_ J. Analysis of Structure and Earthquake a5 — ol U1 aslibad

Volum 18,lIssue 3, Autumn 2021 Ve 50l Vo leds VA 090

plgd oloj 5T 51 oaliien! b ilides (gl gy S b (5 SO ol
NP
! gl e ool 83T K15 « sl 4l eyl yot custigs 05,5 ek (i IS (ggmitils
aﬁ)ﬁ%u:*’&"’ Jeslon!
] epmsly e oMol ob5T oS08 «pul, Al 5l o (casihigs 03,5 Loz

e.mosapour@iauramsar.ac.ir

todSz
);@J.\:goiau.«swwv&t@&f&&;lmojuoij;supwdu;;J?uu—%,\?uzb&,‘rbwujuzw
QM;ALZMCJJQ.NL)‘:L&A cmlﬁb&jb_}@.}u& Or dlﬂ) J)lﬂ)) a)Lw CML"‘ JJA:JL;G ob‘J)lJ_; J\.SL;c \'\ﬁ g_)’:".'.\je\ QLA) Jjja
}ETABSJJ}\fJJJ‘eJLLL«\LM/\)O OL&)—:}'L«J}J \J\:;l‘u.!llm ()—_’.\JD .JJ;dﬂ gf’ti))‘ ajLw )ﬂa&}&.&é}@ﬁ Ll ‘&'.’.J}J
QJLWJ‘ 4 o UG&W.U okl f‘k}&d#&)ﬁb&\ub Jﬁ"j bl},@ U’”L"J‘f mj;"j).hw}l& (_gLa‘_;Ji,\JJ_(,;L
Gl las 3515 Lol sse plss Oles ras Lok 5 daegte Sl p s JSE L @b A 50 o OB Jlex paamma)s 5 eddlir
LS iy a0 360 4,25 illes o5l slael et o folie 3 58 e eslizal ETA20-KD r\)s Ol S s @U S OBl s
6]3..1;“}1.:2[{L;l:;.6[.&;_.)[5A{CA..»\JMf\)bdlﬁ)')j:asv.gb}6‘)‘)gjﬁj6ﬁiﬁ£}§.ﬁl€L;'..’I;_LSUA;_JBASMJ@OU.JA&SUAAO.L\@L’Z
Olazla ol 5 asBYe s IV/PY Gladles 5o i f roiis 5 bwsie 6 ph JSO L adb 0 Olaztle ol oS (g 5b 4 ks Lo s
A e 25 U NT/AA 5V T (gladles o S ey 9w g IKE LAk A

ETABS 1531 o5 ealys oy oS ,o0 ald oy ol wolos el sonild Saliys o2 plys olog Ubs, ¢ 03519 ol


mailto:a.khodabandehlou@iaurmia.ac.ir

VEe el o o)lad VA 650

oy )8y il bl 4 g b (93Ygh )b (b a1
)5k LS5 (o552 [5]2013 L 3 lal VS 5 518
Sl s p)8 pglie (Gl dinge UKL Jo )3 & o yile
ol o o3litl o5 @y Mg sl el 03,8 Iy
olo; S5 @y 195 )3 whpeNl ogs 5 Slas 4wy (oo LS
P e o Josyl gy sl canlio Jloj il g cdd b plgd
zr S glj) byl Gyl olej Ui, 51 [6]2014 L
el 83 0 olil g > ly (s ape Wil Slpbee
dglie (o381 (Sealind Julods g (Sloj axo )b Jelos b plgs e
oad bl 2y 5l gdm 93 b Jae G jsbate (nl sl 95 o0
plos s LT 45 canl o Lasedio 8,5 18 idod 3490 o
Jod g Bua ploj 3 1) Sloj o)l bl il Sl
5 Gd Ny (e3S Jod JB B L) Ll (Seelid
loj ) o )3 ples plo gy 2008 [712015 Jlo > o, Sen
h ity Saol Sl @ jeexe 3Y58 Gl las s
Sl wsllae (5530 (59,65 il (gl gy ol 00,8 )
2 bojlo gl (o i 5 plgd Olej gy €83 98 03litul
Lol oyl sl 0l (uy Sy oS g 48
e g plmle aile She g5 5o S OB (wiige
Oles sl gomia | oalizal b 39 0 35l i ) s
Phb Y58 ol 3 b Sle coal o 39500 jaStie plgd
Slo5 ) 3 Sdas 35 9 (i Gy G S ialS sl 0
B ke [8]2015 Lo )5 (26l § (cou) D98 L
pls> oloj gy jl ekl b ol cxl (ol (objl sl ]y 53V
593, dunlio yl3l (Seolyd Jlow ] bt 9 260,82
ot el (Seels g b plgd loj (hgy 4 A (LS b
< 012015 Jlo 3 gllses 5 (2l el )l Sl
plo> oo gy Sl edlisl b1y 4] oty (phad B 30 (clasgons
dglie (ol 38l (Sealins Jlos L 1) Jlow mls 5 63,57 (2bj))
5055 92 b ol & b Olid oS amd e (L S
5 2yl ol dnd o o] ST (el w0 &) i
Ohsy e plgis 4Ty ples ploj (b [10]2017 Lo > oy Sen
Sire Ogn Sylidle 38les p e (2L sl eslitl 5
B9 3 Pl (bgy cul )3 3,8 Gheogs b glgel cod ol
Soae ggo sy Wil wdine a3 Cuolitel (loj
4 oloj CbIS L o b0 (Pl (IS @ 290 &l 4 pgwge
oty el Case ¢ ulpl b QR gl Sl o8 @)
b iliska Lol 3 1y ojlu 5 Slac Sl e 45 cnl o) o0lediin
ogdle S byl dely aou,b oS g 4o o sk jl s
ol Gy &' (Sloj (poll g oo Waojls (linelol i ¢ (ol
Gy ool W ¢ adlllae () 3 398 Dbl e ol Jod LB o
Sl S dgae lipl Juo (bl el ol 2,08 g (egias

