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Abstract

Abstract

Keywords: steel structures ° stub columns > design guideline > seismic performance

evaluation

In recent years, large earthquakes tend to occur frequently around the world. It
also happens in Taiwan since 921 earthquakes, which caused serious damage and even
collapse of many buildings, especially in the regions near faults. The general public
began to pay more attention to structural safety and seismic-loads resisting capability
of the building. The displacement-dependent damper devices can be used to not only
effectively improve the overall strength and stiftness of the structure, but also enhance
the structural damping to achieve high seismic performance due to its features such as
stable force-deformation behavior and large energy dissipation. In recent years, stub-
column dampers have gradually been used in the Taiwan practice. However, the design
method and seismic performance of the structural systems with stub-column dampers
are still uncertain, and insufficient or uncertain seismic performance of the stub-column
damper structural systems will lead to a potential social risk of the structural safety. The
research is aiming to establish the design guideline for the steel structural systems
containing stub column dampers and perform a series of seismic performance
evaluations for the considered systems.

The major research contents of this project are as follow :

(1) Collect relevant research literatures and design specifications in Taiwan and other
countries.

(2) Establish the preliminary seismic design guidelines for the steel structural system
containing stub-columns.

(3) Establish a series of representative prototype buildings, including low-, med- and
high-rise building structures.

(4) Use nonlinear time history analysis method to evaluate the seismic performance of
the prototype buildings with tub-columns and verify the roles of each design
parameters of the building structures.

(5) Revise and optimize the seismic design guidelines for the steel structural system
containing stub-columns upon the analytical results and additionally collected
literature.

(6) Establish simplified approaches to evluate the seismic performance of the prototype
buildings the upon the analytical results of nonlinear dynamic analysis and static

push-over analysis of the buildings.
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(7) Organize specific meetings and symposium among both of academic and practical

experts to collect all professional experiences and comments.
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A SR R PR SR 2 R

# 514 #*F % 278 * 2 FEMAP-695 * & RA F 3

NO. Name Compoment 1 | Component 2 | Magnitude PGA(g)
1 Northridge MULO009 MUL279 6.7 0.52
2 Northridge LOS000 LOS270 6.7 0.48
3 Duzce BOLO000 BOL090 7.1 0.82
4 Hector HECO000 HEC090 7.1 0.34
5 Imperial Valley H-DLT262 H-DLT352 6.5 0.35
6 Imperial Valley H-E11140 H-E11230 6.5 0.38
7 Kobe,Japan NIS000 NIS090 6.9 0.51
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9 Kocaeli DZC180 DZC270 7.5 0.36
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11 Landers YER270 YER360 7.3 0.24
12 Landers CLW-LN CLW-TR 7.3 0.42
13 Loma Prieta CAP000 CAP090 6.9 0.53
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15 Manjil ABBAR-L ABBAR-T 7.4 0.51
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18 | Cape Mendocino RIO270 RIO360 7.0 0.55
19 Chi Chi CHY101-E CHY101-N 7.6 0.44
20 Chi Chi TCUO045-E TCUO045-N 7.6 0.51
21 San Fernando PEL180 PEL090 6.6 0.21
22 Friuli A-TMZ000 A-TMZ270 6.5 0.35.
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% 5.1.9 = - K4 SMF #% R AlE A2 %3 2k
B e KB B s KB
Sps 0.6 TM(s) 1.3
Sus 0.8 R 4.8
Sap 0.6 I 1.25
Sam 0.8 Fum 4.8
T(s) 2.06 Fy 2.9
o (s) 1.3 ay 1

#5110 - - B SMF % R A2 A5 2 K ART 4 2 B o e

Weight, W V LAk e R4

(ton) (ton) (ton)

12250 1662.5 1F 66.46 11F 731.1
2F 132.93 12F 797.56
3F 199.39 12F 864.03
4F 265.85 13F 930.49
5F 332.32 14F 996.96
6F 398.78 15F 1063.42
7F 465.25 16F 1129.88
8F 531.71 17F 1196.35
9F 598.17 18F 1262.81
10F 664.64 19F 3681.03

BB 4RT B2 D Vb SMF & SMF-SC FF 2. mf B fdic 23> A &8

AR S S ERARAE AL 2 SMF 5 0 E R s 2 < oA Ap ¥ 2 SMF-

SC %
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\'mF
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Fage) o Bt 0 4 K SMF 428 2 B4R
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G R LR AR SRR B R B ER B B PR

