VYAF 5ol oF o leds V¥ o)90 AJ}J)'—o)'L»ﬁJUTML;LA.é

(RBS) 5 alaiio (yialS i

d'_\.w‘ Lo

Oyl eyl e oMl S31 ol8ily ¢ynl dnlg ¢ o)) yos  cwdine 09,5
Jol oy e
Sl el (Jellos sy iy sinio oSl (g 5S> opeiily
Ol (Ol sy imtio ol ¢ lyes wiige 02K ¢yletils
bakhshi@sharif.edu

WNNE ol Gl i AP YNE il f b

e (S XS (Sla e (531 a3 ahaile 1l sl (IS U Olpe et 4 addllae il 3
b)u;nﬂ\#R&Q)duw}\)pd‘d\ﬁ.wlb“&}\}ﬁd]@bw)ﬁjb}hwgu
e OB aib Ve 50 6@6J,l@>w\a%>ﬁgua\wm@\)u;u@;paﬁjk.wlam
OpenSees i s3le 5 5l oslinal b oo cpl Sl & 4 5L a1 55 alaie SEalS slowl b glaojls o33 axws
o, e Krawinkler-lbarra s, o Jus 5l asl j2als chie g3ldte g Ul 0y S ol
o3le 3 Shas Col 3w &S (il oo S eslaza 055k 4L 5 Lo da 5 (g9, S e altadly
Ldde Ll 5o 5 el ol o3ls oS &3l am s d slassl Sy dds ol igle b 5 G ¢l RBS
RBS slasjle 5 i OB glaesle oo 5l Jol> 5l s a3 il (Sals s o
war g bdlos § alis Sden b o eslinad laojler Sess gla o Cl)se:wq\} dosl=s gl
Cwds iw RBS & s IMF Ju ;,.wj il 45 00ke slaojle SSs gla sove slals sl
.&:AM\OJ\AT
J,J:u‘ijdbw‘uﬂ)auwa@ubwubw‘@wwubwu@)lg..\.aJS
Pl (Seslip

$1y15 (0¥ 98 ied LB Ad poylie (5005w (6 9y Jloin] oy y

R



5 TSl Lasg ond (ialojl digad 033l o ST g 5 4l talS
ar 5 755505 5 (1) lan 5 o2 « [F](1095) O
ey YL L Sy (i gbaly T cd s 4 (VAAY)
idges 425 |y 45 Jb 5550 alatie )3 sl ol 5l (golass azz o
38 goads SLbl ) eMe Jl anb Sy (6l IS5 d9me )k
Sz 35 03 W9y cnl 4l Gl 292 25 badiged 51 JSS 93 0ol
5 call sl LRBS widgy (olus gl S slacS 5 4y la Sy
298 Jgene 9 @l) (g e

alislesl o 1) Jle jlaw 5,Slee olad Sy 4 005 o1y p RBS
plosl (V23A) gl 5 (VAAFARAA) o 5 yleSis] Lawgs 45 <yl
Wb Pyl Golde ialS a0 diged gy ded Wb LS wd
W20,55 odmlidio iwSld g g Lol L |y oils g 9o slayiileS
RBS « by ol (66 s lailo slodisn duglio ol p ogdle
JLal A plen )3 Iaplses g5 (n Fd jaeS (2lad g0 4 0ADoN
Salt s ) cils Jboys ol platilo YO (gl o0 duwss il
laios don Ly 85 ol Cands ol opl b.(VAAF « )odK0l) 54 Lake
ey 9190) b 5 peke elad ©yguas 015 03 RBS (69 RBS
(Va5

oderd sl |y osal (sl liie SAC gojon ¥ 5B (b
izl 38 pete RBS )U8) (590 cilizin (slayialyl 130 (S39S

5 [F1V-Y) Kb 54 s bwg Gaes baygiw L RBS &Yl
Gros Slaygis oS wbl s (Kl g a <85 ool [V] (Y- -5) 1Sl
b 3 5 J o)l S pe 5l @l g dawlyy Wl iory e
Laptuss cpl (2hb 250 slp Glidn 5 (Sl o (S
Gl & wml s b wps,S e (Yo oF) LulSs) 5 S5 Ly
) Geos slogior )3 003 sl )5liiS ¢ Sl slasiyylee 9 Cojorels
[T (Y- Vo) aims o ol

52 3590 S0l
Jol dtwd laid)S )13 wyys 3590 05l atwd 93 IS ;0 adllae 1yl 4o
pod 4iwd 5 bawgis (et OB piaw b odd (b ol Jols
ojls Jolis 4> 93 o RBS piages b 00 oLb o Lol
s bl g5 S (g9 5 (gam dw Cjgo 4 &S Cunl aids Ve <D
Yy olib gl ojle o 50 uored  SlaB,S 18 LUl 350 e
lib (gly oad 4iB) )l li)l 4 drgily g oad a8 Jlaid e