35 o3l 56T anlilad

doddo -
bl syl 8l oy g laljsl couw dinej )3 3 glo iyt
ojls ALk 5 b x> lagbyy slp! glp e L
LS gy o sl Sy elos) bl oS sloy)
w29 (2001) 2 (53 1o 5 2y o {1995) cyl5 4,55(1994)
b4 sl it Woj) (e 5 5] (S (2003) )l
Mg g s doojl 3980 el Waoj) oo 1 5o ol
Ngd olyen iSta (oolal Chlus b e awdige o
o sl Lagoea o) jlite) g el JsaS5 g 2ol 4 L ol
015 45T IS 4 0 Sles  itie (sladilp coyty 5k )l
sojlud puley Jile a cobll Bl alagts) opgecwl
oY 0555l il ol sl sl 1y a3l ols @los 5 gkl
e (>hb G3,Sag) p 3 e sl el gyl Sl
ol DS (oo ol | (b e Sl Sugp0fng 4 g 3 Shes
b e Sl g Sl s pé il sl 3
o gl ailyglgs Lo azesu b il 13 <SG eplgd loj b, s
O)ly by ojlw &y caslan il (o5 S5l bojlw 4l o)
Se lgee s Pl los UBg) Ssdie iyl bl 3,Skes 5 0
Gl b slosil g Joleo (Sl (o) sl ceiSile 48
2 sloj) Jdos sl plgs (loj (hoy sl izmen 9 il
Jbo > hlen g (2ll gde aS i s as
sloi) s Jos sl ) ply gloj (hey 6121112007
b Bl aw I slasgoome ) el slp 9 9303 )8 () 23590
Ll dedos gl g woly 1,8 oolaiwl 3y90 (63Y o8 slld (ol
&S Oygeo cpl 4 00,8 dunlie gl cabs o Jolee (Sl oo
oS @l g ol il Lo b (I3 glagys 5 Clib ey
5 oSl Szl cilbe Jps B slallas s b Sl
ool s Glike o asls [2]2008 b 5 oiSen
g b Gloj aou,b ool ool b I (03Y5 (el
Glayasls &S W o s gl 005 duslie plgd by Juloo
25 39 el ploj Jdos @l I plgie |y (ol il
Vs OB S, sgy » [312011 Jlu 3 oS 5 il ysle
plg> gloj (bgy 3l eslisul b (Jad yud Julow golis 9 03,8 adlllas
onih cpl 4 g 138 dwlie (b pd (Sl Jbod S L,
s gl b plad loj sy edlitl by o gults o Gt
$ALplle g (2 Bl )l le cdlas (ad pé (Sl
2 el olej ey os 200 ln 1y (o) [4]2012 JLs >
SIUT 31 00l b g, cpl ol ) 63¥g yjlke (elos) ol
P9y 3l ool b )la,Sl (e3¥98 (ie Sy (g dw (oS et
oAb 6,850y sl (slaibe bl 5 15 plos Sgime el
ol 29 Jgine €83 I (Sl il gulis a5 dulie Jgans
Cost 5> ol 3p)l8 g ooV (ile glej) slaguly 25l )3



