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ABSTRACT

Numerical analysis has.been widely used to design steel structures in seismic
areas. As the complexity of structures and the demand of analysis accuracy increase, it
is required to develop.more efficient numerical models. This study used simplified
models for concentrically ‘braced steel frame, namely Fishbone model and
Brace-Column model. The analysis program is PISA3D (Platform of Inelastic
Structural Analysis for 3D Systems), which is developed by National Center for
Research on Earthquake Engineering. According to the results of nonlinear static
analysis (pushover) and nonlinear dynamic analysis, we compare the story drift, floor
acceleration, and™ hysteretic. responses of different models and investigate their
accuracy. The model buildings are typical three- and six-story. SCBF.

Analysis results show that the structural periods are similar among different
models. Also, the results of nonlinear static analysis show that the difference of both
strength and stiffness between different models is less than 10%. The results of
nonlinear dynamic analysis show that the difference of story drift is less than 10% for
service-level and design-level earthquakes; the floor accelerations of different models
are similar under most circumstances; the hysteretic responses suggest that Fishbone
models is the most accurate to capture the behavior of complete Frame model for
SCBF structures.

Keywords : concentrically braced frames, simplified model, nonlinear static pushover

analysis, nonlinear dynamic analysis, PISA3D, Fishbone, Brace-Column
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i%ﬁﬁ%m%ﬁﬁﬁ@J@%F@oP&%D{ﬁ%ﬁﬁﬁ?
Hpgw £ p[13]-
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3.2 PISA3D A #5 #-7)

A& A% PISASD kA HAFHFLEALR P ERFOE L - R
PLRIE Y X R €k 2 BSR4 (Buckle Material) 0 S8k 2 E % o
#ﬂ@[lo]ﬁﬂﬁri%"?%ﬁé—%f%:é“i%ﬁﬁ,f@’ﬁ;?%‘*%mﬁmw@EH P AL

Mhuef it BBEtmDatar3> FF » 4Bl 317 i g hidicod
WRHEY TN LT FERNETREF T AT ENAAHE
SRR b AT IS 0 4 BT S D KRB AT T hA A 4T B T
ABTF RS -

Slope
u7, P7
( .’ ) SHRE, 1.Elastic | 2.Bilinear | 3.Hardening | 4.Degrading |_5.Bilinear-Elastic
P e L -_— 6.Bilinearl2 I 7.Fracture  8.Buckle | 9.Fracture02 } 10.TensionOnlyBilinear
¥
e [8] Buckle Material
/’ oo o I

Einit -

——————— /

ﬂ-l

™~ Slope & -
Emi

Slope E5 (U45, P45) ' -

(U34, PCR) (U13)

%) 3. 1 Buckle Material- % #c% =_%t BB B

A2 A AR S MR [10]50> A Zk4E ¢ B~ C100-C70 £ E100
= AR el F v B B P B T 5 & = Buckle Material s % #cik 20 4o B
3.2+33-3.4 A~ %% C100-~C70 &7 E100 ™ 2 H $} i e 5 #ic o Wb Fig
o A E R A "f T AR A RAPR 0 ERBER RS PR R
BRBH I EERE YT AR EIER -7 iE F) PISA3D & i #
BE S AFE A F DRGSR AT L R T
B e - i

A AP SEAFHRE B R FRERECT0T LR T &
Fl i = kg frame shA - ~ - W¥%e T 5 203.2mm -~ }%.a 12.7mm >
Z % e B 152.4mm-~ B & 9.525mm> § B iE 48 C70 «h¥r e 2 < 191mm-
B & 6mm > 4pd3t C100 enér o & 45 101lmm ~ B & 3mm > { EiT:E * a0
*'%‘" < > e E = Frame AP A g 802 CT70 0k T S8 (F 5 4
5y e

%
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Story Shear (kM)

Story Shear (kM)

Story Shear (kM)

SO0

o

ot

Exgeriment

@

Story Drift(% radian)
B 3.2 C100 § 2% &2 ~ 47 +* # [

ckle Materal

(370 0,012

us e r]

P EREE]

Ul 0.829

" Story mrrr:[aa radian)
B 3.3 C70 F 5% £2 & 17 - i )

8] Buckla Matarial
Tan IFEY .75

oo

P

Gl 0,01 il 0,630

[TETR-0.6805 LU 088

- f5 [ a5
Story Drift(% radian)

Bl 3.4 E100 7 5 &2 & 47 V" § B
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TR T L = N N R ="
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% * PISA3D Z = 3]s R F » X3 B Pi@E -7 F & &y
A H 0 FF R e (Node) I B B RS B R R F R FR LR g
Y 2 3= R LR 00 L ERRE

A TT o AFTHERE AL B LR gl o

4.1 Frame $#-3)
G Frame frla & 5 S A RA LA B ¥ - RIS 2 R
PPN RS e o AT A P E 22 R R R D A

p| Z_r2 Leaning Column 2~ & .sg-f##vv LA TN - i £ L VAN

DI R 2 L % o ||

H & %4 Sabelli % A[14]¢04 3 68 =k 7 £ 2 CBF 14 - 4/
B4l 2 HAE6 7 & B AR ATm 0 - BT - Sz L n
o AFE - BN  H PR s S HA G 0 AFR 5 E e > 2
$7m o d 4.1 v o fL @i s R d WI2x960 - T = % ¥re 2 kB
% W30x90 ~ W27x84 ~ W24x84 » A #—» = H# 5 HSS8x8x1/2 » = #. 1

= HSS6x6x3/8 -

9444

> o o ﬁ fe— >
INEENERE \ 9144 3
oo SRSy A562
LI e
i i it i : *
‘_t H i‘:ql -F q—q T “ﬁ H 3 4
o 9144 3962

