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ABSTRACT

In response to the disastrous lessons from Chi-Chi earthquake, the concept of seismic
energy dissipation design has been gradually accepted by domestic industries. Utilization of a
variety of damping devices for seismic energy dissipation has become a trend. Currently the
“Seismic Capacity Assessment Method:for, RC Structures (1999)” (referred to as the strength
ductility TS-RC method herein) by the Architecture Research Institute, Ministry of Domestic
Affairs has been most widely adopted by the engineering professions. However, it does not
take into account structures-with supplemental seismic dampers. A modified TS-RC method
with an iterative procedure by Chung et al-may used to determine the collapsing peak ground
acceleration (CPGA) of the structure-with displacement-dependent dampers. By comparing
the results by ETABS pushover analysis based on ATC-40 of the United States, it is found
that TS-RC method tends to underestimate the CPGA, which obviously contradicts to what
have happened in Chi-Chi earthquake. Therefore, this study tries to adopt the pushover
method for seismic capacity assessment of structures with seismic dampers (including the
added steel frame), meant to provide for engineers a simple tool for seismic capacity
assessment of structures with energy dissipative dampers. Using a practical seismic retrofit
project as example, this study conducts seismic capacity analyses of the target structure prior
to and after retrofit, using both the TS-RC and pushover methods independently. Results
indicate that, the TS-RC does underestimate the CPGA (of the non-retrofit structure), while
the seismic capacity curve of the seismically damped structure derived by the pushover
analysis irrationally exhibits discontinuity in some segments of the curve. The built-in
pushover analysis module of the current ETABS software cannot yet adequately reflect the

CPGA of seismically damped structures.

Keywords : seismically damped structure, pushover analysis, seismic capacity curve
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40¢,, +1

% Cp o
,1 3 }@“L’fﬁ-i e R bb }ffg—l ﬁf “L'f#mff%ﬁ R
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)&ﬁﬁit’ ’:LWFEETTV‘-» /ﬂ At EZEGrA
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PR BBRBL
g EL BA A S RNEL BALE F 4 ie* » @t RIEH e
F AT EE Y E DR R

v

Sl o AT R T o
BAAMPFL > TEEEAL B2 DR Ky KBS K LR B2 BPD A
R R BRBI A RABR Ky 2 E AT BT R 0 R
FuZ 150 LR BIrg 4 g > B L 4cE

ZEBEAPHBEA G EHHEEE

599 > @ AR BT AT 4o e
P=KAy+aK (Au-Ay)
P/Ay=K+oK(u-1)=K(1+ap-0)

P=KAy(1+ou-a)

P=P(l+au-a) (5.27)
P
K, = ™ (5.28)
3
g
&
P akd ....................
"
kd Keﬁ"
Displacement
Ay u

B 59 FER BERMEHA
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Z2 gL BT (7 AERGE 508 ETABS & SAP2000) -

&E&ﬁﬁ&i’{%ﬂﬁ%ﬁ?ﬁ*’ﬁﬁﬁﬂﬁifﬁ’ﬁaﬁﬁﬁ*
g @ PER E2 PLEK ARBERT 4 WL ApH 2 TE RS R R 2

Faest (314) & (3.17) e FAREES 4 (RS 1T)

L

d (4 446)y F AR F IR *ﬁébsﬂb‘)ﬁpﬁ/ﬂ\ﬁ PR BHLE 4e
@R F o S H - gy B - 52 ARX AR Rk s e 2 4 [31]

FE IR B2 B R R
&=
FEA R A 72 F £ & (Capacity curve) - J* 3¢ (5.25) £ (526) #
ARET A BBz B GEEL SR REFH S LS o
W Fp
IR F T RATE2 M L5 R EEFTIEL Y BB > REZ 1 (S