AELTFAT P AR EREEEERS H Al e s 4%a 2 B e & 2

R UE BETANSL R R TAET Y AR B R L DR SR L

- THIEH ’#”/T‘F'*%Tﬁ B2 PREBET 22 FR e A 5111 P E5

Jb = L # SMF #2 SMF-SC & St 2 S fe & 2 o

% 5111 = + & # SMF & SMF-SC % R AlZ& A 2 i< +

A = (BOX) £ (BH) 7 41.(BH)
Exterior Interior

1 700x700%50 700x700%50 900x300%x25%25 -

2 700x700%50 700x700%50 900x300%x25%25 | 700%200x19x%22
3 700x700%50 700x700%50 900x300%x25%25 | 700%200x19x%22
4 700x700%50 700x700%50 900x300%x25%25 | 700%200x19x%22
5 700x700%50 700x700%50 900x300%x25%x25 [ 700x200x19x%22
6 700x700%50 700*700*50 900x300%x25%x25 [ 700x200x19x%22
7 600x600%50 650x650%50 850%300%25%25 | 650%200x19x%22
8 600x600%50 650x650%50 850x300%25%25 | 650%200x19x%22
9 600x600%50 650x650%50 850%300x25%x25 | 650%x200x19%22
10 600x600%50 650x650%50 850%300x25%x25 | 650%x200x19%22
11 600x600%50 650x650%50 850%300x25x25 | 650%x200x19%22
12 600x600%50 650x650%50 850x300x25%25 | 650x200%x19%22
13 600x600%50 650x650%50 700x300%x22x22 | 600x200x16x19
14 600x600%50 650x650%50 700x300%x22x22 [ 600x200x16x19
15 600x600%50 650x650%50 700x300%x22x22 [ 600x200x16x19
16 600x600%45 600x600%50 650%x300%x19%22 | 550%200x16x19
17 600x600%45 600x600%50 650x300%x19%22 | 550%200x16x19
18 600x600%45 600x600%50 650%x300%x19%22 | 550%200x16x19
19 600x600%45 600x600%50 600x300x16%x22 [ 550x200x16x19
20 600x600%45 600x600%50 600x300x16x22 [ 500x200x16x16

2. T RHRAZAFFLERAELSPTREE

WEMEH L AREFE RIS 1T RIS R SR LB A

P FRd e AP 2 SMF-SC 2 P41 P k8- ¢ FsY 2 Wt

2 R 0 o] 5121 5T o fept RAJZ T 0 # 45 SMF & SMF-SC % 2 = + §

R » SMF-
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SC .2 todif 4vt B 2 Him T AR RIE T R 2755 B A BB A 1 25%27 14.3%

PRI s R B R e PV R A R4 2 SMF

~

Pl Tap e b E 05% S g E A o

—SMF

—SMF-SC

005115225335445
Roof Drift(%)

B 5.1.22 = * & & SMF 2 SMF-SC -2 # fi Rl 2 47 5 %

3. L EHRAIE RS R A T

£%t- L K SMF & SMF-SC % » 5 Rl A 47 1 & (7 2L 1085 4 frpr
15 o B A 45 ¢ 45 % 4o¥ i FEMAP69S (2008)3F 2 ¢ #ii¢ * 2 £ 44 Wi & 4eid B
BERAR LA REPHL SRR B2 L RF BTG AT
PET I BRE L A RARIEAS AR L 2 N 44 e B R e R 2
Iz BARE REE SRR T RS R(MCE) » %3 % %3 R(DBE)2 ¢ |

R¥ Z (SLE) %2 et oh o 3 L BRI L SMF 2 SMF-SC & % 2 7

E S4B g awpf\wﬁﬂiifé"ciﬁfiﬁﬁf%ﬁﬁ/ﬂ%wﬁ—ﬂﬂ b S
2 4gac - kg5 SMF &2 SMF-SC & f%8 2 T30 A S - L Ry R2

U F o3k % Ao 5.1.23 4 o
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Gt B AL K SR PRI B AR 2 B TR

35 35
20F SLE level 20F DBE level
3 (50/50) 3 (10/50)
25 — Target Spectrum 2.5 — Target Spectrum
2 f x“ = = Median Spe»cmlm 2 = = Median Spectrum
20 i — Scaled Medim | 50 — Scaled Median
1. ! w15
@n L 2
! 1
0.5 [
0
2 0 1 2 3 4
(a) Period (s) (b) Period (s)
35
20F MCE level
3 (2/50)
2.5

— Target Spectrum

- 2 = = Median Spectrum
of ;
~— = Scaled Median
(2 LS Spectrum

A&y Y = -k SMF & SMF-SC % 2 8 & e & 47 % % 4w ] 5.1.24
TW 5127 ¢ erd o HER A AR § AR L2 SMF-SC 20 & % 5 &
TR EME RS L P (B 5.1.24) 0 VBRI LA T4 Pk g

(F 5125 e g T4 254 B2 & XAt BLgo sz g T4

3

WHLA e RF B G 0 d B 5.1.26 ¥ L% F) SMF 2 SMF-SC & = - & L %
2B ERE AT E A RS AR IO L TR A R ORI Y T 7 ¢
R AE R 2B o B S5127 P A LAk RERT 2 ARERTRE
BRSNS RS AR SLE £k BT 82 A A 2 DBE ¥
BPRTIRBEFRVERINET  REARSER R Rl A
03%m T > @ MCE £k ET2 Rk TRV EL ST AR TR
2% i EEE R 0.5%M T .
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IR R anAR LS AR ARARLI TR E MY
i 8
18 8- SLE(50/50) 18 DBE(10/50)
16 AR 16 A
15 Y 1$ N
14 14 A A
12 }g i:*" —4— Median(SMF)
z % o 11 A --A-- 84th(SMF)
S Ad s lg A Median(SMF-SC
% 8 A —4—Median(SMF) L oy T Median(SMF-SC)
6 ik ~-A=-34th(SMF) /A AR -4 BAR(SME-SC)
5 v
1 g 5 A4
] "“ﬁ —— Median(SMF-8C) 1 FEN
2 o --a--84(h(SMF-SC) 3 LA
b
0 0.5 1 1.5 2 25 3
. K 1 1.5 2 2.5 3
a Max story drift (% 0 0.5 .
@ ¥ (%) (b) Max story drift (%)
8
18 . MCE(2/50)
17 A
i
14 S T
13 A g
1 R ‘L
10 A
= g |+— Median(SMF) . 1“‘
“ 3 A
6 |-a--s4th(sMF) A A
5  E—— A A
4 |+—Median(SMF-SC) u
g k-~ 84th(SMF-SC) e ::‘,;"
2 g
[ =
0 0.5 1 1.5 2 25 3

