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RC moment frame,

performance based Performance-based design is a new approach to topics of the seismic
optimization, design of structures, which unlike the traditional methods of force-based

center of mass

- - design, is based on changing the location of the structure. The use of this
meta-heuristic

algorithm, collapse approach in the process of structure design results in the access to
capacity, near-field structures with proper performance and an acceptable level of reliability.
earthquake, far- The main goal of this contribution is to investigate the impact of

field  earthquake, e main goal of this contribution is to investigate the impact of near-
incremental and far- field earthquakes on the collapse capacity and fragility of
dynamic analysis. performance based optimization of RC moment frames using the center

of mass meta-heuristic algorithm. Push over analysis has been utilized in
the optimization process to control the responses of the studied frames at
functional levels and incremental dynamic analysis has been used to
evaluate the fragility of the obtained optimal frames. According to the
results for the collapse margin ratio and the adjusted collapse margin
ratio for the 3-, 6-, and 12-story frames, it is indicated that the collapse
margin ratio and therefore the seismic safety under far-field earthquakes
are 7%, 16%, and 8% higher than those of the near-field earthquakes,
respectively. In other words, the optimized frames in this study against
near-field earthquakes have low seismic safety and more fragility than

far-field earthquakes.
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11 | 7.3 | 1992 Landers YermoFireStation
12 | 7.3 | 1992 Landers Coolwater
13 | 6.9 | 1989 Loma Capitola
14 | 6.9 | 1989 Loma GilroyArray#3
Near Field Record
15 | 6.5 | 1979 | Imp Vall-06 ElCentroArray#6
16 | 6.5 | 1979 | Imp Vall-06 ElCentroArray#7
17 | 6.9 | 1980 Irpinia-01 Sturno
18 | 6.5 | 1987 SuperHill Parachute
19 | 6.9 | 1989 Loma Saratoga
20 | 6.7 | 1992 Erzincan Erzincan
21 | 7.0 | 1992 Cape Men Petrolia
22 | 7.3 | 1992 Landers Lucerne
23 | 6.7 | 1994 North-01 Rinaldi
24 | 6.7 | 1994 North-01 Sylmar
25 | 7.5 | 1999 Kocaeli 1zmit
26 | 7.6 | 1999 Chi-Chi TCU065
27 | 76 | 1999 Chi-Chi TCU102
28 | 7.1 | 1999 Duzce Duzce
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ID Earthquake Recording Station
No. | M | year Name Name
Far Field Record

1 6.7 | 1994 | Northridge BeverlyHills

2 | 6.7 | 1994 | Northridge WLC

3 | 71| 1999 Duzce Bolu

4 7.1 | 1999 Hector Hector

5 6.5 | 1979 Imp Vall Delta

6 6.5 | 1979 Imp_Vall ElCentroArray#1
7 6.9 | 1995 Kobe Nishi-Akashi

8 | 6.9 | 1995 Kobe Shin-Osaka

9 7.5 | 1999 Kocaeli Duzce

10 | 7.5 | 1999 Kocaeli Arcelik

! Collapse Margin Ratio
2 Maximum Considered Earthquake




VEY Sl o) osled oY oy9s

Cowd & Lab Old Ded o a8 O olyme b oojle Jol 350
2 Gkt ojl gl 050 392 Alisd ) (s 38 5l o]
oo Wbl MCE (gloj)) jlas o )3 ojlu (b il
Uhiasd Jlmo aSul 1 o1 03938l 00 eliie (glaysS, o
D Juols ojlw
G s -¢
Sl pp e e gl @l ol @ i ol 2
2 odd &l s Al salgd iy v Cpl > odd &)
2355 s 25 IS 50 ¥ @ plgie ) i
ool b gy (ol slogld 3 Shoe 1 (e (gjluaie (I
2 B e )8l wh el
0 (shed OB (01908 Cdil (yp (2
S S35 9595 slad)sS ) o 0 (giludine
Sl i WV o 2 ¥ (i pded sl adlas nl
L adaie > 00l &Bly oS SRS Ry s b dSS b
JS g S Car e gy Sy okl (s s
slaggio le ol (35 (St jshate 4 lord Sl
LoB 4wl dw PBlas plai) B ks, 5 Bb o )6
s 09 IS 4 gt g s slael b (5)900
ol (g 09,5 93 9 5 095 S b 93 2 4 &5 g
syl 9 o0 03> polaidl ()l lagio g LI slagygin
S 29 o0 i8S Hlaiyy yio £ ailad Job ¢ yio VIV wlabs
Aed o i |y ob slacl su 0g)8 5 dwiin I sles o
5 ol 3y90 (b s g (Jad ¢ Jldge ladlow plxl
5 Vsde il Jae OpenSees ljile s 5 boojl ¢ imgsy
Phb By caler » @ileaiae 1l sileoly daie 4
Nl j) osd s Ll g bilgs S8 5 5 Shos bl
DVVg)+ ] Caslos oslizl cMATLAB
ab aw old-0-9
P9y o)l ) oad (gilwding ojls il ¥ (i (ded OB
15 Canlods (6 )ISpL BS-FSL2 b 5,Skae Lol 5 sl
booySles (ol p (gilodige 5 odel canty gblio & Joso
Y USS 5 caslond o0yl g2 3550 ()88 ot )sSUl 3l oozl
e A SIS0 (658 (g 4 s 5 Cad 908 38
o> (i il aw OB (gly (938l )b Joou | Jols el
GB plp Slb o plmle (Godie 350 JSE )5 sl 0ad
dddy o odlaiwl Cubld (63,Slas Zolaw > dibs dw ond olhb
G dog bl odd ool i 3 5l gpSKin 5 Sb o
Gl okd sl aib dw OB Glib ey e