. Zekioglu
. Popov

. Chi

. Zhang

© ® a o

doddo—)

@ G o)l ol Jloinl oy sl (6)lp) (SaiSs gla e
i L g e sl s i 350 35 L sl
Aol iyl 5l ooliul b da oo ol 3l edliul 5 g0 5l (So il o A}
03,lg ool 3590 (glyy (SauiSs sl i 5l 45" 5L 0 Hazus mr4
il (S lapotie (sl o odlaiw] D550 slrojle glgil 4
N Jlisl o)l jlade o )8y sy o5 died (g
olye & ) lisee glaojls )13 b @)l glaizie cnl gy 00

LIS (oo dslro 05)) (e (sl yial)ly 51 (U

alaiio JEalSl aib Vo 50 (o3V5h s (glacsls ojlu anllas oyl 5
b el 5 5 cuglie gl 50 Sl giludae (gl (RBS) L o5
asliply \HAZUS-MIAtasl yol Lolel 5 oL 5 bawgie (6l JS5
Y ool (Sesls il sl aas sl [21(YA-+) ol o
gohw Gl PG L NG jl gaw # )3 & imled,S Gl A3l 5,68
(Moderate) lwgio (Extensive) uus (Complete) JolS° ol
Sloss _wlis (Slight) o'

A5 laygSy (Sloj oo )b (Sealad ()3 o laojlu asbl ;>
ool (bl sl sl ) J ol ol 5 35 15 s
o3l 3,Sles (o5 ol jolate 4 dolsl o us gl Seil ol asls
@39 ohilp b Hazus -mratasl oyl (oolgiiy g, 5l odlatal b da
&9 9 d‘ﬁ SIS sl iz ‘Lﬁ‘)& oasls jlalol C’L"’ by
[A]Slons &) g 0035 3 y%e ol

oS 9 (S5 A g po (3l Y

0 o g Mgt [¥] VAR JLoyd  paosly Lawss ,b cydgl RBS Jlas]
53 )l (oYes plas dasMe b Cuoglio adlsl 51 SLi)l5S &S
Kopol 39 cd)3 pll "wyl bawgi dyge ey (gdn lidss
NARES APV S IV SR LEN R

Uiy SIS Yy 88,108 o 390 jlaws gu e jl du RBS &Y lasl
5 adllas [¥] (VA95) & )leSis) g (VRAY) puooh bawgs coli (3 (sla
RBS cob oy (sladiges a8 dbyd pmagh oloj ol ,3 03,5 Liolojl
Slodiged S (o0 xSl (s (05 By SS9 b ]

daie ) Jb (JuS I ()b )L ©)dSKl lawg 0l iolejl

. Plumier
. arbed

. Kunnath
. Iwankiw
. Carter

[P T .



\Yvar ).«.il) AN O)LQ-::) N o)jo

Ay o5l }NJUT dolilad

el gy aib Vo slaojlw g 4o V& glasy) gyl adb & (slaojle

Sbl oo o il ) e VY

20jLus cwtidd e -F

LoB ) Caol s 03l i V S5 (gda dw B D

Sl e Al Y gyl B g cul oids Bl 10 & &lad ya Jgb

R A

- - _
_— _— -
- _— _—

0 9 9 o

B3

Siaxd o0 g aojle oM —) IS

Sye Gilae ¢ g &y cVladl alS &S cuwl S @ p)Y Guoren

2 osd (Ll IMF Glaojl Jgl 390 5l (loj auglie -V Jgax

OpenSees ;> oais sjls Jio 3 ETABS

IMF IMF

Clb sl | erags OpenSEES
) y,-ay \,-a¥
Ve VAVY YAVY
10 V¥V Y¥a.

il ge Iy e slalB

T S N L
S, by S
ni Ly
T aD +fL TT
] I T T TN I
v, W, M M, MJI[AJAU
i p[(m)
?Vu va 1,Vpr fo‘ Npr VJ
s L, s, 1M