3862

i EEREREEE
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TR f Jo
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2041 HuEre <

Element size
Story Column Beam Brace
1 W12x96 W30x90 HSS 8x8x1/2
2 W12x96 W27x84 HSS 8x8x1/2
3 W12x96 W24x84 HSS 6x6x3/8

A5

HALE H o & B McCormick % A [15]#7#@ * chigdd $odic fie & ¥ #
Fa R Y TR g A Y4 4L (Hardening Material) » #7020 &% ~ 4160
Hof S8 * %t 4ol 4208 X BB E S 200GPa v ¥ £ R R kR 4
fyt~fyc 4 &) 4 0.345>-0.345kN/mm?> Hsio %w B %8¢ % B % 4 i~ (Strain
Hardening) & & 3k & o A F s £ 54 % = § W 3| o By R 2 F
M4 H 4L Buckle Material > 4= 4.3 < Buckle Material $c#c® 77 > & B
b E g CT06 i A4 S8k L1 ehfe & > 4 S 0l E ~ % & 200GPa -
for % -0.23 KN/mm? ~ f, 2 0.305 KN/mm®~ % & it 3 0,01 d +* & A 451
TR RS R LR SRS AL - B AR AL 0 T A
{F AR S8 PAG TS » i F 4 AT S dc US4~ U5~ E5 11 2
P6 ~ P7 -

3.Hardening
[3] Hardening Material

Tag FY:1:y] 4.500E-03

=8 200.

Hkin1 [EY
1y49 0.345

Hkin2 (LYW

12 8.0.345
BfY FRT:]

LR 4. 500E-03 Nu [k

Hsio2+ X SSICY 10

Bl 4. 2 A992 Hardening Material
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8 Buckle

[8] Buckle Material

lEN 0.3Pcr ) U}: 82 480E-0

Einit PR . :30.263
PCR ¥PE y :30.325
1’4 0.305 PCRF [Ei%
1328 0.01 . e130.15

TEEN-0.747 Nu |[1 ]

] 4. 3 Buckle Material %~ #c ]

% P& ] 3.1 Buckle Material % #c:k T 4+ PR Bl » 33 25 U34 e p e 8 i &
ERESUREYE VNN R 2R LR I NS Fe thil P AL U
Al E_%] % P45.4&-0.336 { fz = -0.226 HE RAFHA 1 DB 17 tF AR 8 -
A AT R R A -0.91 s ReDT4 0 B e A 7D Bk W MR T
Bt AT CED R B . AT PAS e P A i An ¥l 3 e (A
5 0.008) - P6~PT R &5 4 Rijcac L @ a Rehighg b - L & 1 i
5P 4.4 Bl 7 Gigh S A BT 4 (KN)S Hide s K % = (% radian) -

Compression Brace Pushover

——t : . . 0 =
2/5 2 1.5 1 <
——————————————— 2o U2 1000 X

S

—————————————————————————————— 3000
——————————————————————————————— -4000 8
c

———————————————————————————————— -5000 O
N

————————————————————————————————— -6000 5
7000 T

Story Drift(% radian)

Bl 4.4 A 354k By o )
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¥ - K - % & Leaning Column = #

FrubmERamE e AR F A4-F 452 % F CBF Rl Y Bk
12 Leaning Column 2~ & B4 @ B 2300l ~ 41 > 1 2 Hoopg 7
TEE AR A R 2 R (Rigid Diaphragm) 4 o - 2 4 947
FHE B AW 46 47T e Frame 032 6 3D % $ W H
MRFL - RE T BRI RREE T HRBE A A2
il hEER TSR .

FoE A G0 Rk Sabelli ¥ 4 [14]2 &K E T4 G A A
By o BEFofalaneE A5 96 K TR AL AR R
® @ £ 1 5/8 d Leaning Column -k 5 » #2> 3/8 Bl d & #F [f] 2 (F35F {1
¥ 4 fiz > Leaning Column z Frﬂé-?-‘;i‘_ 4 1 = 8 8823kN ~ - 4 8628kN ~ =
+ 8641kN -

BAZAGSHET MG - A RFIER D EL L ERAIFH DR
Bt grip i cnm B K Rk MAERR 0 FPERE R EMAE T
P-Asc g it Bt PIef 2 et A4 chs Mo o€ RIS Ao 4 H 4
FREAZDORIEHAELPE o IFTF B4R Bd D N G RA S 2
Rled > RERPFIRBEHEAPEMBELY ) FELSHE ¥ 1
RSN INGS TR s e
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. =

I— = =+ &
G QM e w £PEE A B ALEE S LS
o B s e prat o] KT D BSY-3 o rep[D R

(e

B Plane View of Y - 3 | = @ | | | #§30Perspective View ‘.-luaﬁ

X,
Z-X Plane, Y = 792400
4

Position (X,Y)i( 34783.9 ,-9249.7 ) units: kN-mm

® 4.6 Leaning Column & k| {4+ 5% 7+ R B

F# A2 ¢ @ % Leaning Column g p gt B E T P-A
G R b AU RN 2 BTG TP SRR 0 2t g d g4
PR 2 o S ER T G AR F ahdieid 0 SR B 4.7 = & # Leaning
Column zﬁ}&;{»fi’ &ﬂ“%ﬁ %2 B mifu"mﬂ ¢ Leaning Column % &t & % #h
doad XA A Rl S 4 kR o Leaning Column iR e A5 2 B R
ﬁ%&iﬁiiﬁﬁ’&Hﬁ%ﬁﬁjﬁﬂzg%mﬁﬁﬁﬁﬁiﬁﬁﬁ
## #L (Elastic Material) - '