B 5.1.24 = -+ & # SMF & SMF-SC 7 #- |

. o o o ok b

Story
S=RWANANL S =N WANDNIR D

—
©
=

SLE(50/50)

—— Median(SMF)
-----84th(SMF)

—— Median(SMF-SC)
----- 84th(SMF-SC)

e e e ok e e I

Story
St WERNAIRCST=NWENASIXOD

0

Max story drift (%)

FiEl A

——Median(SMF)
----- 84th(SMF)
—— Median(SMF-SC)
—----84th(SMF-5C)

3000 6000 9000 1200015000 1800021000 24000

Max story shear (kN)

3000 6000 9000 12000 15000 18000 21000 24000 0
Max story shear (kN (b)
20 .
19
i MCE(2/50)
16 -
15
14
13
it
210
R
@ 8 [ —Median(sMF)
g ----- 84th(SMF)
4 | —Mediansmr-s0) i
% ----- 84th(SMF-SC) _LL_
I s
0 3000 6000 9000 1200015000 1800021000 24000
(c) Max story shear (kN)

178 WA B

133



Gt B T R SRR I R B S Y R

134

Bl 5.1.25 = -+ & # SMF &2 SMF-SC 7 # i & {7 ¥ wET 4 F

20 20
19 19
1 SLE(50/50) 1y DBE(10/50)
1 1
18 1
14 1
13 1
o 11 -
£l g1
bl hrd
@ 3 —4—Median(SMF) 2 i
g —ke-S4B(SMF) g Median(SMF)
g —4— Median(SMF-SC) gk i BAh(EME)
2 —4— S4h(SMF-SC) —a— Median(SMF-SC)
i —4—84ih(SMF-SC)
0 0.5 1 1.5 2 25 3 0 05 1 15 2 25 3
(a) Max acceleration(g) (b) Max acceleration(g)
20 i
19 A
| MCE50) { 4
15
14
i3
w11 —&— Median(SMF) ‘
S0 iy
g 84th(SMF) 'y
@ B | e Median(SMF-SC) i
g --A--84th(SMF-SC) ")
4 o’
k2 R e &
L R et Sy
1
0
0 05 1 15 2 25 3
(c) Max acceleration(g)

1 5.1.26 = -+ & & SMF £ SMF-SC H-2 8 fi 2 47 ¢ A 43 B 5 fi



FI% R A RTE AR A B e A

20 20 -
19 19 [Neoa.
I8 15 [ NCaT DBE(10/50)
) RN
15 13 a
13 14 A
13 13 &h
it 7 it 4“4
A
10 e Z'10 i
S g ek, g2 AR —a—Median(SMF)
w e +\/Iedlan(5\r[F) w3 =y
o e N ‘ o -~ 84(h(SMF)
¢ -84th(SMF) 3 'Ry .
g —4— Median(SMF-8C) g ‘:‘ i Median(SME 5C)
% -&-- 84ih(SMF-SC) % ol ~-h--84ih(SMF-SC)
Iy [y
0 0.05 0.1 0 0.2 0.4 0.6
(a) Residue story drift(%) (b) Residue story drift(%)
%g £
18 "“IZ‘_JQ;.._;_‘ MCE(Z/SO)
16 TR e Median(SME)
E A ":x -~ 84th(SMF)
1 b1 & =i Median(SMF-SC)
el LS A BA(SME-SC)
g g A 'y
P
v 3 h e
6 Y 4
3 . A
4 M
3 A A
2 A n
I B o i
0
0 0.2 0.4 0.6
(©) Residue story drift(%)

Bl 5.1.27 = - & # SMF & SMF-SC #-7F & jis = 47 ¢ RAAH F &

Berh s KT AR A T g A AT R A% Hh
fee i RER AL A SMF Y 2 R o ki Py RESL 2 &
B & SMF &2 SMF-SC H28 2 & A 7 > Lt 44 B g9 254
P st 4o 5128 ¢ A o d B R P T 445 209 ] g 2(SLE)Y o 4304
P it REERR A KT E s R(DBE)? - PRRIMAEF LA INAT W

SEAER 2 SMF Y 2 BB HI AL W - HERE A 2

3«

“N

Bict g2 pasma X))o ahki ¥ £ Z(MCE)? » *7% 2R 4

Ay
-._A‘

LR AF L WIRE LN 9% SMF 1Y 2 B2 gt ARG D
05% » I 1% SMF ff2 ¥ 2 frit 30— W2 BB WA 2 113 4 % 2 anfls 35 18 bk

B o
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Gt R AL B SR R A R 2 R TR

20k [ SLE(30/50)
19F
18F [
17F
16F
I5F @ Beam(SMF-SC)
14F
13F 2 Column(SMF-SC)
a12F
< 11F SC(SMF-SC)
& 10F
oF = Column(SMF)
hal ® Beam(SMF)
7F L
6F
SF
4F
3F
2F
IF
0 20 40 60 80 100
(a) Probability of PH(%)
20F | DBE(10/50) 20F MCE(2/50)
19F 19F
18F 18F
17F 17F
16F 16F
1SF 15F
14F 4F g
13F 13F
g p
S UF H E
‘V-} W0F [ w 10F
oF 9F &
8F 8F
7F ¥ =
6F 6F
SF ¥
aF aF
aF F
2F F =
IF 1F
0 20 40 60 80 100 0 20 40 60 80 100

Probability of PH(%)

(b) (c)

5.1.28 = * & & SMF £ SMF-SC #-% #

- L

K # SMF 22 SMF-SC f1%  % » 4 # fi

o
m,]'!.:

JE(LS)™ 2 2 4F 1w S 4-F] 5120 ¢ wrmod P RET

H= "\
Ak A

o %

Probability of PH(%)