2 H MR RF A B R T AT

A4'=—¢ (5.29)
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(1) #H2ARAE
PR e oG 2 B0k 22 A MBRN S TREM BTN K >
H2PiZ 2 4858 L8 2 R g eT 4

lLAZ@AP R+ i FEE A A we - S8 > 2§ M EAAEE

F2ZHAP -

22 A 2wt B A iR > RUAG ARG A e > R R L1 42
ERCY VSR L%&?’%ﬂﬁﬁ;ﬁ;ﬁ » VLA pFRy R kR iR AL

AR A A (4] 2 3 A R R AR 2 BA A

ERPAREL TR HBE AL REATL c HAR A MK R F

475 & 2_ %= %%%ﬁﬁfﬁ’ﬁ v FT A AR P R R e

LA RRTEY 27 B GHCE A 100 TR RS A il B BL L7 ik T

SERFAHFR Y VIS0 E 0 BFATS ERFFLH RE A ER 0 F
VLR Y s R IFATARE K 10%E F 2B BB A E BB o
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g sen AR g 07 AT R A R R G B R A s

ZApt P o E P ﬁi“%ﬁ‘“%rffij@i%%i%%zr’f :
- ~ AR

Lg &y dishp 240 R >(475 ERFHH RE 4 Sl R XY i BB P2

Tt .

2.5 (475 ErfFH e BB A el R XY b G0 30%<Ed #3b e & big B <
(475 &3 fFip s B £ deid Rx* i (hdi) 0 P14 AT 5% «
- AR RS R

FEF L HAK AR AR <@T5 ERFHE B A S BXY g AL
30% - Bl F 475 £
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6-2-1 2= A4~ P&
AEGIERS G C KL BIRES BHE B R FREL o -
WEiPB %3 WEFGHO5260735mM D HEMASTE FE 0 HEF

BN 5 270.84m’ s A~ s 2 HF RA G 36mo IS 2R 2 F R iEs
70 T 2 G BAcH 6.1 2 62 977 o AFGIE TR L F R AEE A AT
Fle 2 $rG ¢ & st o PR K LB 6.3 MR 2 G o 4w 5550 A fy =2800
keflom®» 2 8 4 55 B g SILHHE Pk (s 1 oo T R E - L (fd =105

@%ﬁ>:%ﬁﬁ%ﬁ@@\ﬁﬁ\ﬁ~ﬁa@%ﬁﬁ’@§i@%ﬁav*

wagw] [2] % 300kgfm’; F1fz A2 w2 4 P EFE S 2 B E
9% 56648 ton > H ¢ TE A GE 2677900~ ¥ = & 9 F 298.69 ton o ki AP
4T

® L ik FR A

® :E i Al RCHEZE N prafh(is )
® Fhub PR AfUR R AR L 131.6 kgf/em
® P?ﬁlﬁiﬁuf@ 5 B % 177.6 kgf/em

® FIEE R 18 cm
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Cl ce C3 C4 CS 81S) BC1 BC?2
~ | B® D £ 3 B
i
BxD 40x40 40x25 25x40
STEEL “8-H6 ‘6-H6 8-#5
HOOPS #3e25 #3e25 #3025
W L L 3% % - 3
LR 40x40 40x40 40x40 40x40 40x25 25x40
STEEL] "12-#6 12 -H#6 xB-#7 2-H#6 x10—-#7 ‘6-H6 8-#5
' ® * PGS
HOOPS [43@15-25-15 |#3e15-25-15 |#3@15-25-15 |#3@15-25-15 | #3@25 #3025
ki L 1| o e, | - L]
- o5 o 2
" BT\ &
BxD 40x40 40x40 [ 0XAD T St A0XA0 A 40x25 S50x30
STEEL| -12-#6 X4-H7 8-HEL [xB—#7 A HE X187#7Ji T6-#H6 T16-#6
HOOPS [#3ef5-25-15" #3@FS—8%—1?#3@1?.8«5—1‘5"%':5@15—8‘"5—15 #3025 #3020

] 6.3 + = 55 )

At 58 BB O 4o ) 6.4 4157

B 6.4 & 514 34
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6-2-2 ¥ B4 A ¥