Sy dsge S ALk pladle (o Cl)jde eluly (Jas
Sl (hd e Jlod 3 odlatul gl |y (s e sl e
CS e doyd polie &S Cul Cygo cpl 4 @l 0,8 g
Sl Sj (6388 @ bojlo (VL glacind  ded sl
Ot b5 a3 )3 46l ol lgie ) bl g o5 aS
sl g JB polie by glo)led & Cuwl sl asuie
ASCEAL- oolgity polis 5l it s Wlgio & (oibye
13 Logass o iad B ol (slopygios 5 by 4 a2L13
POl 5 (3500 1S (0 3,5 1S (0 5118 (VL (slacions
9 Phb ile ae 2 ) plyd ooy 2y, [1712020 Jlo
los) Gl s I (b b 538 ealiul adb dix leis Lo
Clo dja & 098 00 (Ahb S p (e Jgere B9y i |

Sy o JBls 4 1)

& Jwe-Y

)JL;‘ )‘ oaliiwl l) Clw.n o= dl.tbul& Ls)l’))l )4&3.3 ) dl).,
o 3555 ol 53 sl 005 02lizsl ETABS 331 p 5 31 pla ylo;
0438 CullSolid Cod 0} g g lawgio (6l Kb b pdane (4 B
Slyldges S )8 (lainyge b b b cusline)
s Oy Kl (oo ol 29800 maw i pled (loj Gl
adllas cpl )3 28l Loy 9 By (B (slagps ool il
g b s o ool 3190 8 i L
& Jalooe s aLb 5l esel cuns 4 GleMbl I oslitul b
Dydee plol plgd (loj g, jl oslatnl b s

don jd Olib ela)l aS 03 4o A 9 0 (gl o5l (Jad gla Jue

@lgd o SO o0 &algi Olasuin V-Y

Al ol Ban (68l i 13 plod o (635 ) otas glis
Conl Ll adgi 5> ond o3ls gy (sladgp akald ;5 K> ol
Jsb > Lislds plo aiS (oo iy cuponl (s 8 087 )5 o5
plg> olo &l Mg il adgl olide 0520 ¢ Sloj B 3,55
ilisee Gl s 4 JolSS Jolpo Llod 1 g 03500 £ty gy
b )8k plgd ooy (slodysSy gl sy Silodd (i s
2 b 3,08y cpl 518y 0 o I (3905 0B P (b
o3l Mol o e |y plod oloj sy pore oS adsl cYlds
o3l b g5 i b it i il 351 Wn S > o 55 05
Mol b a8 sol oo 4y (Jad Cads 03950 )3 (o338 (g5l digy
poo Jous i) ISy o (o b o Cap il 092 5 b
Jus 3 Wlosds i 5 (S e 039350 3 plg loj (sl 3,65 )
S sla S g 2ad &S plyd S LI Sl )5k e
sl 0 35 3,68, A Al 8

V.. )""l) Ay O)Lo.»:} AA o)sd

s —o5lw },JL;T dslilad

ol 005 0305 7y )b zls Wl Zlgel ulwl p obys col
e ol gunly 25052 53 g cul €8> 85 Jlai p> ki 4
L zge colinal ploj (o) @ls awlie sl dgaome ol i)
ol 4183 s Cawl 0l odliiwl diclw 3 Bolal Bilow guls
slp Sl Slawbre (by) So zge Cuslitul Gloj (29 & ol
P ooty g @le il cwlio s b glisle Gl oo
e dmogi jolale 4 ba> by S [11J2017 JLe
odd (B plpd plaj gy pelelp (oS sla Sanss
plg> Gloj gy (siue (SIS (e W3 o LS ulisca]
Ciillas ol (Seolnd 3T 1 itpo (SaS (oxio | Ygans
oyl LS wa  [1212018 Jlo )3 Slys ¢ LoolSaul 2yl
plg> loj gy jlodlatl b1y (sl 53 poliis (Slal g (o8
e b plablo cpaiy adlbao cpl 53 200l )13 () 390
Ao yo > Canl o (Sl Bylxio slaaS” ull y doyl 40 4890
s pled oloj 3T 5 0,8l lag] (s i o
O Sljlas Sl Gy (B )l polis oS A5 asuis Ligd oo
&350 0315 4 W ysios 5 Uy sy 3 ASCEAL-13 Laugs o
st BB Gz B)b 18 b ledle SBed slacomd > o
o e l5 1312018 Lo 3 2ol 4 (Sl A8 o Jess |,
leoliiwl b (soYgd ied sl I solaws (gly o ylus Calisee
ol L gl 5 23] (rass Bam oo £ 99 L plgd oloj by
015 oanlie. 538" duglie Sl oy (polide (slooj ) (eoj & bgaye
SBan oloj b plyd oo (39 Goolo S ol &yl 251 45 o
San loj 5l olaal b g (o0 g Cosd JoB LB adoon o
doe st JB sk 4 e s il ol coud o]
Sy bl by G [14]2019 Jlo o oK g (Sulie iy
ey gy >93)5 Sty 1y plod ploj v @y Wy
ol 00 (Byme plgd oy S8 2l sl bx b 2 K
s (ilodend lp |y Gladgn lad S5 g s o
iy b9y NS (o bl plgd (loj S0 @l il A
dgdise ol hax G20 @y (Silodnd slaie &
03U sloglys (oolatiy (sjlo die sLad cnl LW (o 12
Wlodds (silosnd Jgane sloby; b a5 alagl b ord a)g
5 Plgd gloj o @l 8 1 dgue ¢ @l gl e dnnlie
5 05 i v ol 1 pgY Sl oloj (rizren
OB dib 9 (o 4w ojls Sy [15]1399 Jlo 5 ool
» LRB Sk boad (gilulia 9 )13, a4l cdls 53 53 (gatnylee
ol &5 55,8 oo pled loj b, 4 SAP2000V21 133l p
29 HB ie (50 5 (il i 34 sl 136 alol>
4 S 015 (Silolix o3l > b By g Slib s Sl )