B () 2y 355 ol 3 35 el SaiSs «(IDA) i) B

YTV
ACMR=SSFXCMR (")
g .
gv P
&8 =
53
§8
Z<
[ty

Maximum Interstory Drift Ratio, 0,

IDA Jsges —b JSi5

Collapse
Probability

Spectral Acceleration, S,
S8 Jages —F S

hipt cale S b Suss e e
oS wimaie ) Vi) gl Mol sl slajielyl
" ciwoy dlingly g @ily el ©jge 4l ojle Cundg
Jlsl ol cap A 5 ojle (rte ple )3 Ysane S
JS5) 258 o ool (SauiSd (slaizia Sl ol " bgsgsd
5 Sl Gl Julod bl baojles (3325958 (b)) o5led
Jols (S (oo § 055 (0 g (oS pé (Sualns
Jedoo e b (28 clodl o a8 siiws (dolj8l (Seolind Julos
oy adlae cul 3 (B o)led JSU3) Wsd (e ke (IDA
s Gl bl b it adlge 1 oolitl b 13,8 obio
o5 A5l (S (TL, 5%)) 1oys 8 olywe b ojlo sl 340
1l a8 ol 665 s hgy ol 0 b ol )] Cany
Gl b s 9 0035 (s Baojl Jol 350 gl 090
o 3ol L 07 (gl b laoysSy 5l S pa ol Sz
g0 gl 09 13 g od wuww i SeiSMOSignal wisle (olayl33l

uo.Jo ul.u: ‘UL.«) u,sl L .).))fLso ;ﬁ‘)ﬁ ush.lo ut‘.m b)l.w J9|

! Fragility curve
% Collapse Probability



3S5-FS1.2 Jso clojls colasuio—Y Jouo

88y Clasuie
85l (Qg) 2Ll oy
(s ss Vet
3S-FS1.2 AT \,0Y

CMR(Far) ACMR(Far) ACMR Accept

VAA YA VAY

CMR(Near) ACMR(Near) ACMR Accept

VOV Y,-f VAY

b dw OB (gl ol @l Y o>

) gl 5 DS Sty 5 S el @iy odlatl
@ Slas ggaw Sbre iy ly i ot T Y
p bolB 5l iy 5 Sl el iy odlinal el
dibo ¥ OB (des OB o)y FEMAS56 adll)gios &
o oy 0390 )3 OB (IS 5 Slae Llod jl oad Ak
U ey Jols gl 35 F gt 3 [10] sl e (60,Skes
@ 5 09l sk s ) Jols Cuaglio 3LS) cu b g 504y
9P 4edls Cund g BR)9d b Cuns Gl Jobs
ol 03l Hlis o (gjlwaipe dids aw B gy osds M

]

Strong Column Weak Beam

SABNDN

MC/MB>F.S
SR

JOINT

b ¥ OB (598 (gt g ciand 5 Jlaged -V S

ol MM byl gbslslas
ojlw "
g5 wf e e MY M 7
3- 3-
Bl 400 600 o, o,
» - 3
B2 350 550 o,
3S-
C1 400 400 8-D25
FS1.2 045
_ C2 400 400 4-D25
O
C3 450 450  12-D25
C4 400 400 6-D25
3 Story Driftat 10
Perfgrmance Level
3 i 3
|
<2 ' s
1
S g S 1
& FS12 %
0 k - o= -Fema35§ 10 0 k
0 0.02 0

