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Stability Behavior of Steel Plates and Sections Retrofitted
with GFRP Plates using Finite Elements Modeling

H. Amoushahi, M. Ghasemitabar

Abstract

Local buckling of steel plates, buckling of hollow columns and lateral-torsional buckling of I-shaped beams are some
of the vulnerabilities of steel members against buckling. In this study, the effect of GFRP plates on improvement of
stability behavior of steel plates and sections was evaluated using ABAQUS finite element software. The results
indicate that using GFRP plates for strengthening steel plates leads to an enhancement in their buckling capacity,
particularly for plates with higher slenderness ratio. Also, strengthening columns with GFRP plates leads to
enhancement in their load carrying capacity and for retrofitting of I-shaped beams by increasing critical buckling load
can be effective to delay lateral-torsional buckling, specially when the flange and web have a higher width-to-thickness
ratio.

Keywords
GFRP composites, Steel members, Buckling, Strengthening, ABAQUS software
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Evaluation of the Seismic Behavior of Asymmetric
Base Isolated Braced Steel Structures

A. Mansouri, F. Meshkinfam Hesari

Abstract

Base isolation can improve the seismic performance of structures by reducing the seismic demands instead of
increasing the capacity. Many of existing and new structures are asymmetric, thus the effect of asymmetry on the
behavior of isolated structures should be studied. In asymmetric structures the horizontal distance between center of
mass and center of rigidity, induce inherent torsional moment which can generate extra forces and deformations in the
members. In the present research work the seismic behavior of asymmetric isolated concentric braced structures is
investigated by nonlinear dynamic analyses using SAP2000 software. The behavior of fixed base and isolated
asymmetric structures for different values of mass and stiffness eccentricities are studied and compared to each other.
Based on the analysis results, base isolation has reduced story rotations and torsional amplifications in asymmetric
structures in mass eccentric and stiffness eccentric structures. Also smaller torsional amplifications can be expected in
stiffness eccentric structures than mass eccentric structures. Furthermore a new method for designing isolators in
asymmetric structures is proposed which can reduce story rotations and torsional moments in such structures.

Keywords
Base isolation, Asymmetric structure, Mass eccentricity, Stiffness eccentricity, Torsional amplification
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Evaluation of Steel Frames Equipped with Buckling
Restrained Braces (BRB) with Steel Core
and Shape Memory Alloy (SMA) core

F. Tajali, A. Golafshar

Abstract

Buckling Restrained Braced Frame (BRBF) is one of the earthquake resisting systems. In this system braces yield in
tension and compression without buckling. One of the drawbacks of conventional BRBF with steel core is residual
displacement in frames that are equipped with BRB at the end of earthquakes. For solution of this problem, in this
paper BRB is used in the frames with Shape Memory Alloy (SMA) core because of stess-strian diagram of SMA
shows small residual stain during cyclic loading. For evaluation of BRB with SMA core, 4 and 8 story 2D frames are
selected and equipped with BRB that has steel core and BRB that has SMA core. Frames have been analyzed under
Nonlinear Time History with three Earthquake Records. Assessment of results reveal that residual drifts of BRB
frames with SMA core are decrease respect to BRB frames with steel core. Evaluation of the rest parameters like
maximum lateral story displacement, maximum story drift ratio and maximum story shear shows that BRB frames
with steel core have better responses respect to BRB frames with SMA core in most cases.

Keywords
BRB, Steel core, Shape memory alloy, Nonlinear time history analysis
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Numerical Evaluation of Steel Moment Resisting Frames
with Improved Shear Performance
by Slitting Middle of the Beam

K.M. Dolatshahi, A. Gharavi, S.R. Mirghaderi, M.T. Nikoukalam

Abstract

The aim of this paper is to investigate a new energy dissipating system in steel moment resisting frames using finite
element method, namely, slitted moment resisting frame system. Moment resisting frames are considered as one the
most favorable novel lateral force resisting system. However, the minimum requirement of the beam span to depth
ratio, to form the plastic hinges at the two ends of the beam to satisfy. By placing a sheer fuse in the middle of the
beam, the flexural plastic hinges are transferred to the middle of the beam through nonlinear shear behavior. Therefore,
shear fuse yielding precedes flexural yielding at the two ends of the beam and consequently the proposed system
satisfies the code limitations. The fuse is a part of the beam, which, by entering into the nonlinear behavior, prevents
other part of the beam from entering into the nonlinear behavior. Numerical models of the proposed system are
developed in ABAQUS and are compared against the experimental results.

