R
FWE L WP HAoR 5L 47 o RSP E LM E e B A i
S AR 52477 > ME R BRI A A FET L g

B oo r A o uER- Ehed (2 w) 4rB 5.8 1y 0 T

\\ﬂ-\

F|#* i B(Shaker) & 4 £ 3 w Jr s (T 5 ﬁi-;,] NF S S g ) S F N
PR BEEE LS MR T AT R R B AL L B

2Bl E% B 56 LA ER D MR

|l

Reon B R B2 4% Ak Rk 0 B 5.7

FERBLZENGE I ZRY P UERR S CLBT cBERFE

Bogitr b 2 vk RAREF BT L RIRIT R TG 2 R o

A G TRHE TR 2 KK S F AT

(A)4vid B/ R (B 5.3): * BRIk 2 k2 4eid R 2 if
BR(FE#) HRARSEEDL1e

(B BB~ i %t (B 5.4): #irE ~ 2 R&EEBERIFIZ F 4 B8
MEFEFLE 57 > Bd DREFTHROTE BRR LR

% 5.2

(C)ipc#= % (Shaker) (#15.5) ¢ i ff 34 (Sinusoid)# & - 3% B2

Pt Fr (I 5)

115



BAE AT > BB AR 4 530

~—~
O
N
e
ol
ot
b
@H
]
i
R
=\
=
Ruf '
*-H‘

5.2.2 FHME-AATAILAL 17

T Rk TR AR B kiR T 2 B~ R 4E & (sampling rate) A
1000Hz » #.B~tkpF ¥ 5 180 sec» <r& — jplEbx 5 180,000 & FHL+#
BRI B A T2 % o ARSI deiE B9 TR T AR E R
2 I Fd = 02 —BAEA TR fERIRT AEId 2 Ao H

)J-a-»—\FE?‘g L e

B i B35 37 (root mean square, RMS) :

He o,

B PR 2 bt BRI

Kpms @

N =180000 % £ |2 74 4, o

RIRR LR B~ (2 4vik R RMS 3r# £ 378 5 7 1345

T N2l F o
xR o

(X.RMS;E\: P wn — XRMS’F‘{‘ = 18
)'('RMS’FE% L

x100%
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faz

\\\?{r

¥

523 RlFEE 5k
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B E BRnIE R B Ew o S FRRARTE v RF R
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5.3 ﬂi%’f#‘t FRIIER B2 a3
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PR MRS A EN - Sl H R AL E

5.3.1 125 4.3
(1) REERED o

SRR 4 Y 0 R S B BERE R 2K Bk o iR
BoLGRsk Y BEL R BT AR RE S R R AN RE AP

MTS # i

G

iﬁ:\'%7 T?ﬁ?"%%ﬁ,‘b’@o Q{?Eﬂ?%ﬁ’}’wﬁ%fr; ﬁ.ﬁ.
i R 7% 6 B (Model 244.23s, 4o 5.15)% 3" x3" 1A 44k & o ()
5.16) c 3B BiE & & 44 & 89 cm’ > f 210 kglem? s (FR A4 T o dy 4
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v if 15tf o ¥4 MTS W BRH B2 R4 > & RE 5 »c@ (T4 5 %
50Hz » F]t & Hf 2 2k & R b0 5 23> B < 30 100 Hz rore b R ) 6
o ook R SR ZHARSE S D USAF S E DA 24
B2 £R G L2 L PIRER L B e

BL A TR e F A BB S 10g BF o 4RE LT M A2 B
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i £ & (payload) 7 10tone % "I Bx £ 0 H X i 5 2125

cm e
(27 K fedw B0

XA R iRk TR AR B Y - R T %ﬁ-éﬁﬁﬁ%’f#ﬁ:
Al 2. — ~ = ML P B TR %/ "{:'l:*#‘ﬁfﬂli—lﬁ L 2Mx2™ o, 3

6.7m » R E £ ¥ 4.1MF (B 5.17) » 49 M 2 4 S dcdo & 55 77 o

A1 # 2S5 El Centro # 2t (PGA=0.10) i &
o~ AR Fe o PR B TR R 2 AviE RGUELIE G e~ T I L A
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Al R ALi R L2 7 Rt 2 A MTS 407 4] B2 =
BRI R RS o T i 2B B A e R R AS
AR TR BRI c 40T A B IRA A A 4 B B EAE
A~ = AAGR R LSRR R %Hfuﬁ%] o fe g ﬁifié%%iﬁi%] » ek

w0 PR MELE TR N2 AEH > 4o 518 T o
(b) 7 g

TAREE LY T IMC 2P 2 A2 & 4B 519 7 0 H A&
e sl R s UELE 407 4] B U SRE RS oo PR RS LR
it 2o dRds B o TR K se e § 4 [ (A/D)~ B i /5 (D/A)
3 ﬁ;:ff_ﬂi%J » /ﬁi%l d1(Digital 1/O) & # st » ¥ & & 32 2 ¥ =3 ;% (Single-ended)
Ee X SER R ﬁi%l ~ » 8 ‘e H = 3% (Single-ended) 4% & %7 vv éi%l 2~ 32 B H =