(V- Foms) ) (ool ol sl Sl o)y loged = ¥ IS



VWA ol ¥ o lad O oyse a3y —ojle 5JUT aslilas

o iwles |y oad (b RBS awsis ) Jodo O 9 55 gblie sl aid) ISy olel =V Joar
7 gae EalS e dnuloe (gla el )y Y Jga yas ade A(cm?) G ly(cm?®) | I(cm?)
gac |Df |dy @ |bD | Qg |S r
% HE160A YY/YA Yel¥ \EYY £\0l8
RBS | 18+ [ 207 | 22 | WF | | har | #4/7) oswe | HE300B NalAl N YOVY- Aoy
osliul 3y90 pdliae (SilSo Slasuin = ¥ Joio AYeem ply oyl Jobo c AAA/D CM ol ba cygi (glys o bl Jgbo
guac f,(MPa) fu(MPa) E(MPa) \% ) IS 0 aS sl e o)l (glesl IVeCem oo jo )b Jles! 186 g
ol 0l 031y yisled (ygtw g 5 Job il
RBS FY- oy YYeoon Y oEE T »
Bar== s
he
av ~1t= l
2983 1000 200
sl !‘ a. B » applied load
4 " e 1
ki continuity/ d i ‘%
S 55 Joo Sl (o 5B e dealna =0 i plates | beam  opplicdload
Sloyb 89855 column extended
endplate
(Cm)O9:“"’ Slel E=S- =3
Slosb 15 RBS g alRiolojl Jo sl -0 IS5
I n Imod E S ks
VWYY | Y. WE | YT | vy | oeexet .
mae ot |y alSlef] LB 3 5 U5
(cm), kel
5
d b tb tw Bay ks
web plates il sffenrs
AINAY \# A -I5 Y. £/8X) 1 \_/
bb
column _ﬁv\ :
ol &)l gl Jg0,8 o Krawinkler-lbarra iowy yé Jio @ dsgi . : b ‘
PL-C R ETRCN S SV PR L SVRvE I PR U R E Y2 I R SRR COIlﬁIllllty extended S

3 IS 8 oS 055 5 Sdly 4l @ 5 3y 5 Szt plates endplate
-Ibarra iz 5 Jdo (gl ond )85 (gl oyl cilos o ids (sl

alei e dule j Ggo 4 (slogb p5 e sl |y Krawinkler loj 15 RBS g (alSislofl Juo oM = USG5



Krawinkler-Ibarra iz yid Jdo ;b 008 S (sl ol )b audy

Sl b gl (gl i S8 S (25l -0
buwgio (oo OB uw b oo a1,b aib Vo O

B ol b adb Ve 50 apledlo gla b (LS b iy
o3kl b Cuand oyl 50 43,5 plosl ETABS l58le 5 o lawgio (ived
i slyd dlas 5 e sl Cussy boppgi g by (blis Sl
Cunl Sy 3Y oS (o0 sl g ALk 1) et Lo glay 4 by e
Sopar 09 Fb 4ol g ogie days (lp (plom slayb (2l &S
53 gl yially & axg5 b 5 OpenSees 3l s > (i L )S365
2T jglaie 4 g Caond ) ) ol 48,5 iy S iS4 ol
oS by (o glo i Sl o3l (d (b 4 (g8 (nl g0
253 o0 003)5 Lasuie b IS 5 ] oS

—i e e —ei—eo—®

slayd s (b sl oad 48,5 I slaggie 5 by -V S
Al 0 ol (olomn

\Yvar Hl) AN O)La..:} N o)jo

Ay o5l ﬁJUT dolilad

Sl 55 Jie (Sl e =5 Sy

0 d
V& b
/A tb 5 ol
N tw
\SYY |
Y Sh
FY.. Fy My
VFVF-¥. My
NSRS Fu
VY Cpr
YAY/Y Zb Mc
VAYFAS. Mc
VIVES Mc/My

bl pales deldl jo

ol dpolre (dony 8 (SWe Glasuie =Y gl

\O/Y d
\$ b 5
-1 tb o)k
.15 tw
Xy # My
¥X)© Mc
VAdid My/Mc SelSe lasea
axy-? Ks i y4
o[y th
v e a-men
[+ %) asPos
[++¥) asNeg
Xy +7 MyPos
AL MyNeg




VWA ol ¥ o lad O oyse a3y —ojle 5JUT aslilas

o by (Sl Clastie dulxe =Ve Joun iz sleyd (65 )8 oo dnsle —A Jou
v ) FEALEN 1y ¥ ¥ v ) (cm)sbl
VAAYA YaA-Y |
YS/AY | YS/AY | YSAAY | YA/AD | YA/ d
SIS YaA-Y Sh
Yo/A. | YO/A. | Yo/A. | YE/EY | YE/EN b
YE.. Y¥.. Fy
YIYe | YIv- Y/y- Y/ Y/\Y f
yrvsvrar | varovsa | My | MY / i
VVE | OVYE YARs /a0 /20 tw »
TV YV Fu
Dee Do Dee Do Do Ba
\IYY \IYY Cpr y
YVIEY | OYVIEY | YVISY | YYIvE | YY/vS d
vEeq AR Zb | Mc