001
Inter Story Drift(m)

0.02
Inter Story Drift(m)

1.5E+5 Capacity Curve
S
N 1.OE+5
g - Push Curve FS 1.2
& Biline
L 50E+4 A 0
g LS
0.0E+0 4 : A CP .
0 01 02 0.3
Displacement(m)
b Y OB eud)l s —A S
3 Story Driftat LS 3 Story Drift at CP
Performance Level 3 Perfogmance Levq/
!
2 1
1 N 1
L7
— & Fs12 & —a—FS5]2
-5 = -Fema35g_LS 0 k - == -Fema356;CP
0.04 0 0.025 0.05
Inter Story Drift(m)

oxd (gilwdisgg dib ¥ OB (oSl 6y 9 Sl (Shenl iy o o3liatl Cubl (03 Slas golaw > GlEb (s abule (e A JS




VEY Sl o) osled oY oy9s

dlos g 30 Ve S5 0 Sl JuS e sladly;
990 di; cou dib aw OB SauSl ¢ aduljel (Seelus
ol 0 031 Ui JuS o055

IDA Curve 3 Story (Far)

=

Sa
SRN WA G

///%

@bw,dﬂ;\iﬁdlxamiwbqﬁa&qggb
2 0 0l L5 o g Mol (5 52)9,8 andle Cannad g Y3298
ABls Cond oS o sdalie dib 4w OB ly & Jo
JuS S sl cos loj) iml ol @b 4 9 Ghigg

ot gloj)) gl o b @ g 98 4l s ) S

SARNWANOD

012345678910
Drift

IDA Curve 3 Story (Near) 7 Fragility

.‘50.5'
———— X06
/ - ,/é_ § 04

S ) —FS12 N

ar FS1.2 F

0 —
0 1 3 4 5
Dri Sa(T1,5%)

012345;78910

S S35 5 595 sl cov aib dw B oylh (Seolyd el e Ve S

6S-FS1.2 Jas (slojle Slasuio =0 Jgin

(mm) sty b, alass
! 9%y

’lﬁ'
85lw u,:s
s . " - b
g8 09 e e MY MT T
3~ 6
BL 400 500 o, o,
; - 3
A B2 400 500 S o,
- 4
B3 350 650 ., oo
ng-z Cl 650 650  16-D25 119
' C2 500 500  12-D25
... C3 400 400  6-D25
o
C4 550 550  8D25
C5 550 550  8D25
C6 400 400  8-D25

bl S g ol JSB sl osal Cuwd @ plie 4 a3 L
53 o o3y (LS o0l Mol h359,8 Andbls Cand g (5509,8
ol lin «\.n;.‘o dw ulB Aol ‘Ub.‘o L)u.u} ulﬁ Lgl): & JB.\>
cos gloj) ml ol a4 g Ghjygs8 ddls Cuns oS oo
ol g (o398 dwbles Cams a8 JuS Koo sladl;
e 35 VY S )0 adb e JuS y90 sladJj cod (gl )

b s ol -0-Y

sl 2 odd Siluae ojle il £ G (pled OB
G5 BSFSL2 L sSke ol 5 slb o
ool (ilodiny 3l osel Cants gblie B Jodo p> cuslorss
b S y0 655 igSl ) oslil b il § LB 5,Sls
g & Cund 55 o 3905 30 V) S5 53 Camslodd 03,
sl e s ) ol cabls iseia WY S5 55 e
v 35 WSS )l oad ooy lis didds £ OB 6l
golaw 3 1) dibo £ oad (2lb QB b (s ool
N ermiin 5 Sl el By oolitel cubls (63)Slos
Canyd Judgy (g & dog b Cawl sdd 0l ol LIS
Lsou] cddBy o oolitwl Cubld ol AL aib 4w OB Clib
i ¥ g Ve plie g oSl S 5 S
o] cdBy o oolitwl Cobld (60)Slas Zolaw jloxe Cayyd (glp
FEMABS6 Jodll)guws & xgi b (23 3l (65l 9 S
o @I)]o ol (LgmoS> ol LS])-’

6 Sles Folaw hpl edgizme OB IS 5 Sles bl
3 ooty JSB (sl Jolo ol 55 8 Jyia > [10] il o
ol @l g g9l )b Jdou I Jols caglie a3lSl s
ol (95098 4> Cud 5 Biy9p 4ndls Cund sl
ol 0add 031y L ol (gjlwdisgy Al £ OB (gl ol