Jlo jd W5 g 0dljyae dad o Gl ) <ol il b ojle
Cygo & gdane (50 A9 o b ol b (ool [16]1399



VEe el o o)lad VA 650

52855 50 o odlatl 350 ablie Clasuio — ¥ Jaio

bowgie gpedy IS L aib b Jue

Tylaih C43-12T16 / B43

T aih C40-12T16 / B40

pliy £ 4ibs CAU-10T16 7 B4U

cna s C35-8T16 /B33
oieg gy M85 L aib B fue

Fa ¥ ik C40-10T16 / B40

ety gl F i C35-8T16 /B33

boogie gpads MG L AT b A fue

Y aih C45-16T20 / B45
Taib C43-16T16 / B45
By F LT aib C43-12T16 /B45
Fail C40-10T16 / B40
¥ aih C35-10T16 /B35

4zt 5oy el dih C33-8T16 /B35

oirg epedy 85 Lad, b A fue
Tylaih C45-12T16 / B45
C40-10T16 / B40
C35-8T16 /B33

B, F. Tl

wtysgpl ¥Rk

G dw Jde pd (s oIS LY Jous

S dw Ja )3 Jas §)1IS)L

2KPa Slale o a8 es e L
IKPa SlEds o ciF sy
1KPa ol b
3KPa pleaids o A5 e b
15KPa pleaids jo a¥ sas; 4l
0.5KPa (massyzle; ) Jae bs
6K N/m SlEb o Jed  slaglas L
3KN/m plail o g sllean L
3KN/m izl slaylse sl oj)

Sn 90 Jho pd (Jas i (oIS )L - ¥ g
S 93 Jda yo Jasad IS0

22 6KN/m SlE ks 8a e Sl
SKN/m
4.5KN/m
25KN/m
6.8KN/m
1IKN/m

S J by s ¥Y-F
G SS L b A g0 o ojlu sly ol Gudss ol o
9 s gy 25 o0 plonl (b (2L g JloS 0y g bawge
ot 5 b ygiw by Tl &S cunl Sygo (pl 4 las ik

35 o3l 56T anlilad

ol o 03 LSy Jodo 30 plad o o0 wlgy lastiie

ply> ploj Suy28 @lgs pow Jud 2 (ETA20KD) o0 &b
i e 456 20 5 loj ote oS il e

Tlao Olasuin Y-V

Aol Jodo « 25MPa g, lid Cooglio b o5 5l aios ol po
oGl oud odliiwl 0.2 ygumley oo g 24320.5MPa
oahas Coglioe 2¥10°MPa dtuino¥] Jodo I laygile,] o1y
Cawl o o2lassl 600MPa ol Cuoglas 4 400Mpa

ol 03l L ¥ Joda 53 3uind (pl 50 o odliiwl 590 ablds
(ol 355 55 B B 5 g 55 Stz 9 C By

\s Js.&? 5 u‘la>)"° 9 u]a> L;L:a‘_].\.a L;\){ (B Qi‘ »lsL
ol 044 031> ULM; A

plg> gloj Sop9 @y Clasede =V Joso

oyl | Jui | Jgb G b | | aggana gl
ok gy
(al)
S jal b 2 adslgleagfy | 1| 2048 2800 yluilial s Sl | 3 Acc20
3yl

