J. Analysis of Structure and Earthquake

Volum 21, Issue 1, spring 2024

Issn: 2821-0999 A RS

olao oSug: www.civil-strj.maragheh.iau.ir

Seismic Optimization of Steel Moment Resisting Frame Using
Uniform Deformation Algorithm
AmirHasan Alizadeh
Lecturer, Faculty of Civil Engineering, Ahar Branch, Islamic Azad University, Ahar, Iran
Mehdi Rahimiasl®
Assistant Professor, Faculty of Civil Engineering, Ahar Branch, Islamic Azad University, Ahar, Iran

Mehdi.Rahimiasl@iaut.ac.ir

Keywords: Abstract

Optimization,
The overall aim of conducting this research is to optimize the medium steel

Short steel frame, bending frame in the level of life safety risk according to FEMA 350. For this

purpose, two 3- and 5- story steel structures have been considered. These

structures were designed according to AISC regulations and then subjected to

Life safety performance levels. seismic optimization using uniform deformation algorithm. The method of
uniform deformations, which is one of the fast methods in optimization
based on performance criteria, has been used for optimization so that the
dispersion of plastic rotations created in the structural components reaches the
lowest value and convinces the permissible plastic rotations at the level of life
safety risk based on FEMA regulations. Opensees open-source software based
on nonlinear time history method was used for modeling. The aim of
optimization is to achieve appropriate performance at the risk level and
performance level simultaneously. Also, the improved structure has been
subjected to earthquake records with different intensities and its
performance has been examined. The results indicate that in the process of
using this algorithm, convergence is well-established and the use of the
objective function of plastic rotations is considered one of the most
suitable methods in the optimization of steel structures. Changes in the
distribution of materials from structural components have been made mainly
from the upper stories towards the lower stories and from the side members to
the inner members of the frame. Also, the optimization in the level of life
safety performance reduces the weight of both structures and leads to a
reduction in their weight between 9 and 20 percent.

@ @ This work is licensed under a Creative Commons Attribution-NonCommercial
4.0 International License

.(asL o Creative Commons: BY-NC col, o5 Ml cro 05 cos 5 o)

Uniform deformation algorithm,

YA



https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

LTC?E

&

L

°
J—8)

.

SIS punti s 491 51 031wl b 60V 90 S8 (glojy) (g3l dinhs
C 198

03ljele yu pol

=N

U‘)”‘ ‘).bl ‘LS'Q)L“'" ol)] oli:;‘._ila ‘).ml »‘9 ‘u‘).o.c 05; (e
-:EGJ-@‘ ST ) SN0
Olpl ol e sadll Sl3T olKizsls ¢l axlg oyl pos 05,5 Lokl

Mehdi.Rahimiasl@iaut.ac.ir

VFey JJ":J;LJ%'@JU \F~\.x;&..a\\9:¢éb_):'cut:

FEMA bl Gb Gl asl st sl 53 buge o3V st O (ilaaig Sda Goiow ol )
;J‘:" ol sl 4;.9;]1&.3); A.E,Ja 0 )VC)W Sl L: 6>y}3 6&)’@ 92 g)jyd.'..a J‘i"b J.&L;& 350
30 St g (sl ST it s S0 g 5l eslital b e 5 0 1 b AISC G4l b lao sl
Sl 53 S 5l K &8 IS Gl ISGas ass Al Sl (sl ) (g5leaig:
Golss Sasly b el b SIS gilaang ¢lr sk Libs @3 Ses slalas wlil 5
QU Ch“)’ Sle Sy a0l s 5 edewy e o S o3l glil s el sl Sty
Ll Opensees 5L S 153l 5 5l 3ludde sl bles 1311, FEMA Gaboml ol Sl el
cla.ﬂ)z lie 3 Sas a0 plaws Gileane G cll add eslinal et o Sley a0 5,
Loadls slas, oS5 o ol (olag Gosle poman L o Juwajyyawckdjjk}
Ly ys Las o 0L Gb sl a3 SVE s ol s 80ks 5w S 15 il gl
IS Sadly sladlss Gds w1 esliad 5 e sbml gt ol SKen 0, S cnl 5 eslind
sl 3l éL,m &5 Ol et 358 0 smis 63V Slaesle cilaags s ba iy o Sl
B sl slasl G 4 LS slasl 31 Soml Slib e o YU clib 5l Baes (gl
Nﬁoﬁcjb}iﬁdj}ﬂgyp_-yL;delﬂ‘zjmckﬁﬂ)ééjw‘;n@u)w;&)y
e Lo Yo B A Ol 03 JialS @