() Lol sy cov dib 5 OB SaSs s Lalpl Sl oo

(W) e dss e
: sl 01 0315 (L5 JuS S35 g 590 Al

6S-FS1.2 ¥ov VA

CMR(Far) ACMR(Far) ACMR Accept

VAY A% VAY
CMR(Near)  ACMR(Near)  ACMR Accept aib £ OB ghj)) pel @ls —F Joi
V.0V Y,f VAY 3™ &b,y Olasuiv
Strong Column Weak Beam 2.0E+5 1 Capacity Curve
“ oy g 1.5E+5
"k 16 1] 3 10545 | L~ Push Curve FS1.2
Q 12| & * Biline
§ 0.8 1| @ A /O
S 04 QL 50E+4 A
0 S LS
3 Q A _CP
17 3 5 7 9 11 13 15 17 19 0.0E+0 T T T |
0 0.07 0.14 021 0.28
JOINT Displacement(m)
a5 OB (658 giw g Ciumd i dges —)) JSE dib 5 OB e )b e VY S5
6 Story Driftat 10 6 Story Driftat LS 6 Story Drift at CP
6 Performance Level 6 Performance Level 6 Performance Level
! | 1
5 i 5 5 I
- 4 1 N 4 | o 4 1
1 ! 1
s FS12 h— FS12 Z —&— FS12
1 a2 L 1 .S 1. 1 S L
0 - 1 — - Fema356 10 0 — 5 — - Fema356 LS 0 - — — - Fema356 CP
0 0.01 . 002 0 0.02 . 0.04 0 0.025. 0.05
Inter Story Drift(m) Inter Story Drift(m) Inter Story Drift(m)

0l (Sludinge ik £ OB (o3l 6pSitin § Sl (el iy o o3lisl Cubl (03 )Shos gslaw 3 Clib (i (obule (goxe T S

4 IDA 65‘t0ry(Far) 4 IDA_6Story (Near) P Fragility
3 3 208
~
S 06
A, 3, ]
/ Q04
1 1 < g0 FS1.2 F
0 0 0 ——FS12 N
012345.678910 012345,678910 0 1 2 3
Drift Drift Sa(T,5%)
JuS S35 5 439 ol o a5 B oablfh (Seoliyd o sioeio —VF S
ey 35y 5yl vyl 5l eolanl b ddds VY QB 5 ,Sles b 83;led B —0-Y
05 & Camids i Cand Jdged 30 V0 JSK5 53 Calods 03 4] Gyl p old (silodings ojle il VY i ded LB
0938 b sl ol )b e VFUSS 0 (56 S8l 12S-FS12 | 5 Skes ol 5 slb o,

e 35 WY S 3 el 0 o3l ol il VY OB el ool g2 glstinge Sl osel Cussy gblie ¥ Jpaz 53 caslons




VEY Sl o) osled oY oy9s

Y ¥ ¥\ VAY
CMR(Near)  ACMR(Near) ACMR Accept
Y,a Y¥a VAY

125-FS1.2 Jas (slojle Slasein =Y Jgao

(mm) sl splolalasy e
a)’lw i
& 89S e Ges MY M W
2- 3-
Bl 350 600 5y oo
3- 6-
B2 400 600 o, oo
5- 4-
) B3 400 700 o oo
" m4 a0 0 A3
D22 D22
2- 4-
BS 350 600 o, o
2- 2-
s B6 350 700 o, oo
Fs1 2 Cl 900 900 22-D25 1.64
' C2 850 850 20-D25
C3 800 800 20-D25
C4 750 750 18-D25
C5 550 550 8-D25
. C6 500 500 8-D25
OFC7 1000 1000 28-D25
C8 900 900 22-D25
C9 850 850 18-D25
C10 850 850 16-D25
Cll 650 650 14-D25
Cl2 450 450 10-D25
Strong Column Weak Beam
%) .
) 2
X 16 I
Q 124
S 287
Q 04
S 0