YEINE | OYEINE | YN | YeAA | Ye/AA b
FAVA-Q YYEVAYA Mc

Y/0) Y/oN Y/0) Y/oN Y/a) tb

O
iy (sl yib Sl Cliasuiie dpnlxe <)) i Vv | oaev |y | ey | ver | tw
Sl Sl YY. Yy- YY- Yy- ¥v. | Hight
- ; 5 3 YISE | FISY | FSE | FNY | ORNY | ) Lt B e
© B
PRVSYOE FAF-YSA My
o slo s (s e A Jga>
FAVAY - + VYFYIFR Mc - =
JERo% (cm)s
VI¥F VIEA My/Mc
Y \
. WA . A
£/.4X) 12X\ Ks vS/AY YA/R0 d
Al ol th Yo/A voI¥ b
. . = )AJ
Y Iy a-men Y/Y YA t
R A\ asPos VYo VA tw
R A% asNeg 5 5 Bay
YYVSYOY | Faf-vsA MyPos
VARYA YaA-Y I Oy
YYVSYOE | —FRt.ysA MyNeg \ ) n
YAPY TYVAY Imod
- . 3 Y.VAQLY YeYAQ-Y E
BEWRLLS 53,5 wlde dg56 —F
¥./5 Yo/y S
oS l3j slasysS ) ADA il plosil (gl s aiiS a5 jglailon
il ojlu oSSl b (a9 Cuapldia (sloj)) sl (slayzal)y Ll ) oo | v =

d]b)).l [WIE W) )L.aw O09es O»L.Qo S .).))f ul?r.’bl wbuﬁ ‘ML
a0 dingy  09Me b 3503 edliiw] cuslio i yoSIN Sl Cunsly o



\Yvar )”‘.’.L Ay O)LQ-::) N 0)30

Sa(T1,5%))(g)

0.00 0.02 0.04 0.06 008 0.10

Maximum interStory Drift Ratio

IMF 4l 0 ol (gly 5,55, VY coo IDA sla e —A S

Sa(T1,5%))(g)

1

0

e

0.000 0.020 0.040 0.060 0.080 0.100

Maximum interStory Drift Ratio

RBS dils 0 o3l (gl 555, VY cou IDA sla ioxie -4 JS

Ay o5l l‘,ﬁJUT dolilad

SIS e 5 2B 51U plosl (dl 2)55) b (3905 (el libs
Hidyge (23 g98y sl &S (gloj)) i 5 cwlie ) () S 5
sl 5l addlae (pl)> polate s Sl )0 0 98 e 0jl
g p5 gl 53 gy ol )3 el 04 o2lital V]V eSS g gt
(+/++09 o) SosS o jlase Sy egloj ) ©ad line (13905 (olie
o gl e o (Jgl 390 b olid ) sloj) o bl (ol
3 slosl (8L (sl copiner Al yo )3 g 235 o0 LI5S AL ol
ookl b el 0aly &y Jlas 350 o> ()]y0 &S Jgl D50 il Cliss
ielal Gyao 4 (V) galaly Billas (glojy) s (bl I L8l slass
Jie ol 5 5 5352 (TL) e o claisS ay ety so al58l o5 525
Jie a8 .3l b pl oyl plp X ogMe &y i3 615 )3 Sa (T1)

ol 05 Blod <[40 iy adllas ol 3 Oy

o135 duwlme (V) (selasly 5l odlitnl b o552 )3 (wlide oy
o alols (ol (lide 3,655 b 9335 o0 052 43l 2055, 12
DS Oy Sloj 450U (Seelid
355 5 3 o3kl b ojles Jol 390 bolize i olsS3T) o)y s o8
A 0y90 (23 (e e (los o iy lam b e 0al (lide
e 3 4 (gloj)) S ol )y &S Ll s o 1 eSS Al
2 oo plosl blas io1581 51 ool b als yo ol 53 cconl asdly il58l
s g b blie SIS cds b o glaa <l 5 g8y ojle
23 sloojlyd bli (liSl L Glgice 9 33)5 o0 e 48k Jlas )90
YT ols Ll B3I IDA piomie 85 3 Jgl 390 b Sl
IDA sl _sioio &iusd-Y