aliShgy| 2 | 048 2800 3wl Wi Sl | 3 ETA20

amalic| 2 | 08 A alic | 3 ETA20b

amalic| 2 | 08 A alis | 10 ETA2

ali 300 sl sy poviglal | 2| 2048 g alin| 3 ETA20d

b e i pawlia | 2| 2048 o 38 7 busgo | 3 ETA2e
C i FENAD

o obs 8 dlply %025 | 3| 04 o 38 7 busgo | 3 £TA20en
A e 3L gy G MO FEMA
s 4l

RS egualin| 3 ETALE

3| 048 | MOFEMA ) D bugia | 33 | ETANIR Y

3 a0l 3 00 iy i
iz ailss p s

3| 20e8 | ASCEP  cutis i igai | 3 ETAT0p
ol oy

aoli ol dwlio gly cslio | 2| 4095 | ASCET J Lk it digai | 3 EThle
A

b apar bl ols Qs gy i | 2| 4096 | lsh glojbe g ali | 3 ETAdth
b o4 fi




bl e ool 1ol S (it Sk g Lilod plosl jlae
0l bl ¥ ol B b Jio (soled (gly (Baioss oyl 0 aS 00 S

ol 03l LS ¥ S p dads A g O leidle sl Lol
Je @ gim aw Juo 5l Sk palie ol (gilo e I an
B g (phed Jolie (g Alsjo 3.395 0o 030> JUl (gaa 93
iy lp dpdie Bogie lp sied Jolie g by sl
o ygian g oy aliad Juolts g oo 00laiw] 360 @ uiis | Juolas
5 aln3 0.9 5 0.5 lays by Juolie g <la> 0.95 40.05 55
@ i g oS le)l dop B on Siedly S iz oo
) Lol Ayl 5l S g e cinp s (21l osel s
Obe) & ) e eled JbSh wisd blos el loj b,
O s S Il el (sl g 03,8 Jelod (et (Sl
iy ol A 5 o 4138 360 4yl > &5 by b b
i 99 B oS Cal ) ) oliebl S ol 5 Gan g8
Jelod a3l Cler s s edgae )3 oddigile e
el plgs oy hgy Sl el b 1) ol s e (Sl
N3 ETA20KD  plgd loj sl o0 Cov bolB gl o
ol 0b 030> L 3 S5 ,3 ETA20-KD b i)l 5,5 o

PENT

ROOF

Story4

Story3

Story2

Story?

X ! ! Base

aib O leidlo ¥ oojles OB ()l

V.. J.«Jl.) Ay O)LQ-A:J AA 0)50

s —o5lw }.“Jlﬂ dslilad

I s 3,5 oo plomil dbgrpe Slag) )k e 9 Ngde Jo
ale JpuS s Jdod a2 Oyge Jilos I
D35 0 g oy SS9 cdpd Sy Jols ol 4y by
pxl oo ojlo (ile die Omed g 0d (2lb ojle e
S o ddb A 90 ojle (gim dw sles g Ol i D g o

Gl o o0l L

—& L L L B H

ik A pletle gum aw sl (2

adllans 9o ool ) S5



VEe e 5ol F oyl VA 090 a3l5—o3le LT delilas _

Ms@.w_‘u I_;‘ () (2} :;_| |_E. ()

Lawgia (6 pia JS5 b 4o A 0 e (sl plgd o loges T T T T
@“LM.»@ dgu oo oddliie .ol oui o2l ul.u.a} o sy 0399 —

)D Lb).:a. 9 Lhos:.») 0.55.3 lﬁu}?.:.‘o w’;&& k:)lg dl)b LQO] )l.:é) 4\5 Bton?
Cul 0dpoy (D3 jpo 4 g ol et jlod lib g pb adb

e dg opg oied OBl gl Jls, a5 Llasl s e
ol 005 > g 0k S5 Lolio by g Loyt
A GadSs o ol s 1 Glage s
0329 9 bawgio (§ i JSh L aib B Jao sl cuiy 4 o Fy
S JSalatb A Joo gy cuip 4 5F 9 eF oS
= s S )0 S jalailen .l 0ad 03Iy LS 0354 ¢ lawete
FoS 039 S S b OB (o3 39 odalin 37 5 o
boaib 0 glatle o5 cul laugie (spiJSs b e Yool o6 (o
5 (b5 JSs) ol 4B VVEE (loj 50 Lawgio syl S5
Ve olej oy b dSs b pladle (pen (o3 Ginen
{eF J5) conl a5l

VYN glej ) bawgie (s pdp S b il A plaile 3
Lo gleisle gren (o3 opimen o (¢FJSE) cwl a8
(37 JS8) ol 2B WA (loj 53 039 (g g IS

I

aslllaosgo slaglezsl S - ¥ IS

ey

t 2 3 4 5 6 T & 3 @ # £ B ou K B 7w w2
Tmejser]