71 C
L B4 E'J‘??:.“P’J‘j A V= —W
l4ay Fu
ZIFu C
V= —)W
35ay Fu
2 (CFu<1.0, FWJ £1E5(C/Fu)m
(1) BBh = s R 7= 0.33 (PR )
Q) 1= 1.25 (3= K EEP)
3) T U [ JD@”"@@?IT@T
=1 (3 KIS 1.837<T)
C=1.5/T"2/3 (572 K9 0.465<T<1.837)
=25 (57 K7149%8 0.15<T<0.465)
C=12.5T+0.625 (372 KPR 0.03<T<0.15)
=1 (37 Mg T<0.03)
(&) EE [ P JW& i ay= 1.50 G{éi@%?l‘i?)
(5) Rl R Rx = 4.00 ‘J"rﬁ;’ﬁ’/iﬁi§4 TR Ak
Ry = 400 ‘JEJ P PR e
(6) ARy = ARLITE T [
Fu=Ra (57 JIE9% 0.465<T)
Fu=y/" (2Ra-1)+(Ra-y/ (2Ra-1))*(T-0.308)/0.157 (57 JIE9H% 0.308<T<0.465)
Fu=y/ (2Ra-1) (57 JIE 0.15<T<0.308)
Fu=y/" (2Ra-1)+(v" 2Ra-1)-1)*(T-0.15)/0.12 (57 JiE9% 0.03<T<0.15)
Fu=1.0 (57 HIE9% T<0.03)
(7) {EFPEE W= 566.48 T Gl ) HEED
LA T
A
Tx = 0074 *mp L0009 720 3= 031  sec
Ty = 0.07 % = L0007 # 720 3= 031  sec
Ay 4 A
i G i )
(VPR | il B A S T l/14|:ﬁl
Tx = 1.4 * 0.31 = 043 sec
Ty = 1.4 * 0.31 = 043 sec
EI*J’JJJ'}T’?%J,EIEJ :
Tx = 0.49460 sec
Ty = 0.47220 sec
A Tx = min (1.4*code , dynamic ) = 043 sec
Ty = min (1.4*code , dynamic ) = 043 sec
3, T g e ’{Iﬁ@r‘f’j rll'gr
Cx = 2.50 (BYZ %94 0.15<T<0.465)
Cy = 2.50 (572 JPYHR 0.15<T<0.465)
4, f*ji7j§f'éi Ra ffiEk &
Fﬁ?ﬂ” % F“E Rax = 1+Rx-1)/2 = 2.50
Ray = 1+Ry-1D/3 = 2.50
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5. SEHF AR | R

Fux = 2301 (37 2% 0.308<T<0.465)
Fuy = 2.391 (37 %1948 0.308<T<0.465)
6. R
Cx/Fu= 2.50 / 2301 = .05 > max(1.0 ,61.5% Cx/Fux)
Cy/F= 2.50 / 2391 = .05 > max(1.0 ,61.5% Cy/Fuy)
0.33 * 1.25
Vx= 1.000  * W = 0.1964 *W G‘?ﬁﬁﬂ)
14 % 1.50
0.33 * 125 * 239
Vx= 1000 * W = 0.1879 *W
35% 1.50
0.33 * 1.25
Vy= 1000 *W = 0.1964 *W
14 % 1.50
0.33 * 125 * 239
Vy= 1.000  *W = 0.1879 *W
3.5 % 1.50
78 R AR
Vx = 0.1964 * 566.48 = 11127 T
Vy = 0.1964 * 566.48 = 11127 T
8.0 73
( V= Ft') Whx
Fx= =l "
X Whi
Ft =0. 07TV=0. 25v Z'T<0. 7secf33JE » Ft =0
W 566.48 t
Vx= 111.27 t
W= 111.27 t
X3
Foor height(m wx (tf) wxhx(tf-m) Fx (tf)
3f 7.2 297. 92 2145.0 74.5
2f 3.6 294. 09 1058. 7 36.8
592. 01 3203.7 111.3
VIR [l o3
Foor height(m wx (tf) wxhx(tf-m) Fy (tf)
3f 7.2 297. 92 2145.0 74.5
2f 3.6 294. 09 1058. 7 36. 8
592. 01 3203. 7 111. 3
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(c) ¥ =245