Sl ooyl 69 ,Slas ol (198, o IS s w5 colsS 50V 53 B oo luangy 10 5l S




VY Sl o) osled oY) oy9s

5 48,5 )8 hlizee Slacad L dljl; sl sy cou giluaie sdl> e
] 00 W) u] d‘b})J .))S\Lo.c

Jood g g, -
Silodine pinysSl cwl oY ojls sl dine 2ol & Gy Sl
oy o5k 3 Slas g Zuoly p8 5o 53 g 20 ST (g0l wledd (gl
g Cuwl o odlitwl Jasye  Seold oo il o5l Julos (gl e
JR eise s maw 93 )5 ojle 3Sles (giludlnr whyeSl
gaw 2 A 4ol Ful cwl oY B o > plply 28 (o
P WS Cax 3 5 pskie () sl 29l Cilise lajlas
ol 3)os (30035 (sl ) )55, aw Sl piY o fdos sl
2 V5 0555 aw cov bojle by coles ;o ol o odlitl
3 sy 290 sl 0us oliie J1a3 350 03l (slyy Ayl (gl
PyS e
(Silodinge N9y Jobo 53 ol gl ploj Sl Sl 4 d255 L
b g o jblie lagle s g Al slad)sS) (2,5 (el
Wl 0 plosl gl o3l bl y
ol YA-- ubo,j Geb drcnlBulis gasgemme bl Gl
o Ned pbie IS 4 jhd s p el bewlEoks
Qs gl b (YL 15T b 0.2T o3b )5 gl bawgio gl il
wile ol wsls oloy T a8 wily s waw o] 55 asbioyy]
2 &5 ol )3 oLl )90 (glad)s8
BT sl o 039l (V) JS 1o dbgrye (slacilo 5V Jga

oo

PSSl g 5185 w30 L5 Waojle (59 o plosl il
plos o8 Lt 5 Jizte ojbo slil plo & 58 Tl 311 35 logys
Soce |y ol (gloj ) 0, Slos lgi oo g0 wolyd D63 Cud )b us jo 1y 15al
PSSy pgo a4 ojl ) JSB S @i 398 ol ) At
sk Dl s ojle )3 5l S8 s ol @s 4 g Al
- Bl e o 3l eSS Cunl Sen Lasl plo (o b S s 4S50
3 e 51 4Sapgar 313 3935 e Caglin it oS LS|
Cuomwr 43 05l g Bl ial38l Ll JSKi pess g alS Lael ol cuoglio
5 B pials &S bl ey salp hy Sy geslis g
@aﬂ: PN Lg);.,\:g}iw oo &S ol ol o‘).o.a: 059 u,.@‘f L c;m91§.o
1o 4y Lasl dan JSU i g 00 @y SISy psb 4y ol Sl 390 slas
cops & Lasl jl (B a8 canl lojl | i bl odpm) 395 e
Glojle i Sl Kb s (uSey Al ol Bua g pdy JSS
CEI5S s34 oSSy o] 5 48 el (59 o 03l JS s 51 208
b plos ) sl (sl o5 5 5 Ll g A3l 045 iy
2okl FEleSy Gpso 4 ols > JSbyd mig cusl Y gl
MolS Sygo s ) 55 ISy @5 &5 ol dalgs sy (glojlo coles
ons 5 Slojle cpin 45 39 0 Hla) Oyge oyl 3 sl ool S lgiSS
b slojlw 5 e shyld lainyge dSles blyd 3500 ob)gi)g

[vs¥]

s e S 50 55 L ol oy ol plisl 5 41 550
Olyise s gdaw o 53 b w208 sl bl (s 9 G i
w29l Gy (glojlor madlgd o Buizd oyl )0 Lol il cand 1w ol &
dilize bt gaw 2z 3 plojer (Brae glas (pyieS L Slgie o
Glodol ol el o il atil 55 1) abipl Hlaisyee 5Sles mlaw
iy s s K4 J e s35hos han s bl 1
o8 s de Jl YEVD o YVO jlad mdaw 93 3)50 ol )0 Mo Mg 0
S S5 oS e 5 st b oy ) 3,5
8 i o Ko 3 Bro o3,Skes slajiel)l g ojlo ) cSlyS
oo 3 [Flaslie Ao YO cuiSil 0,93 b a1 b b s Ygoms
i by (53,Skae 2 plo > U slaoil iy ol 45,5 3
gaw S 2 b el oy p Ban Gl ) il walyss
5 odel Cants (sojle coleg d ibie lojed Cyge 4 Caliste ylas



}
;