Sl e

® 2k EIR
£

SC -2 40 $1°° SMF 42 2 5c 422 - SME-SC % ¥ - & B B Uk 5“8 I

2 RHNE RS PP REERB > TEEMEY RSP ES B LR e HE o
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Probability of LS
S § & & %

&
=)

(a)

Bl 5129 = - % # SMF 27 SMF-SC #% & & Uk ji 2 3 3 124 &

BT R T e AT RS e BN R 2 24

SMF 20F
,,” —LS1
e LS2
,/ --LS3
. LS4
1 2 3 4
Sa (g)

e S =
) % =

Probability of LS
=
=

SMF-SC 20F

2 3 4
Sa (g)
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Foob Y WA 2R RFEEROORA ]

Braa R 2 AR Y S L PE2 AH o FH AR
Y R RE S o R A RE AP L RBAR ST (5 HYES
KA BG4 RR R ) S T MR AP S A R FI KR
Haf RPN 2 fhd BFHE 35S P § et 2 bt o ik wf
A2 M (B .
TR 2 fhd 2 i kiR R 22T E4 2 Y Rl
H 7% 7 % (frame action) & # % 4E(overturning moment) > fls o @ »+ 1 % 1 A2 g * ¢ o
AT AUE N E G R B R B K - b B3R5 (slider) 0 1 A ] HE 2 fE 2
T hd oA g AR E R TR AR REFCHYWEZEASLFRE S w b
Bfs s cBh R 2 IR - T AP AL RS E T R P ¥
NP 2R B B R 2 3 R
AEZ ] Fy BT SME-SC 27 At R i 22 phd A2 &g ot
RSB A RN AR - 80 iR 2 RAE AP AEHEY T AR
$-7 Rz SMF-SC RAZAF WL THE - 57 FLEET A A
AP SEFRREYN T2 RN ES S ER L AR S P RLETH
Ffp phs 2 P B Firp dhd 24 2 RFIE K> REE LT KR
A2 AR ERHER P EE- AT AR A E 2 2 Bkt

B EBETFESS R AR EIAREY ¢ KPS FEARE I RFR PR

3. SMF-SCHERIULAFR

T K i SMF-SC #:% R 3l A
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AEFT Y T R RRAEAS Y L SR TR 225 B 4R 521
ToORMBEEL-3RIBEE A kT e FBZBARE L 12404
RIS 658 P M- 5364 amRFLERXRENY FREEBY - B

2

222 e R m - Ak > FHE2 FRRITEW AT A XTF

v

PR dRle s R4 2 SMF-SC 78 k%o B 5.2.2 5 ¢t T KR A2

SH

v oAy

—=\

G

i

PSS R ST BHRT SEESN A 520 ¢ B AP HEPED)
BEP L)L BT 700 & 250 kg/m? » ik b iR S HATHTE 2K ART

AZ LT AR A ) 0 FHA 522

D—O— —DO—O

I I ] I

D—oOh———D—0

1 11
[ [ ] ]
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| 1 1 |
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B152.1 I & SMF-SCH#% Rl Af 2 ST 6 B2 =5 B

139



£

bt B AR

LRI PR AR

Bl 522 7 K&+ SMF-SC % R3lZ A+ 3D = 5 B

% 5.2.1 1 k& # SMF-SC f?%‘i B A 2

#

X w3 EEg 2 &
SDS 06 Téw(S) 13
Sus 0.8 R 438
Sup 0.6 i 125
Sum 0.8 Fom 2.93
T(s) 0.743 F, 2.19
T2 (5) 13 a, 1
Sor 0.78

PHEAMTE IR 2RFRAEFRPERT ST EHA AT L2 2 4
WA B ARH DGRBS o R 523 ¢ 50T K H SMF-SC 2 K
2B EERE G o AFFT AR ANFEHE T RAEFTE N 2 R fx
T i & Fonghd 2 onsk o TR b AL RN 0 Ft A S 2T K

SMF-SC R Al A4 3 % ik 23K THHEFHR» DR HE - B2 A
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FIF e R RS

RN R

AEH IR LR R P T A 2 B R R & 4 0.16%3

0.33%2_ R » 4 524 #1571 o

#5227 RRANZAF 2 RKFART S 2 B o e
SF
BHAE (tond) V (tonf) LK e R4 (tonf)
2016 493. 2 IF 31.2
2F 62. 3
3F 93.5
4F 124.7
5F 181.5
#5231 & # SMF-SC #% RIE A2 B e
if’ 2 (mm) . (mm) it A B 4 (mm)
1 H608x306x18%30 BOX500x500x36 H580x280x14x22
2 H608x306x18x30 BOX500x500x36 H580x280x14x22
3 H550x300x18x30 BOX450x450%x32 H520x280x14x22
4 H550x300x18x30 BOX450x450x32 H520x280x14x22
5 H550x300x18x30 BOX450x450x32 H520x280x14x22
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%5247 KHAO|ZEEAIT LS (Y2 TR L)

Story A, (%) A., SDR(%) T,(s) T(s)
1 0.23
2 0.29
3 0.5 0.33 1.04 0.796
4 0.27
5 0.16

2. 1 k1 SMF-SC % Rk 2|2 # 4

RGP LT RHRAERF R 2 SR TG 26 B 4oB 523
o FHMSHELRE T BRI FRRIEAF - R - 3K 3B
oA kI 2n2 @ B2 BARKE S 124 > 3 RIESRIZ 64 2 3 - 3
3.6 o WRMAL AR BN WREEY o BT ) B S RRle s
42 SMF-SC #.2 k5t B 524 503 KRS AP Stz =z 6 o

oo

15@@3.6m

Ch—Ch———C—d

I I I I

?H?b— —4?—4?
L

C—C————C—

Oh—O——«O»—O

.SMRF - 6m o6m 6m 6m
SC

M523 7 & SMF-SC % R 3|2 At 2 24T 5 B2 = 6 §
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)