B6. 4 7535 2 S e 47

6-2-3-1 TS-RC @ & it +32f0%

R RS R R M SRR~ TG < o SR~ RETG <
A S ERECRY R T @RS RN Y R
e gt X o2 #3 A beid R G 0.1161g5 Y w2 HbE R b & G
0.1430g > % PRAd 5 AL B2 2 P8 (7 F.Tﬁﬁﬁa °
6-2-3-2 HF LTI RN 4 TR

§ONE RS HRS D 2 B LR R RS R T A2
TR AL PR Y RS ARRT I X RARE T 2T
REEA L WL B A R E A o AT LS S dn R % ETABS

=

AP FER 2 phd B EEL T B2 PMM #4200 % 40R 6.5 o
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EH3(PMM)

B 6.5 At ag S T &
% £ ¢ s (Capacity curve)

1345 ETABS 2t8itf2 i 4 o A v o Wl W0 X w22 Y o B70 Rl 242

#ARG K TS M e 66 PR X R IEY w2 bt e K T4 AN 1000

2198t A APH M Hibk AR (Hid R) B5 el 67 2 X w2t Y

BT 2 MR A b RSN 5 0.22g 8 021g 0 kPR AEH RS

Hoit 3 -

Displacement (cm)

Vet

\\
Base Reaction [tf)

/

_._.
o I e o o et AN o (N o IO e B Y0
£ MmO M o= Mm@ o

—
rJ

0.00 1.00 200 300 400 500 600 700 8.00 9.00

(a) X w
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w103 Spectral Displacement
500. =

450,
400,
350,
300, 3
250,
000, =
150, =
100,

5O, =

080 1.60 240 320 4.00 4.80 560 E40 720 2.00

Spectral Acceleraton f &

b)Y

Bl 6.7 ¥ A aikseid BB IR

6-2-4 @R il 4 R EREH R
B AP 2 B R AlcS033gs B BELIE125 0 n 2 AP A 4 S
354 0 #ApEH L G
1 1

Tr :1_0 91/T = 1_0 91/35 :332'7&

$H2 b A bt A S

a, =a,x (4L7’5)" = a, x(332.7/475)" =0.33g x0.899=0.30g
B2 B L i B G

A =a, x 1 =03gx1.25=0.37g

c,code
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A L TS-RC 2 fafadrdf Ric 4 526 5% BT

T i L hER (g)
X Y

TS-RC 0.12 0.16

L8 /T ) 0.21 0.22

iR w4 AR AR R
W ERa i #abe Lo BT 0.37x30%=0.11g 0 RISHER 47F £2
W GEREp HIE A E B AT 037 RIS 2 AL

W raddr MW R b R HW0.11g 8 037g 2 B PLGHR &1
A o
AHEALHFET TS-RC fJa s 41wt mde? 3252 d AR 5T > AEfis

3 {7 A -

6-2-5 % R iy f2iz (TS-RC) BB AT 21 R
LR P AR R B AR ERREAITEEET o kR R 2
TRz % (X Ac=0.12g 5 Y + Ac=0.16g) M & | > 4a f A 472 (X

Ac=021g; Y v Ac=022g) » BEARSB R PZRAF AT FRTFS o
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AR

SR B IRE iR R R MR R SR E R L 12 B ERL
thd et iR R N 4 LR o e Tl ST 2 BUR B i e
Bt B BB A SR RIE LR S E A T R BRI M A A R
§t R PRA S BEERSEEA TN 4 Rk o BT B A §
- BEAGHEFEN S A GRREFEATAf 0 MR R DERT B2 F
Do e A BRA S S SERY B R SRS e | BAR AR
FA %’%J‘i B AAL RS2 DR B G Rle 4 4o— W EPF 5 ETABS 425¢