5% (Single-ended) 4% 4 #c i 5 v ﬂiﬂ x /ﬁiﬂ A Bk B4R 5 5 80kHz o
(DR R R
(a)*x i H.(Accelerometers)

AFHR Y BRI EF R AR RL A EFET B
4.(CROSSBOW +4q) » 4@ 5.20() %77 » 3 %% =% & #2458 5

VAR LR v BRI R L R R e

(07 ot 43 3+

121



AESFT - RO R BN R R K- BT s 453 (Wenglor,
+15cm) * 2R RIR IR IERL B2 ghe 8 B b i R R F S 30em

4o 5.20(0) #77% o
(c) 7= £ = (Load cell)

PEERIIE L B R R PEF 75 RG] -
W Rl RGERE BY X EG wd i 7 £~ (Jih-Sense » LM-2T)

4B 5.20(C) 517 0 F i A2 FA L TS 2Af ¢
5.3.2 tEEk i

ARFIRRAGTT A SR - A S RE K e
TR BAE T A Rl PR R AT 2 éi%] Rk TR S
#1+» ¢ (International Structural Control Society ) #f: 3% 2 Kobe
Earthquake ~Hachinohe Earthquake % EIl Centro Earthquake % ¥ 2 ¥ %
313?] PABEE O TAFEE AR AN EREA- AT A RRK =
gy~ RAZERACR] 521 A1 o 5T EEA A R ILR F iR 2

FHEFEENRERY P MIEFLPFRERY PGA=0.1g s
REREFRF BAL AP RRRLIHEAFRES RRERE R 2

BOIFRP G2k o SRl Bz Rt kR 22 HERE-

,J\ Jvé‘%—ﬁﬂ ’ /li’ /71 FE }L =424 4,\‘,):3 H J}Jéﬁﬁ%‘i%g @%;:é‘ ;}L‘tq?’h“qll

122



%ﬁ;ﬂf@ﬁ-xifi cE R B2 H RS H A FFrRiae HR
2 Jm R A ] 522(&)“r*r ;B 522(b),; iR L E’g% B ;th'\.lfﬁ?

S LT o B 523 LRINILA BX AT KM SR 2 2

o 0

5.3.3 it Bl i85k 2 TR

Ak AR R A B 2o dt &M BlE# T 2 Hachinohe Earthquake -
El Centro Earthquake # Kobe Earthquake = % 2t T 5 3+ 2 3 > ¥
AFHAE A p 2R REF- A2 BRREK TR He g 40 2

P d B IFH 2 BB % % A itde™ !
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7. 5.1 4vid R AR[iE R A2 AR

WR731
Model _ -
Power unit/Amplifier
Frequency Acceleration 0.1~450Hz(3dB deviation)
Range
Velocity 1.5~150Hz(3dB deviation)
Dynamic Acceleration + 0.5¢9
Range
Velocity + 50in/sec
Sensitivity Acceleration 10 » 100 > 1000V/g
Velocity 0.1 -1 > 10V/(in/sec)
Noise 0.1~10Hz 1.0 . g(Peak to Peak)
10~450Hz 0.2 grms
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4 5.2 BB G A

Model IMC S
Analog Input 16 differential channels
Sum Sampling Rate 20 kHz
Maximum Sampling Rate 10 kHz
Noise(input Shorted) 9u Vrms
A/D converter resolution 16 bits

% 53 £ A2

ASUS F3S Series

Duo T7100 CPU

1024MB Memory

% 5.4 i B (Shacker)® frz_4v:t B 3= F & RMS &

RMS (gal) .
Test Reduction (%)
w/o Damper w/ Damper
1 74 53 28.4
2 72 49 31.9
3 70 48 31.4
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% 55 T f Ham BHEEY wn <

Length (m) 2
Width (m) 2
Height of 2~5 floors (m) 1.3
Height of 1 floors (m) 1.5
ms (kg-sec?/m) 82.28
m4 (kg-sec?/m) 84.75
ms (kg-sec?/m) 84.75
m; (kg-sec?/m) 84.75
m; (kg-sec?/m) 85.13