ETA20-KD &b il)l - ¥ S

&é)fdswbwluﬁijlyli’wléswaJou@U&l
oo 255 )18 ok G jlade VL (Sl e 1 oS 39 o0
e VP Gl g i G el e SO Y+ gy 23 e ISR 0 e s a3 Sip0 (.5')" u_,])w Joyd 39‘”‘5‘0 oalazw! bAA] Cawd & O‘i”Lﬁ’a )]m )]

e VTN g o e R Gl A k3 3 VW70 chaj 33 (208 8 A ol ha oy
b A 5D o clols plgd loj oges — B S5 T USS )5 oS pohailon i 4 S jlai 13 003 B eplgs loj el
8 8 8 % ook b jlade il YL Al dcgenre B (ke Db oo odaliie
[ \ \ - 3048 yls0i g Zob cads ldaed S5y 3,5 ldses wal a8 \S )8
woor ] @lgi degazo O (1 Sles Jges o,

Storyd 00

L

Story3

Story2

Story1

Base

b VWVEF Lo 5 gt (6 iy JS5 b i 5 ojle ol 30 (L

117%paml 102 03 05




V.. J.o.:l.) Ay O)La..:} AA o)sd

Gl 00 035 Jdo oyl Cadn)d Jlage oA IS5 3 el o
e Jlade b > g Mt S35 w2 4 )l bl polie &8
baad 0 slasle gly canys jlade) )l alols LS sy
9 Y oy el b 3 oy g bawgte cpd S
,(mbd.,...\v

lp Sdyd g Ghp slaybges Cip 4 >V g 2V S
S S baib A plaslo ) by polie (s Jloges
il > 5 WA 5 ez 4l 3 53 YV,) by e L)laussie
e Loy sy IS b dido A ledlo | iyl (ol
o s 5 00l (pl i )3 (AT g ot il > (5 Y b
S sl pl g s Glib > lagygio g by > Jolie 3924
oo gy polie piored Sleduwy (olyE G 4 Juolde oyl
FoS 3 Sy jloxe Jlade Sl g 039 S35 o A sl leiS L
bwgio s pdy JSB L adb A laslo lp iy lade).cul
(bl oy Vg oy o PV 4 pl il )3 0y

Im) el )

= sl g g
18 WY ey plaage s
o
16
— 5Ll & (g g
1 LAY i w
i ¥e glay pradu s
12
1
B
b
4
2
0

0 5 10 15 20 5 ki) 3 40 45
(tonf)gix e
dilo 0 Jdo clib oy (ll

1
it}
1§ " .
— slabdduciy e
1 IR RV B PRITE ST IEN
" —uislah 0 Jucip a0
AtV glaj vajts s
n — iy o e
]
B
4
1
]
0 0005 o0 0015 00 0025 00

g i
aib 0 Ol Slib (s (Sl Ko i Coms (o

s —o5lw }.:JL;T dslilad

=)
=)
200
°)

PENT

OF

tory3

Story2

Story1

I
Base

[ssErs=) =i} [mz] o o
b Ve by )3 0hs sk JSS b Al 5 ojl (13 35 (@

38 88 88

KHARPOSHTAN

&

a—>% d h d h o
VTN ploj 53 0hag s e S L il 8 ojl (3 35 (2

. &J/ ROTE

g
e

]

o5

Bl

EHARPOEHTEN

wase

A VYA Gloj 5 oy s pin IS b ail 8 o5l 5 390 (5
allans 5o (glo o5l o5 panilSe — # S
59 Oy slbsel iy 4 oY g Y b S5y
—A U g3 &S jebailen .l ol (s p)elids Ll Ko
Loaib 0 sladle by jbse ded 0 sdalie il
g el Ak 53 o5 YAVD (B Jlade L) bawgie (68 S5
O e L)ogag (6 g S 4 Cannd (Pl il 53 (55 VE,Y
S (el aib 3 (5 VY g )l il ) (5 0TV
0 Hedlo & cwl b sla oy wa o] s g cul
bl el g pilee Clib oy > bawgio o JSs b aib



VEe o 5l o ojles A o6

(M) pliey)

30

25

20

15

10

0 0.01 0.02 0.03 0.04 0.05 0.06
e
e il VD g g s S s

busgie (6 IS5 b b A Jao oo (Sl ()50 i Conns (]

T

KHARPOEHTEN

& §//

& > Aa ) = & =]
b WIS ploj )3 bawgie (s pdg JS5 b aib A Juo (ol5 550 (o
dab A OB ol 3 il 5 (o (il o pusi 1 A USSS