395 425 @iy )58 ) cod ojle Ko )8y 03)S S5 &S pshailen
A |y bl s WdysSy dad (gl paes BB Jg ] el (gl
cov ojle JS 518, 1) o g s g sl IS s osel candy dis
Ol 4 anil lizee sladljli 5 s slaplej 3 Lulyd aen
b il oo S5 (onin otz 4 Lo ol loj ) L8y (objl (sl S50
o5 IDA (gl oo dwd g 0jlo J13) 5l (upd dily 4 plen
SHEA JI0 adSs )5 (uyp 350 Sl sl pse 355, WY
Sl

19 Hunt & Fill



VA5 b ¥ olad AFoyse aly)osle 5T aclilad

Hazus-mrd Jglus wlol 5 o) asls polis o3game —VY Joao

Sl bwgie (g pdy IS (gl ols oY
olib oS Lwgio Jol5
¥y ofee0 DYRRING Y

C:
YB¥ ofeeyy +/+0A o[¥ 9 3 //z/
3bj o pdy U5 lp S eVl “ P —=
- -
S Lwgio L I:_ 2 7/
3 £
i

¥UY ofeedd ofeN RRIN
15 ofeeyy ofeesY ofeavy

0.00 0.02 0.04 0.06 0.08 0.10
Maximum interStory Drift Ratio

g\

5 WSS basly) dpolone -4

» 6Sa L 0.0058a jl walisee prdaw 03 jd Buind opl jd dli; s
P &S Gl wdige SLol& el )b EDP (pizcen (Cawl o 428 )5 Lo
)5 i 5> Jolhe (s et (92 g Slib (o (0 et Ba5
AC ol o cawd & (Jod e (Solod oo (29,5 5l g el o
ket zh ) ol i el & Lyye Jpd 6 Ll 6
8 alaly 50 o 00y Jlais ] ml el o o0l (65l Josdlygiwd
Dgd e dmlne 3G90 &

AC-p

P=P[EDP>AC]=)-P[EDP<AC]=)- ¢(—2) (¥)

9

IMF dalo Ve o3l (sl 3,55, W cous IDA gl soxie =V - S5

ol ol 5

ol y3lie jlime Bl el g (0 Sike iy 40 9 U
(IM) )5 <8 > ad yo )3 (EDP) (gwtize sl yiall 2 (6l
)l gl dlly ol 3 sl o 4 S L5 > o)Ll Jloy i S
2 ke Slil 5 (ke AC) ols (5550 > Sl ol Jlais]
) ClS odin ggecne Sl ly (owtine SO by el I S
Jbp @i x5 @ie @b 5l eolaiwl b e Conl o duasles
o> g bl pwdige SLoE sl el I Sy o sl Jlas]

Ll 045 dwlore 04

0.00 0.02 0.04 0.06 0.08 0.10
Maximum interStory Drift Ratio

RBS dib V¢ ol sly 5,65, W cos IDA gl iie -V S

&y sl palio 0dguamme —A
25 Jgdo b 4 Hazus-mrd  asb ol olwl p polde oyl ed9ae
P



\Yvar )”‘.’.L Ay O)LQ-::) N 0)30

Ay o5l l‘,ﬁJUT dolilad

——I0 ee|S = CP —— |0 e e |S e= CP
1.0 ~ 1.0 ™ ——
7 —~ 08 [ 4
0.8 7 - /
¥ o ;- & 06 /
© 7 &5 [ / .
%2 y 4 o 0.4
T oo r 0.2 , 7 -
0.0 _", ' ' > ;) 1 2 3 4
0 1 2 3 4
Sa Sa

IMF 4ab V- o5l (¢l (Sass o goxie —VF S
o35t 2555t et 10 3,Sae s 1 35 585 Jla ol (ol 53
359y (P=1) Lot capmol 3> &y Jlain Sa=0.5g o ,3 oS (6l 456%
a CP 4 LS 58lae maw jl )35 g48g Jlain! Cpimon Cawl o0
Ol 2l cpl g oduwy Jo 4D Mo 4 Sa=4g Sa=30 (clsas > iy
sl 04 gume Lo gl 0j)) cudyls Sl gl 5l o

10 e e | S es CP
1.0 —_—
Pl -
08 . "
> / P 4
106 v 4 e
wn
o 0.4 -%,—/
o s °
0.2 :,,
0.0 T T T T
0 1 2 3 4
Sa

RBS aib Ve ojlo sl (S cla ioie -0 JS5

JaisS=20 s 510 5,Slac ges §1 38 585 o o3les gl 1o
31535 g98g Jlosn] cpiomods Canl 005 350 (P=1) ot sl 3l &
by oyl 5 6y Ao > o 4 S8=AG b o > CP 5 Sles o
] 0 Cgume igllas 4l yo ylo (sboojlw (gly (slojy)