% 5.6 T o SpialL &4 it

Mode 1 2 3 4
Frequency 1.45 4.53 7.59 | 10.12
(Hz)
Damping
2 : 2 32
Ratio (%) 0.29 0.33 0.25 0.3
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# 57 24K 4vid BE B F v 1 ( Input=Hachinohe)

Input = Hachinohe Earthquake

PGA=0.09¢g PGA=0.14g
w/o w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(g) (%)
RF| 0.380 0.202 46.9 0.581 0.267 54.0
5F 0.325 0.197 39.5 0.496 0.257 48.2
4F 0.282 0.167 40.6 0.431 0.278 35.5
3F 0.283 0.188 33.6 0.432 0.277 35.9
2F 0.243 0.151 37.9 0.371 0.213 42.7
PGA=0.199g PGA=0.24g
w/o w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(g) (%)
RF| 0.762 0.447 41.3 0.948 0.612 35.5
5F 0.650 0.426 34.5 0.809 0.516 36.2
4F 0.564 0.461 18.3 0.702 0.563 19.8
3F 0.566 0.484 14.4 0.704 0.565 19.7
2F 0.486 0.356 26.8 0.605 0.409 32.4
PGA=0.30g
w/o damper {w/ damper | Reduction
(9) (9) (%)
RF 1.198 0.719 40.0
5F 1.023 0.703 31.3
4F 0.888 0.722 18.7
3F 0.890 0.717 19.5
2F 0.765 0.547 28.5
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% 58 L HLE 4vik B 57§21 v g (Input=Hachinohe)

Input = Hachinohe Earthquake

PGA=0.09¢g PGA=0.14g
w/o w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(g) (%)
RF| 0.1592 0.0373 76.6 0.2433 0.0542 77.7
5F | 0.1514 0.0383 74.7 0.2313 0.0520 77.5
4F | 0.1103 0.0300 72.8 0.1685 0.0427 74.6
3F | 0.1100 0.0264 76.0 0.1680 0.0395 76.5
2F | 0.0874 0.0234 73.2 0.1335 0.0350 73.8
PGA=0.199g PGA=0.24g
w/o w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(g) (%)
RF| 0.3188 0.0931 70.8 0.3968 0.1101 72.3
5F | 0.3031 0.0879 71.0 0.3773 0.1054 72.1
4F | 0.2207 0.0721 67.3 0.2748 0.0856 68.8
3F | 0.2201 0.0673 69.4 0.2740 0.0796 70.9
2F | 0.1749 0.0612 65.0 0.2178 0.0733 66.4
PGA=0.30g
w/o damper {w/ damper | Reduction
(9) (9) (%)
RF 0.5016 0.1318 73.7
5F 0.4769 0.1268 73.4
4F 0.3473 0.1022 70.6
3F 0.3464 0.0946 72.7
2F 0.2752 0.0877 68.1
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% 5.9 B2 ¥ 2o0if 5 & 12 1 (Input=Hachinohe)

Input=Hachinohe Earthquake

w/o damper PGA=0.09¢g PGA=0.149g
Mode Freq. Damping Freq. Damping Freq. Damping
(H2) Ratio (%) (H2) Ratio (%) (H2) Ratio (%)
1.45 0.29 2.07 10.9 2.11 11.3
4.53 0.33 6.34 11.0 6.46 10.6
7.59 0.25 8.96 4.3 9.04 4.3
PGA=0.19¢g PGA=0.24¢g PGA=0.30g
Mode

Freq. Damping Freq. Damping | Freq. Damping
(Hz2) Ratio (%) (Hz2) Ratio (%) (Hz2) Ratio (%)

2.14 10.5 2.13 10.8 2.16 114
6.63 10.0 6.68 9.8 6.71 9.7
9.28 5.3 9.31 5.5 9.36 5.6

% 5.10 e 2 B < 44 (Input=Hachinohe)

Input = Hachinohe Earthquake
L E Box a4 Earthquake Intensity
(kgf) 0.09¢g 0.14g 0.199 0.249 0.30g
. 4 208 276 439 508 590
o &4 -183 -250 -405 -473 -561
%) 4 86 148 320 407 514
i -106 -175 -332 -419 -527
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Z 511 2Lk 4vi# B B & &t #&( Input= El Centro)