[1] BC Section

Tag Area

NG = -8 Undefined! - U'41.000E-04
"N 1.000E-04
74 1.000E-04

=1’11.000E-04

.4 1.000E-04

_\"41.000E-04

B 4.7 = & # Leaning Column % #c3k &

50R P-arEE A XIS BEEE 0 4oB 4.8 #7571 0 Leaning

A
Column % i =~ % % 7_: Beam Column- Truss- Beam Column~ 12 2 #-41 & p
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B 49 5 dnd2 4 % :
Pushover 4 i) &% Aol gl » 2o

i
PR

7000
6000
5000
4000
3000
2000

1000

(Pin) - &2 * % i ¥ {7 &v > Leaning Column g & & &
i RS N =

<—BeamColumn
&

<~—Truss
4

<—BeamColumn
» <—Pin

Bl 4. 8 Leaning Column 4% i* = &

Suf A & i+ Leaning Column i e Frame #- 3] 2.
Leaning Column #-#t 2 Frame $i-73) & »

MREE (S > e P-AsT e 8T 5 KT 4 FadF 4 g 6300kN = + - F
BB LE 2 4 SBHAlF 5 o
Column
1 = = T
—+ Frame with Gravity System
+ = = Frame with Leaning Column
0 1 2 3 4 5 6 7

Horizontal Force Component (kN)

Story Drift(% radian)

4.9 Leaning Column jk A&
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4.2 Fishbone 3] =

A2 0 Kamura £ A [4]eh 2 G B e h il 11T 5 B L3t e
M- ped o s 48 ez k2 MEE ) & Fishbone #53] » A4 & ehif ATk
H 4 i Fx % Fishbone 3> B 27 %% k3 & & &2 Frame 4p ## & - sk &g i
@t - x4 8 B AulE Area~lz~1ly~J-~Sz~Sy-Avy- Avz: d *
A T B W R AR L FERGK L AT G ey Y A% Frame
A 20 A fah s B S8z 3 gha o0 R Frame 03] cht 5 2 S
812 et Gl (X P e 5 12135 hic P B Z 2w 5 8 R
3 dh4e b 12 43933 dh) o

Bt A B RHEE 0 S GRS ek T R R
Ly E s v B TS S Pince S G0k R ETG LR
AR~ R § ¢ AR PR W R AL AR

R
v

WA E W RIEER - 2 A R E S R A K(Roller) k i 4k
Boaf s AF SRR hlif ey 2 BC Section 3 0 ST B

B0 EmEER R E R0 RER g kL e 2 Al 6
L SR LY S

A p % Fishbone snal i 1 » A2 TR 45 i it BN > g AW
gk REAFEA ML R B RAF SR £ 8h4p < 2 Fishbone 9% 45 4% 5
+ o Leaning Column R £ & 4 k& & 2L 4 p d R 0™ 3% 22 Fishbone
Stick Column 4 A -K<T # g 4l > H A adF Rk o %’%‘LLL;# 24 bk

o358 kA 70t g Frame (7 2 chR e o

N

by
3

T om S

Leaning Column

3 14 Stick Column

B 4. 10 Fishbone { i =+ & &
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4.3 Brace-Column &L 3§ iv

BRI e p s E A Z A R B A Y R OR R B
- & ¢ “rd 7|0 Fishbone f i #03] » Al P P T2 F > AT
- ERFAFAERR{E- B PR BtmER S SR
A F 7 2 Column Element e 5 A 4Fcnfy 4] » i/ 72 &7 0 Mp
dR X T UEDH ok SERAFH S it 2 B
Brace-Column -
Hipagi- S8kt o > g AEL gaow B E KX 4 1 Truss

Element # i+ = Beam-Column Element~ ¥ * A% & F 7 & 2 - R ; 4%

E TR

w ;p;ruffu{ Brace-Column i 4% 5 A s Rl foz fle
B miE LAFR» DR

AE

K graee = ——C€0S° 0 (4-1)
L
Ble 2R
El
KColumn > 6? (4'2)

AEcos’6 6El

_ 4-3
X = (4-3)
417 Brace-Column | i& &4 £ 8 %
AH®cos? 8
Ibrace—col :6—L (4-4)

X ¢

E-3 1 frdc % 5 200 GPa; |- %7 d 1§ 1248 5 A-R 45 4 5 L-A 4
ER CHREBRE=HER 4R 05T o BaF2 & -
4 »> Brace-Column #.d & @£ 0 % £ BRAF2 42 & (4-3) ¢ %
B i@ A 3o B 4.9 5 A2 Brace-Column @ 7+ » ¢ 4
B  8e - FRELREGEKE FPEd PN RET YR
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Brace-Column z_ | i& -

B 4.11 Brace-Column & 3 = %, B

L k& ¥ K i Brace-Column 44 fLl:E & 2o % (K5 & > d N3 Fip)
doenfe ke d AR Lo @ A 2 A& Brace-Column ¢h#7 g 4§ 4.10
#ror 0 H @ % BC Section i3k & At AL E & F & * g+ L (Bilinear
Material) > AP E 7 € F 58 B IT RN % 3 2 > B B ¢ RiFER
Moo ' R F Ty T2 e o BIEF ¥ Fishbone < .4 35 "% R gh&r e 7%
% (0.3Pr)2 3 mdT R s - X BRAFSRIe A 48 & F 5 Brace-Column %
BB AL ARAI VI NATE I SR R X AN
FlERR ko T A NS R # R Brace-Column 2 " ks 4 fy o

© ArAlipE Rk R RO

P, = Ax f, (4-5)
Por =A x for (4-6)
AR A E
(P, +0.3P, ) Hcoso
= (4-7)
2

Brace-Column 2z f, % :
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M

f:_u[brm—vcwl} = ?
: (4-8)