-

3
.‘\:
25
o
|
YN
R
ol 390 scuwsSulis Clasuio =Y Jado X
Date Earthquake Magnitude Station Component PGA Abbreviation
Name (Ms) Number (deg) (cm/s2)
06/28/92 Landers 7.5 12149 0 167.8 LADSPO0O
10/17/89 Loma Prieta 7.1 58065 0 494.5 LPSTGO00
04/24/84 Morgan Hill 6.1 57383 90 280.4 MHG06090
1.5
| | | g
”@ I I I A
5 | | | 5
N I I LADSP000 >
'5 | | STG000 _3
~
8 g L 1 LpsTGOOO | A
3 : : MHGO06090 o~
Q .
Q
S | | | X
§ I I I e
S I I | o)
Sos HIa IV LN b ]
Ny .
3 | I I
S I | I
Q ! I I
8.
& | | |
| I I 1
0 } } } 1
0 1 2 3 4
Period T (sec)
odlatwl 550 cadlBinlil aw olis sbaad —Y S
ol Olasuive -

D g g ablie e sl oad] sy L) o Gy g HEA sblio by clyy Wojl oyl 5 oolizl 5y50 gblis

" . . . K gy cgblio opl 5l edlatwl (glp il o HEB blio Lo ye:
b (V) bilsy Bollae lagygiw sl oo g by (1 oo ol oo o » éb R ghlie bapgie
el 015 &) (1+) ol ol oyl lasuiie fpusd (gly (o (olig)d I gjlwaine




VY Sl o) osled oY) oy9s

h =0.0034284% + 1.414381A + 88.873312

tw = —0.000027A% + 0.0458854 + 3.999294

tr = —0.0000604% + 0.0978504 + 5.058340

by = —0.011771A% + 3.663344A + 33.917010 ;

by =300 ; A=113 cm?

h = 0.003374% + 0.9361804 + 93.035926

tw = —0.000026A% + 0.0452894 + 5.241278

tr = —0.00005142 + 0.0935294 + 7.662811

bs = —0.003697A4% + 2.2418814 + 47.632919

by =300 ; A>149 cm?

ol 0d (539 335 ddlaie > o) KB lo 55 ply 55 baojle
2 al Job sl o YV ply g LSy clib plos elis))
b s 55 StaMsa¥] o3V5h ellas 1) ol 2o 5
5 E~200GPa diwuiwYl Jodo o Fy=235MPa s s
ol 4B )5 a5 3 Mo ¥ ply s i)S (S Coue il

. [0] el

)
()
()
A< 113 cm? ()

(®)
“HEB gblis (ol

(")
™)
*)
A<149 cm? )

)

s D gt gt g N g 039 e yiastilo cons p A Ll pl 5
Pbign o shea

9 (V) Sl illas dlad dw adb O Cyguny (090 9 dilad
s maw g3 0 eSS gl S s (5595 5l edlatwl b (Y)
ookl b QB 90 oyl sl (b Slosds (g5l aige  S)b
ods pbnl Jole (Sslisl bg) L AISC-ASDBY ol y]
MUL'),,:J 9 e Gt u.uLol » ojle L},».\ &85L Ll

By copd 5 90 £l ddlaie S [F]cul ouds ploul YA«



M_ oG R

Q6Co | 4 oo | A (.3

<
(=]
(=]
on
m
o

M
q087dH 408¢HH d00€4H
< < x
S g ]
A 8 N
ani s
N
d08¢dH d08¢dH d00€4H
—02€E 0c€ 0eE—

600

b ablie - S

HE320A

HE320A

HE320A

H087dH H00¢dH d0¥¢dH d0v¥¢dH H0SSHH m )
< < < <
(=] < (=] (=}
< 3 < S o
o (3} o < o
84] 5a] 84] 82} 9
o e oo T

H09¢dH d00vdH qd0SvdH H00SdH d00LdH M i
< < < < A
[ . (e =
& - - = =
o m m m N D
s m i =

d09¢dH d00¥dH d0SydH d00SdH d00L9H m i
< < < <
(=] (=) (=] (=)
< < < (=] o
o o (2] < o
m m m m 2
o s m 22

d08¢dH d00¢dH d0v¢dH d0v¢HH qd0SSHH m -

—02E—— 02€g 02€ 0c€ 02E——

b el Y IS5



VY Sl o) osled oY) oy9s

ol 1y oYl (s 93 SemaM— SV 3, (F) S
d}LwJM -y ..Ub)L_Sn
Opensees ,ljaley jl (das o Sloj a30,b slaJidos plosil s
Oygo 4y 4] dor 3l el cpl sl L [Vl oud edlazul

