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ABSTRACT

It is common to use static cyclic loading tests to evaluate the seismic capacity
of a structure. . However, it is believed that different loading history resulting in
different structural behavior would lead to a bias assessment of structural capacity.
To quantify the effects of loading protocols for static cyclic testing on the structural
capacity, we investigate the experimental behavior of brace in concentrically braced
frames (CBF) under different loading protocols.  Because the current AISC Seismic
Provisions does not specifically provide the loading protocols for CBF, we propose
one in this research based on the previously conducted nonlinear dynamic analysis
of CBF structures. The variables for six brace testing includes two different pipe
sections (different slenderness as well) and three loading protocols, namely, Loading
Sequence for Beam-to-Column Moment Connections-(AISC, 2010 ) , Loading
Sequence for Link-to-Column Connections ( AISC, 2010) and Proposed Loading
Sequence for CBF.  After tests, we compare the performance parameters of
different specimens including the strength, deformation, cumulative energy and
cumulative deformation of braces when critical failure modes occur. Test results
show that the brace specimens fracture at different deformation stages in different
loading history; most brace specimens fracture at the displacement corresponding to
the drift ratio of 1.5% to 4%. On the other hand, the cumulated energy is less
correlated to the loading history; the specimens with the same D/t and KL/r tend to
have similar cumulated energy regardless of the applied loading history. It is
difficult to estimate the deformation related capacity of the braces by employing the
Loading Sequence for Beam-to-Column Moment Connections without any
modification. However, it is possible to capture the energy related capacity of the

braces by any of the three tested loading protocols. If the deformation related



capacity of the braces is the parameter of interest, we can use Loading Sequence for
Link-to-Column Connections and Proposed Loading Sequence for CBF to estimate
it.  While brace specimens under both Loading Sequence for Link-to-Column
Connections and Proposed Loading Sequence for CBF show consistent seismic
performance, failure modes and energy dissipation behavior, the Proposed Loading
Sequence for CBF is more suitable for braces in terms of deformation amplitude,

and number of cycles at elastic and plastic deformations.

Keywords : static cyclic loading tests, loading protocols, special concentrically

braced frames, deformation related capacity, energy related capacity
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$o it 28K B 4% & (Story Drift Angle, 0)> 7 B p 1 S8 B 2 3 % & Bl#
(Nt)~ A % 2584 Blac(Np)~ 2 %275 FI(X AB;)> B~ 3 Bl A 45 F1( A0,y )
Sh AR B E (Onay)  EET B SHT G AR PR
FARIT A A TR 2R R AR B E P B AR 4c§“ EECE A
RRAIP Do LT R %S 0 AISC (2002) s ? = % 4k R R o R
HFEAR 4n§\)ﬁp§
Richards ¥ Uang (2003) 3% i Loading Sequence for Beam-to-Column
Moment Connections ¥t 3= 4k & ﬁ_fﬁ% s AL #;’f;;ﬁ% ( Eccentrically Braced Frames,
EBFs) 7 & i i%= » 3> F 28+ Krawinkler et al.e7= ;= 4] 7_Loading Sequence
for Link-to-Column Connections> H # 7 it S #cec g = i 5 & & ( Link Rotation,
y) I B PRERSEES 2MLAT B EE A g By (1) B
R F R (2) " M2l B b ATOE G AR PR A B m*’;‘?%



® (Okazakietal.,2005) z#% v 11 ¢ EBF #3 i & 5 50% %2, % € > s F2
1 %% 72005 & 45 ~ AISC *prc Poo

Chen et al.(2008 )41 * OpenSEES #i-#t CBF #-7] - 3R & Loading Sequence
for Beam-to-Column Moment Connections i€ #* = » 44> CBF £ § & &7 M &
A0 2s CBREARFCT H B i B R FRF NP R X R EF R FHF
AR eI A 4 0 Ht %3 Loading Sequence for Beam-to-Column Moment
Connections # & ;2 7 »cx s CBF E§ 7 5 g & T & & - i { Akt

1

OpenSEES # 4 & 47 % i 5 L K 4« i\ REPF 18 A GPIRE o

22 CBF#REFARP Y ER

Roeder (1989) $f—"1 = & {5 ¢ < s SHE P AR EH > = 7 F
Bon i BREPE S 8- 5% s gk (Elastic Test) » 3% &% ALiFHE 2 40
B ER S ¥ - SEs L B#% (Moderate Test) - ;é.‘ﬁé,ﬁé%%i#ﬁ?ﬁ%

A3 UTEREMEHF O VRIFF AL A - RERFEF AR oM
& B (857 % (Final Test)» &g % BEm AL HEt o & 4 < JLH0afE Rz 3 f,
75 o

Tremblay (2002) #i&2 3 76 ‘wdh SH P < A #F A A R P P
PSR YR B 7 L B o 4T 0 A A R U SRR G 2R w B B SN
- B AN ¢ IR Bl R R A R 2 TR 2R
Ao B E 2 CTFRIAFEE X Rt 3 E LRSN3R o PR H R
ﬁeayeﬁ@ﬁﬁe’sewe,%ﬁe& AP E PR L LR
R OB B IRA T R TRER L REAT R e h v -

Az R E o
Tremblay et al. (2003) i& {7 24 ‘v 3% i A 4 §427% » #%RAFHF 5 X
A EMWETH F LB T ERREY B AT F RN mﬁﬂui’a:4r§“/ﬁﬂ-—*‘ ’
R i‘]%d’&’ﬁfﬁ—iﬁrﬁ Al ¥ - JERIPp AR R A ST
BT Al o A KA F ST RRAH VA PRI SRR E
AR e LB AR B R R
Lee and Bruneau (2005) $fi§3 # i & dnds T & 7 AFE IR F
£ 417> ¢ 35 ' Blacketal. (1980)- Zayasetal. (1980)-Jainetal. (1978) -
Astaneh-Asl et al. (1982) -~ Archambault et al. (1995) - Leowardi ¥2 Walpole
(1996) - Walpole (1996) % o 4 174 % B & & A FHEHETH ¢ - § o
AT (BRRR5 i3 DI 5 § RT3 Flh N REREH DF R )



ERBEARFEE MR D RFAP AR TSRS BT
Wide-Flange coal #4475 flm & 1t A8 80 2 16 > % — SRy 254 4 pF
SRR F R T ERCL 0 A6 - SR AR R A R e B v i 437 80-120
Pk ehlFa) 0 AiE A TS Y BBt E 43 120-160 T L P B eh A
_ﬂ °

Han et al. (2007) %7 I+ -] 55 ol i i 7 5% > A 43
v & HSS ¥7a o fiGR% %% Al et cng Bt /0 11 3 18 AiFi 2 chfy
RATEIDG o A TG TR 4 B - K b IR 2 A R
Biefd R EHEE R AR T F o 1§ R
%gﬂ;»y%ﬁ# BB ERAFBRATE L 2 18 ¢ R B RER £ 7 T4
e e & Frg BRAFHEHS BUR -

#Hw %A (2008) @& * AISC 4 515 % %s’-nm‘&*c#”ﬁf%f“"’ A
K CBFt @ & 4 AR o478 7 B ¥ s e A e B = 5% 5 X3l
RESEBA P B ERE BT 3% BE CAFRA R AR
i 400mm > B T R Bk is s s ABAQUS A 47 HOA S AL R Ay < R AT
BRI R R T AR R B AR

Felletal. (2009) i& {7 18 &7 & -t CBF i#5% » &% P »» L B4 ¢
R TR 4E$\.Fﬁ'ﬂi‘§4[$\.@ﬁiﬂ Azl R 7L H AT R 0 kY

[E5
Podl Sl M T I
LA Bt 550
2. FL AR Fhin £
3. AFHitEre > ¢ 4% HSS ~ PIPE ~ Wide-Flange = #& -
4. g UATHERM BT