X ¢
Py-X 435" R R 5 Po-X BRAFH AR AE AT 5 -2
PAFEFRES (- BRAFHAHEREY M-t AR$FEH-EE B A=A
B 3 S;-F »x %o #-#ic(Effective section modulus about local Z axis)[13] ; &
B O LT B2 A4 S x Ed (4-4)58 ¢ > Brace-Column 3+ &
o g 1 4E | {4 22 Fishbone &l 45 | @ B~ H vt &)~ 441 Brace-Column #

E,
S H® o B 4.10(b)en | & 5 4.102) | BenX) 161 2 > & H @ o d Sk

%7 o
fgt;ri{Fishbone o S Hc 161 B0 L T2 P A RAF TG S HRE
b R A ) e

i g5 2 = AISC(2005)[16] 7k » V. 4l 2 & V A 3545 2 ¢ & A g
o B R PERRIPESERF T TP LR LT > T2 EXA
%ﬁﬁi%ﬁaﬁﬁﬁi?%'ﬁi&?ﬁﬁo&?ﬁ@@ﬂﬁfﬁ%%
PEEARFRT FEERTEER AR 4 & EXEN

0.3Pcr °

[1] BC Secton———————[[1] BC Section

10N fh1.2Fbrace L =N38709.602 irlB.c1.2 N 6222490.
Material 72235171008. Material 723.780E+10
I CHETE L BT =[-8 Undefined! - UA235171008. s i 7= -0 Undefined! o \A3.780E+10

1 1351195008.

[

:r42314670. r4372079008.

502314670. 58372079008.

Avy L\)'A3318660.

L\ 413318660.

(a) Fishbone (b) Brace-Column
B 4.12 %o % #k

d (482 S, REAFEL L RS fyts £ RS kR4 fyc %
0.058(kN/mm?) » 4= 4.11 » Strain Hardening % %% 0.005 % %/ Frame
22 Fishbone z &3 #73k @& 0.01 > & %] &>t Frame £ Fishbone #7% 2
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Buckle Material 3% #_%# E5 5 0.008( % Pt B 4.3) > #7172 A $& By {8 38 B & 2R
g F e T TP L0 B K & {r Frame &2 Fishbone S ide 3 A 42 &2
ZRER A E RN - R B 412 T AH

i

[2] Bilinear Matergl—mM8@8@8@8

1F=l:f BraceColumn

1}1+4 0.058

/
gl

a8
VU
VAT

] 4. 14 Brace-Column f i
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AR RHE e 452 Frame #73] > 23 f# ~ #54] Fishbone -
Brace-Column i& {7 Pushover % 2b& i3 # fi Hig & 470 & 3 S h &
RA AT LR o

Ao Z K s R A A 4T
A2 RA F Lo F] Sabelli &
ISR S 3 S E X A

. 5.1 & A% Pl = & #H73] & Pushover ¢
cHE AT E ¥ 53 40 22
Bl i v A a7 ik Ed

BT

B A R S F\;.‘g%i%.*?
CTLAM4F 3 Y MR 2 o AL 2

T L 0 5.2 & M
’%1 &R
A B f ok 0 Fz2 Fishbone f§

» 11 Fishbone f

5.1 Pushover = &

¥ i ¢ Pushover & 45 » & - ﬁ;é_i;: SRR AT FDR 4 B
PHEA e hITX AR o EAH R ARl 4 RS RED BHBR S A
A i ALHE R (B 5 7 i B PISASD A 4% g dl b £ g RO S AR &
F A, o N A A Kk s Frame & TR v gF 2 pliw = #
250mm(& i % = 5 6.3%) o

A& a4 ot Rl s P
1 F R %517
ENSRYR L KES AT R
% 102.6 (KN/mm)gz A 454 #3572 5 Py ~
18 Py 5 8922kN ~ Py 5 6728kN

kS

7

= B & H 2 2 Leaning Column
MR ~ A4 Py ~Po 1 E -
P ARVE AN (42 RiEEKE
2 3%(4-5) ~ (4-6) -

’?iﬁﬁﬁﬁ%%iﬂﬂk’%kwytﬁ
Az IFEM AR 2 Frame s B 9 5 1% &7 A ff 53] e 2 SiF o
B 7 REmERRSEEFLDR -

% 5.1 ##%E

#+ Pushover i 42 ¥ e

; 2L 5 3 o
Per 23t 5 2 02 &

JERL #35 Py £ 3% Per 1F Zr s R
(KN/mm) (kN) (kN) (KN/mm)
Frame 107 8932 6718 1547
Fishbone 118 8929 6671 1560
Brace-Col 116 1531
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# 5.2 5 Frame #-3) 2 A 4F ~ {2 A » 2B S R 2 BB A
# e irit 2. Brace 52 B AP X BMAFH A 0 U BEITRE S 03P, & X
PRFOEI (B ps c ERFR) FRAFEAFHBEZ 2B F
é?é‘x:‘a 0.528% ; 4 Fl* RpFen g P =5 0544% > F]Z A = 2 ik
>R R R o A R Al B B4 ¢ oo Brace 4t
QNMOW%ﬁL¢@»%ﬁﬁ@ﬁﬁ&ﬁ%’ﬁéiéﬁﬁiﬁﬂﬁﬁ
R e A R

4 5.2 = K Frame Al ¥ 7 5 % &

Three Story
Strength (kN) Brace Column All
1-2F 10947 2670 13618
3F 6154 2670 8824

Pt

d

B 5.1 3 =0ip i3 & AE 48 Pushover 2. = {7 2 )L > B P 7 11 5 1
ZEWA A e R S mdele £ 5.1 Aronoi S W R 08 iR~ MY
s a kB % i 3.4%(185mm)pFstis AT £ fp o, ik kgD
6.3%: = # & » Brace-Column &/ 3 4.5 -16565kN - 4= Frame # % 1 +
* 16108KN L8 £ G 2.84% » AEm i it B3l T i€ s~ 2 pg BB AT 1
BrE R 2 Frame HE3l4p i 07 5 o