R FF R P RELE FE TS o L

Giple A R BTG L - TS R RS R HEL T IRE
WhRD LR

% PR sg B ar i (TS-RC) 224 50m427 v B ¥ AJP = f8 1o paf st >
I

1. W AEDSEE RTE 4 T4 puf

2. HHEERBEED L RS R, B LT R

3. BHEER, G DIV @ Ry A2 T4 R o

code

HhAITZAS TEHT S HSEpURH A AR LR A gt
2SR R AR 2 SN B b TR flier 230 02~03 2 F
AR TR B B e B & W R G 920%~30% F H A RO
Mk L WA R A TENZ A2 - o - B R R T S e il A B

I o
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FER Wb KB U0l g
XA ERERIEL B ] ¥ REAL R A sUGEE PR L BT R
B2 se%k o @ g BB JER BT~ 2R E > B g4
ootk od PLRFRI T R B S OE LR U F IR R B2 i ke
5 B ar i T ik g £ R B 2R % R A (Federal Emergency Management
Agency ) ** 1997 = % 2. NEHRP (National Earthquake Hazard Reduction

Program) “ff= > F BT EATIER LT LT 5

S =6+ &4 (rep.4.46a)
2o,
=& 4.46b
e (rep.4.46b)
W, = %Z FA, (rep.4.46¢)
J

HHRAITE LS BRI G RISk R R A PR
BEg o~ 2k RS (1FLdy ~ ) RS A ERIIIZERF & (TF5
1) 0 2 8- gy~ 8 - 5 AU (SISO)ARX HEA) i 173 0] > i il AR 4 Fdo
A i o

A AR e RBCEARIL R 2 2 S R 1 R T b SR
Wt M B BEE R AR SRR SR AERRFY RS
ﬁﬁﬁﬁ@%;ﬁﬂ Bl dgie £ B SIFEIEL RBEFLT o Al
BAITER RS EERPRREASS 2 ;g%»%f?‘m%sifi};}f%’ﬁﬁ@»‘
SURRE KRR IR o Y B TFAERMFRELA TR TR I A
B iodrtr it B2 EH 0 FRERF REE S BRAT BRI T2 Eoge
R e AR M T A e A AR T kR T R R A

SRV ER GEEAVE o oA EHEEZ A EREE > H Y kT
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6-3 5t E R w Rt 4 =R
B A S L R e B I R R 0 02 20 RS FH S
”ﬂ"}rg‘g; 4 o quL 7 ’L]\:'Ldi;,’”ﬁ&_%‘q* waﬁ’—ﬂl]}!p i ﬁi%é\%é‘f?;ﬁ‘?gg R l/(_,ﬁ %iﬁ—d

BHEEWL AR -

6-3-1 fER Biv §

SRR IV 13 R F 2 A L2 S L AR SV
AJé]ﬁﬂra»(Y w)KEe B RIER Biedpte @ (X w)RED 2R B
bedptz > 2 128 HEL S MBI 39 97 o mH%E XY T 3D

4B 6.8 #1F o

LV S
Bl

411 :A36 & 55400 ; E=2.04x10° t/cm’; 0,~2.53 t/cm’
4;»

h 15 cm 4 i
F%?réf%(f t 1 cm

B 20 cm
ARl K 97 t/cm nl b el
[ PR Fy 13 t of
[ PR 1072 Ay 1.4 mm
ST Fu 30 t of ¥ 1
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6-3-2 % B4 A ¥