524 -1t SMF-SC #f:% & 2122 4 3D = 6

% 525+ 3 K SMF-SC 4.7 & Al A2 K3 44k

ESa S R E e S '3 i
bs 06 78 13
Sus 0.8 R 4.8
Sap 0.461 I 125
Sam 0.614 Fuu 48
I(s) 1.693 E, 0

9 (5) 1.3 a, :
Sp1 0.78




G B LR A AR R R SRR 2 R

Wk B At d 22 0 5A 526 WRF el d RA D EA DR
‘BE;- ’E’:\"‘/{‘\%Lﬁ %"M%ﬁ&’f.ﬁﬁsﬂéﬁliﬂ%&ﬂ\pi iifﬁ—ﬁﬁiﬁf‘iﬁﬂ‘h’gﬁ%ﬁ#

TR R ¢ AR R D EARD R -

o
-3‘.%
ik

\8
\F’

%5267 k1 SMF-SC % 2 %3 AR T 4 2 Bo A e

15-story SMF-SC & 4] # 4~
Weight, W V S Rl S R Far
(tonf) (tonf) (tonf)
6048 995.98 - -
2F 14.6
3F 21.9
4F 293
SF 36.6
6F 43.9
¥ 51.2
8F 58.5
oF 65.8
10F 73.2
11F 80.5
12F 87..8
13F 95.1
14F 102.4
15F 227.7

%527 7 #7000 T K SMF-SC #-2 B R 2 B B2 2 ¢ o Bk &47
TARANFEH SRR T SR S 2 R TR R kgt 2k o
Flpt g2+ T K SMF-SC RAIZ AP 5 ¥ k= 23835 TR R
TR s o.f%ﬁ&i ABHILE IR IS R T T LA 2 MR R
# & A3 0.10%% 0.36%2 fF > drd 52.8 #7151 o
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FIF R AR LER

%5277 K SMF-SC #i.% R 3l A2 B4 <

R e Al R AR LY Sy

LR S

% (mm)

o (mm)

it B B 4L (mm)

1-3

BH750x350x16x36

BOX700x700x50

H730x330x12x24

BH650x350x16x36

BOX650x650x45

H630x330x14x24

7-9

BH600x300x16x32

BOX550x550x40

H580x280x14x22

10-12

BH550x300x16x32

BOX450x450x36

H530x280x14x22

13-15

BHS500x300x16x32

B0OX400x400x36

H480x280x14x22

%528 7 EWMEkb2 BT EE (XHE TR L)

Story

A,(%)

A,, SDR(%)

Ta(s)

T(s)

0.5

ol b=l IN-3 E-C3 BN [o)) (VL3 N (OV) | S )

—
[\

—_
(OS]

—_—
N

—
V)]

0.10

0.16

0.18

0.21

0.23

0.24

0.30

0.32

0.32

0.36

0.35

0.32

0.32

0.28

0.21

2.37

1.28
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£ SMFSC % R 2 R ¥ j215 57

Ay Y LfAsd 4 B2t o4 4 2 OpenSEES A 47 &
(Mazzoni et al. » 2006) ¥ & 2 & 2 A 453 5% o HE 28 2 347 03] ¢ & 4% 2 2 HOR Y
B 28 B ¥ e (fiber section) 2. 24 14 % 41 - ¢ (nonlinear beam-column
element) ;& = B 2 AT A M E AR > R SR AR PR PR
™ o BEREETG p R F RO ST T g P R (f 7

oA R LY 2 fﬁ%%’%“%ﬁfﬁ FiE P4 1) SMF 2 SMF-SC

‘l“l?‘f#/' "L“:l Z MT’}s ﬁkﬁr} f"' =3 }; f@; LL‘ 4 %'ﬂ' _7\1:#_ ﬁ"’—,}%ﬁ_" »[—, E..
o R e 2 § %2 K| (rigid end zone) » KREHE % 2 247 03] 4

B 5.1.2 % #777 > A 4ndf B R 42 ke = VLR 513

%~ SMF-SC # 3 ¢ Firph+ R fi & i 7

1. SMF-SC #% # at B W4 7 ff 2ol

SMF-SC 2@ mt R fs 2 ph 2 bt 1 & MR L HESHY 223 §
EoAGTEFe EPERT TP 2 phd A REHEF A T A
RAZRAS 0 HEWLE 4 2 fFE e £7 (T 1.2DHL6L) > & B A1) R
By mphd Fcz ™ 20w d R F Y 2 R B fs 2 b & 7 Bl4ck
525(@)° A7 o BIP 2 B SPEET AR T Z BT 2 Fighd ¥
REAET FZ 5 ST 2t UHEO024P) L I N EBAET At F
W T o B phd RAFD R Z BRI AZE R R R U o F]
Biphd 2 B0ty B R WL 0 T L Y R
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IR BradRREAREAERIELFRE ST Y

peib s R RS T 284 MR T ELRT 1‘# B2 psN oL P42
Pt AR CERER AL (UDETAR P RS RET R 2

%4 (Pc)"\ /J~ ’ Léfgj(‘*%’;} ;\‘(5.2.1)?1:_%“‘—%; .
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% 5210 -1 K # SMF-SC 7% @ @l R B b+ Sodicl 4771 4