Jleinl asyale glaojls (SWiSs sby oxie sb)ldges 4 2255 L
ol ool Cowdy it RBS & s IMF o ool

IMF dalo 0 ojlo (gl (S sl boue =V S5

@b 10 5,Ses paw 51 ,858485 Jlain! o8 £l ) L ddds & ojlw 4
Jless] cpimats Canl 005 351 (P=1) sl 5l &, Jloisl Sa=1.7g
5 0dmy o 4D do &y S8=AQ clegnd (o LS 5 )Slas mdaws jI )38 £48g
03 Cgucxe Lo gloj)) )l ()] (sl Sl oaimalis @l ol

e |S @= CP

—10

1.0
/ 'F—-
- 0.8 / ,9
!'é 0.6 / y g
04 )
- [ 4 ,
< 02 / y 4
0.0 —-A-’— . .
0 1 2 3 4
Sa

RBS b 8 ojlo sl (S la goie -V S

Jkas!Sa=2g cwas 10 5,Sles pdow j1,38 485 Jloisl ojlu oyl )
o 3,35 £98g Jlain] Cpwioman .ol 0 3,90 5 (P=1) ] 3oz,
by cpl g oduw)y do > Mo 4y S8=3.39 i ;3 CP 4 LS 5 Sles
sl 0 Cguime Cgllaol 4 po e (sloojlo (sl (gl

Jloinl aye obgS slaojl (SauSs lagovio slaylogei & 425 L
ol ool Cowdy iy IMF 4y Cous RBS Jao e



VWA ol ¥ o lad O oyse a3y —ojle 5JUT aslilas

&bo -V
g)“”l)-’Q YA+- D)L\)L_wl ch)J) ).g]).g Sl LeeLo.'b‘_w C)Jo d.ol.su.u] A

= -Ye
ol Coglio 4 33,5 o danMe gl e (slayldges > =)

Ot 5 plaSLor Sl 5 n e

ojbs by daslie )3 La i 5 aidly il gblio by cloojl 4 bigyye

A s VAL g ge sbaloidl (glojy (giluge Jodlygiws LY OiblS 3920 1 Cunl 00,55 Sl o bawgte aied BB sla

19S5 3054005 5 Cu e lojlw ¢ Y8+ o laus & ol 45138 ojlw (g s JSS )0 1) 263 3l sdes o s )3 alado
sl g )b ieed Gione IYAY leadl_w Lo @lyyie Y Lowlo CBin
el o &yjhe gugyi g (nghs B3 (V9 slaglesble gaw Jl 3558y sl o5 gl L IMF ail & o5l > =¥
2)ly sloyl e i b o IVAY L plasl o Lo olyyae  F 59l 3 (P=1) ol 3l &y Jloin! Sa=1.79 s 2 10 5,Sles

Ol (o &lyyie g5 g (g 585 (leid L

5. Adan SM.2006. Reduced Beam Section Moment

Connections without Continuity Plates, Ph.D.
Dissertation, University of Utah, Salt Lake City,

Utah, USA.

6. Bruneau M, Uang C-M. 1998. Ductile Design of
Boston,

Steel  Structures, McGraw Hill,

Massachusetts.

7. Chambers JJ, Stenger F. 2003. Effect of Reduced
Beam Section Frame lements on Stiffness of
Structural

Moment  Frames, Journal of
Engineering, 129(3): 383-393.

8. Chen CC, Lee J M. Lin MC .2002. Behaviour of

steel moment connections with a single.
9. Chi B

Section Moment Connections
128(4): 464-473.
10. Civjan S.1998.
Techniques  for

MomentConnections,

Investigation  of
Seismic

Ph.D. Dissertation

University of Texas at Austin, Austin, Texas,

USA.

11. Engelhardt MD, Sabol TA.1998. Reinforcing of
cover
limitations,

steel moment connections  with
plates:connections. benefits and
Engineering Structures, 20(4-6):510-20.

12. Engelhardt MD, Winneberger T, Zekany AJ,
Potyraj T.1998. xperimental Investigation of
Dogbone Moment Connections., Engineering

Journal, AISC, 35(4):128-139. 1998.