71 C
1 AU o ] R ) Ve (W
l4ay Fu
ZIFu C
V= (—W
35ay Fu
2 FHICFu)<1.0, fﬁ £155(C/Fu)m
(1) &= e (e Z = 0.33 (PYEP )
) M I3EFEe I= 1.25 (7= i 5T
B) = HHA s J[Iﬁﬁﬁ Q%Fﬂ["fg'(
C=1 (BT KBy 1.837<T)
C=1.5/T"2/3 (BT KEE9 0.465<T<1.837)
C=25 (BT KEE9H 0.15<T<0.465)
C=12.5T+0.625 YR 0.03<T<0.15)
C=1 (BT KE9H T<0.03)
(GEl E'flﬁﬁj‘ REYE A Iﬁ%\r ay = 1.50 (3 it )
®) ﬁfr“ Rk FLE Rx = 4.00 (&! J‘:Eﬁ%f% VIELEES 5 N’ﬁ? —F%ﬁ)
Ry = 4.00 (& AR R sty 4
©) ﬁﬁ*ﬁ AR TR R
Fu=Ra (BT KEE9HH 0.465<T)
Fu=y/" (2Ra-1)+(Ra-y/ (2Ra-1))*(T-0.308)/0.157 (BT KEE9 0.308<T<0.465)
Fu=y/ (2Ra-1) (BT KEE9H 0.15<T<0.308)
Fu=y" 2Ra-1)+(v" (2Ra-1)-1)*(T-0.15)/0.12 (B7= KH9 0.03<T<0.15)
Fu=1.0 (BT KEEYH T<0.03)
() BEFTPE e W= 566.48 T G HEED
2 ST
R
Tx = 005 *m™= 005 * 7.20 = 022 sec
Ty = 005 *m™= 005 * 7.20 ¥ 022 sec
s INREE
SR PRI 5 PR AR T
(IR [ s B A SN BT il 1.4%
Tx = 14 * 021977 = 031  sec
Ty = 1.4 * 021977 = 0.31  sec
ST
Tx = 0.28400 sec
Ty = 0.17200 sec
FRA: Tx = min (1.4*code , dynamic ) = 0.28  sec
Ty = min (1.4*code , dynamic ) = 0.17  sec
RJE Lt ad h JJP,ﬁE'rEFF[ 5
Cx = 2.50 (372 JEEYE 0.15<T<0.465)
Cy = 2.50 (372 JEYHE 0.15<T<0.465)
fL ﬁw[ifk | Ra f@EHET:
FL TN Rax = +Rx-1)2 = 2.5
Ray = 1+Ry-1)/3 = 2.5
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. Al AR SRR AT R

Fux 2.000 (57 K% 0.15<T<0.308)
Fuy 2.000 (57 JiP9 0.15<T<0.308)
6. ?’s:“af%i*’ﬂ =)
Cx/Fux = 2.50 / 2000 = 1.250 > max(1.0,61.5% Cx/Fux)
Cy/Fuy = 2.50 / 2000 = 1.250 > max(1.0,61.5% Cy/Fuy)
0.33 * 1.25
Vx= 1000 * W = 0.1964 *W €
14 % 1.50
0.33 * 125 *2.00
V= * 1000 * W = 0.1571 *W
35% 1.50
0.33 * 1.25
Vy= * 1.000  *W = 0.1964 *W (Et’ﬁj[J)
1.4 * 1.50
0.33 * 125 *2.00
Vy= * 1.000  *W = 0.1571 *W
35 % 1.50
74| T AR
Vx = 0.1964 * 566.48 = 11127 T
Vy = 0.1964 h 56048 = 111.27 T
AR
( V- Ft ) Whx
= -
Y Whi
Ft =0. 07TV=0. 25v ='T<0. 7secE§T » Ft =0
W 566.48 t
VX= 111.27 t
V= 111.27 t
XIpIEE i3
Floor height(m wx (tf) whx(tf-n) Fx (tf)
3f 7.2 297. 92 2145.0 74.5
2f 3.6 294. 09 1058. 7 36. 8
592. 01 3203. 7 111.3
MIEARIEME
Floor height(m wx (tf) whx(tf-n) Fy (tf)
3f 7.2 297.92 2145.0 74.5
2f 3.6 294. 09 1058. 7 36. 8
592. 01 3203. 7 111. 3
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6-3-3-1 TS-RC @ B it + 34 i3
X2 HBw g B