Input = El Centro Earthquake

PGA=0.05¢g PGA=0.14g
w/o w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(g) (%)
RF| 0.154 0.144 6.3 0.404 0.404 0.0
5F| 0.131 0.106 19.5 0.345 0.345 0.2
4F | 0.113 0.113 -0.2 0.296 0.281 5.1
3F| 0.104 0.121 -16.3 0.273 0.317 -16.2
2F | 0.106 0.097 9.2 0.279 0.250 10.7
PGA=0.18g PGA=0.25¢g
w/o w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(g) (%)
RF| 0.498 0.467 6.3 0.685 0.685 0.0
5F| 0.426 0.399 6.3 0.586 0.579 1.1
4F | 0.365 0.323 11.6 0.502 0.430 14.4
3F| 0.336 0.326 3.0 0.462 0.412 10.8
2F | 0.344 0.282 18.0 0.474 0.336 29.0
PGA=0.30g
w/o w/ Reduction
damper(g) | damper(g) (%)
RF| 0.828 0.661 20.1
5F| 0.708 0.592 16.4
4F | 0.607 0.403 33.6
3F| 0.558 0.414 25.9
2F| 0.572 0.346 39.5
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% 5.12 & #k 4vik & 357 43 @ #(Input= El Centro)

Input = El Centro Earthquake

PGA=0.05¢g PGA=0.14g
w/o w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(g) (%)
RF| 0.0636 0.0202 68.2 0.1672 0.0646 61.4
5F | 0.0620 0.0202 67.4 0.1629 0.0586 64.1
4F | 0.0464 0.0193 58.3 0.1220 0.0440 64.0
3F| 0.0417 0.0137 67.2 0.1095 0.0377 65.5
2F | 0.0346 0.0255 26.2 0.0910 0.0406 55.4
PGA=0.18g PGA=0.25¢g
w/o w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(g) (%)
RF| 0.2062 0.0813 60.6 0.2837 0.1169 58.8
5F| 0.2009 0.0733 63.5 0.2764 0.1068 61.4
4F | 0.1504 0.0541 64.0 0.2069 0.0758 63.4
3F| 0.1349 0.0468 65.3 0.1857 0.0655 64.7
2F | 0.1122 0.0477 57.4 0.1544 0.0640 58.5
PGA=0.30g
w/o w/ Reduction
damper(g) | damper(g) (%)
RF| 0.3427 0.1125 67.2
5F| 0.3338 0.1028 69.2
4F | 0.2499 0.0736 70.6
3F| 0.2242 0.0642 71.4
2F | 0.1865 0.0628 66.3
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% 513 AR B3 B2 ¥ 20 5 & 12 2 (Input=El Centro)

Input= El Centro Earthquake

w/o damper PGA=0.05¢g PGA=0.149g
Mode Freq. Damping Freq. Damping Freq. Damping
(H2) Ratio (%) (H2) Ratio (%) (H2) Ratio (%)

1.45 0.29 1.92 9.8 2.06 9.06

453 0.33 5.84 6.5 6.03 6.58

7.59 0.25 8.48 3.0 8.77 5.2
PGA=0.18g PGA=0.25g PGA=0.30g

Mode Freq. Damping Freq. Damping | Freq. Damping
(Hz2) Ratio (%) (Hz2) Ratio (%) (Hz2) Ratio (%)

2.08 9.2 2.1 11.0 2.09 9.7
6.11 7.7 6.12 8.3 6.09 7.8
8.85 6.8 8.83 6.0 8.81 5.2

# 5.14 e R Bi < 44 (Input= El Centro)

Input = El Centro Earthquake
R E Box a4 Earthquake Intensity
(kgf) 0.05¢g 0.14g 0.18¢g 0.25¢ 0.30g
. 4 137 416 475 626 589
o R -125 -363 -422 -579 -537
il 4 53 297 380 589 551
B -21 -259 -330 -549 -496
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# 515 A MK 4vik B4 B F &+t #2( Input= Kobe)

Input = Kobe Earthquake

PGA=0.08g PGA=0.14g
w/o w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(g) (%)
RF 0.206 0.207 -0.6 0.307 0.347 -13.0
5F 0.179 0.197 -10.5 0.267 0.301 -12.9
4F 0.134 0.136 -2.2 0.199 0.211 -5.6
3F 0.156 0.138 115 0.233 0.179 23.0
2F 0.124 0.126 -1.3 0.186 0.225 -21.2
PGA=0.22¢g PGA=0.34g
w/o w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(Q) (%)
RF 0.620 0.751 -21.1 0.912 0.783 14.1
5F 0.539 0.637 -18.2 0.792 0.686 13.4
4F 0.403 0.374 7.2 0.592 0.383 35.4
3F 0.470 0.498 -6.0 0.690 0.521 24.6
2F 0.375 0.436 -16.3 0.551 0.461 16.3
PGA=0.37¢g
w/o w/ Reduction
damper(g) | damper(g) (%)
RF 0.982 1.008 -2.7
5F 0.853 0.872 -2.2
4F 0.638 0.517 19.0
3F 0.744 0.593 20.2
2F 0.594 0.574 3.2
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% 5.16 & HA 4rik B 357 2+ i (Input=Kobe)