stress

Lol sl ol Ul 9 Slwbre ploxl (YL copu 5 0392 5L (20
MATLAB asbiy, b o) bl 505 5 JyisS cubls s sla oo o =
Pl (giloaay B9, 3 5)Se szl pldl b osd el
&9 3l st )18y (90 polate sl ol slaglall g9 3,8
JLss 5> (Nonlinear Beam Column) Lo pé 9w b 5 o]l stran
gas Jsb )3 035uS dbstodl @i 2Uly & Cul 0l 485
el @il alz: A | anlie . ; S
2 @SSl dais & 3l eolatwl 5y90 sl Jie ;0 A 0 aly8 ) —
ol S Sl bl (8) JSi5 3 sl o oolizal lall o g
Je (60Y g8 slogld ) oolitul 5y50 pdhas sl ouds 03> lis Lol
[Agd] a5l o STEELOL o3l o3

E0

[6]63\195 Dlas s g ks, —F S

olelt o S IR gT I CETNA S plth s 5

Sl b 55 o8 LSl blas —a JSé

2 Gl 0 oalatuwl Fiber alads | ablio dawdin slool gl oren
ohite JIS81 | SagS (slaciond 4 LIS JS o 4 glaie o 3]
Iy ahile Sy Jld) oS gy Bl Jao cul D90 ol
Ju s ol 25e 5 (ad) pd ¥ 51 aios ol 3 2yl oml 2
65 ol sl 015 o3litl W] Jobo )3y V8 ) g s0Vsb gbolio
L g 12 (e K 5 sy i G5 15 5

R g e sad ealy ol pold ablie (§) JSK5 5 005K Jas s 1,




Ol 3853 9 dyo0 bl & ilodinge Slibes g0l (1538 C19Sy
Dguis oo 031 aobl (g5lwaing Sllas &g

6095 plolp lojle palie jolie mjgs 00 dje (yl ) Y
S i | IS il 33,50 2Dl Sy sla S
3 e S5 s 3] e (gl & 85 Al S
JBpis 58,5 i )3 g 3y (St v g ghaile ;> 0 Sl
P Dpdy e pbul iz Gt polaw > g ) odd dbxl Sl
I8 2lg @l 4 dlas @iyl LSS K, g el
Jize gilpo Sly 4 cuwl onis odlatul gl cud b Sl
b obols e &S olacud plod lanl jolate cpiy 135 0
C,‘Aﬁlﬂo 9 (AW ua.’?u.wo ‘ML} )445 (dtl) RV u)l.’?ub )‘ (d|) Ltbu—l
o s (glp By oyl Dgd e 03l i alS lojed Cygo 4 Lol
e sl 3 3yl ponl 4l Cpn 4 it i
Cosl p5Y enlie gl San 4 pliod sl 23,5 o Sl lis5e

2538 Jloel (2r0)85 g0 4 Sl o

ol o odlaiiol (V) (gdlasly 51 o5lw Hld,y (gla yiolyl oMol (gly
Tor = (Pso); i e M)
[(Psc)iln+1 = (Psc)iln[max dy; ]
3

(st g0 o s 3 ol gude 5l glrle wSlis di ] 5 &S
Fabl (Psc)i oy 3)90 s gaw )3 pl i gae Sua (obul> dy
013 (b gl Sen ol o)led Bpeo N g pl T gas 4 atuly ()8,
O Ve o cwl LhRen Glg O cups daly cpl il
Sl e oS S bl el Sl oslisl bl puss 5 G Hao
P bame (siluaige Sllas 5 Wi Consy o3l 53 Cunglio b
Ll b g, ol ol sy Js B Olir 4 b 350 1S5 po
5 0 SaoS B o3ll &4 (COV) wlyuss o pd a5 Wb o dald

235 Juols a1y, T s Ko

ot pgbaw 5l Sy 5m 0 Ll ool cawdy ale 00 &ly) 52)sSl 55
Jos maw SO j0 haid 41,0 il b Cusl ol 5 Cund Al
o3l 398 winyoSIl 5l oolatwl b Lol cdl Cuwd piSuw ol 4 g5 0
St o 53 Wlg oo a8 Canl (glojlo (o yiSom) Cpyige odel Cands

