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Investigating life cycle cost in optimized bracing frames based on performance

A. KhodaBandehLou, A. Karamat

Abstract

The purpose of this research is to evaluate the life cycle cost of performance-based optimally designed concentrically
braced frames. Today, the effect of earthquake on the design of a structure is considered with the aim of optimizing the
weight and reducing the initial construction cost of the structure. Although such a structure will have the lowest
construction cost, it is not possible to estimate the cost due to an earthquake during its operation. Life cycle cost analysis
is a suitable method to examine the cost and performance of structures that should be in service for a long time. In the
first step of this study, two three-span ten-story frames with a concentrically bracing system with the position of the
bracing in the middle span and the side spans, using the center of mass meta-heuristic algorithm in the framework of
the performance-based design method, and considering the weight of the structure as the objective function and the
external penalty function method have been optimized. In this study, OpenSees software was used to perform nonlinear
modeling and analysis, and MATLAB software was used to implement the optimization problem. In the second step, the
life cycle of the frames resulting from the optimization process has been investigated using the Wen and Kang
relationship. According to the obtained results, placing the brace in the side spans reduces the structural component
life cycle by almost 10% compared to the brace frames with the placement of the brace in the middle span.
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Life Cycle Cost, Center of Mass Algorithm, Performance-Based Optimization, Concentrically Braced Frame

107399 9 ojw il § pale apil

I july - pady g Jad (s0)lad - p)lag g (W (Jw


http://journalisss.ir/
http://journalisss.ir/article-1-555-fa.html

[ Downloaded from journalisss.ir on 2025-08-29 ]

splac gulwl p oxiiisjuaited 3iy)leo oIS )3 pac by aidjo ()P

ol gl b o Shee bl ~lb Lol G
Losle b 558 sy il L e BB LOT ke, &
P oS Jold s Sl Cuaglie s 4 b Ll
3L e Sslie s 5 gLl 53 OF w38 5 0sle 3wl
S el el bl e s glesle gl
(loslr Sl pml S, Ol ol 35 Loy ol 03 oS alas seaS
Sty golie Goaly 35050 5l (Sl 3 Zuaslie Gy b Sl LS
ol e b Cas cads s 0] das Ll
b abesle 33l 536 1 ol b &S ol ol 5 Slas
O3ga3 ot aST o Sl o i BB 0T 5 Sles &5 S
0> B ss5e b s gy Ol SREL s DLl B
o3l 3 Shes &g O3 p e p3kis o5 J s Ao - sl
[F1 A8k o sk ol 5o

Sl Se Glosle lasl ( b glaasbowml bl
ol B3l ULy enyls las,s il o dpde b
S ey dsled e sls Sk s 4 (S oS b
3lpe el 53wl Slag s Glp Gl glasl Sk
Sd =S Sl pdn V] 350 plondl 18 G is glad 28
Solars laal = & anals by o J a8 wile SIS 0
o aly Oljpr e O is J 28 il Koo pms
IA] Lrees losle sba ol 5 5 (golema Lo ol =

2 oS b ol e eld b gl
I T L R o T
53 igled o Ll ) Bl ot = e b illas (slodkiciy oo
Jlos b 5l a3l sles ) b & 0T Joa 3500, cal
S O llome Ky e s 0 5d o plndl a5
YN I PP B NGO B SRS S WO SR L
3 Shes b abpoals e gbosle b sl Ol b Lol
Sl S rss oskie s el W35l s I3 LG
2 b s b plal G b sl sladle s el
[3] ey an 55 5 Shas

sSes p e e S L by Gl
e (55555 (et Slaez, S 5l eslizd J(PBOD)
2 e Gl S ool o5 8 55 w0 (g5letig glagn ;S
Lo o (Supemds " 0815 slagn, S 5 200! S
VU o 5 0Ll S e slagn, S Sy 4 ax g

4 performance Base Optimization Design
5 Gradient-Based Algorithm
¢ Metaheuristic Algorithm

dadde —
b Sl BN s adees ol Oladige &6 sk s
o)l sar cc.)t»d O3 g5 gdome Jdoay a5 Wlos  Slage laesla
03 sy sl eled J= e s 5 AL Ol
g b s Oldigs 3 ok 33l 3,51 1 1k
el @3l s oS el Al glawsa [l 4 LeS bl
Sloal laay 5o a8 Jl- 5 ciS o sk (L3l o o5le O
o ol e U ol S o3l OT'(LCC) e i >
oo 53 V] 585 Jb bl wae cxle 4
% o3k ot Sl 5152 LS S ool Szl
2 o2l Shlus slawy o 8 s el e ) bl
il Lds jas Jsb 53 OF 51 ol Kos Sl il &0 5 435
e Ol S Ol gea Wl ee B e il L e
Olge O 53 &S 3,8 515 eslinad 5550 Lol > b (gl
3505 U5 1 osle jee i glaay e 5 cotla A5l Ay pe
Iv]

53 4 das gladyly s S S sl e
Sl s glos) b gaasboml il sbwl opli 5 K ]
S Gl S by nl s e ST il (g Rt
ssba el cpl 5 dle bray 1Sl (oolaml Sl s o
Shre L Olseas LS Sl iegl (el oS 3l e OLES il
SFr 38 sl ol 5 S B eslinal ) se (b
b st e ki (b s a5 8 51l 5 J S e b s
S 5 0l bme aasliopl 53 TPBD) 3 Shas ks
Slls ) Gl b Sl sl e S Iy (o Sk
B FO P L R P O P SRR P PP Ly
Sl o plil 5 (b a8 s ey & Lles S sl
bt ity e s 5T sSleang sl i Sl sl
S eslizal

S b ek el (b sl il e 05 0l 1A
ol S plasil 5 b e 8L 6l SRS o, S
S5 el oS 3Lzl o3l oy 4y Oy Sl (Solins
S oy pAOUl e sbolle b))l ki
5 basbonl Ly Ol 01 53 s Slas b5l gla by,
LF 5¥ 5 0 b me jilisns (gls Lanll s s2ns