1 4 7 101316 19 222528 31 34 37 40 43

JOINT

b W OB (558 (g g cumd 5 Jdged VO JSS

» ‘) ab VY ol @I)Jo B dl).» olb (o &bub
CpSiay 5 S ol adBy o oalatwl culbilB (63, Slos Fglaw
Cadyd Jubgy oo d dxgs b Cawl ol ool i )3
Csou] ddBy o oolitwl cuild oad Sk aib 4w OB Clab
gy ¥ g eV e) plie 5 o3l 6pKin 5 Sl
o] cdBy o oolitwl Cubld (60 )Slas zolaw jlowe Cayyd (glp
FEMAS56 ool 5205 & 05 b o3 5l 68y 5 S
5> ol d)lww alb WOl (s L;.»A) ol ‘5‘):
2 Shes Bl o Slee gt (2 29y 052k
» o] b o0,les pokw (Bpdy sdgme > OB
Lol oo 5 b dSs dlp Job @l 8 A s
G Gl Jole @l 5 09381 b Joo | Jols cuglie
P8 el 0ad Mol (5520958 ardls Cund 5 Sayg)8 andl>
polie a4 dog b ol odds odld L o (gjlwdisgy adb VY
9 UhgR bl Cuws g sply JSB (lp edal s @
A Js.k? PR R odls ULM: [XW) CM@‘ Q“)J)5)5 Al Caus
W*‘g@ odalio gM?sVub ..\uLo.md.LJo VY ulB L.;‘)"
ol cov loj) ol o b 4y g 5098 bl S
lojy el 5 Gissd andl Cuws I S JuS Sodj
Judo amin 50 VF USG5 0 il oo JuS 90 sladj cou
29> glodllj cod aib VY OB (SuSs il (Sealid

ol 0ad 03l i JuS So035 g

b VY OB o)) el ls A Joa>

Base Shear(N)

8, Clasuio
3™
(W spidss (o) cunglin Lol o5
12S-FS1.2 ¥y- \ 55
CMR(Far) ACMR(Far) ACMR Accept
20645 Capacity Curve
2.0E+5 V> Push Curve_FS 1.2
Biline
1.0E+5 A 10
LS
0.0E+0 + . . A _CP .
0 02 04 0.6 08 1 12
Displacement(m)

aad VW OB cd b e -V S



12 Story Drift at 10 12 Story Drift at LS 12 Story Drift at CP
12 Performance Level 12 Performance Level 12 Performance Level
A ' 7K\ 111 :
10 ! 10 10 1
9 | 9 9 |
8 1 <; r; 1
X ! S e Sé :
~
i | i g |
2 (FS12 2 |FS12 2 —&—FS12
{7 — — — ; Fema. 3@5_ 10 _(Z) --- Fema35;6_L$ é -== ~.Fema356)_ cP
0 0.005 0.01 0.015 0 0.01 0.02 0.03 0 0.02 0.04 0.06
Inter Story Drift(m) Inter Story Drift(m) Inter Story Drift(m)

0l (gilwdige 4l VWY QB ol)s il 6y g Sl eyl adBy o ookl cublB (0 Sles polaw 0 Glib s obuls ove -V S

5 IDA_12Story(Near) 5 IDA_12Story(Far) P Fragility
4 4 208
§
33 3 06
2 2 S04
1 1 02
0 0 0!
0123456783910 012345678910
it . 0 1 2,3 4 5

S S35 5995 slodl Jj o dibIY G oanlsh Soelid Julos iio —VA S

don 10,5 odalie Al VY 9 & ¥ b ded OB ol o ()
1 oad 4 ylie 4 avsl 3,8lee Lolol o1 b (slels
ACMR 10% 4 ACMR 20% = 1.56 !, FEMA P695
ol ol sty OB gl loj 9 opdy S5 4 gl 5 = 1.9
bl o Jod JB (gloj ) esl 03game )3 Lo lE dan (¥

(IDA) Il (Seolos Jebos jl Jolbs @l & dag b wzen
o5 3k Gloj) el Gy Byo i (g b ojle a5 4d asuie
b

Comd 9 GBj908 Al S (gl ol Cuwd &y polie 4 g b (¥
oanlie il VY 5 5 sl cly oad oMol b Al
cos i) el ol ek &y G il Cund S
adls Cond i ZA 9 2V LY Gy JuS 49 slady;
@ il JuS S35 sbd; cod i) gml g G
Sladl; ply 53 dallas cpl 3 ol (gilodige glaojls Sod ©)le
Sladlj & s (gt (SWSE 5 o5 sloj) el JuS S
Ly S 90

Comd § (532098 4l Canms (gl el Casd & olie 4 g L (F
oS oS oo oanlite a5 B gy 005 Mol LB Al
oS S5 ol o ol (sloj ) giaal 5 B398 4l s
ol 4Bl il Al VY 5 ¥ g OB 4 S plp 9 Loy
o g b398 4l Cand (sl ol Cad &y polio 4 g L (D
5 log) oied) Slab Sl Ll b ond pol g dnils