DIVl asls 151y asbipl sy ge 5 Slas pdaw 4

S bt o2 9N -0
M3 Seelind I3l cod adgl ojls & col g0 cps S )
< 29500 S oy 090 slad gaw 93 53 0jl 3 Slac 9 2,5 oo

b datio )0 1S g8 Olalad 4 gladie (A pands —F JS

CAPSe (g Sl S (5595

(o oglis dlax il glojle alisee Glusgad uS 5 0950
Slgien ojle Sy e WAL 5[] ) 2l (> 5 b JSS
o plas aasuin ke 5l edlatwl b a8 098 Cbl slagS 4
i 1 cod ol 5l 1) sy loj)) 3Sdas (s slanja
ot 4 (Sas slaceS 5 den ple S culply gl cassy
Ollllas g dnles iy Jooly S dbol Bun &b (gl 1) Cunds
P EphdSS @iy (35 CalpSe & cul sy Gl el plox]
DVV e Jad daled a5l b 6 s jials 4 ol
CEleSy @ig S dpee Gileaie lagy) dsgerme SMUS
By 05:d )3 5 o pokae (giludle Bax e 4 oS5y
Sl Glye @ BISS i ey @iy Sl Y] aie 52 o0l
dae Phb Gl 25 0 oolitel A (2b @ oy sl
B S SISy a5 s Sl sV (slac
@ ey Ban b Sl opl el oad 03l ] 3, Sdes 3900 Cg
opl IS Gun oS bl (slacydgioms (Sl & Sl g5k
iy 55 Gyaody YIS pll Jolhe ccawl oad Jlos! el Guios

] o 48,8

@y il adgl Shb whylaze b gy 5 elizel b lazl -
ool 015 plol a8 abolie s

wd)S )15 Ai (V) Jss g @aiie oo )ssy cod (Jols ol Y
ploi 5 (abmlr 25d e cud ot il pghaw 3 ojle Zuly
Sy Jole sz Gl il Gl > &S ojle sl
o)l o] (COV) @l gy S dgdbe cymesd bl oo
shoe BLd 5l 35290 0jl 13 polie il @iy 28l So8 S

L'/dcg

&

L

° °
J—-8)

/)

)
ay
A
o

oy

X

3
=
o

o
=

U
*

w




\F'V)L@.c\ a)Lo..i: AR 092

w1 g o S5 pod p5 5l st (siludigy clbes od
Aol 0yl o odds odlitwl (sllad b el Koo B 6l

sl 3 oad sbul (s S SNSTy ggeme ,Sibl
D] e casd & (V) bl 5 asb oo bl ) jloxe (35 >

L) -1

n

Error Function =

Juo & s b oyl Jlide do iy a5 Canl [asuie g 0 Ao
S5 g Lael )3 b JSb e (g calysy SOl asl yiSodp
ojlw 039 Lacl o jbxe slalyed g 39390 slaslalyed 29
o) dprgn Gl Gl S5t ol 4 e
ol b ol S605 Gygo jd A Canl oy (Gl ol 48,8

3] 2980 Jols e ol ibgio (sl w25l g5 3

LB il w1

Wb aw i OB Y-

T (8 sla yisu ) el by i yeXl 51 oolatwl b cuond L}’«I 5
sod pdaw 0 1) LS 5 Slas pdaw oS glasS & 558 ojlo (gly aipe
O byd pmiomed ol ool vty il ansls 1y dle FYO A
il oo a4l Y ply o3l ol (Lol gl 69 Ll o Coley o5l

LS 5 Slos g (lao 1 (6 jlwdinge g l5-Y-1
sl Cand ol e g 3 0ad bl Sl p Sl
@l 5 plxl LS 5 Shes g slacdgiome Jlosl L e (sluaisn
bgye wiye (o )y ojl (g Sl (V) S5 50 2980 1))
a5 5 oagdze 3l 29 o0 odnlin 4S jglailen sl ol 0]
@ o (5 b3 g 03900 o (2)S0n 4 05l (9 Sl ny
abolis .l 00 gy 2o )3 T+ a5 ol iy e Silinl ubw
ol o o3l gl (A) JKB )3 o5l cnl slapigi 5 s ol
Gilbe 1) LS5 anld 5l Jols glbs @b Jlosed 5 (1) JSS

e 55 S ol )3 amd e Sl Cal 005 ol (1Y) ey

ool D93 @ols )0 o, Sed dm 4 1SS Fe odgume j A5 4 0

L]

sitle Lael 13 01 ooyl sed Jolia Sstodly i bl
22 5 Aali] e polie dLacl (5 s Sl (slagys I edlatul b
9 By ablie g D90 00 i Lasl 51 G o (gl 5 Sl s
Setdly Sz (2o o Ngdion 03> il (lS @ byt
psie yial)l e S35 095 jlre Sy 4 gds )0 ol Sl
S yp Cow 4y gblis il o Lacl ghis maw Cuowd (pl )0
By CP 5 LS 5Sles gaw )3 39> (el (sl jls 3y90 glaie

bl 9SSl (B (slag s (sl
235 (0 )8 e de 2j Cyge & (iludire wiyeNl B,

4 g g 00 ob Jolee (Soliwl gy 5l edlaisl b adel ojlw =)
e Dpd e 4B)5 55 )5 (gjludie N9y sl 98 ab Glsie
wolis ol 25500 s B sl Jao (sl Y Johas ool

g go 485 lai )3 gde ya ablis ojlul ol d> i 4

basin el 5 35 i Senlis o o o Y
Setdly G52 (2 pS) Db Cuf i Jlad gshaw ) ojle
some Sy (i8> e 9 (Op)Hazard level gy > 0dd Sl
Gopeyd g b s ml uomen 33,5 ooy (Ban)Hazard level
& ol cpl 1l Sog8 B olul 4 osel cansy sld @l &S