5. 4% 5 /L B SO £ daie Alsc:%.:ewﬁ%wzi“é%‘fw i
LRSS S Sag L SN LA L LA e S S T R
ﬁ%;ﬁo

6. # i ?;?wv EM‘
R R B AR UER AT R A e R A
2 iy 117 5 7; g o Fell etal. 4% ) & HSS 22 PIPE i&7 fE 4L 4 14
$5 S 6 0 PR AR PR F FaE A TR T A RS LY F R o
T4 F Ao Felletal b psn s A M BT RS b 17 5
REGF e 2FEAR PR F Felletal Pl s HAFH 2 iy 1207 5

)

FEEE A

“‘%



4—__; 4‘:?};&.% a_l. vif_? me
B B PR L MR 4 SRk 0 P e ALY R AT
FRE I A AT F 4 AT ihg R o R G FT Y GRE o

31 CBF#BARC{RFRI-LHK

AR E Y An a7 (Chenetal, 2008) #73& ) ¢ CBF 4~ # it
IEEARCPEMREFER L 5T #Bfagvgkﬁlé% CBF # fii L 4 f P2
PRORVERRELALLAT &

Iﬂ X X N AP IR th j&,};:r gf;‘qgﬁhw 23 4*#%“454@3]_%;‘%5_?1 4“%\:
FE AR o ety i Sedic (R R % &.,0) - 1995 Krawinkler & 2% 346 5 15 §* 4011
78 i AL T de PR TR 3 CRAGLEET R EFE mﬁ%f?wﬁ’\ﬁﬁ
LA E M AFT 5 ¥ A& 02 OpenSEES A 4755 % & ikdh 0 AEHCR  Z A
g & X Al (double-story X) AR o Al @J/\ e BN ABGEY R
P B i A 2E 2k 4% (Krawinkler et al., 2000) % 426920 2% ~ % £+ 2(MCE)
ESCRN Y g s;—,% se3t7 P & %8 (Nt~ Np-~ Y AB; ~ AOmax ~ Omax ) 7
P RAEEREEY T AEAIZ FRAECIET NS E S 5 B P RS EaREmRp
G

ARAEE (Nt): G BHFPFEFT > 58 L ks b hky Lo
gl%‘]ﬁfc & FLAE M F O Bl 2L E R Blde o Ar B 3.1 AT e
1 R 2B Bldc (Np) @ i REEPRFIE® T 0 & 84 245 53 A 5 88

Ryt kv K enBldEk o 4B 3.1 AT o

AR (DAG): 02l &3 R EF AP R e A L K
Vg R J_%]mésgfl;%lﬁlm &% 0 Aok 3.1 o e

Btk B4 F (AOmax): g RERE* T & w03 L K AT
BE Y bt i B 0 dofl 3.1 4 o

Boxie Bl E (Omax) @ fd REME* T & wiA] Lk @A
F e i Bl a8 0 4o B] 3.1 #7or o

A RGENATHEAY FORE S ik § TP RS EGR B Uiz
ko AFEY ﬁwwm] STl ot LB RRREY T B RIARA
W cnficdy 0 Rt BT B SR R 3 B R GRS DR L R A P
R enp S ficlic @ o v 57 24 (Krawinkler et al., 2000 ) Rt B ER

Ay 2 2l 3 :
TR G e

«:‘i-



Nt:E3 &by REREY TRl Fe T 2o, A RAEEY FX
AR R B

Np @ EHbtr RRAFET TiRbih LR 8 B Hz 90 § A4 §F
FL (90th percentile) » & 1F3% 3+ A & 2458 44 58 BB dk o

A0 EHE L F REFEY TRARADIF LR R 0 F A
o F 4L (90th percentile) » F TR R A LR R -

ABpay * G f 3 RAFFFIT™ T IRA K X 4 R B 12
B2 90 F A vt F4L (90th percentile) » ¥ 1F I 4 1 B B A
z

ol

emax: %‘?&%\Lﬁ’»k %fﬁﬁﬁgﬁﬁ—%qj%@ ri‘)é‘{‘iJ g'%‘\;{;'l'ﬁ’»'y‘%%
FrpEir Bl E 47 9 4 A8 o

N

ol AAMMM /N Omax

L.

Drift Ratio (% rad.)
N (@)
Y
| S /. __5:
=

o 6 12Nt18 24 30
Total Cycle Number

B 3.1 e SR P S G F



Bofs o 5 20 RUEPRITY TRR A A R B R TR S b e
fim e (COF) Bl > K2 A2 2B L P 2T /T RRFFLEALR Y
PR LR ) R BT T A e CDF St Mg 7 i 3 ABiT 8 RFRF(F Y
T TRk WL DAL 2 40 [ 47 1 b CDF st L0 & i st3t e CDF
o AUBEAT ) Je i AR e RS A 920 S B R PR AR 00 1345
tur A A v CBFFEARTERH PTHR -

32 % ﬁ-i‘ﬁ%iiﬁﬁi“ﬁfw ®

RS PR A Pai;ﬁéia‘_%é4c§‘/ﬁﬂ? » 4] 3.2 ~ B] 3.3 22§ 3.5 41
7+ 0 4 %] % Loading Sequence for Beam-to-Column Moment Connections ( AISC,
2010) -~ Loading Sequence for Link-to-Column Connections (AISC, 2010) %
Proposed Loading Sequence for CBF » = fd# fi A f 4 * R 2 B 5 &7 5 P &
A R @ dE A A (step) e~ R {Lw 8] Bl e ~ 2R AR B <] @3:
Lol f e BB g RV ERIES L o Tt TR A W g3 R AT R
FERE > HIFEHCBRFAER 4 a0 FR o

3.2.1 Loading Sequence for Beam-to-Column Moment Connections (AISC,
2010)

Loading Sequence for Beam-to-Column Moment Connections & AISC . # ¢
A REE 2 SR AR A P o] 3.2 1 LR A AR
s gt e o % (Krawinkler et al., 2000) » 3% 3Hi@ 42 ¢ A3t 7 4 g
WA B R R 20 BAER - RIEY e 4 A 4TSS FXS BV U
Wip 20 B F RFEBFNE R SRS R B B R R
Prod o4y SHASPERFEEr LBEFL AR T B L9 5075%rad. = +
TR AP hEc] @ BlyRT S 0.875% rad. 0 A B 45 4 0.375% rad. ¥+
GBS R E S T AR S o R BHER AR TP g
o 2helgE 75 R E R CBR X R ehd LR e PR ESR R
B oAU g 2 2R 1T Lo Bl 4 S Bl gz 50%~60% F e 4R
7% - Bliw B] CBF g » 2L38 3 (7 5 Q& gt v A R = <o Bt A B 3
#- Loading Sequence for Beam-to-Column Moment Connections & * # CBF #* ik

RRCPHEFRRLIET O S JBFT IR 25 L EBFERY €%
Mg H RgE > ALY SO HEET MR AF R RETREE o



(4)
4 Loadihg Sequence for | | | | Loading Sequence for
Beamito-Column ! o120 1 i
- Momeht Connrlections! ) L Beam-to-Column
< 2 ! ! b4 1 Moment Connections
© I 6 | O
2 ' (0.5) | ' T 22 (0) )
20 AAAAI\I\AI\AI\ A AA 0.00375 6
S ORIV \‘
8 6 . | 0.005 6
0.375
= _2_( ) :(0.75): : |1 l 0.0075 6
5P 1 L 1 e ;
[ [ I [ |2| 0.015 2
_4 | | | L1 |l‘2\
0 6. 12 18 24 30 i, 2
Total Cycle Number 0.03 2

B 3.2 Loading Sequence for Beam-to-Column Moment Connections ( AISC,
2010)

3.2.2 - Loading Sequence for Link-to-Column Connections (AISC, 2010)