Input = Kobe Earthquake

PGA=0.08g PGA=0.14g
w/o w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(Q) (%)
RF | 0.0601 0.0215 64.3 0.0897 0.0329 63.4
5F | 0.0577 0.0191 66.9 0.0861 0.0290 66.3
4F | 0.0418 0.0165 60.6 0.0624 0.0224 64.1
3F | 0.0411 0.0137 66.6 0.0614 0.0201 67.2
2F | 0.0317 0.0122 61.6 0.0474 0.0178 62.5
PGA=0.22¢g PGA=0.34g
w/0 w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(Q) (%)
RF | 0.1812 0.0691 61.9 0.2665 0.0714 73.2
5F | 0.1740 0.0611 64.9 0.2558 0.0634 75.2
4F | 0.1261 0.0429 66.0 0.1854 0.0441 76.2
3F | 0.1240 0.0394 68.3 0.1823 0.0406 77.8
2F | 0.0958 0.0355 62.9 0.1408 0.0368 73.9
PGA=0.37¢g
w/o w/ Reduction
damper(g) | damper(g) (%)
RF | 0.2869 0.0850 70.4
5F | 0.2754 0.0766 72.2
4F | 0.1996 0.0510 74.4
3F | 0.1963 0.0456 76.8
2F | 0.1516 0.0413 72.8
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% 517 FKIE R FH-A BHE2 ¥ 20 5 & 12 R (Input=Kobe)

Input= Kobe Earthquake

w/o damper PGA=0.08¢g PGA=0.149g
Mode Freq. Damping Freq. Damping Freq. Damping
(H2) Ratio (%) (H2) Ratio (%) (H2) Ratio (%)

1.45 0.29 2.04 11.3 2.09 10.8

453 0.33 6.15 5.5 6.21 5.1

7.59 0.25 9.62 4.4 9.72 3.8
PGA=0.22g PGA=0.34g PGA=0.37g

Mode Freq. Damping Freq. Damping | Freq. Damping
(Hz2) Ratio (%) (Hz2) Ratio (%) (Hz2) Ratio (%)

2.14 11.2 2.13 12 2.14 11.9
6.37 5.6 6.33 5.6 6.36 6.3
9.67 5.0 9.69 5.2 9.64 5.3

# 518 &R B d 4 (Input= Kobe)

Input = Kobe Earthquake

. B oA S Earthquake Intensity
RO TE A %
(kgf) 0.08g 0.14g 0.22g 0.34g 0.37¢g
- 4 212 301 530 546 674
o R
R -238 -329 -613 -636 -802
%) E il 64 133 415 451 605
' B4 -76 -174 -523 -566 -765
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%519 = KA B L e

Length(m) 2
Width(m) 2
Height of 2nd floor(m) 2.59
Height of 1st floor(m) 2.45
m2(kgf- sec’/m) 16.53
m1(kgf- sec’/m) 16.53
Cross section of the column(mm) 140x90
Cross section of the beam(mm) 140x90
Cross-sectional area of the column(m?) 0.126
Cross-sectional area of the beam(m?) 0.126

%520 = EHA@HA S 04 P

Mode 1 2
Frequency (Hz) 2.45 11.52
Damping Ratio(%) 3.64 2.26
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% 521 MR 4vik B4 B F v 2 Input= Kobe)

Input = Kobe Earthquake

PGA=0.08g PGA=0.12¢g
w/o w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(Q) (%)
RF 0.211 0.168 20.2 0.290 0.244 15.8
2F 0.106 0.105 0.9 0.146 0.144 1.3
PGA=0.19¢g PGA=0.25¢g
w/o w/ Reduction w/o w/ Reduction
damper(g) | damper(Q) (%) damper(g) | damper(g) (%)
RF 0.463 0.446 3.6 0.618 0.516 16.5
2F 0.233 0.226 3.0 0.311 0.255 17.8
PGA=0.28¢g
w/0 w/ Reduction
damper(g) | damper(g) (%)
RF 0.661 0.560 15.3
2F 0.333 0.303 9.1
% 522 &R 4vid B35 43 (8 v i (Input=Kobe)
Input = Kobe Earthquake
PGA=0.08¢g PGA=0.12¢g
w/o w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(Q) (%)
RF 0.039 0.032 18.5 0.054 0.042 22.0
2F 0.020 0.018 115 0.028 0.024 16.7
PGA=0.19¢g PGA=0.25¢g
w/0 w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(Q) (%)
RF 0.086 0.065 23.7 0.114 0.075 34.6
2F 0.045 0.036 20.6 0.060 0.040 32.6
PGA=0.28¢g
w/o w/ Reduction
damper(g) | damper(g) (%)
RF 0.123 0.081 33.9
2F 0.064 0.044 31.8