1 Life Cycle Cost

2 Performance Base Design
3 Optimization

2go g ojlw ¢,iingfy g ale ayps /19

el juby  andy g oo so)laih_ pjlan g ¢ g

Cuol) pol gloriph Ll


http://journalisss.ir/article-1-555-fa.html

[ Downloaded from journalisss.ir on 2025-08-29 ]

b il AT 3 355 dalllae s Oy 5 slans
g O RIS P NENC JRCTR PN R PHE
Qb 555w 53 [TV ] s eslind V55 e slals
ol lllae 1 Sladle s 55 Laojle s as i g
RGIM PR W

2L e ol oleag @ @l B 5 5
ol 03 s b s es B e b 8 S s 05
Lo LB Gloy ) s Shas e Ll (gsloang
Guga s Vadsl iy e g same) " IS Ly sa G b L sdslise
V7] 1038 aglin | sl g n Gt 6 5 o 5

s S (Saes jasli o dadllae 53 el L 5 (530
B8 s L eddgslang 63V sy et o s
ot o il Olabl =l 5 jas i 2 B a5
LIV] s sl

LoV et glacl oluang OS5 058
P i A pe 53 el ol Sl I 5 S 5
IYE] Wlesls 13 e 1, S &y 8 Coua GU L

bl Wlesls plnil 45 A 55 OLISes 5 SLS
V58 L Jlss 4 seme 63V58 G e & e
e Gl leddesle iy, WOl el W5 cou
L3l @] ooy Sloslos 51 Clitm] 51y as i da
[Y0]

53 e 85 duga o Aallle 3 Y SL 5 8
g P T R R s I
L77T dlesls 513 Jodowd 5 (s 2 3550 e 38 Jil (10

Dl kiplog 5l g3l 55 0 5 08 S5 e 4 a5 L
Sl s s Shes » e (Sl b daly 3 4 S50
G 3 jor &5 2 &4 5a () 0 D5 e A5 2 Ky ga
oo d allas b 55 68 sps e ST 3V s les
Solipe V8 holes LB o es W dupe

el 0l 4.2:'—\:;;

Geod (gl Sy, Y

7 Initial Cost

8 Low Cycle Fatigue Damage Index
9 Confidence Level

10 Jiang

11| agaros

12 Magoula

V7 »gd  ojlw (,iltagh 9 Gole aypl

Ble a5l 3b5 gl mine sl L Blee 55 Sl
S 15 laen s S o Sles bl gleaig
Ll o 1S ot sadle 53 latigr Flos L5y m s
S, bk Sl an S assl818 gl S VY- ]
S50 Db ) Glaaas 5 edams Blew o ol ol
Osb glaet, S cal sl some [V Y] Ll S 15 a5
53 8107 el anig ol Sl 5 g nluoslan! 55 srie
53 skl SLalS Sl Gslda 53 pm 4 edd S5 llae Sl
5o 8kes el (b 580 G a5 b silakig s
Sl edd atls es &t dyze oLl o
23 V58 Sl oluag b aaly o e gla s
Sl S Sl eslinal b s Shas e >k g olex
e 15,5 s Sl

P e Soleang ot dalllas o (flal 5 oslS
oS S L eV e ol s Sles
DIVT Llazts ; '(CSS) 023508 s (6 gt 5550515
Jlasl o sgie e 0l L s 5l asdlas ol s
sk oslinal 5 Shes i ot (loang dnlp 55 Cloa
NG|

ool o oleag 4 s Aadlae j3 el B 5 Ol
S S Es b eV ens e slacl s Shes
S B335 5830 5 eslizal b oojle 5 S 1S,
[YAT Llazls . T(CMO) o

R slei) b s G s DDl 5 g
Sltnp cler 0 et bbb s Sles
DaTwlastls L 680 dg A1b 5 ol gt Kney

S b s o dllles s ODSGa 5 elp
Comler 2 eligileine gholee sl s 8
5B s addlas ol s el s See 5y gae b
w Selgl a5 5081 5 w800 aw 5ls Shes s (G 3luang
20 S TAFWA) 4533 g (3L T 028 omy Cons S
3,55 5 Gl 8L se S 5 e S e Gileane
LV ] el ol oslizal &(ECBO) ol 3

! Charged System Search

2 Push Over Analysis

3 Center Of Mass Optimization Algorithm
4 Improved Fireworks Algorithm

5 Enhanced Colliding Bodies Optimization

6 Total Cost

lIceld july _ pady g Jaa so)laih _ p)lan g ¢ (lw


http://journalisss.ir/article-1-555-fa.html

[ Downloaded from journalisss.ir on 2025-08-29 ]

splac gulwl p oxiesjuailed 3iy)leo loLS )3 pac adys aijo ()P

J 8l ol enlanal (g5 Sas C}Ja.w 53 ol glagaly
Llys 5 AISC 360-22 Wbl plas o5 Lalss
Gl 43 S & o ASCE 41-13 &byl b plate (65 Shas
s ool B fagn Wil e [YTA 5 TV]
I ks Ol 213 Y] ol s il S ssle
5 05 by Sl eslinal beds H b sdusles Sl ee

D] cdl ol acales S

Bml Bml Bml
cs cio cio c
Bml Bml
cs c1o) cio cs
Bml Bml
ca) co <) Cca
Bm1 Bml1
[ex] 9 o C4
Bml Bml
c3 cs cs c3
o
- Bml Bm1
S o cs c8 c3
Bm1 Bml
2 7 [ 2
Bml Bml
2 c7 B3 c 2
Bml1 Bml Bml
Br.
ci <6 c6 c1
Bml Bml Bml
Br1
c1 <6 c6 C1
\& S S \&
@6

10@32

Lo aVss shuslee ab Vo Llas aw OB aslas ol s
Blas 55 toslgs (65513 b g b (6o 15 hsls s
Sl 5 (V) S35 sddesls §LaS (LS slaailas 5 oy
Sk blps Lleds b b 2 )04 Opensees
9 a.,\..f:u;-bla Lgl.ﬁu@ Lgéjlggﬁ 9 &ﬁjuﬁ 6[.&;",..1:}.)\»
Sstle s 5o Siluang Al p b5 Gaa OIS i Al
0351 cwsas sl 05530 5L o 5l .l sl J 28 Matlab