Y = Boen i B A i s Loading Sequence for Beam-to-Column Moment
Connections i # if * ** CBF # i 41&4\:;\&%‘14%5@ il 254 B4 4 EBF
%ﬁg&?ﬁén;\lﬁfﬁ;ﬁﬁj » F]gt 5 A2 7 4k g & EBF mécﬂ)ﬁfﬁ (Richards
and Uang, 2003 ) » ~ fI&%}L Loading Sequence for Link-to-Column Connections > 4-
Bl 3.3 #7771 o b4 PFE Loading Sequence for Beam-to-Column Moment
Connections & + Z B2 Fepe >t 4 %25 & o i 238 B o Loading Sequence
for Beam-to-Column Moment Connections 2. * & & =4 4 (0) @ Loading
Sequence for Link-to-Column Connections B| & % i@ 54 & (y) > d 3 Loading
Sequence for Beam-to-Column Moment Connections £4c i\ F7 he3e Bl &g A5 i
# =+ EBF &2 CBF - #h ¢ h Fiof & (3 chprizg T » 2538 (7 5 > 57 K
AT GE & EBF 4 P Richards and Uang {1 % £ Krawinkler et al.% 3+
Loading Sequence for Beam-to-Column Moment Connections #4p fe e j2 2% 3+
Loading Sequence for Link-to-Column Connections > # & # 3 e113-1 ] & | *
$h 2 iz 3k g CBF 4o N pe crud ik o



¥ ¢k > d >+ Loading Sequence for Link-to-Column Connections & + & #= 3 i
ol S H(0)F P AR LY Y 208 K2 WS e My =20,L:

Jf#’,iﬁ i, e i £ B ) # Loading Sequence for Link-to-Column Connections
1y RUTEES OV LR REK PRI L 4c§\)ﬁfﬁ¢ 6 =0.003rad -
4eB) 3.4 #7m o

1 Loading Sequence for
() |Link-to-Column Connections (y)
9 Loadlng Sdquende for ' ! 1y
- Link!to-Column ' N RE (Y) GRS
B B[ confectiods (v)! ! ! ! 0.00375 6
; 3be' ' e '(14)' ) 0.005 6
= [0:375) ,(0:75) M 0.0075 6
S 0o vAvAvAvAvnvAvAvAvAvAvnAAAAAAAAAAAMA 0.01 5
= gl -
Z -3F | | L) 2 y
> | | | | (2) 0.02 2
CE-- | 4). 0.03 :
— | [ [ oo i 0.04 1
-9 ] ] ] L1 (e 0.05 1
0O 6 12 18 24 30 36 0'07 1
Total Cycle Number 0'09 .

@ 3.3 Loading Sequence for Link-to-Column Connections - (y) (AISC, 2010 )
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Loading Sequence for
Link-to-Column (0)

1 £2,% (0)

w
gk

2.6 0.0004

L (lllLﬂ)l 0.00053

Los?(dlng $eq“%"°e for 0.00079

Link-to Column

()

Coqnectlpns (q) L I1I T 0.00106

I\)

|£ﬂ-ﬁ)| 0.00159
4 |

6 | I 6 1 | 0.00212

|
il 0.00317

|
|
|
0.04)  1(0.08) (0.

vvvvvvvvvv

0.00423
| 0.00529

0.00741

1
N
|

Drift Ratio (% rad.)
o
4
>
:
2
:
:
=
:
:
3
<>
<>
3
%
>
=
N=
-]
r
=

o.Myt 0.00952

ONNIRE (IR 0.0127

I ||(1L2p|| 0.01587

| ||||qu

1
N

0.02116
0 6. 12 18 24 30 36,5

0.02645
Total Cycle Number
0.03174

e G G R R SR R - N R R

®] 3.4 Loading Sequence for Link-to-Column Connections (0)

3.2.3 Proposed Loading Sequence for CBF

Proposed Loading Sequence for CBF 4[] 3.5 #77+ » & A § ¢ & * i id &
CBF# 4 75 2% 5 AR 4 {* P - 3351 & Proposed Loading Sequence
for CBF +4« ﬁ“iﬁ'lé 2 TV SR E R CBEAIFH T H G it Rt 0 WL
WS AR ERA RN A MG O R B0 £ CBF A A R R
S AR SR o e RS g2 mawTy (Chenetal., 2008) -
Hgrz #0A e PRI PRS0t e d 31 4 0 0t & B g i S8k 0
=0.003rad. § FiRA MY (%A E A ArH D K ehdedpod £ 3.1 7 - Loading
Sequence for Link-to-Column Connections ¥ Proposed Loading Sequence for CBF
e (4 BlEct B (Np/Nt) % & 55% 3% 60%z. fF - i -> *t Loading Sequence for
Beam-to-Column Moment Connections 7 100% - 27X Loading Sequence for
Link-to-Column Connections ¥ Proposed Loading Sequence for CBF & % |4 B]#&
B RARIT o B F R LB BIZEER G 1% % o (e R AR BBk

11



2 e B W B #kcs B8 p ¢+ Loading Sequence for Link-to-Column
Connections ‘¥ i& % ** Proposed Loading Sequence for CBF> &+ 78 £ 8 » 8 £ F
& —’ﬁ SRR FEE (XAG;) 0 R A %A 44 K AISC Link-to-Column

Loading Protocol +* Proposed Loading Sequence for CBF % 0.044 rad. -

Proposed Loading Sequence for
4 1 CBF
Propo'sed Loa'ding ! LY '(3|)' X
. g%c::uence for: : : : IFI: : : %8 (0) B ¥
o oL | | L g el 0.001 6
© 2 % | P | 2(|1|"|'] | R 5
I [ [ 0. I .
éo, (0.1) | I (0.3) | (nm 1 |
le) O AAAAhAAAAAV\AAAAAAAAA 0.003 6
g O g
&u | (0.2)' '045| ' 0.005 4
5 B == .Y z
E -2F | | NIRRT 0.01 1
[ I I Y.\
[ I I I |(:2:)|1| 0.015 1
_4 | | | [ N |(| 0.02 1
0 6 12 18 24 ‘30 '
Total Cycle Number 0.03 1

@ 3.5 Proposed Loading Sequence for CBF

%31 = AAFEARAAERE P AR S

& Zﬁﬁ- AO emax
i max
Loading Protocol Ne Np Nt
(rad.) (rad.) (rad.)
(%)
Beam-to-Column Moment Connections 28 28 100 0.535 0.06 0.03
Link-to-Column Connections 41 23 56 0.336 0.0635 0.0317
CBF 28 16 57 0.292 0.06 0.03

12



¥ehod 367 ¥ aridp ke B 5T (48 F CDF &) Loading Sequence
for Beam-to-Column Moment Connections 5% 2 & [f] £ i& § ** 4 17 -3 & 4 &~
7.2 % ~ Loading Sequence for Link-to-Column Connections £ Proposed Loading
Sequence for CBF » gtk eii-a) 4 7 & CBF 128 ¥R L b 5 e ¢ 7
Loading Sequence for Beam-to-Column Moment Connections % 3 & & jp| 28 % i
LR R g 0 @ Loading Sequence for Link-to-Column Connections
fodp e e BV 6T AP FE AL AR T
CBF A 4fif 2 #5875 R &% i K83 & -

1

R =T
0.9
0.8 CBF 0250 1/3
0.7 —LAO0250 1F

0.6
0.5
0.4
0.3
0.2
0.1

0

—=—Beam-to-Column
Moment Connections

CDF

—-CBF

-e Link-to-Column
Connections

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12

Drift Ratio Range (radian)