154




% 523 *i B2 ¥ >0 F e R v (Input=Kobe)

Input=Kobe Earthquake

w/o damper PGA=0.12¢g PGA=0.19¢g
Mode Freq. Damping Freq. Damping Freq. Damping
(H2) Ratio (%) (H2) Ratio (%) (H2) Ratio (%)
2.45 3.64 2.62 8.2 2.49 8.6
2 11.52 2.26 12.12 3.2 12.11 3.5
PGA=0.19¢g PGA=0.25¢g PGA=0.28¢g
Mode Freq. Damping Freq. Damping | Freq. Damping
(Hz2) Ratio (%) (Hz2) Ratio (%) (Hz2) Ratio (%)
2.49 8.6 2.44 9.1 241 9.5
2 12.11 35 12.00 35 11.91 4.1
% 524 Ziipe R B+ 34 (Input= Kobe)
Input = Kobe Earthquake
L E B o4 Earthquake Intensity
(kgf) 0.08g 0.12g 0.199 0.25¢g 0.28¢g
Sy 4 18 24 38 48 60
B -35 -62 -143 -178 -199
N 4 22 30 63 80 94
R A -27 -39 -79 -94 -104
S 4 14 17 22 23 24
R4 -27 -43 -102 -129 -145
N-E 4 14 22 33 37 38
R -10 -15 -23 -33 -37
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# 525 Lk 4vi B & vt & Input= Hachinohe)

Input = Hachinohe Earthquake

PGA=0.08g PGA=0.15¢
w/o w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(Q) (%)
RF 0.160 0.166 -3.5 0.296 0.301 -1.6
2F 0.151 0.132 12.7 0.279 0.239 14.1
PGA=0.19¢g PGA=0.22g
w/o w/ Reduction w/o w/ Reduction
damper(g) | damper(Q) (%) damper(g) | damper(g) (%)
RF 0.384 0.394 -2.5 0.435 0.435 0.0
2F 0.362 0.317 12.4 0.410 0.370 9.9
PGA=0.26g
w/0 w/ Reduction
damper(g) | damper(g) (%)
RF 0.516 0.458 11.3
2F 0.486 0.364 25.0
# 5.26 & A 4vid & 352 2@ vt g (Input=Hachinohe)
Input = Hachinohe Earthquake
PGA=0.08¢g PGA=0.15¢
w/o w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(Q) (%)
RF 0.042 0.036 6.4 0.077 0.071 7.9
2F 0.040 0.031 23.3 0.073 0.056 23.7
PGA=0.19¢g PGA=0.22¢g
w/0 w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(Q) (%)
RF 0.099 0.090 9.5 0.113 0.101 10.8
2F 0.095 0.072 25.0 0.108 0.079 26.5
PGA=0.269g
w/o w/ Reduction
damper(g) | damper(g) (%)
RF 0.134 0.104 22.0
2F 0.128 0.081 36.3
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% 5.27 FRKIER B - g B2 & »0if 5 & e L vt (Input=Hachinohe)

Input= Hachinohe Earthquake

w/o damper PGA=0.08¢g PGA=0.15¢g
Mode Freq. Damping Freq. Damping Freq. Damping
(H2) Ratio (%) (H2) Ratio (%) (H2) Ratio (%)

2.45 3.64 2.84 7.1 2.72 7.4
2 11.52 2.26 12.02 3.4 11.79 3.8
PGA=0.19g PGA=0.22g PGA=0.26g

Mode Freq. Damping Freq. Damping | Freq. Damping
(Hz2) Ratio (%) (Hz2) Ratio (%) (Hz2) Ratio (%)
2.64 7.5 2.61 8.4 2.61 7.9
2 11.66 3.8 11.55 3.2 11.56 3.1

% 5.28 Forre R B < 4 (Input= Hachinohe)

Input = Hachinohe Earthquake
iR E Bt a4 Earthquake Intensity
(kgf) 0.08g | 0.15g | 0.19g | 0.22g | 0.26g
- EAT 15 20 25 26 26
B A -23 -46 -62 -73 -73
oW EAT 16 26 31 35 34
i -19 -32 -45 -51 -52
S-F EAT 11 16 18 20 20
i -19 -34 -45 -50 -51
N-E AT 9 17 21 24 24
B A -8 -13 -17 -18 -19
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% 529 & HLE 4viE R B X Bt #&( Input= El Centro)