T+

Pushover

18000
16000 -+ \ &
14000 + ’4//,
12000 --}A

10000 -+
8000 -+

6000
4000 !
|
|

/f}“-—

Frame

= = Fishbone

1F Story Shear (kN)

Brace-Col
2000 -

o +——— ey
0 2 4 6 8

1F Story Drift(% radian)

B 5.1 - # & %8 Pushover
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B 5.2 354 ~ % & = B A4 -~ £4F - Leaning Column }+ 2 &
Bl g s de B 5.2 4Lk 4 d 3t Fishbone e AL H A B R oiE 2 o2&
Brace-Column .Jfﬂ' P+ &5 £ E > Frame & Fishbone &_# ¢ !sijr;%i #®
gL 7 f (Frame 2z A 3 2 8 & 2% + -~ Fishbone ] ¥ & 2 413 8)
Brace-Column # 4+# & # + 5 Bilinear Material # % 3 ¥ 7 | (Buckle
Material) > #{r <0 Pushover i g b » = FAedp 2 R do & 5.1 #F77 o f§f I+ 0
A 4p ¥ Frame #-73) k3> £ B & %] 5 Fishbone : 9.50% ~ Brace-Column :
5.01% > pld&e 3 =4 & § & & % = 1.5% (60mm) p= > Fishbone ¥ Frame &3
w R 2 & i! % 7.46% - Brace-Column % 3 0.564%; & & & % = 2 6.3%p >
Fishbone # £ ¢4 7 #] 0.02% - @ Brace-Column B] 3 6.97% > j&_} it ¥ § &
BE SR B P A E A T ] EFEZ R ek *K% A2 ® 10% > 117 ;| F
Fishbone = Brace-Column shHc#t 7 & K{F SE W B

A 6 (%I 5.3) BB B A E %+ » Brace-Column %" &
g RE Ay e §F LEHIHAL T - Rofdo® R 28~ ¥ HIFERE
B F e % R R Pyt > Frame {c Fishbone A 45 % R pF chiz 45 &
12.36mm( %k B % =5 5 0.312%) > @ Brace-Column "% ik pF e i~ 45 £
8.124mm( k& B'& = 9 4 0.205%) LB @ F AR A A o B¢ T
Frame(All brace)® 45 Frame 3|2 < j: AL 45 2 X B 248 2 % & %o
Fishbone 2 Frame # X = & e & 384 » Fishbone ' Frame 3 7 < 4
16.4% ; = BAFF 5N A grx 3330 Frame 5 12.2% > » F1L 5 st jic L B
A2 R 2 thENG L G SRS &2 Frame i3] - & o [ 5.4 Leaning

Column A kT > ked € FP-A»CB T | B o
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Y

A
A

i
i

[IRS
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)
00
o
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o
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6000 -+ e

5000

4000
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Frame
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0 2 4 6 8
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Brace

16000
14000
12000
.——'—_’-__.

10000

Frame(All brace)
= = Frame(Tension)

= = Frame(Compression)
— - - Fishbone(All brace)
= - = Fishbone Tension

. —— - = Fishbone Compression
2000 — . ‘ Brace-Column

8000
6000

4000

Horizontal Force Component (kN)

Story Drift(% radian)

B 5.3 A 4% 2 Pushover v i

Leaning Column

-200 +

-400 -+
-600 —+
-800 —+
-1000 —+
-1200 +
-1400 +
-1600

-1800 4y
0 2 4 6 8

Story Drift(% radian)

Frame

= = Fishbone

Brace-Col

Horizontal Force Component (kN)

Bl 5. 4 Leaning Column 2z Pushover +* #&

B 5.5+5.6 ~5.7 & 4w % 5+ Frame -~ Fishbone 2 2 Brace-Column i %]
1% * & Pushover 3| 250mm s geAZ & % (0t g > B2 P~ =4 3 50mm(K

B 5 1.26%) 1 2 =4 T 200mm(k B % =% 5 5.05%)3 B 1F 5 4r

% 3% R A 3> 2 Leaning Column % Pushover i& » 2Lam 4 {8 iy £ i >
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% 53 ¥ g I A E AR < 18 X P A F & 41 40 F] Strain Hardening @ iE
#r3f 4v 5 Leaning Column s P-Asc s+ "gF =B % < 7 H 4 B4 - 4
IARART X BRA -
%53ﬁﬁﬁ%ﬁgﬁaum
Frame

50mm 200mm
Contribution Value(kN) % Value(kN) %
Brace(Tension) 9208 58.20 10440 63.95
Brace(Compression) 1814 11.46 913.5 5.59
Column 5134 32.45 6307 38.64
Leaning Column -334 -2.11 -1336 -8.18
1 Floor 15822 100.00 16324.5 100.00

Fishbone

S0mm 200mm
Contribution Value(kN) % Value(kN) %
Brace(Tension) 9234 56.75 10470 63.92
Brace(Compression) 1833 11.27 935.7 5.712
Column 5532 34.00 6291 38.41
Leaning Column -329.3 -2.02 -1317 -8,04
1 Floor 16269.7 100.00 16379.7 100.00

Brace-Column

50mm 200mm
Contribution Value(kN) % Value(kN) %
Brace-Column 10960 69.23 11330 68.15
Column 5201 32.85 6612 39.77
Leaning Column -329.3 -2.08 -1317 -7.92
1 Floor 15831.7 100.00 16625 100.00
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Frame 0.47 0.46 0.18
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Brace-Column 0.44 0.43 0.17
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Median Drift Ratio (%) of Different Models (La01 to La20)