FIR BEra RS ARk et

Rolbic =i 24 4747

’FQ—%] ﬁt Nu Nr,up Nr,down N}:{,up NT'](\ilown Ns
U U

1F
2F 14 1 0.07 15
3F 14 2 0.14 15
4F 14 3 0.21 15
SF 14 4 0.29 15
6F 14 5 0.36 15
7F 14 6 0.43 15
Caseb6 8F 14 7 0.50 15
9F 14 8 0.57 15
10F 14 9 0.64 15
11F 14 10 0.71 15
12F 14 11 0.79 15
13F 14 12 0.86 15
14F 14 13 0.93 15
15F 14 14 1.00 15
1F 7 7 1.00 15
2F 7 6 0.86 15
3F 7 5 0.71 15
4F 7 4 0.57 15
SF 7 3 0.43 15
6F 7 2 0.29 15
7F 7 1 0.14 15

Case7 8F
OF 7 1 0.14 15
10F 7 2 0.29 15
11F 7 3 0.43 15
12F 7 4 0.57 15
13F 7 5 0.71 15
14F 7 6 0.86 15
15F 7 7 1.00 15

%5210 7 & SMF-SC H% ¢ wt B fidh 4 S8 4 7] 4 (o)

N. N.
WAk | N, Newp | Nrgown TP rdown | N,
' ' Nu Nu
1F
Case8 2F 6 1 0.17 15
3F 6 2 0.33 15
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4F 6 3 0.50 15
SF 6 4 0.67 15
6F 6 5 0.83 15
7F 6 6 1.00 15
8F
9F 7 1 0.14 15
10F 7 2 0.29 15
11F 7 3 0.43 15
12F 7 4 0.57 15
13F 7 5 0.71 15
14F 7 6 0.86 15
15F 7 7 1.00 15
1F 3 1.00 15
2F 3 0.67 15
3F 3 0.33 15
4F
S5F 3 0.33 15
6F 0.67 15
7F 1.00 15
Case9 8F
9F 0.33 15
10F 0.67 15
11F 1.00 15
12F
13F 0.33 15
14F 3 0.67 15
15F 3 3 1.00 15
1F
2F 4 1 0.25 15
3F 4 2 0.5 15
4F 4 3 0.75 15
SF 4 4 1 15
6F
7F 4 1 0.25 15
Casel0 8F 4 2 0.5 15
9F 4 3 0.75 15
10F 4 4 1 15
11F
12F 4 1 0.25 15
13F 4 2 0.5 15
14F 4 3 0.75 15
15F 4 4 1 15
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% 5211-1 FERHHME2 T K H# SMF-SC 7% 7 @ R 4ifh Sdics 4771

~

HEN]  Ln | Lopan LL;" Ns | Newp | Nraown
IF
2F 1 12 0.083 2 1
Casel 3F 1 12 0.083 3 2
4F 1 12 0.083 4 3
SF 1 12 0.083 5 4
1F 1 12 0.083 1 1
2F
Case2 3F 1 12 0.083 3 1
4F 1 12 0.083 4 2
SF 1 12 0.083 5
IF 1 12 0.083 1 2
2F 1 12 0.083 2
Case3 3F
4F 1 12 0.083 4
SF 1 12 0.083 5 2
IF 1 12 0.083 1
2F 1 12 0.083 2 2
Case4 3F 1 12 0.083 3 1
4F
SF 1 12 0.083 5 1
IF 1 12 0.083 1 4
2F 1 12 0.083 2 3
Case5 3F 1 12 0.083 3 2
4F 1 12 0.083 4 1
SF
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% 52112 FERHHME2 T K SMF-SC 7% 7 @ R 4iph Sdics 4771

~

REEN Lo | Lo | o | N | Mo | Nedown
IF
2F 2 12 0.167 2 1
Case6 3F 2 12 0.167 3 2
4F 2 12 0.167 4 3
SF 2 12 0.167 5 4
1F 2 12 0.167 1 1
2F
Case7 3F 2 12 0.167 3 1
4F 2 12 0.167 4 2
SF 2 12 0.167 5
1F 2 12 0.167 1 2
2F 2 12 0.167 2
Case8 3F
4F 2 12 0.167 4
S5F 2 12 0.167 5 2
IF 2 12 0.167 1
2F 2 12 0.167 2 2
Case9 3F 2 12 0.167 3 1
4F
S5F 2 12 0.167 5 1
1F 2 12 0.167 1 4
2F 2 12 0.167 2 3
Casel0 3F 2 12 0.167 3 2
4F 2 12 0.167 4 1
5F
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% 52113 FERHHME2 T K SMF-SC 7% 7 @ R Hifh Sdfcs 4771

~

HEN]  Ln | Lopan LL;" Ns | Newp | Nraown
1F
2F 3 12 0.250 2 1
Casell 3F 3 12 0.250 3 2
4F 3 12 0.250 4 3
SF 3 12 0.250 5 4
1F 3 12 0.250 1 1
2F
Casel2 3F 3 12 0.250 3 1
4F 3 12 0.250 4 2
SF 3 12 0.250 5
IF 3 12 0.250 1 2
2F 3 12 0.250 2
Casel3 3F
4F 3 12 0.250 4
SF 3 12 0.250 5 2
IF 3 12 0.250 1
2F 3 12 0.250 2 2
Casel4 3F 3 12 0.250 3 1
4F
SF 3 12 0.250 5 1
IF 3 12 0.250 1 4
2F 3 12 0.250 2 3
Casel5 3F 3 12 0.250 3 2
4F 3 12 0.250 4 1
SF
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~