Input = El Centro Earthquake

PGA=0.10g PGA=0.16g
w/o w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(Q) (%)
RF 0.209 0.211 -0.9 0.333 0.351 -5.3
2F 0.135 0.156 -15.2 0.215 0.230 -6.6
PGA=0.20g PGA=0.23g
w/o w/ Reduction w/o w/ Reduction
damper(g) | damper(Q) (%) damper(g) | damper(g) (%)
RF 0.417 0.421 -1.0 0.478 0.453 5.1
2F 0.270 0.271 -0.5 0.309 0.300 3.0
PGA=0.29¢g
w/0 w/ Reduction
damper(g) | damper(g) (%)
RF 0.602 0.549 8.9
2F 0.390 0.355 8.9
% 5.30 & A 4vik & 327 43 v #(Input= El Centro)
Input = El Centro Earthquake
PGA=0.10g PGA=0.16g
w/o w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(Q) (%)
RF 0.051 0.047 7.5 0.082 0.078 4.4
2F 0.033 0.030 7.5 0.052 0.048 6.6
PGA=0.20g PGA=0.23g
w/0 w/ Reduction w/o w/ Reduction
damper(g) | damper(g) (%) damper(g) | damper(Q) (%)
RF 0.102 0.093 8.8 0.117 0.109 6.7
2F 0.065 0.057 11.6 0.075 0.067 10.1
PGA=0.29¢g
w/o w/ Reduction
damper(g) | damper(g) (%)
RF 0.148 0.127 13.9
2F 0.094 0.076 18.7
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% 531 KILR B A B2 320 F &1 £ vt (Input= El Centro)

Input= El Centro Earthquake

w/o damper PGA=0.10g PGA=0.169g
Mode Freq. Damping Freq. Damping Freq. Damping
(H2) Ratio (%) (H2) Ratio (%) (H2) Ratio (%)

2.45 3.64 2.85 8.7 2.69 9.8
2 11.52 2.26 12.07 3.2 11.59 4.7
PGA=0.20g PGA=0.23g PGA=0.29g

Mode Freq. Damping Freq. Damping | Freq. Damping
(Hz2) Ratio (%) (Hz2) Ratio (%) (Hz2) Ratio (%)
2.57 9.6 2.52 10.6 2.41 12.1
2 11.53 3.4 11.71 3.8 11.41 4.5

# 532 & inre kB 4 di 4 (Input= El Centro)

Input = El Centro Earthquake
i E Bk a4 Earthquake Intensity
(kgf) 0.10g 0.16g 0.20g 0.23¢g 0.29¢g
Sy EAT 21 30 43 55 94
i -45 -84 -117 -136 -186
N-W AT 25 41 55 68 93
B A -34 -59 -81 -98 -120
S-F EAT 15 19 23 25 28
B A -35 -65 -84 -94 -132
\-E AT 15 24 29 32 36
i -24 -38 -42 -43 -54

159



1300

N
: E E
—
9
I
L)
5050 550 I ood 50|50
LALE (B mm)
1300 -
LEE a
% Ww A LI I
& 3 5
— MR R N RHE ]
- [ [t

550 Bl

A-AS| A E (AL mm)

5.1 b i 4R R 4 2 3K 5 )

160



B 5.2 £ %

B 5.3 4vid R/iE B R

161
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e A. ARX i SuEsm 3R 4
Wk SLRn 2 T 5
R4 k2 ERMETER N 0 L H - @J»&sﬁi ﬁ.;f]:lg
(SISO)erfm 5 b » ¥ AL & > 247 5 ¢
yl+ayk-D+--+a, yk—n)=hu@+buk-D+--+h uk-n) (A1)

Hdoy() & k2 gt ags S sl n, 5 2R S u()

R ks gg o bisadg AL hg n, SR RA -

et 18 #3F 5 3 (backward shift operator) » B ¥ #-(A.1);8 % 7+ &
() =D 1) = Hg u(k) (A2)
A(0)
d4d
A@) =1+aq™ +--+a,q" (A.3)
B(q) =by +biq™ +---+ ban_nb (A.4)

FHN (A2) P~z @R F

Y(2) = H(2)u(2) (A5)
PR fgzmgtH(z)—iEZ; (A6)

y(2) 2 u(z)» % 5 yk) 2 uk) 2 z-#dE > A(z)B(z) s 8 i
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WRAIZE N (AL R AL cEF BRI BDAF SN
B(z)=02 124 % H F B:(zeros) » @ 4 & Py S e A 2 5 I 1
A(z) =0z $34L % 2 4BEE(poles) o & SLenp FRAE S g2 o £owt g @ 3
S gy Mooom R BER] A E Jgehik oo g, <ng B B
OB S HH(2) EEEE T T Y 305 H A R RN A R