IV ]ogs o iBgio (gjlwaige Sllae g wlbbesl dugy ojle lgie

Lacl gblio «alpsy oSyt )55 (ololp o6 ol o =Y
ol by jlme Judo 51 55 Ll o ead dbul Smodly (182
5 oS Le(;l 5 ok dlsol Saiwdly i o &S ablio g o o3l
aw o] 5 dwlie ol s walgs ol LialS wsl jlre e
) 08l Sl 503 ol & Cund 42,5 o plol (00 Sl
Sl o ) gt p5 2 5> guae ablie paw govad
ZART ()

[Alnss = () iJa[max (57 ]

all’;
o) Sl (Staodly i s Oy ool | s glaio s Ay o 0 S
Sely 5552 Bail ooy p 290 sk aw )3 pl T gae 3 0ud
N9y P o)led N g (qwyp 2)90 slad gaw 3 pl T gas jlxe
C)’Lol c.lol.o.o )I o3zl L’ .)9MJL54° L;’I)i‘o.tb [ u.u.:‘)Bl 4 oe



weight(kg)

3900

3800

3700

3600

3500

3400

3300

3200

3100

1
= 10 60 a0 100
iteration number

ol (gilwaisg 4l ¥ QB S 159 oy -V JSS

HE280A
@ =
o §3 53
aJ 0 =
1 HE308A
o =
S o o
N 53
HE339A
m m
& B 2
a 0 am)
™M o Z an
[
. 600 ‘

(LS) Sl (sl s mhw g1 Lias! 2l ablie -A S

I
120

LT(%

=

L

) L)
J=08J

/)

s ]
aN
-
o
-—
):
3
Ea
o
-—
Eay
3
.

)




\F'VJL@.c\ a)L«:..i: AR 092

0.7

LS-Errar Function

U | 1
40

60

g0 100 120

iteration number

(LS) sl sonl sl o p3 4l ¥ o5le sl (il las mb -4 S

acbiyml Jlai dj9e 3Sles pdaw 4 &S Sls U cims slacl &
il 1 coye HuBy Hanl leie Colpd pd g Llodds Cogd iy

bl 1y o) i cow

b sjle e Sl am ojle p ad dbm) Stdly (s> (V) ds> 5
Auslio 3y90 Sl hos) 3,Sdee ans ;5 lgl (glaobpl jlxe jolio
2 polie ol (SuSly cuwl (asuie &S 45Sled Conl 485 1,8

Censs] Q'l porde (JHle 4 g Al ials Lm‘j slxe polie b duslds

(LS) s ols sios! ylas axlans )> 0 dinpy dids ¥ oojle (sliael )5 5lome 5 35550 Sy olyed =Y Jgi>

Element No. 1 2 3 4 5 6 7 8 9
LS Plastic rotation (8y) 3.653 3.056 4730 4.275 5864 5932 6.876 5453 4.323
Level Limit (6,) 3.649 3.008 4.653 4.176 6 6 6 5365 4.275

LS 5 Slos g lao 2 (6 jlwdinge g l5-€-1

ORI B ol 3 il Sgy (b &S cul o] Sl gl
slasl il g ol Slab Caw 4 Vb Slib I bies glas ghbis
s (V) JSeb losd bols B I315 (clsel Cams & (68
sinlite 4 pohailen unl 0 03,5] gy winysSl b > o5l s
o3l (jg lyms cdny )15 B e39a50e I 5 0l ul 53 258 0

b my ohed CB-Y-1

hb Jolee (Soliwl by & oS dids B aiiod OB Caomd (pl 4o
ool b gy o 03> L5 B (clacuond j3 ol S dwdin g o
.))SL;a )|)§ d)L“’W D)90 A S Coumd BEl IXWRP VLY L)“’9) )l
Cw] o.\ai Cawd & M\J V/Yo ﬁl)g L”B o}l.w usl» 0590



}
;