L

REEN Lo | Lo | o | N | Mo | Nedown
1F
2F 4 12 0.333 2 1
Casel6 3F 4 12 0.333 3 2
4F 4 12 0.333 4 3
SF 4 12 0.333 5 4
1F 4 12 0.333 1 1
2F
Casel? 3F 4 12 0.333 3 1
4F 4 12 0.333 4 2
SF 4 12 0.333 5
1F 4 12 0.333 1 2
2F 4 12 0.333 2
Casel8 3F
4F 4 12 0.333 4
S5F 4 12 0.333 5 2
IF 4 12 0.333 1
2F 4 12 0.333 2 2
Casel9 3F 4 12 0.333 3 1
4F
S5F 4 12 0.333 5 1
1F 4 12 0.333 1 4
2F 4 12 0.333 2 3
Case20 3F 4 12 0.333 3 2
4F 4 12 0.333 4 1
SF
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7|
Lm
AEINS Ly | Lopan | 7 Ne | Ny | Nrdown
span
1F
2F 5 12 0.417 2 1
Case21 3F 5 12 0.417 3 2
4F 5 12 0.417 4 3
SF 5 12 0.417 5 4
1F 5 12 0.417 1 1
2F
Case22 3F 5 12 0.417 3 1
4F 5 12 0.417 4 2
SF 5 12 0.417 5
1F 5 12 0.417 1 2
2F 5 12 0.417 2
Case23 3F
4F 5 12 0.417 4
SF 5 12 0.417 5 2
1F 5 12 0.417 1
2F 5 12 0.417 2 2
Case24 3F 5 12 0.417 3 1
4F
SF 5 12 0.417 5 1
1F 5 12 0.417 1 4
2F 5 12 0.417 2 3
Case25 3F 5 12 0.417 3 2
4F 5 12 0.417 4 1
SF
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Pc — c_,_¢cre, PC’g = ﬂ- a - Pc,g (52.7)
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st B 42, B HE(SMF-SC) ik e 23 B (R B)EF Mt fju * b g ee
HHE(SMF) & 2 i 2% B (R=4.8) 5 2 &7 3 #HF 2 N F ot ?h> &4 & SMF-
SC H 2 2 FERESHE D & > 4>t SMF H28v% 5482 ¥ SMF-SC 3 & sup '
A 2 BRI IE R e L s 2 T 0 SME-SC 4128k std o b gL &
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PR ERERENRT HAIUSAF Y LA EB L AICHELBE

H

£~ #H?* AR RE2 SMF-SC 3 thmt BA4aE 4 47

1 I A2+ T Kk SMF-SC 4% k312 A4 K3

AEFETY IR T ARRASAFREY L ERE T 226 B A
Wlho] 5.2.1 B2 523 ¢ rm o B - S 3K 3B A KT 2w
Bz BARRE S 124 3 RSP 6 > BB S- 5 3.6 4 A st
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24 0532° > oa BT T KR A A SR S s A 4
5332 £ 5347 o KFERED)EER L)AL BF T 700 £ 250 kg/m?>
gt R SEITIL LR ART S 2 A Ee AR 21
MRF fld AEI R gy XY PR AR LA GRRY
FAELFZ R R EREFRPER Y B RR L ¢ 4 ERA
BRM A FRAFS] o £ 53584 536 ¢ FAAEFLY AU RE
548 1% 32 27 K SMF-SC #% B enbho st e+ @ 4 537 &

2538 ¢ HAAEET Y AUl RES 48 112 322 7 k # SMF-SC #

¥
i

SR R SR T

H S Wi Hi Sk w3t

Sps 0.6 TM (s) 13
Sus 0.8 R 4.8
Sap 0.461 I 1.25
Sam 0.614 Fyum 4.8
(s) 1.693 E, 2.9

TP (s) 13 a, i
Sp1 0.78

%532 T K SMF-SC #£2% (R=32) R Al A 2 %3+ ik

K fle R K ple R
Sps 0.6 T (s) 1.3
Sus 0.8 R 4.8
Sup 0.461 I 1.25
Sam 0.614 Foum 2.32
(s) 1.693 E, 1.79

TP (s) 1.3 a, 1
Sp1 0.78
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%533 7 f 1 SMF-SC 2 (R=4.8) B 2] 2 3 2 3 3+ 48k

RS 2 Rt IR 2 3
SDS 06 T({W(S) 13
Sus 0.8 R 438
Sup 0.461 I 1.25
Sun 0.614 Fon 4.8
T(s) 1.693 E, 2.9

TP (s) 1.3 a, 1
Spy 0.78

% 534 -+ 7 B SMF-SC 7% (R=3.2) = 4]

e

E
(\x

=
"
\\\?{r
g

ESab = S K iE ESab = S KT iE
Sps 0.6 TM(s) 1.3
Sus 0.8 R 4.8
Sap 0.461 1 1.25
Sam 0.614 Fuy 3.2
1(s) 1.693 E, 2.1
TP (s) 1.3 ay 1
Sp1 0.78
% 5357 K # SMF-SC #7# (R=4.8) R A& A 4~ 2. F 1 & +
Beam Column Stub Columntory
Story
(mm) (mm) (mm)
1 H500%x300x14x32 BOX400x400x32 H500%250x12x22
2 H500%x300x14x32 BOX400x400x32 H500x250x12x22
3 H450%300x14x32 BOX350%350x%25 H450%250x12x22
4 H450%300x14x32 BOX350%350x%25 H450%250x12x22
5 H450%300x14x32 BOX350%350x%25 H450%250x12x22
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B ET A RT S RS A R R A

# 53.6 1 & & SMF-SC #f-% (R=3.2) R 2l A +

e

Story Beam Column Stub Columntory
(mm) (mm) (mm)