B FEAEHELARL AR 4RI BERLILA S 10.80%
7 S%Z B EG A 2 Bkt & 15.80% o Ar KR F R A fE2
(6 ZHAP2 MM Lk Bd A4k 20 0.1161g %2 3 0.3680g - i A2
P2 IR BAEE X w2 R i3 Gl Cp it B #I e A e R F 1 oR]

6.10 2 6.11 #1757 -
Y piE i HmE A B

@é?&ﬂ%ﬁ#iﬁ%ﬁ*?ﬁ’SEEﬂﬁﬁﬂiEﬂW‘13%%’
3 5%1.?:3—;—%%4% F AT 2 e Rt L 18.53% o A AR B2 1R
s At M L AE B AS0ER 250.1430g £ 5 03641g 0 & R iEAR
PR EBHEY v R WA e Cp 1 8 S & Aok R o]

6.12 2 6.13 #1751 ©

H 9 BIEEH UG AT ER R 2 2Rl BBk RE RC R
W& Biims RC30A 2 WA A+ n @ F 5 ¢ [32] kit RC 245
EHREOT A AT BT AR 20T 2L e B (EA)e 2888 BIR (EDye 225 3

EaR
(EA)g. =EAs +E.A,
(EDy. =EJ; + GXE (I, —1)

AT e BT (SRR 2 BRI R T e LT T T B
3 15 BB FEARC 1 2 15 S HH By 820 B 1 2 3 S R B

ESVC :ES
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(EA)src :EsAs —/_EcAc:EsA tr
(E]) src :Es]s + /5 XEC([g _]s) :Es]tr

d AT RENT IR

E
A, =A +(—)x A4,
124 S (ES) c
EC
[tr:[€+IBX(E)X(1g_]§')

R 22w 0 N AT

E,=4 ¥ 2 B Hoi
E =R 2 s ik

A;=4%F I0L 2_ BT

=i

L= 280 2 ff 1
I,=SRC #H > %5 2 ff {48
Ay =4 15 2 855

I, =4 15 2 ff 14

.

IR

&

2

\Z":‘.
&
It
N

B= g iR

el ERET 0.2 0
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095 — |
09 — |
0.85 — \

S 08

Y
\ 0.7354
0.718

~
- -9

0.7

0.65 —
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Transfer Function
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6.1 BF 4 2

Fixed w/ Damper* Reduction (%)
Load
VX (te) | VY (tg) X (ts) Y (ts) VX VY
TCUOL17NX | 107.72 0 30.27 - 72 -
TCUO17NY 0 114.14 -- 14.47 - 87
TCUO17EX | 119.79 0 26.62 78 -
TCUOL17EY 0 155.82 -- 14.67 -— 91

R KA R SR
A Rd

AR S aA shle i WA %
ST 0 ek BT R AR
B X R SRS RE LT
B TR ) N R Rk 4 S S L

vy

=5

PEF AR A 62
FRELD B PIF BB L 0 R R B
#T

FaABE AR TR Y

Z\ 62 *‘Q‘é‘] |"'§’-Fﬁ%‘7 bbﬁi
(a) H A % =& 7 vt & (TCUOI7NX)
INPUT:TCUOI7NX
LOAD VYO/Damper. \,N/ Damper ’ Beduction (%)
Xpl Y] X[pl Y] Xl Y]
3F 0.002956 1 0.000745 [ 0.001045 | 0.0004 65 46
2F 0.01156210.003079 | 0.00249 | 0.000496 78 84
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(b) A % =& F vt # (TCUO17NY )

INPUT:TCUOI7NY
LOAD V\./O/ DamperA \.N/ Damper . ‘Reduction (%)
XIpl Yl XIpl Yipl Xl Yl
3F 0.000644] 0.001989] 0.000035] 0.000548 95 72
2F 0.002582] 0.009543] 0.000096] 0.000679 96 93

(c) #k %% & vt & (TCUOITEX)