B3.6 —fAFLEALREN ;Wﬁﬂéf—%i’&\%‘r%ﬁtﬂ']iﬁ 4 ﬁ#‘r‘éé%i%ﬂj%lfl C.D.F
# B (Chenetal., 2008)
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dRI3T7TF MR AEL LR e F =4 £ & DR(Drift Ratio)
= 0.3 % rad.>+ = Loading Sequence for Link-to-Column Connections # # # % -
DR= 0.5% rad.) @+ Loading Sequence for Beam-to-Column Moment Connections
% fE %" > DR=0.75% rad.« {5 Loading Sequence for Beam-to-Column Moment
Connections % ## # % » DR= 0.5% rad.)2 % 2 DR= 2.645% rad..z % Loading

Sequence for Link-to-Column Connections #* # # > -

3500
= 3500 3 Loading Sequence for
£ S Link-to-Column
= 2800t S 2800 connections
> 2
& 2100f & 2100F
o D
a
2 1400} = 1400F
.8 .8
< <
: L Loading Sequence for i L
£ &gl Beam-to-Column % 8
3 Moment Connections | 3 -
0 1 1 1 1 1 1
0 1 2 3 4 0 1 2 3 4
Drift Ratio (% rad.) Drift Ratio (% rad.)
3500 3500 —
— —~ Beam-to-Column .
IS Proposed s | Moment Connections
% 5800k (L;:::dmg Sequence for % 2800F = ~Comectona L L
g o —CBF '
S § s
o 2100f o 2100} S JE
2 8
— 1400 — 1400
8 0
< <
£ 700 £ 700
] 5
O O
0 1 1 1 0 n s
0 1 2 3 4 0 1 2 3 4
Drift Ratio (% rad.) Drift Ratio (% rad.)

W37 ZAHFEAR PR THA L0 e $2M GH
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Frd FEALRY PR

4.1 %%

AR @ RBT - RO E > RIAHFERL é@z@mﬁua&
Poidsk o R D DR FGRAE T AT e PR A TR AR
ﬁ@%%*%ﬁﬁé’jfﬁﬂ—®&§$%iﬁ&ﬁ?ﬁ%ﬁ%&’F%4
AN G PP T AR ORI S BT KRS R

e
GRS LES RN Y S

-~

42 R ER Wi e R
421 R %7K
ARERGF AR T A B SRR RS 304 A R R HREL T

B PR R R A Al AF S A KRN BRIV A R A R A G
BBt Aok 42 AT o R AR R RAR CAFERLE IR
+m¢ﬁ$%*éﬁ4aﬁﬂ%mmm’ﬁ4’mﬁ$Waa Rt B
7 * EdimE vt (Agender = Ko Lp/yy) B R 5 (Dp/ty) > #F i
s K G Ay £ 4 o 5% (Euler's formula) ® 8 5 %c & B (Le=K-Lp) ik #ic >

K g ¢ Flaaldha shendfliEam s AR K EsH#* 100 L, 5 4
Fhk R o Yy RAFETG fp e Sahoe 2T o @ A 2 E D 5 A
%%aﬁﬁ’%ﬂ EAFE G §EELE R o A% R AR A A E B G
BT RETR 2 IS A W A3 AISC R A Rl E L T 0 2
kg =L DR Fﬁf’“"ﬁ——'ﬁ%m FER S ER A B RE ST P
B A wE P A AISC R FEFFIZ N 0 ded A3 57T o BRE P - B ET
BRECFERFER G LA R B R e B AISC R
FLHI N 2 AE A B0 ok 44 9T > AIFR AR L4 £ 200 R
(1962kN)z’1’1~;€z BRI BEEK AT Aot 45 7 o Vb A A B
Eribaf 8- MR A Ea 1§40 0 TS RdR R
T PRGBS 6 Aol 4L AT o BRI
A AT R AR AR AR EF 0 R EARST AISC2005 Rf 0 doFl 4.2
ST o R B AR e Ao B 4.3 o o
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%419 BFMABE R 2 b P REEEE L

Test Specimen

Slenderness Ratio

Loading Sequence

of Brace
M100 104.7 Beam-to-Column Moment Connections
E100 104.7 Link-to-Column Connections
C100 104.7 CBF
M70 70.4 Beam-to-Column Moment Connections
E70 70.4 Link-to-Column Connections
C70 70.4 CBF
%42 FEFMc A
Test Specimen . Dp(em)— tp(cm)  Ly(em)  A(em?) I(em®) v, (cm)
100 Series 10.1 0.3 460 9.3 178.7 4.4
70 Series 19.1 0.6 460 34.8 1486.2 6.5

%43 FHmFHWL BRI R

Test Specimen xslender 7\'slender,AISC }\'slender/xslender,AISC
100 Series 104.7 111.8 0.94
70 Series 70.4 102.4 0.69
44 FREWEEERE R
Test Specimen (DY) exo (D) aisc (D) expl (DIY) A1sc
100 Series 33.7 34.4 0.98
70 Series 31.8 28.9 1.10
# 45 FEARFHHEET L
_ Fy Py Fu Pu Fer Pcr
Test Specimen
(MPa) (kN) (MPa)  (kN) (MPa) (kN)
100 Series 256 236.9 358 331.3 141 130.9
70 Series 305 1061.9 460 1601.5 221 770.8

16



I %/%Qﬂﬁh Lo -

$205 ~ 410~ - 907,
t ( K] Py
(o - 100Seriss — 2/
o Fy= 256MPa
sl L S5 O
- 4625 ‘
%H1l L\ %j‘: ?22::
H— N y
“205 40 70 Sefies bo
FYf 30<5MPa
WS —— 7 JTe
L 4625 J
Unit: mm

Bl 4.1 e deshz o %2 E

AR N3] oot
g Y PVl U1l He
ol T v
b 105 : Nloigiofjo
65 L— '\0 S
4%
Q )
T !-->—150
« °
#I:Z:::::::::I:J

[o]

Bl 4.2 FEEHFLTHTHE
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Unit: mm



[ [ : ] : ] ]
4o‘§ 100 Series
Fy=256MPa
| |
4625
4625
S 70 Series Y,
Fy= 305MPa

4.3 GeskA e a R Bed e L

18




422 AR e EAERRERE
AP AABETRING ff@é#%f#-’éﬁf K BlAc®] 4.4 17 o
Ham(es R)Et gy K5 A §RFWREREE R 45 977 -
i B 2
LR A ARHA SR - BE VA @R ALK T
46 TR A48 T KPP NE R ENRBRRBBR S A4k 4 o 5T AR
REBALRKHAT T U Eu 4 3 o F3F TR 02 2L RH > AR
FI* SR HFRERT 2 ML 22 R A5 3 97 0 B A RERY
bt endLRl 4 B HR 2 o dell 4.9 w4 BB 4 2o 4o 4.10 T o
KiE = b BRI B2 4 fag 0 4oB 4.4 7 A-ASection £2 B 4.11 #7o7 o ﬁ?i%'"ﬁfi
FHE Y RREPEY BR - e £ B 4rB 412 2B 413 #7500 P chi &
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4.3.1 #%%% M100

4 M100 dw & v 5 104.7> 3750 5 3370 3% B 425 2 MRF e U PF
P B AL LE > 2% - BIDR=0375% & (K Fes i 121 mm) £
FRPE ALPFM BTG e 5 S REREHR o 2 PR BRI o My se A 5 1734
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Bl 4.20 240 M100 AL 453 4 B8k A 95(2) (DR=0.375%)

B 4.21 248 M100 A4 @ B 4 B 30K A H25(1) (DR=0.5%)
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4.3.2 #¥ %% E100
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“75% o 5> DR=1.587% A (& B izf 5 51.3 mm) = Fpk » A gm g m 4
WK ETA 0 4o 4.37 #rr o o3 DR=2.116% % & (& ¥ =4 5 68.4mm) %
PopE > APErAl > hoB 43845 o A MR EEF EXFF LT B RP LG 2
A FAEELP| e de & 47 Prar e