Frame Fishbone Brace-Column
Story [ Max | Min | Max | Diff% | Min | Diff.% | Max | Diff.% | Min | Diff.%
3F 10590 |-0481|0.322( -4541-0.347 | -27.80.267| -54.7|-0.325| -324
2F 10.3241-0.285(0.260 [ -19.7 -0.252 | -11.60.245| -24.4|-0.266 -6.7
1F | 0.500 | -0.470 | 0.550 10.0 | -0.645 37.2 1 0.546 9.2 | -0.595 26.6
Median Drift Ratio (%) of Different Madels (La21 to La40)
Frame Fishbone Brace-Column
Story | Max | Min | Max | Diff% | Min | Diff.% | Max | Diff.% | Min | Diff.%
3F (0912 | -0.773 | 0.432 | -52.6 | -0.373 | -51.7 | 0.432 | -52.6 | -0.379 | -51.0
2F | 1.207|-0.916 | 0.317| -73.7 | -0.336 | -63.3| 0.73| -395]-0.686| -25.1
1F | 2.310 | -2.676 | 2.420 48-2312| -13.6|1.666 | -27.9|-1.388| -48.1
Median Drift Ratio (%) of Different Models (La41 to La60)
Frame Fishbone Brace-Column
Story | Max [ Min | Max | Diff.% [ Min | Diff.% | Max | Diff% | Min | Diff.%
3F [0.349|-0.281 ] 0.259 | -25.8(-0.252 | -10.3|0.237| -32.1|-0.226 | -19.6
2F | 0.256 | -0.216 | 0.230 | -10.2 | -0.222 28| 019| -2581-0.184| -14.8
1F | 0.283 ] -0.218 | 0.276 -2.51-0.244 11.9] 0.259 -85] -0.25 14.7
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% 5.6 % 4 B2 ¢ EHB A

Median Acceleration (g) of Different Models (La01 to La20)

Frame

Fishbone

Brace-Column

Story | Max [ Min | Max | Diff.% | Min | Diff.% | Max | Diff% | Min | Diff.%
3F [0.723]-0.569 | 0.688 | -48 |-0.666| 170 [0.734| 15 |-0.726 | 27.6
2F | 0.655|-0.624 [ 0.656 | 0.2 -0624| 00 0601 -82 |[-0.635 18
1F | 0.596 | -0.546 | 0.604 1.3 -0.609 | 115 | 0.605 15 -0.584 7.0

Median Acceleration (g) of Different Models (La21 to La40)
Frame Fishbone Brace-Column
Story | Max | Min | Max |-Diff.% | Min | Diff.% | -Max | Diff.% | Min | Diff.%

3F |0.886 | -0.914 | 0.892 0.7 -1.010 [ 105 [0.990 | 11.7 [ -1.050| 14.9

2F 1 1.077]-0.945 [ 0.952 -11.6 [ -0.945 0.0 0.867 | -19.5 | -1.002 6.0

1F (0942 (-0.930 | 0901 | -44 |-0.974 4.7 0.895 | -5.0 | -1.000 7.5

Median Acceleration (g) of Different Models (La41 to La60)
Frame Fishbone Brace-Column
Story | Max [ Min | Max | Diff.% [ Min | Diff.% | Max | Diff% | Min | Diff.%
3F |10.682|-0.616 | 0.672 | -1.5 -0.66 7.1 0.69 1.2 -0.685 | 11.2
2F 10.664 |-0.598 [ 0.574  -13.6 [-0.589 | -15 |0545| -179 |-0569 | -4.8
1F 1 0.477]-0.472 | 0.523 9.6 -0.516 9.3 0.475| -04 |[-0.506 7.2
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L5 THBEA B4 0 iR 4

Median Shearprace (KN) of Different Models (La01 to La20)

Frame Fishbone Brace-Column
Story | Max [ Min | Max | Diff.% | Min | Diff.% | Max | Diff% | Min | Diff.%
3F | 6549 | -8749 | 7820 19.4 | -7792 -10.9 | 8177 249 | -8185 -6.4
2F | 11060 | -13840 | 13270 20.0 | -13230 -4.4 | 10910 -1.4 | -10910 | -21.2
1F | 12445 | -14785 | 14265 14.6 | -13705 7.3 | 10980 [ -11.8 | -11010 | -25.5
Median Shearprace (KN) of Different Models (La21 to La40)
Frame Fishbone Brace-Column
Story | Max | Min | Max |-Diff.% | Min | Diff.% | -Max | Diff.% | Min | Diff.%
3F | 7307 | -8712 | 7759 6.2 | -7686 -11.8 | 8207 12.3 | -8205 5.8
2F | 11250 | -14785 | 13755 22.3 | -13430 9.2 | 11045 -1.8 | -11035 -25.4
1F | 12460 | -15060 | 14115 13.3 | -14095 -6.4 | 11310 9.2 | -11230 | -25.4
Median Shearprace (kN) of Different Models (La41 to La60)
Frame Fishbone Brace-Column
Story | Max [ Min | Max | Diff.% [ Min | Diff.% | Max | Diff% | Min | Diff.%
3F | 6531 | -7720 | 7641 17.0 | -7546 2.3 | 7820 19.7 | -7626 -1.2
2F | 11030 | -10820 | 12430 12.7 | -11665 7.8 | 10820 -1.9 | -10705 -1.1
1F | 12105 | -13045 | 13230 9.3 | -13805 5.8 | 10915 9.8 | -10910 | -16.4
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5. 8% Red P kR

Median Shear, (kN) of Different Models (La01l to La20)