B e (AB) e
"
H(z) = Z H;(2) (A.7)
j=1
2R(qj)_2R(quj)Z_l

0 aRGp ey P A9

b, p-_1+---+bn p, "
q; _I|m(1 p;z” YH(2) = - : (A.9)
[T@-pep; ™
k=1 j
J& Suenp FRAR f 2 FE’/:'»FLf P E 4T ol
£ = Jinr)? + ¢ A.10
=5 AT+ 4, (A.10)
In(r;
§j=- L (A12)
Jnr)? + 42
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_ I(p:
N =pip; 4 = tanllzR((F;’_))} (A.12)
J

T 2Pt o 7R BF(ALDY 2 dkays, bysEH k> e

Esed :‘-.*?7 B ;J—-}};E' ~ JER LLlliﬁF‘—"%Kf@ﬁ’rg{o

W kg RRCR B RRA
FALM T EEM 2 F A L e FEERIZMELY F € e
RN P RS CT  BE0 i S

A(a) y(k) = B(a) u(k) + C(q) e(k) (A.13)
He sek) A& F Bk H 3 F i@ (zero mean)z v F2 31 (white
noise) - % 7 ;X C(q) = =& >

C(q)=1+c,q* +---+c,q " (A.14)
He sosien e N Z2AR - FERYPFFF - TFEAI
- 53N ARSI ﬁE? it o B4

AR i3]+ A(Q) y(k) =e(k) (A.15)

ARX 53] © A(q) y(k) = B(a) u(k) +e(k) (A.16)
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ARMAX 131 = A(q) y(k) = B(q) u(k) + C(a) e(k)

(A.17)
ARMA #23] = A(q) y(k) = B(a) u(k) (A.18)
1350 (AL3) s ARX HEA| 7 i2— H 4 1 =
y(k) =w' (k)6 +e(k) (A.19)
He
v (K)=[-y(k=1)---—y(k —n,),u(k)---u(k = ny)] (A.20)
0=la,--a, by--b, | (A.21)
F 5 H - W~ 5 L4 (SIMO)HESS ¥ -
(y,(k) uk) 0 - 0]
yTo=| Y2l o 0 (A.22)
_ym.(k) 0 0 . u('k)_
49 5
Y =[= Y (k=2 = yp (k= n,)] (A.232)
u(k) =[u(k)---u(k = n,)] (A.23b)
e:I_al'”ana’blo”'blnb’bZO"'ban"”’me"'bman (A.23c)
HIAAL)HH e T 4% 6 ez FOERET v F
y(k,0) =y (k)8 (A.24)
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B Ey(K,0) kA © drz kRO T IR B e

gk, 0) =y(k) —y(K, 0) (A.25)

sk ik a0 > m A Ble(k,0)=e(k)

B fiw SRR X 2 (Recursive Prediction Error Method )

1 K <
V(k,8) = 1K) 2 Blk,5)¢7(5.0) (A.26)
s=1

H o5 B(k,s) 5 4 FF o (k) B A B(k,s)2 & #1* F]+ (normalization

factor) » ® % & &

k
1(K)2B(k,s) =1 (A.27)

s=1
%/%‘ é‘i‘;’ifé‘%%ri% ‘4\1*%'}‘]—’5-% ’ LLEE‘?E"P#E]»&% /\ﬁx R

ORI LA T o A EFS T B SRR R g
o g T B K TR i g 2 o A BT

B(k,s)=2r(k)B(k —1,5) (A.28)
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B(k, k) =1 (A.29)

A(K) = hoh(k —1) +1— A, (A.30)

A# % B % F]+ (forgetting factor) » i@ % 4 * 1, =0.99 > 1(0)=0.95 %

i
;m
&
3§
g

B
me

)

i

S FLSIUR R SR R A PR ] iR

=t
D
=y
FTIRS

E[V(k,6)]=0 (A.31)

£ (A1) T 4L AT AE Aes S N2 > 2k AR 4k

o(k) =0(k —1) — o, [V"'[k,08(k —=1)]]* V[k,08(k —1)] (A.32)

P 2go=1s FEiFE RSV ke A5 2

0(k) =0(k —1) + L(K)|y(k) =y (k)o(k —1)] (A.33)
He
L(k) = P(k —Dw(k) (A.34)

(k) +y " (k) P(k ~2)w(k)

P(k —1)
A(K) +y " (K)P(k —1)w(K)

P(k) = (A.35)

O A4 0E % P(0) =108 ~10" 1 4e i B jcacid B o 1% (A33)50
3 (A35)Ft 2 vhie TRIFAE T KT A o0 o e a R R
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