Bl 4.25 %48 E100 41453 4 A3 A 25(1) (DR=0.212%)
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Bl 4.26 £ E100 AL 4% 4 B R0 A 75(2) (DR=0.212%)

Bl 4.27 248 E100 A2 454 =54 2 5 373 Ry -45(1) (DR=0.423% )
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Bl 4.29 248 E100 A 457 B¢ 24 B 3% Ay a5 (DR=0.529%)
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local buckle

Bl 4.30 &40 E100 AL#F AL HF A =55 4 B30 By 95 (DR=0.529%)
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B 4.32 #48 E100 A 457 £ 5 %4 k35 (DR=0.952% )
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4.3.3 #H %5 C100

8 C100 Mk vt 5 10470 % 5 5 337 #%k A2 4e CBF 4c U fEpe >
FHRBIAFLLP >3 DR=03% 5% & (& Fif 5 9.7mm) £ RpF» A3
TR DA B A T A I P cnf SRRy 0 S RS B AT B 4L Ay
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EF P EFFFRGERD EHIAZ A 0 > ARRBEEE 47 1T o

Bl 4.41 48 C100 A1 455 4 B84 By 1725(1) (DR=0.3%)



Bl 4.42 kR0 C100 AL 4% 2 B8 A H25(2) (DR=0.3%)

|- local buckle
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Bl 4.43 248 C100 A 457 B8 4 K 3n4k Ay i25(1) (DR=0.5%)
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Bl 4.44 #48 C100 AL 45 ¢ B 4 & 3844 B 1525(2) (DR=0.5%)

B 4.45 #48 C100 A 354 =84 2 & 304 Ay i35 (DR=0.5%)
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Bl 4.46 2248 C100 AL 7 £ B 28548 i H25(1) (DR=0.75%)

B 4.47 #48 C100 457 £ & I3k Ay 25(2) (DR=0.75% )
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Bl 4.54 3548 C100 AL 44~ =4 /i %4 By 25(1) (DR=1%)

Bl 4.55 #48 C100 AL 454 =8 &b 304k Ay 1725(2) (DR=1%)
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B14.56 &4 C100 A 45874 #95(1) (DR=1.5%)
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Bl 4.57 48 C100 AL 4%7% #25(2) (DR=1.5%)
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B 4.58 #48 C100 A 44 =8 K 38 oy i3, (DR=1.5%)

B 4.59 48 C100 &4 = =8 h v by 42 (DR=1.5%)
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4.3.4 #¥ %5 MT70

P M70 kv 5 7040 75 5 318 FSRilEAR e MRF 4e U R o
FoHBAAFLLy 35 - BIDR=0375% & (K@ e# i 121 mm) £
FRPE o ALFE AR N A 4 BRI R Ao 4.60 ST 0 4 PERE BT B4
HeRyss B L 8745 KN o 2% DR=1% & (& FF =4 % 32.3mm) < &pF
ALY BB AL A BN A 4B 461 - B 4.62 7t o & DR= 1.5%3% B (K
B 5 485 mm) X fpr s AdFe BT E 4 PR OE FIEME R REF
AT BB IRK By B E A 0 4o 463 B 4.64 o 0 A e iR L
TE A Bt P AR g o 4R 465 977 o & DR= 2% % (& B =48
2647 mm) % - BRPFE AP LRI Ak L B BFLY - B
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B 4.60 248 M70 A 4535 2 B A7, (DR=0.375%)
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Bl 4. 61 2248 M70 AL3¢ Bz 4 B 2% By 25(1) (DR=1%)

local buckle

B 4.62 48 M70 ALHF 9 B3 4 B 284 A 75(2) (DR=1%)
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Bl4.63 288 M70 AL 8¢ B 4 B304k F95(1) (DR=1.5%)

B 4.64 248 M70 AL 457 g3 4 B 2844 By £95(2) (DR=1.5% )
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Bl 4.68 2248 M70 &4 #874] #25(3) (DR=2%)
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435 #FH %L ET0

A ET0 fmE ot % 7040 T B0 % 318 25 i 2% 4 EBF ﬁ;\;)ﬁﬂ% .
S ieA L% 0 % DR=0317% & (& B 5 103 mm) £ RpE - 4
HER SRR RR P DR > ol 460 477 0 RS BT &
< pURSE R 5 829.8 KN« DR=0.423% 588 (K B =45 5 13.7 mm) £ R p¥ -
JLHPA 4 BEREE Ay o 4o ) A.70 %77 o3¢ DR=0.529% 35 A (& B 45 5 17.1mm)
XBEE RGN BB R AFRRREF GG LM TARTE  oB 471 47
% 9t DR= 0.741% 55 (&5 245 5 239 mm) 5 RPs » A gF o i £ 4
SH AR RS (2t) 7 F ik AERE - 4eB 472 “i7 - % DR= 1.27% A
(B fs 5 A1 mm) s R » AL gE Y E58 4 g 2Rk Ay 4o] 4.73 ~ B 4.74
7 -+ DR= L587% 3% & (§ /48 & 513 mm) S o 442 & 47 1
SO R MBEA B o deBl 475 St o - RS T
2ty BB T iES B4Rl 476 15 o 3 DR= 2.6450% B (& B -
# 5 85.5mm) £ R P o AL P B S B SRk Ay AT R 4o 4.77 S B 478 #r T o
PR e ok 4.8 1T o

Bl 4.69 FHE70 AL &+ FB%AE (DR=0.317%)
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B 4.70 #48 E70 #4545 4 Faiikh (DR=0.423%)

B 471 RFHETOAF AR EF 7 Lr Fih%33 (DR=0.529%)
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Bl4.74 2248 ET0 ALY g 2 A %4 4 (2) (DR=1.27%)
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E70

B 4.76 #MET0 43 B/ EFTHE F %53 (DR=1587%)
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Bl 4.77 288 E70 L3474 #25(1) (DR=2.645%)
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B14.78 48 E70 AL 3475 F95(2) (DR=2.645% )
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4.3.6 #FH % CT0

#H C70 £ st 5 7045 5t 5 318 jRskiB 425 4r CBF 40 Y p¥
FHRBIAFLLP > DR=05% A (KB =# 5 162 mm) < B &
o 4 R Ry 4o B 4.79 B 4.80 A1 o pt PE R E BE T B FUR A L T44.1
KN o %+ DR= 0.75% %R (& B =4 5 242 mm) < RpF » At s
B2 HEA BT T A B AE AR T 0 4o B) 4.81 - B 4.82 #1570 e AL
BAFETH U BT T A B4 > 4o@) 4.83 - B 4.84 #7577 - »* DR=1.5%
sk (K R4 5 485 mm) SRPE > A B4 BN R o 4oF) 4.85 - B
486 #7r > ¥ ¢t - DRAF S BEEF VG 2, %8S QI FF AR E >
4o 487 ~ B 4.88 1w AR BELFET R 2ARIBE T EL BARE o 4o
B 4.89 ~ B 4.90 #77% « %> DR=4% A& (& F=f 5 1293 mm) < BRpE > &
T 3R By 7% 0 4o@) 4.91 - B 4.92 Fr 0 > AR BRI sic A 4.8 From o

global buckle

B 4.79 248 C70 A 4% 4 BHH £ (1) (DR=0.5%)
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Bl 4.80 4 C70 AL45% 4 A k4 A (2) (DR=0.5%)
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Bl 4.81 RFHWMCIOAHFF AR EF YT AR L% (1) (DR=0.75%)
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Bl 4.82 48 CT0 A Fa a4 b 5 7 FiF B4 53(2) (DR=0.75%)
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B4.83 FHWCIOAHI AR EF TS F T AR 4m33(1) (DR=0.75%)
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Bl 484 48 CT0 AFas8ie &4 7 5 7 FiF B4 33 (2) (DR=0.75%)

Bl4.85 248 C70 A 457 £ 4 kv Ay(1) (DR=15%)
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F14.86 24 CT0 A4F ¥ s 4 k284 A (2) (DR=1.5%)