Frame Fishbone Brace-Column
Story | Max [ Min | Max | Diff.% | Min | Diff.% | Max | Diff% | Min | Diff.%
3F 960 | -1092 | 912 -5.0 [ -1070 -2.0 | 787 -18.0 | -869 -20.4
2F 840 -571 676 -19.5 ] -623 9.1 | 649 -22.7 | -644 12.8
1F 1999 | -2010 | 2988 495 -3111 54.8 | 2694 34.8 | -2965 475

Median Shearq (KN) of Different Models (La21 to La40)

Frame Fishbone Brace-Column

Story | Max | Min | Max |-Diff.% | Min | Diff.% | -Max | Diff.% | Min | Diff.%

3F | 1358 | -1636 | 1381 1.7 ] -1081 | -33.9 | 1363 04| -1333 | -185

2F | 2730 | -1400 | 1205 | -55.9 | -1339 44 | 2125 | -222 | -2048 46.3

1F | 5313 | -5204 | 5664 6.6 | -5679 9.1 | 5815 9.4 | -5528 6.2

Median Shear.q (kN).of Different Models (La41 to La60)

Frame Fishbone Brace-Column
Story [ Max | Min | Max | Diff% | Min | Diff.% | Max | Diff.% | Min | Diff.%
3F 671 | -511 | 674 04| -636 245 640 -46 | -617 20.7
2F 222 | -373 | 406 829 -379 16| 353 59.0| -378 1.3
1F | 1032 | -825 | 1164 12.8 | -1033 25.2 | 1160 12.4 | -1119 35.6
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Median Energyprace (KN-mm) of Different Models (La01 to La20)

Frame Fishbone Brace-Column
Story Max Max Max
3F 221300 89250 64395
2F 95520 21925 84010
1F 689300 810550 867650

Median Energyprace (KN-mm) of Different Models (La21 to La40)

Frame Fishbone Brace-Column
Story Max Max Max
3F 393350 182650 328800
2F 1070000 100520 971150
1F 2301500 3325500 4520000

Median Energyprace (kN-mm) of Different Models (La41l to La60)

Frame Fishbone Brace-Column
Story Max Max Max
3F 29390 15474 98
2F 4601 43 3645
1F 84430 18147 84870
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Median Energyco, (KN-mm) of Different Models (La01 to La20)

Frame Fishbone Brace-Column
Story Max Max Max
3F 3238 2984 2999
2F 12265 11710 11770
1F 31295 29950 29495

Median Energyco (kN-mm) of Different Models (La21 to La40)

Frame Fishbone Brace-Column
Story Max Max Max
3F 4450 3175 3615
2F 31055 12030 14390
1F 600250 1486000 346250

Median Energyeor (kN-mm) of Different Models (La41 to La60)

Frame Fishbone Brace-Column
Story Max Max Max
3F 2983 2919 2912
2F 11500 11395 11400
1F 26730 25510 25520
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Element Size
Story Column Beam Brace
1 W14x211 W36x150 HSS 10x10x1/2
2~3-~4 W14x211 W30x166 HSS 8x8x1/2
5 W14x211 W30x99 HSS 6x6x1/2
6 W14x211 W27x94 HSS 5x5x1/2
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5.1 & 913k %2

BN PR (SRR 2 BB 4 0 Brace (iR A 4ok ¥ A 2
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R #4F Py #3% Per 1IF FHz R
(KN/mm) (kN) (kN) (KN/mm)
Frame 131 13420 9658 1699
Fishbone 131 13410 10090 1698
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Median Drift Ratio (%) of Different Models (La01 to La20)

Frame Fishbone
Story Max Min Max Diff.% Min Diff.%
6F 0.213 -0.259 0.242 13.6| -0.286 10.4
5F 0.299 -0.254 0.281 -6.0| -0.275 8.3
4F 0.230 -0.247 0.252 96| -0.260 5.3
3F 0.272 -0.270 0.284 441 -0.285 5.6
2F 0.307 -0.283 0.363 18.2| -0.334 18.0
1F 0.508 -0.528 0.424 -16.5| -0.683 29.4
Median Drift Ratio (%) of Different Models (La21 to La40)
Frame Fishbone
Story Max Min Max Diff.% Min Diff.%
6F 0.243 -0.236 0.296 21.8| -0.288 22.0
5F 0.362 -0.312 0.416 149 | =0.381 22.1
4F 0.318 -0.267 0.282 -11.3 -0.355 33.0
3F 0.526 -0.678 0.563 70| -0.750 10.6
2F 0.812 -1.408 0.925 139 | -1.477 4.9
1F 1.282 -3.182 1.111 -13.3 | -2.326 -26.9
Median Drift Ratio (%0) of Different Models (La41 to La60)
Fishbone
Story Max Min Max Diff.% Min Diff.%
6F 0.155 -0.156 0.167 7.7 -0.161 3.2
5F 0.196 -0.186 0.192 -20| -0.182 -2.2
4F 0.178 -0.183 0.192 79| -0.182 -0.5
3F 0.191 -0.194 0.205 7.3 -0.209 7.7
2F 0.197 -0.220 0.209 6.1 -0.231 5.0
1F 0.192 -0.218 0.194 1.0 -0.205 -6.0
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Median Acceleration(g) of Different Models (La01 to La20)