S -0

2 Gty 4 sl (55 ) el 48518 ) )90 Sliie
Vi ohed pylio OB aw 5Slas plul p (21l 29y Cg2ler
ond 4l oy 3550 S0l 15 0z sSl 5l 3lil b 4o VY o 5
5 lasbiosl 5l it ol o 08dee ol g ol 398 .ol
) & pad iy sl ok bl ASCEA1-13 aoli ]
cos osd gl laojle Bhgd cudls g sl (Sass
Gan cpl 4 s cas ool 0dd didlyy JuS 05 5 590 sadljl;
Colez ) a5 5l pisu ol 3 adllas 390 i (el glal
ASCE41-  clids sy sly FEMAS56 (claash sl Lajlss
5 LS dO s Slee pdaw dus 3 Logiw 5 s o)lysd s (6l 13
o Sliios > &Syl 4 o b culosd 3 Slee e (b CP
2 oad iledige baojle (B9 (el 29 023 plodl iy
JuS S35 9 490 sl cov aSlas e ) o)k
bl ly lp G nl 2 W) 15 adllae )90
0l (Seolid s ol 5l ool b odd g ojlu ya (525958
4 @5 Lkl ACMR onb 2ol (ohy9p el duble Cas
"j u"f“" LSL‘”)‘:‘.'“’ L PR Ao FEMA-P695 MI)WD
23 dloe & Olgie i ol @l cn e il 03,5 anlie

5,5 o)l




VEY Sl o) osled oY oy9s

[13]ACI 318-14. Building Code Requirements
for Structural Concrete and Commentary
Farmington Hills, M.A.C.1. 2014.

[14]AISC 41-13. Seismic provisions for
structural ~ steel  buildings.  Chicago:
American Institute of Steel Construction.
2013.

[15]FEMA 356. Prestandard and commentary
for the seismic rehabilitation of buildings.
Washington (DC): Federal Emergency
Management Agency. 2000.

Ay e g JuS 50 ladlds ply 5 en (B5y98 bl
45 Dgd o yioS jo (SASd g Wb Ghall S o gbadljl;
il o osmlio BB zoly johar alo VY QB )3 2909 41 e 0

P

[1]Zhipeng Z, Guo W, Li Y, Yu Z, Cao H, Bu
D. An improved performance-based plastic
design method for seismic resilient fused
high-rise buildings. Engineering Structures.

2019; 199: 109650

[2]Fathali M, HoseiniVaez R. Optimum
performance-based design of eccentrically
braced frames. Engineering Structures.
Engineering Structures. 2020; 202: 109857.

[3]Stewart J, Chiou Sh, Bray J, Abrahamson M.
Ground Motion Evaluation procedure for
performance base design. Report, PEER,
Berkeley. 2001.

[4]EInashi A. Significance of sever Distance
and Moderate Close Earthquake on Design
and Behavior of tall building. Structural
Design of Tall and Special Building. 2006;
15: 391-416.

[5]Standard N0.2800. Iranian Code of Practice
for Seismic Resistant Design of Buildings.
4th edition, Building and Housing Research
Center. 2015.

[6]Haselton CB. Seismic Collapse Safety of
Reinforced Concrete Buildings. I: Assessment of
Ductile Moment Frames. Journal of Structural
Engineering. 2011; 137(4): 481-491.

[7]1Deierlein GG. Assessing building system
collapse  performance and  associated
requirements for seismic design. SEAOC
2007 CONVENTION PROCEEDINGS.
2007.

[8]FEMA P695A. Recommended methodology
for quantification of building system
performance and response parameters.
Applied Technology Council, Redwood, CA.
20009.

[9]Mander JB, Priestley M, Park R. Theoretical
Stress-Strain Model for Confined Concrete.
Journal of Structural Engineering. 1998; 182
(1), 427-445.

[10]OpenSees  version  2.4.0  [Computer
software]. PEER, Berkeley, CA.

[L11]MATLAB. The language of technical
computing. Math Works Inc. 2016.

[12]Gholizadeh S, Ebadijalal M. Performance
based discrete topology optimization of steel
braced frames by a new metaheuristic.
Advances in Engineering Software. 2018;
123: 77-99.

[16] ACI 318-08. Building Code Requirements for
Structural Concrete and Commentary Farmington
Hills, M.A.C.1. 2008