B 4.87 #HWCIOAHZARLEF %7 T AR4m55(1) (DR=15%)
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B 4.80 =8 CT0AHS BB LF TS T FiAF4em35 (1) (DR=1.5%)
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Bl 4,01 288 C70 A 4Fis? Bog 4 & 203k Ay 272 (1) (DR=4%)
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Bl 4.92 248 C70 AL 35 ? BB 4 By 3ndk By A7 2 (2) (DR=4%)
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% A7 #5100 5 5| ELipl e s &

Cycle Axial Disp. _
DR(%) Damage of Test Specimen M100
Number (mm)
1 0.375 12.1 global buckle
7 0.5 16.2 local buckle at the middle of brace
13 0.75 24.2 fracture at the middle of brace
Cycle Axial Disp. )
DR(%0) Damage of Test Specimen E100
Number (mm)
29 0.212 6.8 global buckle
33 0.423 13.7 local buckle at the middle of brace
flake of whitewash at the south of gusset plate
36 0.952 30.8 Y
and brace cross section
39 0.2116 68.4 fracture at the middle of brace
Cycle Axial Disp. )
DR(%0) Damage of Test Specimen C100
Number (mm)
13 0.3 9.7 global buckle
local buckle at the middle of brace and the north
19 0.5 16.2 ]
of gusset plate and brace cross section
local buckle at the south of gusset plate and
25 1 32.3 _
brace cross section
26 1.5 48.5 fracture at the middle of brace
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7 4.8 FHHILT0 kS ELP s £

Cycle Axial Disp. _
%) Damage of Test Specimen M70
Number mm)
1 0.375 12.1 global buckle
19 1 32.3 local buckle at the middle of brace
23 1.5 48.5 flake of whitewash on the south of gusset plate
25 2 64.7 fracture at the middle of brace
Cycle Axial Disp. _
%) Damage of Test Specimen E70
Number (mm)
33 0.423 13 global buckle
flake of whitewash at the north of gusset plate and
34 0.529 17.1 _
brace cross section
35 0.741 23.9 flake of whitewash on the north of gusset plate
37 1.27 41 local buckle at the middle of brace
38 1.587 51.3 flake of whitewash on the south of gusset plate
40 2.645 85.5 fracture at the middle of brace
Cycle Axial Disp. /
DR(%) Damage of Test Specimen C70
Number (mm)
19 0.5 16.2 global buckle
flake of whitewash at the north of gusset plate and
23 0.75 24.2 ]
brace cross section
local buckle at the middle of brace and the south
26 15 48.5 )
of gusset plate and brace cross section
29 4 129.3 fracture at the middle of brace
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Axial Force (kN)

Axial Force (kN)

Axial Displacement (mm)
-60 -40 -20 0 20 40 60

400— T T 1
2001 Mm100
b/t =33.
0
-200
# I I
400-2 -1 0 1 2
Drift Ratio (% rad.)
B14.93 4 M100 A4 phro- 2782 ph 4 1 15
Axial Displacement (mm)
-60 -40 -20 0 20 40 60
400m—T1—1 P m—
200
0
-200
-400 : :
-2 -1 0 1 2
Drift Ratio (% rad.)
1494 24 E100 A4 pho %2782 phs 1 5
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Axial Displacement (mm)
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Axial Displacement (mm)
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2049 SAFHEE R RG S F LB RS Les L el R
et SREFTEHE (Oy) FHIEAEF =B E (Ogp) b0
By B b (Bpp) > o 2w BA P i & (Omax) s 47 4B A K F 28
£ (Op )~ ¥T- K B inf & (Opg) ¥ - B 499 3 L3R F o 2 B2 K7
A AV R BER 499 F L Bt 2 B Sl el o G
BlEP AP IFIRIITIRG

1. 100 k5" R K B =45 & (By) % 0.26% rad.m 70 i 5" R A B =45 &
5 056% rad. > 2 ¢ C70 ;A48 R AV o4 & P AE 530 8 1 3308 > KRB
HHEFZEARALFHERDES - d BRIF RS 0 AR FHE S RE
B4 & 3 4c 0.04% ~ 0.05% rad. » F|pt i3 & {8 2 PRk A B & B 40
0.56% ~ 0.57% rad. 2 f¥ o

2.70 22 100 & 7|z Rl Bl By K 248 & (Bgp) %% & 0.2% ~0.4% rad.

2 B AP CT0 3R d 20 i 63 & % R Y 2 & 3 40 0.04% ~ 0.05% rad.
B F PR EBESEG R G o

3.7100 & 51 ko 5Bk B2t & (O p) * £ 7 0.4% ~ 0.5% rad.z /¥ » 70
7 R SRR K R A & R < PR 1% ~ 1.3% rad.2_ @& 2 100 i 7 f $RIL A 4

P AN YRR A S SRR AR 70 kA R RRdk By R
2IEL EAFHEH Y B IR FIIERI R ] 5 A < Ay 70
AR R AR R SR FAZE 100 & AR k3 E £ 0 F]e 100
FFFEATREN M REE A F AR AR TR

4. 100 % 7 $ ~ %= FEw B B =4 & (Omax) % f 0.5% ~ 1.6% rad. » 70
Gk e B Bk A 15%~2.2%rad. > (P B0 100 % 5+ =
Eriw B R R =A% & )38 T0 k7] 0.6% ~ 1% rad. - dERIE R E RS B B D R Lk
BARAFENA FEREFIN R RA L B EG M RAR LY R RS
P h A4 i ¥ S 100 k5w %ﬁ%»ofﬁwm Gz d o
JOUR BEE M IR S R F R B 8 L nEc] o BT
?ﬁ%ﬁ“ﬂﬁﬁhﬁﬁp&%ﬂﬁ&ﬂmﬁ B RS sg,xx:

PRFLFEFECHLPER > REREGAFLRVFRTE -

R

- B
(A X

B EP hA R BA RS LB RER B L @ (ema") Ry
HE P A2 M kb g B ) o A GRAE CT0 4%k R
A mw]“*#ﬁ#:i,ﬂ—n_‘sz; 36 FIr xRBFHRES HEHEERERAELE X C
AT E AT M k5o ¥ b 2R ETR B R L AR Y A g 3n

AR T I8 R E B¢ AR Y L E R4 % s (Han etal., 2007)
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FA T e L o

6.100 & A= 4o B K B A% & (Op ) 29T K B 4% & (Bpg) % 7 0.75%
~2.12% rad./] %+ 70 s 7] 1.5% ~ 4% rad.> M % 5135 & 0.75% ~ 2% rad.-]- ** E 4
5 1.6% ~ 2.6% rad.22 C 4 51 1% ~ 4% rad. - At E o B R PR

$ CBF A4 A= 4B B & 17 275 & (eFI) g ,q/%ﬁ'“wﬁ%i (Bpr) 7 P27
LB

%\49 ?%ﬁ#ﬂ*ﬂf’f ;’%4\—;&» /%]Fﬁl“' % cf?‘"]

Oy OB OLB Omax.  Omax  Op Orr
(% rad.) (% rad.) (% rad.) (% rad.) 6y (%rad.) (% rad.)