&5 4oxe-¥
Oloj S0 @b cov dids A 5 0 leidle g3 adllas oyl o
B Laab A g0 it o Jis o oaS cwl Oygo cpl &
S5 Jade loygin g oy 5 4SS 2 ogMe bawgio oled
349,58 4l & by 9 by p3 Jolie (5 aSh Cosl 003
et OB L dab A 50 Hladle sl Jse sly Jg Slodsw,
a4l ) Cuwl oad Dbl b ygiw o bays 0 &S Lolas ojg
ol blbeyd anb b (ool alold o iyl Jl3 Sl el
blozuwl gy dasd o leidbe 93 iy g oy sboylyges
2 G5t >Sls oy S IS5 b laglaisle o 350
Al S0 e Aol B o i de3 I ol alasd
ot OB glaojle b dwslio )3 ojg (aied CB glaojl

i —osle 5JbT aslilas

[m) cligh plEf
n Sl A dae iy g
VM) oy plagde s
5l N u
— UL A g g a0
0 ‘ BT A e 2oy ces
15
10
5
0
0 5 [N ' RS - N - S
3
(tonf)uhz e
[m) i pli)
30
5 \
— ULl A Ju i e
a3V eTY glay p laagte es
e ULk A Ju s
QS VA Gl 83y ok
15 —ciy 3 e s
10
5
0
0 0.005 002 0025

D-DIQL"J_\ J‘mﬂ.ﬂlﬁ

adllandygo (sla Jro Slab By g (o (o5l Gl i G = ¥ JSS

Caol 05 038 lie bawgie ied GB gla Jdo ;0 0)lg0 dms
cn) ) (GMiges 48 ol 0y jlomo e 5] > e 45
P ol lawgie Lied QB L ddb A Jae ol &Sy 0y

ol 03> lis A S
Sy pd b yidi 5 298 o0 0dmliio m OB )3 &5 jolailen
di ) Inygin g Loy > uolie sl s & jloxe i §
oy > a8 lolie Vb Clab o (o> 5 cusl YU 4 p)lea
el il g Slodnw) ()3 4l 4 ol LS5 by
o2 jlxe jlude oS (gyebay ol > das Mo LB ol j8)
2 L) Jeolas & 255 0 bl piren (Cuwl By 148
0dd S5 pl g piin gladil > ogas 4 YL Clib
@l b i o ol g s Olib ) Cdy > plie

RV PRIRTAIP IR  WOW STV v NS



assessment of steel jacket platforms by wave
endurance time method. Ships and Offshore
Structures. 2017; 12 (1): 32-42.

[11] Tavazo HA, Ranjbaran A. Fragility analysis of
3D reinforced concrete frames based on endurance
time method with derived standard deviation.
Journal of Earthquake and Tsunami. 2017; 11 (04):
1750011.

[12] Estekanchi HE, Harati M, Mashayekhi M. An
investigation on the interaction of moment-
resisting frames and shear walls in RC dual systems
using endurance time method. The Structural
Design of Tall and Special Buildings. 2018; 27 (12):
€1489.

[13] Maleki-Amin MJ, Estekanchi HE. Damage
estimation of steel moment-resisting frames by
Endurance Time method using damage-based target
time. Journal of Earthquake Engineering. 2018; 22
(10): 1806-1835.

[14] Mashayekhi M, Estekanchi HE, Vafai H.
Simulation of endurance time excitations using
increasing sine functions. Iran University of Science
& Technology. 2019; 9 (1): 65-77.

[15] Zarbilinezhad M,  Estekanchi  HE.
Investigation of the effects of lead rubber seismic
separator on the dynamic response of three-
dimensional steel structures using endurance time
method. The 3th International Conference on Civil
Engineering, Architecture and Urban Development
Management in Iran; 2020; Tehran, Iran.(In
Persian).

[16] Heidarzadeh-Esfahani AR, Birzhandi MS.
Investigation of shear wall and flexural frame
interaction in dual systems by endurance time
method. The 7th National Conference on Applied
Research in Civil Engineering, Architecture and
Urban Management and the 6th Specialized
Exhibition of Mass Builders of Housing and
Construction in Tehran Province; 2020; Tehran,
Iran.(In Persian).

[17] Mirfarhadi SA, Estekanchi HE. Value based
seismic design of structures using performance
assessment by the endurance time method. Structure
and Infrastructure Engineering. 2020; 16 (10):
1397-1415.