Bm1 Bm1 o Bm1
Brig Brig
cs| 1o cio cs
Bm1 Bm1 Bm1
Bro Bro
cs clo clio cs
Bml Bml Bm1
Br8
c4 Brg o o s
Bml Bml Bm1
o4 B2 o o Br7 ca
Bm1 Bm1 Bml
Br6 316
3| cs cs c3
Bm1 Bmi Bml
s Brs
3 Br cs cs 4 3
Bm1 Bm1 Bml
Bra 34
2] c 7 c
Bm1 Bml Bm1
ol B3 o . Br3 .
Bm1 Bmi Bml
2 B2
c1 >< <6 ol c1
Bml Bm1 Bmi
Brl Brl
c1 c6 <6 cl
S S N N
@6

andllas 3550 (sl Glacl - IS

S st s slesle glasl v by o p g0 dals
3490 u(\) abb C,'.Jﬂ)\.v g.,.:SJS ol uu = u..o‘\)b G|
s S sl 1 E

QG=1.ZQD+1.6QL )

YO+ slie o S 0di3 L Q) 5 0350 5L Q) OT 3 48

Sre gl Sl 1) e eSS Vere 5 te e SLS

() 5 (1) Lals, Ll s o oLl s AISC 360-22
LTV] Lo Lol

P P 8( M M,

for ——>0.2: —"+—<¢+i>-150
P, 6.P, I\ oMy M, ™
P P M M,

for ——<0.2: “ +< A 4 )-150 )
¢ Py 2¢ P, \Q,M, ¢,M,,

Cnslie (B) L3 5550 (S5m0 ool Zunslie (P OF s S
Ol Gl Caslis o 8 () i 3 b 3550 (S 57
Canslie (Myy) 5 (Myy) Slo 3550 ol hast Conglis (M)
Cslie JalS o 2 (D) 5 grae 35 5o b o s 3 (e
Ll e Losles Oladl 2 iomen (Do = 0, =0.9) Sl la
b Lo, 1 (F) ials

——-1<0 )

ol 3 edzalyl 3 Shas e de (iloang dnl 5
Sladsd sl g5 el el a5l s A g s A G
Ot 31 2L Ot s bl L A3 ol 5o dtes i
O a5 Ll 3 promen Al G5l b 5SS Sl
53 A3l Golen b 5SS O Jb 2,0 5l s L o e
sl gl ol 5 b 5 ablia sdelowsay gla b des
Llodd 4z 3 L 55 A3 Ol os (g 3lasings L5 33 gt 5 15
Sl a e s b s daes I3 LB ol 2l 558 B Sl s -
il Lol il Sy s S ST S shslee SB s &S
Gl 4B Sy il i gl gl Bl

(1) 55

DA Jlast 3 o3l sbael duin o Bl Y S0

2Wgo g ojlw ¢,iingfy g ole s /I

el juby  andy g oo so)laih_ pjlan g ¢ g

Cuol) pol gloriph Ll


http://journalisss.ir/article-1-555-fa.html

[ Downloaded from journalisss.ir on 2025-08-29 ]

tslea (7) Aol 51 eslizal U ASCE 41-13 &abopol bl
IYA] 555 e
8= CoC1C2Sa 759 )
shazel s Olantle S50 ool Cosls Oloy (Tp) OF 55 oS
b O ks BLLI Gl sl i 8 () s 2 3, 0
T STy AR CO P T SR E ST Ve
O w4 Sl il OG5 LS oy (€ 25
Coglie Sl 5 e JalS (0D b (e Sl
e S o Jlesl Goia i O ks 1y o3l (sl
ilas 3 ASCE 41-13 <l pis ilas ol opl olas
sl ab ols (5 eomen [YA] Lsd 0 Jlesl o>
s daly bl o T ks .l T 30 Jol sl Ol

395 o dnloma (M J_(,;

Base shear
=
« =X

0.6V, ]

& &
Roof displacement

[VV] Q&AJ::;J—}J:; sloslus ;m' w =Y Kﬂﬂa

’K,-
Te=T; | D)
e

(Kp) 5 (K il SaaNl Lol 55 (TH 0T 5 &S

Gllas s Gl e 5 ol Gl e S S
ééjg.mﬁ leﬁ—w J‘ “i'.’.jb st.aSa )\JJ.A ML& (Y) Jg.v?
IY4] 55 n armlons (oolem (Rl ns) YA+ 5kl Gullas
(ool ohlns) YA syl Cib ) sdelcesa s
e dralone g (1) JSK8) ol il sl o Lz
ol ealaiul (Q>}(/\> .EJ‘}))‘CP}]O cla—-u)égd.:buw

A(F) JS2) o

19 /7 3V96 g ojw (,ingf 9 Goale @il

(B) L 350 Gopmn oand Zaaslio (B 01 53 S
Cnglde oy (D) e s 53 b 50 (S pms Cuaglie
28l ALl s ks Olal s JLS 5 IS (6l
Lool ) Sl syee A3 Wl 228 glael o 5 (55Lld slasd
Aolad

s S s ulul 5 b VY
ASCE 41-13 _lul 5 (65 Shas G 55 > b sland
S e o Ses Glaal [YA] ss e an S L s
VTS el Tl 00 3 Y et e gl s
100 3 Shoe o (sl Tad s bslinad CLB 5 Jle 00 s
s mslae 5o il J S ks AL e dle O s
a3lizal (05530 b o) o b Sliad o 51 g3 Shes
o eSS e G L Seosbe ol s
b J S i plralr oS Sl Bl e il e84 oS
b eSS cow ol Sl b g ey Gl O o

a5 Ml 13 50 (0) iy oy seoas (Sl )

QLPP=1.0Q,+0.25Q, )

T s w e s Ses Slal (i a5l sy
ol s e oo Shes Slaal L 0T s NERES
sl deos 510l s b5l 5 o5l o g asdllas
e pe 533 8has 2 (e (b ol gl 3 e eslinad
Slusgdoe sl ioman 5 JE b b gl 2 LL ol !
S L B bl il Sl e I s b
Sl 2l 0o 2 Sl g Lasl b 55 (1) daly L
Jlasl bs,5 g5y 5 AISC 36022 wbopwl @ a5 L J&
ITV] 555
Tl 3L gl ool 5L sl A el Sl g
e e J RS S g I g o3 Shas
s Sas p ol S goa 5T RIUT pa a5 a5 L
oty JL S 5 51 ASCE 41-13 &b ool olas 555 o Jles!
ool 3 ISE (slas s g)ﬂviﬁ 5T s ,.Ljda Cewsas (O)
b oo 535 0 a8 S 0 55 ilr (OIISL 831 Ol ey
G O xS ol 0 1/0 o5l s 4ad OIS s oS Sl