INPUT:TCUOI7EX
LOAD V\,]O/ Damper» \,N/ Damper » ’Reduction (%)
Xl Y] Xl Y] Xl Yl
3F 0.003307] 0.000837] 0.00095] 0.000433 71 48
2F 0.01322] 0.003621] 0.002344] 0.000534 82 85
(d) A R4 F B iR ( TCUOV7EY-)
INRUTACUOL7EY
LOAD VYO/ Damper. ‘.N/ Damper ’ Beduction(%)
X[ﬂj Y{ﬂj X{pj Y[ﬂj ij Y[HJ
3F 0.000771] 0.002671 0:000049 0.0005 94 81
2F 0.003049] 0.01261| 0.0000971 0.000623 97 95
FIRAF I AT v R

Ry LR o % Bl £ 40 F v Ry o (B 6.22~623) 0 H

HQLA:

PP

BT R B PR RS RS m RN o
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30, o
a0, E |jr"'lf*‘r E
70. = u'
: =
B0. L J‘J 3
50 _| £
an. = g
30.‘; Jl"lﬂ A r-‘r-|='.'
20; v Jr.__J' )
10, ] Lt ;.J’
"id o0 150 200 280 00 %0 ind w0 500
(@)X i & ‘J}J'%)‘(/’a\ i B (TCUO17E-X) (b)Y it & ‘J}J'fi/»\ iw B (TCUOI7E-Y )

B 6.23 i it 1 B4F i i) ¥ F e (TCUOLITE)

6-4-3 FE R B+

Bt 7 b b4 R R AR 630 BREE 0 %4 Rt LR By
3 hR-0 B R X e E A B e G 2400 & 128mm > A
T Al (30) @ B RS et (ductility ratio) 9 % 8 2%
%MZ%ﬁﬂ&Méé&@ﬁiﬁéﬁﬂdMﬂ%%%&@XéﬁYéﬁ%
B BFe B BETFHROINAX 5 ERE 4 e IR HAX vl R

R O T S

2 O63FNRFE AT BEHBF

(a) TCUOI7N-S i** & X » 2 4| R4 F &

TCUO017N1 1F 2F
Location | Force () Displacement Force (t) Displacement
(mm) (mm)
di_fd= 6.9 0.8 8.5 0.9
d2_fd = 6.4 0.7 7.1 0.8
d3_fd = 17.9 6.4 16.7 5.2
dq_fd= 17.5 6.1 16.3 4.8
ds_fd = 6.5 0.7 6.7 0.7
d6_fd = 7.0 0.8 8.7 1.0
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(b) TCUOI7N-S % A Y w2 4|R&F &

TCUo17N2 1F 2F
Location | Force (t) Displacement Force (1) Displacement
(mm) (mm)
di_fd = 18.0 6.6 16.1 4.6
dz_fd = 17.5 6.0 15.4 3.9
d3_fd = 2.7 0.3 1.7 0.2
dg_fd = 2.3 0.2 2.7 0.3
ds_fd = 17.7 6.2 15.6 4.2
d6_fd = 18.3 6.8 16.3 4.8

(c) TCUO17 E-W % & X v 2 | B4FF &

TCUo17E1 1F 2F
Location | Force (t) Displacement Foree (t) Displacement
(min) (mm)
di_fd = 8.0 0.9 10.6 1.3
do_fd = 7.4 0.8 9.0 1.0
d3_fd = 24.1 12.8 22.1 10.9
dg_fd = 23.1 11.8 21.2 9.9
ds_1fd = 7.6 0.9 8.7 1.0
d6_fd = 8.2 0.9 10.6 1.3

()TCUO17 E-W 5% &Y w2 | B4FF s

TCUo17E2 ¥ 2F
Location | Force (t) Displacement Foree (t) Displacement
(mm) (mm)
di_fd = 17.7 6.2 15.8 4.3
do_fd = 17.1 5.6 15.2 3.7
d3_fd = 3.0 0.3 2.2 0.2
d4_f1d = 2.3 0.2 2.7 0.3
ds_fd = 17.4 5.9 15.4 3.9
d6_fd = 17.9 6.4 16.0 4.5
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