Specimen

0.5

M100 0.26 0.375 ‘ 05 19 0.5 075
(Brace Mid.)
0.423
E100 0.26 0.212 1587 6.1 1587 2116
(' Brace north End)
0.5

C100 0.26 0.3 (Brace Mid. End 1 3.9 i 1.5
& Brace north End)

1
M70 0.57 0.375 = 15 26 15 2
(Brace Mid.)
E70 0.56 0.317 L.27 2.116 < 3.8 2.645 2.645
; ' (Brace Mid.) ' ' ' :
1.5
C70 0.61 0.5 . 3 4.9 4 4
(Brace Mid.)
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M100 E100 C100 M70 E70 C70

Test Specimen
0.6 1.6
g o 3 12
© 04 ©
2\"’ 0.3 2\‘-” 0.8
0 02 0L
) Q0.4
o 01 D 0.2
0 0
M100 E100 C100 M70 E70 C70 M100 E100 C100 M70 E70 C70
Test Specimen Test Specimen
5
-
- 4
©
= 8
x
<o
£ 4
D@
0
M100 E100 C100 M70 E70 C70 M100 E100 C100 M70 E70 C70
Test Specimen Test Specimen

Bl 4.99 EAMApIREAH 2B KRB & iLE

% 410 57R% 0 LAMEL AR TR R SEIIE 0 BT T LR
100 s 7 en kA %A% & (X A0;) /137021 ~0.35rad.2 @& » @ 70 & 7|k 4

$45% 4> 044 ~ 0.67 rad.# @ o 2 ¢ 3288 M100 & E70 0% f %757 &

S H RS T AR T R TS MI100 BRAE L A sk iEe 0 Ak

WIS R SRR EEEPE ERIAMT S E R E > A ET0 R

Pl A Aok BAz? #2 RAFHOE 0 Fis A/ S 20%E 0 @35
B gx

R F R MO H W R
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410 R LFHBPLAR PR R SE A

N
. N Np 2 Z Aei Aemax emax
Specimen N¢
(Cycles) (Cycles) (rad.) (rad.)
(%) (rad.)
M100 12 12 100 0.21 0.01 0.005
E100 38 20 53 0.35 0.0318 0.0159
C100 25 13 52 0.32 0.02 0.01
M70 24 24 100 0.67 0.03 0.015
E70 39 21 54 0.44 0.0424 0.0212
C70 28 16 57 0.58 0.06 0.03

#2411 G T o 2 REVRI L i (TR R e 4 LR PTERB R
(Pyest) v Bes 2 38 B (Puest) s B~ 2R 38 B (Portest) > BFEE P 2 & 31U
b2 I R e B 0 3R 50 R A9 MR RSk e R R R gE RO 5 R 23
BN e A Y T IR 100 & A2 R E REp Bed B IR E KA A
A 70 k7] e 30 (K3g B e MR A RE (R B 7 i Bl 2 MR Rz R A o
RS RGEBEEBE TR 100 472 8% X5 ER 2EAES PR
B 2. 96%~97% @ 70 ik slende <~ X F 58 R B 5 223 X 15 R 2. 76%~80%F st
Flo AiF AL hcd iy @ @24 B RFEY T RERS: MNELR R
B f Ry se B R X A Rk E 2R < SRR LR (T e 100 4 2 A
S i R R B )5 HRIP RIS B A AN SR 0

:mfwﬂvwmm,ﬂwﬁﬁﬁ%@ﬁg(%@%ﬁ%wmziw,gﬁ

—=

BB N ER 5o n 70 & Flenil A 28 R i BT 8%

Pk 4
o (T pp e 0.97~1130 M K R RSB R
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3401 BRI S 2 %R RO

Specimen Py Pytest Py test Py Pu,test Py test Per Pergest P test
(kN)  (kN) Py (KN)  (KN) Py (kKN)  (kN) Per
M100 250 1.06 320 0.97 1734 132
E100 2369 2759 116 3313 3179 096 1309 1919 147
C100 2736 1.15 3224 097 237.7 1.82
M70 1039.3 0.98 1222.4 0.76 8745 113
E70 1061.9 1028.7 0.97 1601.5 12889 0.80 770.8 829.8 1.08
C70 9941 . 0.94 1248.5 0.78 7441  0.97

# 412 5 LR A I IR M e dp iR A i R dp iR e d5TE R
£ (Ey) %A FH & (DEg)e MRt & (Ey) et B3V 5 Rprj 4 -
fi%%“ér' WA X gh e Flehofi o SH R AR (XEg) 735 5 54 5 A 4per A
sory AR Bl P fre g oine 0 A 412 ¢ ,ﬁ"*{? !1—% $] 100 & 7| e%r 2 %
it &% 46.2 KN-m ~67.9 KN-m>70 /& 71| %72 % Fifse £ 5 320.1 KN-m ~ 410.1

KN-m 2 @& > # @ M100 = E70 2 %77  fic € i@ K32 H B & 5358 R 72

0»

HRFRFEZ2 LR DR TR o & ¢ BRI nb:fﬁﬁ-” = ZEfr)

5 3 100, 7 civiy 4 g it e < 570 % 51 182 57 5 41w (Han et ali:2007) -
l«LL pL fﬁéﬁlﬁ%’?\i Z_ D/tvﬁ Fﬁg °

% 4,12 LEMapiRiT s 2 g Bl

E z E Z Efr
Test Specimen X "
P $ i 4 (kN-m) B
M100 1.0 46.2 44 5
E100 1.2 67.9 58.5
C100 1.1 62.3 54 .5
M70 95 410.1 43
E70 9.2 320.1 347
C70 9.8 403.1 41.2
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B 4.100 ~ B 4.101 5 100 i 522 70 s 504k =45 & 22 B A3} i B AR
R NPT IR E AA i ARl ERRBER R T A FE i
PR BORE A PR H L A Bl Y TR o AR TG 2 A o
BB R B AT AR AT R R % B R
FEAFHRESAIFINFEEF PSSV A -

—~ 80

£
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— 60

>

2

()

o 40

(_g 20 —=—aC100
g —eo—oFE100
O

0 ! ! | |
O 05 1 15 2 25

Drift Ratio (% rad.)
B4.100 70 i 54K = & 8 R i B

_. 500
a

< 400
>

5 300
c

L

2 200
5

>
2100
-

®) 0 I 1 l

0 1 2 3 4
Drift Ratio (% rad.)

B 4.101 70 &7 4k oA &2 R F ) A B
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RED SRR R 3 v g R AR L )
BRFELLE 2 %o B 4102 87 70 (| AFL R T AR R e
DK B A S & o ] 4103 B 100 i SIALHEL TR AR
MR Rt 2 AR G Ap i PR AR E e

104 P &g 70 3 PIA T KL A FE A 2 & o

—

=
£
=
4,

W

O (% rad.)
N

0

R 70 A TIAH

AaM100
©E100
0C100
AM70
oE70
mC70

0
Width-Thickness Ratio/AlSC Limit

W

O (% rad.)
N

SN B U O - N - -

2

O

(|
A

AM100
©E100
BC100
AM70
oE70
mC70

0

il 4. 102

1

2

Slenderness Ratio/AlISC Limit

LR foimE ot ST L A & M)
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100

i A M100
l ©E100
>_ |
Lil | 3 C100
& 50F :
ur Ay AM70
N '® . eET70
; mC70
0 1
0 1 2

Width-Thickness Ratio/AISC Limit

109 | 2 M100
\ ©E100
& Qi 0.C100
Lljt S0 " Ai A M70
A * ®E70
= C70
0 |
0 1 2

Slenderness Ratio/AISC Limit

B 4.103 &3MEE  frmE b B r IV e R A0 E M AF
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3 : aM100
o 075} | ©E100
T —~ ' ©C100
@ 8 o05f o AMT70
G N {

= & ®E70
0 02y A mC70
= l

> 0 '

O 0 1 2

Width-Thickness Ratio/AISC Limit

s W
< | ~M100
o 075 N °E1§0
o\ -S— 5C100
@ 8 osF | O AM70
-3 g] ®E70
O  0.25¢ > N

= 0 :

O 0 1 2

Slenderness Ratio/AISC Limit

Bl14.104 2R MWMEE ‘- froi @ AFLERE S LM R

85



d B 4.105 3 B 4.107 ¥ g 3 100 & 7@ o E ks|ehg ik By A £ B
oM kFlahg R S EER] > B T0 43¢ 5 C kP |ahm A S E
Bt oM ksihe A B EE) 0 Ve AR TR R

FFT 5100 g (EM 2 G A S ERTO K FIFEME L o

700
600}
500
400
300
200
100

0

_1 OO | | | | |
4 -3-2-10 1 2 3 4
Drift Ratio (% rad.)