Frame Fishbone
Story Max Min Max Diff.% Min Diff.%
6F 0.973 -0.747 0.931 43| -0.816 9.2
5F 0.722 -0.574 0.643 -10.9| -0.603 51
4F 0.579 -0.533 0.575 -0.7| -0.571 7.1
3F 0.573 -0.551 0.608 6.1 -0.621 12.7
2F 0.699 -0.58 0.595 -149 | -0.601 3.6
1F 0.612 -0.606 0.613 02| -0.628 3.6
Median Acceleration(g) of Different Models (LLa21 to La40)
Frame Fishbone
Story Max Min Max Diff.% Min Diff.%
6F 0.955 -0.877 0.897 -6.1 [ -0.932 6.3
5F 0.756 -0.757 0.792 481 =0.769 1.6
4F 0.700 -0.624 0.723 3.3 | -0.687 10.1
3F 0.838 -0.720 0.759 941 -0.709 -1.5
2F 0.775 -0.842 0.801 34| -0.817 -3.0
1F 0.859 -0.788 0.804 -6.4( -0.792 0.5
Median Acceleration(g) of Different Models (La41l to La60)
Fishbone
Story Max Min Max Diff.% Min Diff.%
6F 0.574 -0.571 0.548 -45( -0.565 -1.1
5F 0.428 -0.366 0.439 2.6 -0.400 9.3
4F 0.435 -0.370 0.400 -8.0| -0.371 0.3
3F 0.441 -0.379 0.383 -13.2 | -0.397 4.7
2F 0.431 -0.405 0.397 -7.91 -0.391 -35
1F 0.355 -0.367 0.418 17.7| -0.428 16.6
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Median Shearprace (KN) of Different Models (La01 to La20)

Frame Fishbone
Story Max Min Max Diff.% Min Diff.%
6F 8359 -10915 10530 26.0 [ -11240 3.0
5F 12135 -14480 13685 12.8 | -13710 -5.3
4F 15895 -17860 17380 9.3| -17040 -4.6
3F 16610 -19640 18395 10.7 | -18310 -6.8
2F 17765 -19725 19000 7.0 -19205 -2.6
1F 19605 -20935 21430 9.3| -20660 -1.3
Median Shearprace (KN) of Different Models (La21 to La40)
Frame Fishbone
Story Max Min Max Diff.% Min Diff.%
6F 9569 -11010 11245 175 -10925 -0.8
5F 12575 -15495 13815 9.9 =13905 -10.3
4F 16195 -19450 18525 14.4 | -18525 -4.8
3F 17020 -21005 18840 10.7 | -18985 -9.6
2F 18025 -19795 19130 6.1 -19175 -3.1
1F 19545 -20895 21170 8.3 | -20985 0.4
Median Shearprace (KN) of Different Models (La41l to La60)
Frame Fishbone
Story Max Min Max Diff.% Min Diff.%
6F 6477 -6499 7240 11.8 -6989 7.5
5F 10144 -9680 10125 -0.2 -9612 -0.7
4F 12430 -13065 13250 6.6 | -12535 -4.1
3F 14000 -14210 14095 0.7| -14365 1.1
2F 15115 -16875 15450 2.2 | -16295 -3.4
1F 16700 -18910 16730 0.2| -17680 -6.5
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Median Sheary (kN) of Different Models (La01l to La20)

Frame Fishbone
Story Max Min Max Diff.% Min Diff.%
6F 1441 -1828 1375 -4.6 -1290 -29.4
5F 2383 -2142 1855 -22.2 -1837 -14.2
4F 1592 -1786 1216 -23.6 -1257 -29.6
3F 1938 -1908 1554 -19.8 -1504 -21.2
2F 2346 -1995 2870 22.3 -2299 15.2
1F 3813 -4234 3259 -14.5 -5121 20.9
Median Shear¢q (KN) of Different Models (La21 to La40)
Fishbone
Story Max Min Max Diff.% Min Diff.%
6F 1673 -1747 1420 -15.1 -1377 -21.2
5F 3322 -2424 3215 -3.2 =2791 15.1
4F 1994 -1944 1579 -20.8 -1919 -1.3
3F 3655 -4374 4363 19.4 -4828 10.4
2F 7176 -8401 7400 3.1 -8211 -2.3
1F 8502 -8721 8268 -2.8 -8955 2.7
Median Shear¢, (kN) of Different Models (La41 to La60)
Fishbone
Story Max Min Max Diff.% Min Diff.%
6F 1080 -1094 824 -23.7 -807 -26.2
5F 1501 -1438 1239 -17.5 -1214 -15.6
4F 1367 -1358 1063 -22.2 -1000 -26.4
3F 1545 -1565 1280 -17.2 -1194 -23.7
2F 1725 -1770 1726 0.1 -1786 0.9
1F 1514 -1634 1585 4.7 -1463 -10.5
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Median Energyprace (KN-mm) of Different Models (La01l to La20)

Frame Fishbone
Story Max Max

6F 2089 18810
5F 68355 49235
4F 5242 9360
3F 61050 44630
2F 258350 315200
1F 1449000 1354500

Median Energyprace (kN=-mm) of Different Models (La21 to La40)

Frame Fishbone
Story Max Max

6F 23440 81930
5F 179550 236150
4F 75715 124020
3F 837850 1239000
2F 1837500 2098500
1F 5153500 4082000

Median Energyprace (KN-mm) of Different Models (La21 to La40)

Frame Fishbone
Story Max Max
6F 94 51
5F 265 415
4F 292 137
3F 686 173
2F 7133 6790
1F 10885 9823
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Median Energyco (KN-mm) of Different Models (La01 to La20)

Frame Fishbone
Story Max Max
6F 1342 1311
5F 5200 5138
4F 11255 11002
3F 20090 19594
2F 31970 30947
1F 69355 62742

Median Energy..i (kN-mm) of Different Models (La21 to La40)

Frame Fishbone
Story Max Max

6F 1627 1572
5F 7313 6165
4F 12025 12941
3F 34180 26391
2F 317550 40938
1F 1504000 1229043

Median Energyco (kN-mm) of Different Models (La41 to La60)

Frame Fishbone
Story Max Max
6F 1326 1274
5F 5062 4894
4F 11220 10869
3F 19835 19215
2F 30950 29933
1F 61735 58736
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