1 H500%300x16x%36 BOX450x450%32 H500%250x14x24

2 H500%300x16x%36 BOX450x450%32 H500%250x14x24

3 H450%300x16%36 BOX400x400%28 H450%250x14x24

4 H450%300x16%36 BOX400x400%28 H450%250x14x24

5 H450%300x16%36 BOX400x400%28 H450%250x14x24
% 5.3.7 -+ 1 B #& SMF-SC #7% (R=4.8) & 3] #& Az m4r

Story Beam Column Stub Column

(mm) (mm) (mm)

1-3 BH750%350%16%36 BOX700x700x50 H730%330x12x24

4-6 BH650%x350%x16%36 BOX650%x650%45 H630%330x14x24

7-9 BH600%x300x16%32 BOX550x550%40 H580%280x14x22

10-12 BH550%x300x16%32 BOX450%x450%36 H530%280x14x22

13-15 BH500%300%16%32 BOX400x400%36 H480x280x14x22
% 5.3.8 1 B # SMF-SC 47 (R=3.2) & 3]#& Ay mir )+

Story Beam Column Stub Column

(mm) (mm) (mm)

1-3 BH750%350x19%40 BOX750x750x50 H750%x330x14x24

4-6 BH650%350x19%40 BOX700x700x45 H630%330x14x25

7-9 BH600%300%19%36 BOX600x600x40 H580x280x14x25

10-12 BHS550%300%19%36 BOX500%500%36 H530%x280x14x25
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13-15 BHS500%300%x19%36 B0OX450x450%36 H480x280x14x25

2. FH 2P LG RFFPE

Ay Y i LT AT K SMF-SC R AlE A F B TR
Phds 4 FrpE a4 o A 47 ¢ 4% % FEMAP695 (2008)3F 4 @ #1i¢ * 2 £ 44 i 4
N BREE S P EREHIBRFI YR LR RRAR6S N E 22 B
AR R AT A 5140 R0 A RN AR - B 22k A
R PR 20 RO HEE T B B 4T

(1) FhBugees AF i k] T2 423 SRR 02 B2 15

-+

SHEHFFP 0 BRI P ARF ¥ (target spectrum) ¢ 14 R4 - 4
3% ¥]+ (scaling factor) ©

(2) RBEHFHFTE L 44 migiid e RF 7 ik B e

(3) W44 oy RS- BFTH AL RiE FQHHTELY =
BF RH 02 B2 1S BEHEHFFPM I P AP RF RHE > R
(4) Beis 23 Rz B HERFFEL F ()8 F Q) HAE T 2 4 -
543t SMF-SC 4% k stz irfh 3 £ R8> & & 3-44 Jnp B PFA w5k

3 SLE-DBE 2 MCE ¥ Z &g 7d 4 247 o B 5.3.1 87 4+ %7 k& e

TIREARAEASF T DBEF RE BT 2 BN %‘ﬁ*{%% °
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Period (s)
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==Mean Spectrum

=—Target Spectrum

—==Scaled Mean Spectrum

Sa(g)
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Period(s)

(b)

2 E B2 R B

()7 & #.87(b)* T & # R 3l A 4 DBE ¥ 2

#

AR

o SCE-SC % (£ 427 BT A2 617 K
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e
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Uk A 0 LS2 8> SMF f7F @ 32 "% R Uk iy - @ LS3 3 LSS 5 & &0

TR A LA

% 53.9 & & SMF-SC 7% 2 & &' LR & Tk

1B KRR b (%)
LS1 0.5
LS2 1.0
LS3 1.5
LS4 2.0
LS5 3.0

AEFTRY EREEIUR G 44 B BIEY T g A Uk
L R AR EBH RELT A RMR AR R 53282 F 533 A6k
ARG T RS LT A RAYNE AL L BE RS AT 2 AR o B
REANE - M RELT O LEIUREZF A PF §EEITRE LR om0
BOARRUR B F A PR R R R A oo d B Y T RB IR

BY RE=48 22 A > 5% R E=B2 2 2 A0 4 fik R E BT 4R

RIRFERLFTRY P2 AR 7 REA TR F RN AN A RN L B IR
Eordd KAETATER 2 FE REBEE § Mo blded T 7 BEE LT 2 38(53.)

2FFIERRF BER 27 A

__—»fﬁ

DBE(10/50): P[LS3]< 20% (5.3.1)

i
SLE(50/50): P[LS2]<10%
MCE( 2/50): P[LS4] < 30%
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03 R E=48 2 %0 I R E=32 3 FR*

100 100
90 SLE(50/50) 9 DBE(10/50 lgg MCE(2/50)
éo mR48 20 mR48 %0 EWR4 8
R3.2 R3.2 R3.2
70 70
S 60 $ 60
£'50 250
£ 40 E 40
[+ <
@30 < 30
&£ 20 l, & 20
10 10
0 0
LS1 LS2 LS3 LS4 LS5 LSl LS2 LS3 LS4 LS5 LSl LS2 1S3 LS4 LS5

(a) Limit States (b) Limit States (c) Limit States

#53.2 (a)SLE » (b)DBE % ()MCE % %3 BT 7 f f SMF-SC -2 2 £ i st &%

Z e

s

At
100 SLE(50/50 100 DBE(10/50 100 MCE(2/50
%0 (IR4 8) %0 £R4 8) %0 I(R4 8)
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£ 60 £ 60 60
250 £ 50 50 l
S 40 Z 40 40
=) £
2 30 2 30 30
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LS1 LS2 LS3 LS4 LS5 LS1 LS2 LS3 LS4 LS5 LS1 LS2 LS3 LS4 LS5
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