Uang CM.2002. Cyclic Response and
Design Recommendations of Reduced Beam
with  Deep
Columns, Journal of Structural Engineering,

Retrofit
Resistant  Steel

LS 3Slae gl L5 by Jlais] cpizman el 05
b e )lis gl pl g oduwy o > do 4y Sa=4Q lesus
ol 005 Cgwonos o (glojy) cud )l olasyl 4y

10 5,Sloe s § IS g585 Jlais] RBS dis & ojls 5 ¥
Lol 00 3)91){ (P=1) el bz, Jlasl Sa=2g wuas
@25 3 CP 5 LS 3 8hes gaw jI 135 g6y Jlato| (rien
sojlo gy slojy) Hd, cpl g oty o yd Mo 4y Sa=3.3¢
el 04 Dgune ollasl 4 ya e

oligS ol (WSS gla e sbalrges 4 a2y b ¥
ool Cowdy it IMF & cuns RBS o el Jlossl o
Lol

5 )iSe 58y Jlais] Lawsta 165,) L IMF aib Ve ojl 5 0
b 5> 85 (g 039 ga8gllcn B sl 10 5 Slos o
sl 015 3,505 (P=1) Lot sl 3bg, laisl Sa=0.5g
Py 4 CP g LS 5 Slhes o 1,05 g6 Jloinl (e
O gl pl 5 oduwy o > Mo 4y Sa=4g Sa=3Q (sl
sl 0ad gume Lo gloj)) cudsls Uil sl 5 ot

10 5 Sas o § 35 g9 Jlois | RBS b 1+ ol 5
ol 005 359 3 (P=1) o> ool 233, Jlain] Sa=2g s )
e 5 i OP 3,Skee g J IS g3y Jliol rpan
sloojlo slp (sloj)) L8 cnl g odew s o )3 2o 4 Sa=4g
el 048 gune Ggllas 4 po ke

ol sbrojle (Suiss lagiie laybges 4 d2g b -V
odal Covdy it RBS &y cond IMF o gl Jlon 4340

13. Engelhardt MD, Winneberger T, Zekany AJ.

Potyraj T. 1993.The Dogbone Connection: Part,
Modern Steel Construction, 36(8):46-55.

14. Fajfar, P. Fichinger, M. 1998 .N2-Method for
Nonlinear Seismic Analyis of Regular Structures,
Proceedings of the nineth world conference on
Earthquake Engineering, Tokyo-Kyoto, Japan.



217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Section Joints, Ph.D. Dissertation, Texas A&M
University, College Station, Texas, USA.

Jones SL, Fry GT, Engelhardt MD. 2002.
Experimental Evaluation of Cyclically Loaded
Reduced Beam Section Moment Connections.
Journal of Structural Engineering,128(4):441-451.
Krawinkler H, Bertero VV, Popov EP. 1971.
“Inelastic Behavior of Steel Beam-to-Column
Subassemblages. Report No. UCB/EERC-71/7,
Earthquake Engineering Research  Center,
University of California, Berkeley.

Krawinkler H. 1994, Static Push Over
Analysis.The Developing Structural Engineers of
North California, Sanfrancisco, November..
Kunnath SK, Malley JO. 2002. Advances in
Seismic Design and Evaluation of Steel Moment
Frames: Recent Findings from FEMA/SAC Phase
IT Project”, Journal of Structural Engineering,
128(4): 415-419.

Lee K, Foutch D. 2001. Performance Evaluation
of New Steel Frame Buildings for Seismic Loads.
Earthquake Engineering and Structural Dynamics,
31: 653-670.

Lignos, D. G., and Krawinkler, H. 2010.
“Deterioration Modeling of Steel Beams and
Columns in Support to Collapse Prediction of
Steel Moment Frames”, ASCE, Journal of
Structural Engineering (under review).

Lignos, D. G., and Krawinkler, H. 2009.
“Sidesway Collapse of Deteriorating Structural
Systems under Seismic Excitations,” Technical
Report 172, The John A. Blume Earthquake
Engineering Research Center, Department of Civil
Engineering, Stanford University, Stanford, CA.
Lopez WA, Sabelli R. 2004. Seismic Design of
Buckling-Restrained Braced Frames”, Steel Tips.

Mazzoni S, McKenna F, Scott MH, Fenves GL,
Jeremic B. 2007. Opensees Command Language
Manual.

Moore KS, Malley JO. Engelhardt MD.1999.

Design of Reduced Beam Section (RBS) Moment
Frame Connections , Structural Steel Education
Council, Moraga, CA.

Plumier A. 1990. New Idea for Safe Structures in
Seismic Zones. IABSE Symposium, Brussels,
Belgium.

Popov EP, Pinkney RB. 1969. Cyclic Yield
Reversal in Steel Building Connections”, Journal
of the Structural Division, ASCE, 95(ST3): 327-
351.

Sang WH, Ki Hoon M , Bozidar S, Seong-Hoon
H, . 2013. Seismic Performance Evaluation of

\Yvar ).o.il) AN O)LQ.ai’ N 0)90

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Ay —ojlw )'.,‘JL'T dolilad

FEMA.2000. Seismic Design Criteria for New
Moment Resisting Steel Frame Construction.
Federal Emergency Management Agency Report
... 350..