O O ois Ll o aelsl ey B30 Lliad o

! Collapse Prevention
2 Life Safety
3 Immediate Occupancy



http://journalisss.ir/article-1-555-fa.html

[ Downloaded from journalisss.ir on 2025-08-29 ]

splac gulwl p oxiiisjuaited 3iy)leo oIS )3 pac by aidjo ()P

go=——-1<0  i=10,LS, CP Ov)
(0,)a

j;ﬁ&@“ﬁ)gwu@@m&ﬁ@ous
tolons ASCE 41-13 bl bl 5 (V) il 3ilas (6))

P

ey=ZFy61” o O0v)
6EI. \" P,

3pm ks 25 (Fe) « Sty e Jske @) ol s as
Pye) 5 P) oVl Jsdo (B) e Jsb (D Y55 il
Sae s B s mhae 53 U5 Cose Su oS
At O gt ST 55 50 @il () gms
Aise mghas 5o Oy Sxedl Olss sl olis
Caltis 4 (5,8 ol 5 P/PoL S 4 a5 L3 Shes
ASCE 41-13 &bl 51 4=F Jsdr Lo b Lol wblie
bl St g ome Soslis Gl A Pl oS 25 o0 e
Caslis Hldde 4 st 3 35 o DL OIS
T 51 e 1 e IS S il 55 ) 3
S euls L3 sy glelSs sy JUkS WS
Wl 0T g 585 31 o 3 Shas el (1 b slaaslopa
Lag gae /0 ldde 3V /Pl S il oy se 53 1
Al s D5t 53 Olyss J RS 5 Ad el J2S 0
el 0 slgiy ASCE 41-13 &b pol 53 O0F) il 10 5

P P, M, M,
for —>05; —E, B, 190 (v)
Pgy, P, Mcx Mgy

Ogiw 33 3530 s G S o o Muy) 5 (Muo
ol 250> Meyy) 5 (Mewo Aol o Cowsas 5IUT 51 5 dizen
eed Aed Y 5 X las e S gt et gl
OF) Ay Gillas ksl (g mme O td & Lsiye 558
3 Jlel!

4j,

@5)

9, 10 i=I0, LS, CP 0%

Apar 5 Blples Sosme O is (4p) O 55 a8

S A3 e By w5 Lol (smme Slme O 0is
G 4 4> 5 b 5 ASCE 41-13 &bl 514V Jsus ulas

Sl s e a8 i s ladusl Calbes 4 sl oSS

Design Spectrum

= 10 Level
.5 ——— CP Level
IS
z
[}
3
<
s
©
:/
wn
Period [sec]
[YV] s Shas C)Ja,w b ok Y IS
Pp\"
S509%+50y=510%*50y (m) )
3
S2950y=S10%+50y (E) @)

ol sl Oles b blze b s Siogesgy) OF b3 &S
2850 0553 (PR) poler il ns) YAS s s lailaud il
554 S205500) 5 Ssoussoy) 3 4bsis b maw 5o A3l
Dl 5 iy salial ol o5 Sas Coba b bl Sl
S
Ll 5l osle b s Sas ulal 5 b ol p b os
o o 335 58 0 S5 wkin sbad 5 ol filewe
G Slosle o)lsan soenl 50,8 15 s Kol Lo
SUIP S ol iy 3550 s Sl ot (L

2ol o Shes  pre (b 3 Sy ol dn pS
sl Ol i o el i 5l (60 ,Shase = shas 51 G 8
Sl 3 s o IS Ll S iS5 Ol e S 5 Slib
Glolee Glacl s Shee bl 2 (b Al (dudse
Lol g sgas S 5 Soson Ol | 53Y55 ) San
Gilke (63 Shos shan 51 SG a sl Uil Cd s 4 b

A3l e (1) ]

gI:W-ISO

i=10, LS, CP ()

Sk les Cdiys Ban) 5 ik ayys @) OF 55 oS

CP LS clzm aw 53 Db el Sy e ualie L e

5N 5 /0 iy 4 FEMA 356 4 x5 L 10

S b 0s8 mes Sl edd B S 55 /Y
35 o Jlasl (1)) daly olas Liael Kol

290 9 ojlw (liing)) g cale aypis /P

el juby  andy g oo so)laih_ pjlan g ¢ g

Cuol) pol gloriph Ll


http://journalisss.ir/article-1-555-fa.html

[ Downloaded from journalisss.ir on 2025-08-29 ]

S Gl o) S 1 ol Adllas 53 [YA] At o
U5 Drmen 5 B ine S 23l a4 (CMO) o
shen Sleaig ) S Olpea wdamy Bl o 53 O
e b camler 5o ¥ et Gl gl

DY) ol ot eslizad 3 Shas

Lol b L, 3 Lall8 1l G s 45 o i 5a 5JUT
@3 Shes dals S Olgea JUT e PP P
Az.éjf)lSA.g‘djb)'\JLUL;TéLaQ)LM}LSJJE_});l{L;\an
b ol sl cla.» Sl &S losl (IS, sbay 545 e
3 G il el 6V ol e el el
LSL&A.;_JA Sl 0l flj‘b J;g_)‘:‘?’ )L: LS'J" PLY LS“JL““
b oL Ll b b S e Bl s 6o Ses
o s Gl s Slas o Dol & 53,8 Ol g 4k
;)L“&'.’.LS‘}" L@,J ﬁ‘(CTOT) a)u&dls:\ﬁﬁ J}JJ)‘])J.:
SzﬁyéuQL&Lﬂélﬂuﬁuaﬁwwx\jw_x_i_x;.-
bl ool o BB o el 4238 WOl s 3l S
.[\9] :_5,&&

Cror(t.s) = Ciy(s) + Cps(t.s) %)