-

—
3
Y
=
o
|
YN
o
Uhgy il oolatel b e b a8 Cawl S5 4 p3Y Ll 0 i 1y 1,85 Aap Moy A dgas 2 ojle js IS Cla ) g o350 Juo (ol Sed & 7
ol o dulee 5 2 33 LB (iS4 e el (V) U5 50 3 o5l cpl slaygiw 5 s olas @blie .ol o

siil s 5 dols glas b Jl3gas o (V) S5 sl o o3l L

»x 10
1564 m
153+
-
1621
1.61*
g2 150+ 9
= ay
§’ 1439F = o
148 * b
- *
1art _3
=2
o
1.46 - >,
1_45 1 1 1 1 1 1 }
0 20 40 60 80 100 120 i)
iteration number i;-
w
odd (glwadisge adbo 0 OB S 59 Ol s =V S
B HE310A HE377A HE310A
‘ m @ oy m
o L & a S
[qU] [ cn o o
™ A 2] 2 )
= = j o} jan]
_l_ HE309A HE368A HE309A
’ m m m Joa)
o0 wy wy o0
= o0 ol ol (==
v I <t < I
- ) m Pl 35
i o= == ==
HE339A HE374A HE339A
m m m m
~ = ) =
o — ~ ~ —
Y] e N < e
> (24 P P 24
ja = ja s} jas]
A HE328A HE327A HE328A
m m m m
o ~ ~ o
{ o) (=3 < <t [l
u <t o = <t
o o) D 0 )
ja = = an}
HE280A HE280A HE280A
m oy oy m
v [==] o0 v
(e < o ol <t
eV O [>=] o0 o
& D 5] ) 0 0
o) = z == ==
- (2| ez \_ x (22 ()
; 600 . 600 4 600 !

(L)l (stms] s s (510 Lias] ol gblio -V S5




\F'VJL@.c\ a)L«:..i: AR 092

0.45

Tatal Errer Function

U 1 1
0 20 40

60 80 100 120

iteration number

(LS)U)B ol ylad e )0 b B ojle sl (gilwaigs glas LU VY S

& Canyd o Aol id e gae o] shb g WSl 3 ,Slee o
gac "J P o gl &b dbul el & canl jlxe S 031l
Bl ials CAleSy Gyao as LS paw pd s ol piseed g oo

Py o o & Cole

&S ol o U5 @l asboe ol 3,80es 290 Sl ope 3 9 OB
Sl 3l baae (slojlo slagloll (g Sl c(s3lodingg Sy b 5
U,BI.) dbé.c\ Cows d)l;f L;Lé:.c\ )'\ 9 )JuA)L) Sl Cow 4 YU

&l
[1] Adan SM. Reduced beam section moment
connections without continuity plates. Doctoral
dissertation, The University of Utah. United
States. 2004: No0.1504; 1-6.

[2] Hajirasouliha I, Pilakoutas K. General seismic
load distribution for optimum performance-based
design of shear-buildings. Journal of Earthquake
Engineering. 2012;16(4): 443-462.

https://doi.org/10.1080/13632469.2012.654897

[3] Basu S, Mukhopadhyay S, Karki M, Dibiano
R, Ganguly S, Nemani R, Gayaka S. Deep neural
networks for texture classification—A theoretical

S5 -V

039 &y dogi b g Jb slaciowd ;o odd lo dlee 4 dng L

1Lgd o0 (S zon ) ygod @l ol Guiod

e OB g Oyt Jloged 4 dagi b g (gjluge N9y (b > )
Iy LS gdaw )0 dobiipl (slacudgiss o5 ailad K (satb aw 0V
OiblS Moy Ve a9 )0 o3l cpl (59 45T 00,5 sdalie wles L)

WS oo

s OB jg Sl Jbged 4 dagi b g (giluge L9y (b > =Y
Iy LS aw 55 4ol (slacudgiome 45 ailad aw (caib gy (3Ygb
Iy ials a3 A dgis 50 o5l cpl (59 457 3,5 sdaline wWles o)

LS o

Gas jd LiblS i 4 39 0 odalin ¢ Jwols guls dwlis b -V
FEMA®LL ] slacydgioes ab sl ias] ool el 55 gdlns
Jols o5l ply ¥ sgds 53 5 039 s dibs ojle I oligS ojlw 5

Ll 0L

S5 alage ojlo 4 2l ojle > dx b aShl )y polate 4 -
oS gie 0 aS Jyan ol (S glld ol (e b ol 0l
2l 290 38 gobaw ()3 Jbre polie jl 39290 (S
o & (JS glod ml g 0 odalin b d)ly s ml duwlxe
o shisl o5 > o5 85 a5 i oy > Sy S35
g Cawl 025 yidiy Sbre Hlde 5l ea oyl Seodly Lid > sl Covy


https://doi.org/10.1080/13632469.2012.654897

Earthquake Engineering (CUREe). SAC Joint
Venture, SEAOC:. www.seao0c.org ATC:
www.atcouncil.org CUREe: www.curee.org