FEMA-350. 2000. Recommended Seismic
Design Criteria for New Steel Moment-Frame,
Master Buildings, Prepared by SAC Joint Venture
for the Federal Emergency Management Agency.
Freeman, S.A, 1998. Development and use of
capacity spectrum method. 6th U.S. National
Conf. Earthquake Eng., Seattle,

Grubbs K. 1997. The Effect of the Doghone
Connection on the Elastic Stiffness of Steel
Moment Frames. Masters thesis, University of
Texas, Austin.

Gupta, A., and Krawinkler, H. ,1999. "Seismic
Demands for Performance Evaluation of Steel
Moment Resisting Frame Structures,” Technical
Report 132, The John A. Blume Earthquake
Engineering Research Center, Department of Civil
Engineering, Stanford University, Stanford, CA.
Ibarra, L. F., and Krawinkler, H. ,2005. “Global
collapse of frame structures under seismic
excitations,” Technical Report 152, The John A.
Blume Earthquake Engineering Research Center,
Department of Civil Engineering, Stanford
University, Stanford, CA.

Ibarra, L. F., Medina, R. A., and Krawinkler, H.
,2005.“Hysteretic  models that incorporate
strength and stiffness deterioration,” International
Journal for Earthquake Engineering and Structural
Dynamics, Vol. 34, No.12, pp. 1489-1511.
Iwankiw NR. 2002. The Reduced Beam Section
Detail: One Method to Improve Seismic Ductility
of Steel Moment Frames. Ph.D. Dissertation,
Ilinois Institute of Technology,Chicago, Illinois,
USA.

Iwankiw NR, Carter CJ. 1996. The Dogbone: A
New Idea to Chew On”, Modern Steel
Construction, 36(4):18-23.

Jin J.2002. Seismic Performance of Steel Reduced
Beam Section Moment Frame Buildings. Ph.D.
Dissertation, University of Central Florida,
Orlando, Florida, USA..

Jin J, EI-Tawil S. 2004. Seismic Performance of
Steel Frames with Reduced Beam Section
Connections. Journal of Constructional Steel
Research, 61:453-471.

Jones SL.2006. An Analysis Procedure to
Facilitate Performance-Based Design of Steel
Moment Frame Buildings with Reduced Beam



WWAF ol ¥ o leds N F 090 Ayl —ojlw 5JUT anlibad _

Intermediate Moment Frames with Reduced Beam
Section and Bolted Web Connections .

40. Saiidi M, Sozen MA, 1981. Simple non-linear
Seismic analysis of Rc Structure. ASCE J Struct
Div.

41. Sean W, Gordon H, Adrian G. 2005. A Moment
Resisting Connection for Earthquake Resistant
Structures. Journal of Constructional Steel
Research, PP:265-302 .

42. Sofias CE, Kalfas C .2014.N Pachoumis.. DT.
Experimental and FEM analysis of reduced beam
section moment endplate connections under cyclic
loading. Engineering Structures , 59:320-329.



I VPO sl T ojlad AT opg0 il ol LT aslils

Investigation of Fragility Curve of Mid-rise Sreel Moment

Frame with Reduce Beam Section

Mohamad Asadi
Department of Civil Engineering, Ahar Branch, Islamic Azad University,
Ahar, Iran
Mehdi Rahimiasl
Ph.D. candidate of Civil Eng., Sharif University of Technology,
International Branch, Kish, Iran

Ali Bakhshi”
Associate Professor, Civil Eng. Department, Sharif University of Technology, Tehran, Iran

Abstract:

In this study to determine the reduce beam section effect, on intermediate
moment frame system behavior and its results, are discussed. For this purpose, non-
linear static analysis is used. Generally, two types of structures have been selected in
this study, the first 5, 10 and 15-story moment frame and the second with a cross
section reduction in beam structures. Since this research has been done using
software OpenSEES also to modeling reduce beam section, we used Krawinkler-
Ibarra rotational spring model with concentrate plasticity on beams. After
verification of RBS for a cantilever beam, this model has been extended to multi
degree of freedom buildings. Finally different models have been subjected to
incremental dynamic analysis and the results of analyzing the flexural structures of
the frame and RBS structures have been used to calculate and extract the fracture
curves of the structures and compare them. With respect to the fracture curve graphs
of intermediate structures, the probability of colliding the IMF model with the RBS
is higher.

Keywords: Intermediate  Moment-Resisting Frames (IMF), Reduced beam
section, (RBS), Fragility curve, Increasing Dynamic Analysis