(Crs) (odi(s3lup sl L) dpdor 35l S A5l &y 58 (Cpy)
3 Sl (b s () Il Oles 53 ojle pee &5 e
Ol © 53,15 35 53 1y wllas 5 s5le (1S Slasis
e Ogen (0) wib s glrale el il
Pl iea b ki slole 5 sy gl patls
U PN | PAPU PR SISO B JPCC JU V) PO JCS et
e 6l slazel BB i Il dals G Ol yea Ll
e Ko (g s 315 eslinal Sl 3 50 glajlux
b Ot ey Sl (g SOl b bad e Sd e
sl
Sl Gl ci s Bl s p o oosdle s ool s
Shlee Sl sl cds Bkl (A] Y5 e
Sl jlre glaci s wlol sl SLOs,s b oV 5
el o 4 S 0 Slas e sl s gl

3 performance-Based Design Constraints

Pl 7 Mg q ojlw ilagh g pole qpid

Sl sess <ol slie b daes RAS G oS plad)lee
Db s deles (V) Jsu

[YV] S 53 ladsls (6 5me OlKa poid Slme palis =V J g

Performance level 2ES Sle (5 see QKAJMJJ

10 0.5 A;
LS 8.0 Ay
CP 11.0 Ay

5 oked e sl ) e (o smee O xS (Ap) 5 (do) oS
Glp alss ASCE 41-13 Lol 51 4=V Jsix s
e gls 35S glay o Sl cow &S oo s J S
Bl (H1b 53 (0F) daly @ e 5 L g (pl o ee 5k
iS55 O s (G O il Slme ealds a0l
2y dmls (V) Jodr il

[YVI LS 53 Lo st (55 g Ol i Sloms 53lie =¥ J g

Performance level LIS Sl (5 s Oe ek

10 0.5 Ag
LS 6.0 Ag
CcP 7.0 Ay

o S (RS -Y-Y
CB U5y 05 SeeS Bl b (giluag i Lol dallae s
500 Blyy &pson o Shas 1 2o (b Cmler 5
el sl (g hud 50,8 (VF)

m
Minimize : W= Zi=1piAiLi (\0)
subject to the constraints:
g1<0, g,<0, ..,gn<0 %)

A) (p) «B il sluws (M) w3l O35 W) OT 53 &S

328 Jsb 5 phals o Y Bz A5 055 S5 D)
b slans (‘j‘«“; (Gn) 5 e 5(G2) 5 (G1) oomer Lien
s 755 Ol g0 & ar g b oS A (Soloang A
s 5 Il fowe 3 ' s Lailps Lpd e iy ya
owamen 5 ANSI/AISC 360-22 aabipl U ollas | 2o slis
o ASCE/SEI41-13 &bl L illas " g3 Shas slad

ol s andllas 350 (sileaig A 53 sdiia S > b

! Geometric Constraints
2 Strength Constraints

lIceld july _ pady g Jaa so)laih _ p)lan g ¢ (lw


http://journalisss.ir/article-1-555-fa.html

[ Downloaded from journalisss.ir on 2025-08-29 ]

splac gulwl p oxiiisjuaited 3iy)leo oIS )3 pac by aidjo ()P

oty ool 5 P 5 (P SV el 0l (g5l
g oo daslma (V1)

PPl = p(DI > DI;) — P(DI > DI; ;1) (Y+)

el g - VL OIS 5 by 08 Dliyy) 5 DI S

=l sl o sdiian § B3y o> Larls g sl

«P(DI > DI;) gi= = » 6‘;{ a3l &2 8 3
yd e Ol (7)) iy &) 50

P(DI > DI)) = ;—1 In[1 — P,(DI > DI,)] D)

el [08] 053 S o3 2080 5 ezl P(DI > DI;)
G albe Bl pas b ol Olaxstles SO o83 s j o8 ()
P(DI > DI}) ilsws sbhen ool ol g3leg Olatla
G cpl 53 el el s 81 Jlen) J) Lt b
Jlaz=l 5 (E=1) o a5 8 a3 55 sl Il 83 s 5 s pos
(] o st 5 &y gons P(DI > D) sUL 2381 3
SN0 e Ol gew) 5 et e Bl (5l
JAN) blae sl cid81 s Jlex| L (Jle 00 s Y
odians S Ly ol gla jastls slas (Le/o 0¥ 570/
A gl e Sl Gl L e anl
Al 23815 Y| Gl o 8 55 s dldaslons
e Sl Sl eslinal b powie SO s Ll b st mlan L
5 Lol blze SUL 2381 3 Jlasl 5 o) la asls
zhfbQ)ﬁ@&@k@'ﬁc\jmb'ﬂk}cj@f@

J}J:L;a o3l U:J)\JJ 4(YY) E) (Y\)

P; = P(DI > DI;) = y.e™*Ph (YY)

lacdr Al cpre Sl el L dO 5 () gle bl

e syepl 515 S o s ol et li 93 sl P — DI
ol o3 AT e Cosay a3 551 w51 ss P(DI > DIY)
(CLs) aib i 2lralr sdo Il Eysa dalons 3 Wi

w\ ol 433; Jb" DL (Cdam) J\f Z"‘.’.Ja L@J

‘55-\9@&3—""
dab Vv Ll Y GOl axdlas pul js gy 5550 slaesla
@ 5 Jlasl Lol fen 53 a5 (izes (1) JSK 55 ediosls OLES

e g OV lal aidb cyys s sd (F) Jsd s
ok &l 63V syl Sl 5 ies sl (sl

Sholee s i OB ol aib Ci s s Y i

(Y]

Steel Moment Frame Braced Frame

Limit State Inter-Story Drift (%)

Inter-Story Drift (%)

(I) None A< 0.2 A< 0.18
(11) Slight 0.2<A<0.5 0.18 <A <04
(111) Light 05<A<0.7 04<A<05
(IV) Moderate 0.7<A<15 0.5<A<0.75
(V) Heavy 1.5<A<25 0.75<A<1.5
(VI) Major 2.5<A<5.0 1.5<A<2.0
(VII) Collapsed A>5.0 A>2.0

b el ol A e a8 (i Il &g g e
31 oLl a3l B o3l ae Jpb 55 ol Ses 45 35 )