Bl4.105 M %o\ ffb & 8 50 vk 5 8 M AR R

Max. Out-of-Plane Displancement
(mm)
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700
600} ——E100
500
400
300
200
100

0

_100 | | I |
4-3-2-101 2 3 4
Drift Ratio (% rad.)

Bl 4.106 E 7|4k A & 250 % 5 o £ W GED R

Max. Out-of-Plane Displancement
(mm)

100

-100
4 -3-2-101 2 3 4
Drift Ratio (% rad.)

B14.107 C iR M o b g = #B LM HE"R

Max. Out-of-Plane Displancement
(mm)
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B 4108 7 v g d hdp e A £ 0t =100 sk A Y 0 Loading
Sequence for Link-to-Column Connections (E100) Az B %) 4 B 0% ## £ 4
LAt Al E 4 2 47583 % 0 Loading Sequence for Beam-to-Column Moment
Connections (MlOO)au e BRUFRAA LIS ES ATk o
mofo P e B R E R R M 2 0 T A TR0 4 4 473 % > Proposed Loading
Sequence for CBF (C100) = #)ix B %74 B & 4 £ 5502 474038 4 A 47
Bhoafihu BRVEF M TR LS FEAIR S ArsE 0 Fez
BFEME nﬁécgkrb& A4 F:E4 (Error = 4pfe 7 CDF EPF > %245 [f 0
R EERERD B4 AR S BE ) 4ol 4.109 froT o

£_m@ 4.110 ¥ 4 —Jg U A RFAF oL =10 HEZ%FEH Y > Loading
Sequence for Link-to-Column Connections (E70) = 3lp it B A% 4 Fl < % 3 £ 13
LA EAE A s ek o S PR Bl A g ] R AR E v AT 0T A T R

4 4 473 % » > Loading Sequence for Beam-to-Column Moment Connections (M70)
v g se B g B R R Rl 53t e 4T Al E 4 4 4 B 0 (8 ) e B R B TR R
F B LT it A 7 Al s 4 4 4724 % 0 Proposed Loading Sequence for CBF
(C70) 2fex Bl FERF AL 518 7304 3[4 S i ek > o im=
e E B4 U1 B A 80 B A e B 4000 457 -
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CDF

o
T_ 4_}’
ok

—LAO0215 1F

—=—M100

—-C100

-+ E100

Drift Ratio Range (radian)

.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12

B 4. 108 348 %5 100 ¢ #dsk S % &2 o 4714 8 4 2458 % C.D.F (Chenet
al., 2008) ‘" # @

1.5
WL c100
N —_E100
5 05[ ~ ~ M100
© oy
& Hl,
=
I.ItJ -0.5|r‘r.—!-—}_____\—t
1L e . aveve
- _5 | | | |
0 0.02 0.04 0.06 0.08 0.1

Drift Ratio Range (rad.)
B 4. 109 ;248 %50 100 & 7| R 5 ¥ 4 B1 & = 1p L R A M R
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—LA0215 1F
a
S —=—M70
—-C70
!
|
| -+ E70
U
0 F| L Il Il Il Il Il L L Il Il
0 . 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08:0.09 0.1 0.11 0.12

Drift Ratio Range (radian)

Bl 4. 1103288 %5 70 s 7S 2 % &7 o474 % 4 2478 % C.D.F(Chenetal. ,
2008) ' # @)

3
~ L C70
2_ =)

: 4 —_ET70
5k — _ M70
® _

T T e R
= 0|
2 1 B e S —
w1

2L

- | | | |

0 0.02 0.04 0.06 0.08 0.1
Drift Ratio Range (rad.)

B 4. 111 #8350 70 k7 % i %7 4 Rl 82 & PR B2 40 R4 B 00 )
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Bl 4112 55 X FMAF AP RFEL R R1R o s B s LR
AT WS F BIPERA A Bl 4113 PG 2 R R R Y
BRI FFL T RE o A b 5 A L RRAHIREL S s F B R
A4 T 0 KA SRR ¢ ¥ 24 21 Proposed Loading Sequence for CBF
ARG SPTHAE S ST R R E R RELE Y o B Y
RE T R e R B i (4 3T CBF A g
#1> & 41* Proposed Loading Sequence for CBF fr4e % '3 % &2 o 47 1074 cids 4
AT R R HRIT o

10
-
E 8
-
Ll 6
(-
© 4
=
> 2
)

0

M100 E100 C100 M70 E70 C70
Test Specimen

Bl 4. 112 = LR FE R Bl AL R 4 iRl

14
T —
S 1
cC Sum of Error
— 0.8 Error Index = Ty —— i
ep Numbers
= 0.6 2
-
o 0.4
W 0.2
0
M100 E100 C100 M70 E70 C70
Test Specimen

B 4. 113 = L FREE PR FIEA T390 R
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I % PHTEEREEEST

5.1 A&+ 8% 4% (OpenSees)

A =% @ 4 A7 B o * OpenSees ( Open System for Earthquake
Engineering Simulation )> OpenSees &~ #cd CH+#EF @ = ehfe 2 F o 5 A %
PR AT > ARG LE Y RERB AR S F 2 D
% & & > OpenSees #4815 7% 4o ®] 5.1 #7577 -

ModelBuilder Domain Analysis
(Constructs the objects (Holds the state of | | (Moves the model
in the model and adds the model at time from state at time t to

them to the domain) tand (t + dt)i) state at time t + df)
Recorder

(Monitors user defined
parameters in the model
during the analysis)

B 5.1 OpenSees ffi%ﬁ&#ﬁ (after McKenna, 1997 )

52 A#HEJNE

A FE A ATHCAACR] 5.2 YTor 0 5 T R A AR ROR, 7 5 0 A=
Wt s 2 9 BEAAE e ) e % > (camber) 0 - fkiE iR R AR R R
0.05%% 0.1% - ¥ ¢b 5 5 SRR ARIT 2 7 AHF & LRE P F2EAPE
P ERE (WA FY L) FERS EHEAF KA R
displacement-based beam-column element ¢ > & B 4% 24 * 3 BH A B fF A
%@dﬁ%ﬁ%ﬁmmmﬁﬁﬁ’ﬁi%ﬁﬁﬁﬁﬁ%@@ SRR GEY
& MR F R 03] Y 2 MR w0 & e A T T )% Menegotto-Pinto #-
AR 0 0 T WA ROR SRR R hiF 5 0 F 4% co-rotational «h
Bk 0 g B e 2hand o
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@ | 4d,4 elements |

L2 L2

B 5.2 A 4735 B 2 Mahin, 2012 )

53 &7 .8

&) 5.
B 59 1R
§ 6
Ea
# 0.9
FRE R T A MR A TR o SRR Bk e B

e By a8

e

93



Axial Force (kN)
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B 5.3 MI100-4L4F tho F252 b+ B BBl (A 47)
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Axial Force (kN)

Axial Force (kN)
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B 5.5 E100-44Fdhe 22527 b+ M AB (A 19)
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B 5.6 E704&4Fdhes $2529804 M 28 (A49)
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Axial Force (kN)

Axial Force (kN)

400
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o
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Axial Displacement (mm)
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Drift Ratio (% rad.)
B 5.7 Cl004LdFihe $252 b+ B AE (A 17)
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i

0

1000} €70an..
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-1500 —"——~——
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Drift Ratio (% rad.)
B 5.8 C70&#Fdhe £ 004 B %E (5147)
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Axial Displacement (mm)
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Axial Displacement (mm)
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Axial Displacement (mm)
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