V.. )""l) Ay O)LQ.ai’ AA o)sd

s —o5lw }jJLIT dslilad

395 J) i Canglie eplyd o S y20 @y blde > bawgie
S sk a0 (B A @ Gloj 3 g M3 Gl
P 4 ojg g bwgle (g ph S L b b platle 5
Loaib A glasle ol 5 4l Yoo g WEF slagle;
» o/ps u_».mo) u‘.ﬁ Lg‘.bo)l.w Lmqu)> W J.m.)@ C) d.ub
o5 Copo & lawgle died OB slasjle L awslis
Al e
&be—0
[1] Estekanchi HE, Valamanesh V, Vafai A.
Application of endurance time method in linear
seismic analysis. Engineering Structures. 2007; 29
(10): 2551-2562.
[2] Estekanchi HE, Arjomandi K, Vafai A.
Estimating structural damage of steel moment
frames by endurance time method. Journal of
Constructional Steel Research. 2008; 64 (2): 145-
155.
[3] Madarshahian R, Estekanchi ~ HE,
Mahvashmohammadi A. Estimating seismic
demand parameters using the endurance time
method. Journal of Zhejiang University-SCIENCE
A. 2011; 12 (8): 616-626.
[4] Estekanchi HE, Alembagheri M. Seismic
analysis of steel liquid storage tanks by endurance
time method. Thin-Walled Structures. 2012; 50 (1):
14-23.
[5] Kaveh A, Kalateh-Ahani M, Estekanchi HE.
Production of endurance time excitation functions:
The CMA evolution strategy approach. Iranian
Journal of Science and Technology. Transactions of
Civil Engineering. 2013; 37 (C): 383.
[6] Hariri-Ardebili MA, Rahmani-Samani H,
Mirtaheri M. Seismic stability assessment of a high-
rise concrete tower utilizing endurance time
analysis. International Journal of Structural
Stability and Dynamics. 2014; 14 (06): 1450016.
[7] Shirkhani A, Mualla IH, Shabakhty N, Mousavi
SR. Behavior of steel frames with rotational friction
dampers by endurance time method. Journal of
Constructional Steel Research. 2015; 107: 211-222.
[8] Rahimi E, Estekanchi HE. Collapse assessment
of steel moment frames using endurance time
method. Earthquake Engineering and Engineering
Vibration. 2015; 14 (2): 347-360.
[9] Tajmir Riahi H, Amouzegar H, Falsafioun M.
Seismic collapse assessment of reinforced concrete
moment frames using endurance time analysis. The
Structural Design of Tall and Special Buildings.
2015; 24 (4): 300-315.
[10] Jahanmard V, Diznab MA, Mehdigholi H,
Tabeshpour MR, Seif MS. Performance-based



VE o 5l o o)led VA 0,90 ajl5 —ojlw 5JUT anlibad _

Assessment of RC frames with different ductility using

endurance time analysis
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Abstract

Endurance time method is a new method of seismic analysis in which the structure
IS subjected to an increased dynamic excitation whose intensity gradually
enhances over time. The response of structure is investigated over time and based
on the response corresponding to different levels of excitation intensity, strengths,
weaknesses, and performance of the structure were evaluated. In this research,
according to the rules of regulations, two 5- and 8-storey buildings were linearly
analyzed and designed applying ETABS software and with medium and special
ductility. Then, a sample frame was separated from the structure and overall, four
concrete frames of 5 and 8 floors with medium and special ductility were analyzed
by endurance time method. The ETA20-KD durability stimulation function was
applied to evaluate these frames. Nonlinear hinges of structural components were
defined according to instruction for seismic rehabilitation of existing buildings
No. 360. The results of this study presented that concrete frames with special
ductility have less damage and longer endurance time than those with medium
ductility. So that the failure of a 5-storey building with medium and special
ductility occurred at 11.64 and 20 seconds, respectively, and the failure of an 8-
storey building with medium and special ductility took place at 10.21 and 13.08
seconds, respectively.

Keywords: Endurance time method, Increased dynamic stimulation, Structural
response, Concrete frame, Endurance time stimulation function, ETABS software
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Abstract

Endurance time method is a new method of seismic analysis in which the structure
IS subjected to an increased dynamic excitation whose intensity gradually
enhances over time. The response of structure is investigated over time and based
on the response corresponding to different levels of excitation intensity, strengths,
weaknesses, and performance of the structure were evaluated. In this research,
according to the rules of regulations, two 5- and 8-storey buildings were linearly
analyzed and designed applying ETABS software and with medium and special
ductility. Then, a sample frame was separated from the structure and overall, four
concrete frames of 5 and 8 floors with medium and special ductility were analyzed
by endurance time method. The ETA20-KD durability stimulation function was
applied to evaluate these frames. Nonlinear hinges of structural components were
defined according to instruction for seismic rehabilitation of existing buildings
No. 360. The results of this study presented that concrete frames with special
ductility have less damage and longer endurance time than those with medium
ductility. So that the failure of a 5-storey building with medium and special
ductility occurred at 11.64 and 20 seconds, respectively, and the failure of an 8-
storey building with medium and special ductility took place at 10.21 and 13.08
seconds, respectively.

Keywords: Endurance time method, Increased dynamic stimulation, Structural
response, Concrete frame, Endurance time stimulation function, ETABS software