Sl el &ole
Cls = Cham + Clon + Clon + Chie + Cloj + Cloy OA)

(Clam) li > - gl g I dua (Cle)
SR HRCH VPSS SCH WP tRS TN (077 B JENUOS I LYY
31 il Slgas olest Euga (CHEE) 5 el (il oS
ol oy <Ciinc> ol e e (Cen) wib ks
L (Clg) 5 Sldo 5 Sl > dujs (Chp wls
S 2 s W e8s Osls mis Jle U
A5 51 AU g plE Sl de eddg S sladlastla
S 5 0 35,5 0 $ilsl s Ayl Cunds 4 S
ool gl S e Al l 1y (V1) iy,
3 30 ) Slib e als

N
v . .
e =21 - e Y it 09
i=1
EENELIN TR O Eer i O R Y (0 )

s bl e S L i S el 5 e ls
OOV 5 Q) g ey a5 akl Ol e SLe 5 akd
ol g Y= S slaad 55 (V) sl o5 & B Y
Ol o AT 3L 3llas 45 W35 SUL g5 55 0) ol o

2Wgo 9 ojlw ¢,ilingfy g ¢ole s / P

el juby  andy g oo so)laih_ pjlan g ¢ g

Cuol) pol gloriph Ll


http://journalisss.ir/article-1-555-fa.html

[ Downloaded from journalisss.ir on 2025-08-29 ]

B T e T T P T ()N PR
(ol asd B s e cnl ol el osls Ol p 2 S e
o s Slas bl b 58 bl b
L JJTBJ{B
3 )5 0 b Ks s ang sl Ci s o
2 G gl fls b edd Gl glaee izees
Jilos 1 Jol sl o2 0L (V) 5 (V) sl S
Shestinal b Gl 5 aled @l b gomie 510 5 e &5 1
OLES (F) Jsdm 5o LY 577V O A JA9/0 A4/4 bl
Stoler SU s S (F) JSS ls 50l a5 Lol o b el
RUBEE - RUVISEI SE 0 S SV PVRESCN OV OV
aib ol oo Cdys Jol Adb s wjles ks s el

osw s ba g b s aal o Y i, olib CLH_?)!)
ol ot oslizd HSS wblis 51 ol ol s W oblis
i 5 (8 el Fy=34474 MPa iliss oblis s s
5 S 3% o Sl g W ablie s
o e Ay U555 eV e 50 e a8 S
5 200 (GPa) L, Vg clasl des ol
o A eli g 03,0 Ll ialie piman (AL 0 7850 (kg/m3)
» s S5L 5 e .ol 1000 (kg/m) 5 2500 (kg/m)
o Sl agd e 5 e O g dmio n dges
s slesd sl sssl sl Gal ) (Sobl o 8

g eslizd o3l
03 Sl T3 s eslinal 550 ablie () s 5o

G DFT1 L Lus 3 gdoslee las L ag claojle il
G DOTL L g,lS (sitoslge clawilas L aib \+ 55l 5 DFT3

.Lo\a.LZ d)"‘ffb DOT3

DVT Al 5 05 5 55 Sl oslinal 3550 wblie o] =F gt

Columns Beams Braces
1 W14x48 14 W14x283 1 W12x19 14 W21x57 1 HSS3x3x0.188 14 HSS6x6x0.500
2 W14x53 15 W14x311 2 Wi12x22 15 W24x55 2 HSS3x3x0.250 15 HSS6x6x0.625
3 W14x68 16 W14x342 3 Wi12x35 16 W21x68 3 HSS3x3x0.313 16 HSS8x8x0.500

4 W14x74 17 W14x370 4 W12x50 17 W24x62 4 HSS3x3x0.375 17 HSS7x7x0.625
5 W14x82 18 W14x398 5 W18x35 18 W24x76 5 HSS3-1/2x3-1/2x 0.313 18 HSS8x8x0.625
6 W14x132 19 W14x426 6 W16x45 19 W24x84 6 HSS3-1/2x3-1/2x 0.375 19 HSS9%9x%0.625
7 W14x145 20 W14x455 7 W18x40 20 W27x94 7 HSS4x4x0.375 20 HSS10x10x0.625
8 W14x159 21 W14x500 8 W16x50 21 W27x102 8 HSS4-1/2x4-1/2x 0.375 21 HSS10x10x0.750
9 W14x176 22 W14x550 9 W18x46 22 W27x114 9 HSS4x4x0.500 22 HSS12x12x0.750
10 W14x193 23 W14x605 (1) W16x57 23 W30x108 10 HSS5x5%0.375 23 HSS14x14x0.875
11 W14x211 24 W14x665 1 W18x50 24 W30x116 11 HSS4-1/2x4-1/2x 0.500

12 W14x233 25 W14x730 ; W21x44 12 HSS6x6x0.375

13 W14x257 ; W21x50 13 HSS5x5x0.500

P 7 3Ug6 g ojlw (,ogfy g (ol aypis

lIceld july _ pady g Jaa so)laih _ p)lan g ¢ (lw


http://journalisss.ir/article-1-555-fa.html

splac gulwl p oxiesjuailed 3iy)leo loLS )3 pac adys aijo ()P

[ Downloaded from journalisss.ir on 2025-08-29 ]

aib Vv Vs sl SU dg gl > -0 Jgr

Design variables DFT1 DFT2  DFT3 DOT1 DOT2 DOT3

1 1 10 6 6 6 7
c2 1 6 6 6 6 6
c3 1 5 3 3 2 1
c4 1 1 1 2 1 1
cs 1 1 1 1 1 1
c6 15 11 3 2 1 1
c7 13 7 1 2 1 1
c8 6 6 1 1 1 1
9 3 1 1 1 1 1
c10 1 1 1 1 1 1
Brl 18 15 19 19 19 19
Br2 18 14 19 19 19 19
Br3 16 14 18 18 16 19
Brd 18 14 18 18 19 18
Br5 18 14 18 19 19 19
Bré 16 14 16 18 18 16
Br7 16 12 16 18 16 16
Br8 15 12 14 14 15 14
Br9 14 12 12 14 13 12
Br10 10 7 7 8 12 12
Bm1 3 3 3 3 3 3
Weight (Kg) 276037 27617 28140 38717.3 38889.6 38897.3
Period (s) 112 .08 107 1.02 1.01 0.98
10 ol DFT1_10S 10 DFT2_10S 10 4 DFT3.10S
9 |k 9 9
8 n 99.9% 8 8
7 |4 = A= 995% 7 7
? 6 * - - ;Z:’//) E‘ 6 s 6
g5 |m —— 0% gs $s
4 % 4 4
—— 2%
3 3 3
2 2 2
1 1 1
0 > 0 > 0 >
0 0.01 0.02 0 0.01 0.02 0 0.01 0.02
Drift(%) Drift(%) Drift(%)