[10] Math Works incorporated. Matlab the
Language of Technical Computing: Matlab 5.2
Product Family New Features Computation,
Visualization, Programming. Math Works.
1998.184 pages.
https://books.google.com/books/about/Matlab_the
Language _of Technical_Computi.html

[11] Freeman SA. Development and use of
capacity spectrum method. Proceedings of the 6th
U.S. National Conference on Earthquake
Engineering, Seattle, Oakland, USA. Earthquake
Engineering Research Institute.1998. c1998. UTS
Library,

https://search.lib.uts.edu.au/discovery/fulldisplay

[12] Building & Housing Research center. Iranian
code of practice for seismic resistant design of
buildings  (standard No.  2800)/permanent
committee for revising the Iranian code of
practice for seismic. Building & Housing
Research Center, Tehran. 1st print: 2007, BHRC
Publication No. S — 465. ISBN: 978-964-9903-
41-5.

[13] Kaveh A, Talatahari S. A novel heuristic
optimization method: charged system search.
Acta Mech. 2010; 213 (3-4): 267-289.
https://doi.org/10.1007/s00707-009-0270-4

[14] Pacific Earthquake Engineering Research
Center. The Open System for Earthquake
Engineering Simulation. 2006; ©2006, UC
Regents. https://opensees.berkeley.edu/

analysis. Neural Networks. 2018; 97:173-182.
https://doi.org/10.1016/j.neunet.2017.10.001

[4] Yanik A. Absolute Instantaneous Optimal
Control Performance Index for Active Vibration
Control of Structures under Seismic Excitation.
Shock and Vibration. 2019; Article 1D 4207427
13. https://doi.org/10.1155/2019/4207427

[5] Chi B, Uang CM. Cyclic Response and
Design Recommendations of Reduced Beam

Section Moment Connections with Deep
Columns. Journal of Structural Engineering.
2002; 128(4): 464-473.
https://doi.org/10.1061/(ASCE)0733-
9445(2002)128:4(464)

[6] Alavi A, Mele E, Rahgozar R, Noroozinejad
Farsangi E, Takewaki I, Malaga-Chuquitaype C.
Uniform deformation design of outrigger braced
skyscrapers: A simplified method for the
preliminary design stage. Structures. 2021; 31:
395-405.
https://doi.org/10.1016/j.istruc.2021.01.099

[7] Engelhardt MD, Winneberger T, Zekany AJ,
Potyraj T. Experimental Investigation of Dogbone
Moment Connections. Engineering Journal.
American Institute of Steel Construction. 1998;
AISC, 35(4):128-1309.
https://doi.org/10.62913/engj.v35i4.711

[8] Fajfar, P. Fichinger, MA. N2-A Method for
Nonlinear Seismic Analysis of Regular Buildings.
Proceedings of the Ninth world conference on
Earthquake Engineering, Tokyo-Kyoto,
Japan.1988; V: 2-7.
https://www.iitk.ac.in/nicee/wcee/ninth_conf Jap
an/

[9] Hamburger RO. Recommended Seismic
Design Criteria for New Steel Moment-Frame
Buildings. Federal Emergency Management
Agency (FEMA-350). 2000. SAC Joint Venture.
Structural Engineers Association of California
(SEAQC), Applied Technology Council (ATC),
California  Universities for  Research in

LTC?E

&

L

)

.

J=08J

2



https://doi.org/10.1016/j.neunet.2017.10.001
https://doi.org/10.1155/2019/4207427
https://doi.org/10.1061/(ASCE)0733-9445(2002)128:4(464)
https://doi.org/10.1061/(ASCE)0733-9445(2002)128:4(464)
https://doi.org/10.1016/j.istruc.2021.01.099
https://doi.org/10.62913/engj.v35i4.711
https://www.iitk.ac.in/nicee/wcee/ninth_conf_Japan/
https://www.iitk.ac.in/nicee/wcee/ninth_conf_Japan/
http://www.seaoc.org/
http://www.atcouncil.org/
http://www.curee.org/
https://books.google.com/books/about/Matlab_the_Language_of_Technical_Computi.html
https://books.google.com/books/about/Matlab_the_Language_of_Technical_Computi.html
https://search.lib.uts.edu.au/discovery/fulldisplay
https://doi.org/10.1007/s00707-009-0270-4
https://opensees.berkeley.edu/