Shuslge Jows Blas U s Shee alud s 3loags DFT3 5 DFT2 DFTT glacls (gl Slib o plrals s sei -0 K&

10 , 10, 10
9 DOT1_10S 5 DOT2 10S 9 DOT3_10S
8 8 8
99.9%
7 — A= 995% 7 @ 7
2 6 - A= 90% S 6 2 6
gs —@— 50% &5 &5
10,
4 Lo% 4 4
2% =
3 3 3
2 2 2
1 1 1
0 > 0 > 0 >
0 0.01 0.02 0 0.01 0.02 0 0.01 0.02
Drift(%) Drift(%) Drift(%)

SEsler LS aailas b s Shee Sull o 3luang DOT3 3 DOT2 DOTT slacls gl il ol plrals Slsges —F S

2g0 g ojlw ¢ ingfy g (ale il / Pic

el juby  andy g oo so)laih_ pjlan g ¢ g

Cuol) pol gloriph Ll


http://journalisss.ir/article-1-555-fa.html

[ Downloaded from journalisss.ir on 2025-08-29 ]

aib Vv Vs sl SU dg gl > =7 Jgr

Design variables DFT1 DFT2 DFT3 DOT1 DOT2 DOT3
LCC (EXP) 85747.75  72215.14 31063.44 45990.73 30487.35 30446.52
LCC (POW) 152373.8 102760  30947.27 55630.16 30403.44 30160.13

Total Cost (EXP)  113350.75 99832.14
Total Cost (POW)  179976.8  130376.9

59203.44 84707.73 69377.35 69343.52
59087.27 94347.16 69297.44 69060.13

probability probability
0.2 A 0.2

M 99.99 99.9%

| DFT1
0.15 | power 0.15

1 exp

" 9059 !

¢ . 0 I
0.1 01 |

| 1

| 1
0.05 | § 20% 0.05 |

1\ 509% !

0,
! 10% 205 Max Drift(%) !

0 1 2 3 4 0 1

probability
0.2
99.9%
DFT2 DFT3
power: 0.15 power
exp exp

99.5%
0.1

90%

0.05
1 50%
Max Drift(%) ! 10% 29,  Max Drift(%)
° >
2 3 4 0 1 2 3 4

Loy ilas bs She bl s edisiluang DFT3 s DFT2 DFTT ol (gl blue Cisys ol 5o & ezl o (5315 lased =V IS
JLe v 7Y 700 A 784/0 (188/4 L lea.w Sblas o Slas C}Ja,,. BERTS R P

probability probability probability
0.2 A 0.2 0.2
1 99.99 99,9% 99.9%
1 DOT1 DOT2 DOT3
015 | power 0.15 power 0.15 power
| exp exp exp
I
| 99.5% 99.5% 99.5%
0.1 0.1 0.1
I
0.05 |¢ 0.05 1§ 0% 0.05 90%
50% 50%
29 Max Drift(%) 10% 3, Max Drift(%) 10% 205  Max Drift(%)
0 S >
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4

Bl b s Shes ulel g 5losingy DOT3 5 DOT2 DOTL (slosls (sl Blie S ys ol 55 585 dlaisl omin (2315 ol 500 —A K3
Jla 00 52X 5700 JAx JA8/0 JA4/A Jht e Blie 3 Shes sl 55 gd)lge LS

5o b s el o aeslie KU L 5 0k danlee
5 ek €l>.u.‘ OpenSees )\J-,élp; Sheslaal b G ol
IS Matlab o siasls » 0L5 55 WaS 5 (gaue Slowlows
OLal 53 a5l 4 Ol P o G ol - CL” Sl sl
2,8
103 523 by i i § 3 go o el s K SO
Lot b dig ol S Cysm s 3 slalie

! non-uniqueness

PO 7 3V96 g ojlw (,liaqfy g (ale aypi

S S e ¥
L Gbosle jee & A SLol 4 G ol o
ot a3 Shas bl odd ALk 3V bl
b slacandse gl (oY stslee slassle il
Gy el poools gladles 5 by Blas s Lyl
BRI RCIP P W I Y- OPTRPE PO IWRUNE N MW 05 WP

Lol al JS dusa 5 e i 7 upa 5 a8 S 10 as i 1



http://journalisss.ir/article-1-555-fa.html

[ Downloaded from journalisss.ir on 2025-08-29 ]

splac gulwl p oxiesjuailed 3iy)leo loLS )3 pac adys aijo ()P

Als Galie IS ge 5 es B dope OLSS O
dlie b Olg o 1) 02303 By jamin s diee (ol ol
S by e S e bl ae b b
Sbls Glodidy & 50l = cae s b 055 Gl
g e 4t LSS G &b PE) qu;ﬁzéujubg

Zypa s o 5SSl DFT3 O (ol & 4 55
S ks das e OLES S el S dusa 5 e A5
L plaeslo bl o e (b 53 sl 50 &las
B ¢S as 5z A

wile O35 SRl b s S sdalin il @ a5 L
Bydges Jol S0S e ks

e e B kpe Gl s raees
UL e 3l Sl e b Ay se (gl eelse
e Rl Ol e B e Sl G S e e Sl
Ans e OLE 1 gl w0 L

2go g ojlw ¢ iingfy g cole i / ¢

el juby  andy g oo so)laih_ pjlan g ¢ g

Cuol) pol gloriph Ll


http://journalisss.ir/article-1-555-fa.html

[ Downloaded from journalisss.ir on 2025-08-29 |

[16] Wen, Y.K,, and Kang, Y.J. (2001), “Minimum building
life-cycle cost design criteria”, Journal of Structural
Engineering, 127(3), pp-338-346.

[17] Kaveh, A.A., and Nasrollahi, A. (2014), “Charged
system search and particle swarm optimization
hybridized for optimal design of engineering
structure”,. Scientia Iranica, 21(2), pp.295-305.

[18] Gholizadeh, S., and Milany, A. (2018), “An improved
fireworks algorithm for discrete sizing optimization
of  steel skeletal structures”, Engineering
Optimization, 50(11), pp.1829-1849.

[19] Moghaddam, H., and Hajirasouliha, 1. (2005),
“Fundamentals of optimum performance-based
design for dynamic excitations”, Scientia Iranica, Vol
12, No 4, pp.368, 38.

[20] Gholizadeh, S. (2015), “Performance-based
optimum seismic design of steel structures by a
modified firefly algorithm and a new neural
network”, Advances in Engineering Software, 81,
pp.50-65.

[21] Saadat, S., Camp, C.V., and Pezeshk, S. (2014),
“Seismic performance-based design optimization
considering direct economic loss and direct social
loss”, Engineering Structures, 76, pp.193-201.

[22] Razavi, N, and Gholizadeh, S. (2021), “Seismic
collapse safety analysis of performance-based
optimally designed reinforced concrete frames
considering life-cycle cost”, Journal of Building
Engineering, 44, p.103430.

[23] Ghaderi, M., and Gholizadeh, S. (2021), Mainshock-
aftershock low-cycle fatigue damage evaluation of
performance-based optimally designed steel
moment frames”, Engineering  Structures, 237,
p.112207.

[24] Kaveh, A, Fahimi-Farzam, M., and Kalateh-Ahani, M.

(2015), “Performance-based multi-objective
optimal design of steel frame structures: nonlinear
dynamic procedure”, Scientia Iranica, 22(2),
pp.373-387.

[25] Jiang, L., Jiang, L., Hu, Y., Ye, ]., and Zheng, H. (2020),
“Seismic life-cycle cost assessment of steel frames
equipped with steel panel walls”, Engineering
Structures, 211, p.110399.

[26] Lagaros, N.D., and Magoula, E. (2013), “Life-cycle
cost assessment of mid-rise and high-rise steel and
steel-reinforced concrete composite minimum cost
building designs”, The Structural Design of Tall and
Special Buildings, 22(12), pp.954-974.

[27] AISC-LRFD, (2001), Manual of steel construction:
load & resistance factor design, 2nd ed. Chicago:
American Institute of Steel Construction.

[28] ASCE 341-13. (2013), “Seismic provisions for
structural steel buildings”, Chicago: American
Institute of Steel Construction.

FAv e bl = 05 s s bolatle b w1 [Y4]
(OS5 Olaztle Slidos S e ol Sl (1YY
Sl 5 s Sl

bV 7 399 g ojw il g pale aypily

0

[1] FEMA P695A. (2009), “Recommended methodology
for quantification of building system performance
and response parameters”, Applied Technology
Council, Redwood, CA.

[2] Eiben, A.E. , Smith, J.E. (2003), “Introduction to
Evolutionary Computiong”, Springer-Verlag Berlin
Heidelberg.

[3] Deb, K, Pratap, A, Agarwal, S, and Meyarivan,
T.AM.T. (2002), “A fast and elitist multiobjective
genetic algorithm: NSGA-II”, IEEE Transactions on
Evolutionary Computation, 6(2), pp.182-197.

[4] Coello, C.A.C., Pulido, G.T., and Lechuga, M.S. (2004),
“Handling multiple objectives with particle swarm
optimization”, IEEE Transactions on Evolutionary
Computation, 8(3), pp.256-279.

[5] Zou, XK, Chan, C.M,, Li, G, and Wang, Q. (2007),
“Multiobjective optimization for performance-
based design of reinforced concrete frames”, Journal
of Structural Engineering, 133(10), pp.1462-1474.

[6] Bazeos, N. (2009), “Comparison of three seismic
design methods for plane steel frames”, Soil
Dynamics and Earthquake Engineering, 29(3),
pp.553-562.

[7] Priestley, M.].N. (1998), “Brief comments on elastic
flexibility of reinforced concrete frames and
significance to seismic design”, Bulletin of the New
Zealand Society for Earthquake Engineering, 31(4),
pp.246-259.

[8] Chopra, AK. and Goel, RK. (2002), “A modal
pushover analysis procedure for estimating seismic
demands for buildings”, Earthquake Engineering
and Structural Dynamics, 31(3), pp. 561-582.

[9] Chan, C.M. (2001), “Optimal lateral stiffness design
of tall buildings of mixed steel and concrete
construction”, The Structural Design of Tall
Buildings, 10(3), pp.155-177.

[10] Alimoradi, A., Pezeshk, S., and Foley, C.M. (2007),
“Probabilistic performance-based optimal design of
steel moment-resisting  frames”, Journal  of
Structural Engineering, 133(6), pp.767-776.

[11] FEMA-302. (1997), “Nehrp recommended
provisions for seismic regulations for new buildings
and other structures”, Washington (DC): Federal
Emergency Management Agency.

[12] FEMA-350. (2000), “Recommended seismic design
criteria for new steel moment-frame buildings”,
Washington (DC): Federal Emergency Management
Agency.

[13] Gholizadeh, S, and Ebadijalal, M. (2018),
“Performance based discrete topology optimization
of steel braced frames by a new
metaheuristic”, Advances in Engineering
Software, 123, pp.77-92.

[14] Ghobarah, A., Abou-Elfath, H., and Biddah, A. (1999),
“Response-based damage assessment of
structures”, Earthquake Engineering and Structural
Dynamics, 28(1), pp.79-104.

[15] Mitropoulou, C.C., Lagaros, N.D., and Papadrakakis,
M. (2010), “Building design based on energy
dissipation: a critical assessment”, Bulletin of
Earthquake Engineering, 8(6), pp.1375-1396.

lIceld july _ pady g Jaa so)laih _ p)lan g ¢ (lw


http://journalisss.ir/article-1-555-fa.html
http://www.tcpdf.org