Keywords
Steel moment resisting frame, Plastic hinge, Shear fuse, Non-linear analysis
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The Analysis of Corrugated Panels Subjected to Blast
Loadings

S. Sabzevari, F. Shahabian, Y. Nouri

Abstract

Practically there is a risk of explosion, and different structures' behavior should be examined against the effects of
blast loadings. Sandwich panels are used for making some industrial and military structures. These panels are made of
two sheets and an intermediate core. The core has a significant role in reducing the deflection and enhancing energy
absorb of structure. In this study, sandwich panels' behaviors, which are made of aluminum and steel, are examined
against the blast loadings. In the process of analysis, three kinds of profiles, which are: rectangular, trapezoidal and
triangular, are considered as panel cores. The results show that the panels with steel core, absorb less energy and damp
by their core. Those panels which are completely made of aluminum or the panels with steel core can sustain more
strain energy by their back sheets. all the panels that are completely made of aluminum have more damped energy than
others. Those panels which have only aluminum sheets or aluminum core are placed next to whole aluminum panels in
order to damped energy level. Most of the deflections in panels that are whole aluminum made and steel core panels
were belong to panel core with triangular profiles and the least deflection were for rectangular shaped profiles. In
panels that only have steel sheets, unlike the other panels, the most deflection was for rectangular profiles and the least
deflection was for triangular ones.

Keywords
Sandwich Panel, Blast Loading, Damped Energy, Maximum Deflection
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Seismic Behavior of Steel Moment Frames with Reduced
Beam Sections

A. Gholizad, M. Sadabadi Farahani

Abstract

After Northridge earthquake reduced beam sections were suggested to improve connections performance. A new detail
has been evaluated for reduced beam sections that includes a combination of two previously investigated models;
reduced web section and accordion web section. According to comparison with other models through finite element
analysis, it was found that the stresses and plastic strains have been more effectively reduced in the beam to column
connection region of the combined detail and up to 9%. Increase in plastic rotation capacity may be achieved without a
noticeable loss in strength. According to performed nonlinear static analyses results for well-designed 5, 10 and 15
story steel buildings with special moment resistant frame system, the amount of plastic drift capacity using the reduced
beam sections slightly increases and this increase is more in connections with accordion web and accordion web
together with reduced web sections respectively. Pushover curves indicate that the reduced beam sections has little
effect on the linear part of the curves but increasing drifts, added strength is reduced. The rate of decrease for two
connections with accordion web sections and accordion web with reduced web is more. Average rates of behavior
factors 11.38 and 11.73 and 11.88 have respectively been obtained for moment resistant frames with reduced beam
section and accordion web sections and accordion web with reduced web sections. It can be said that the average rates
of behavior factor for frames that are designed based on the behavior factor of 8 has been considerably increased.

Keywords
Reduced beam Section, Non-elastic analysis, Ductility, Behavior factor

V17 3Y99 g ojlw ¢ iiagfy g (ole aypis

A% (iutoj 9 Jul) - pg> 9 Cuuy (s0)lad - pmply


mailto:gholizad@uma.ac.ir

o s Yoo dl ps LK 5 Shen [Y] das sl
Js 4 o] wastls  RBS Jlasl b ol e 5V 55 U 5 Shes
IS ol mals aile wsl rals Jlasl 5 e cpl calae
glsl O 5l dm gbadle 5 0T 3 il iy 2S5 5
Jlasl 5 asl 2als ol L Jlasl dles Jlasl ol Sos
5> sl 2alS Ol L Ll avdin s S e S5t ST
ls Oy s 4 [T Mark Amos Law 5 Yor s Jla s
e 3 Ol 3 Gl pls (65550 S JSS 4 Ol Sl ed
Sose s [V] s s Wilkinson Lw g Yeeo Jla s
JU 5 ets wdlsp OF Obr Sl IS oS ahaie S oS (g5
rl blse 51 8 gty sy e S fuate OF 4 o)liss
S Col sl el JU L Jlasl 4 cs i Ll
Iy (6t S0 5 andls (5 2 Saudl b= Jlasl
536 Ll ol a8 s e Olis A& le3T glacs .S
S ol Oy Ll o 0Lty 2700 51 i Saudly 25 o
s 2 O (83,50 SNl Sl s lalamdla LB 2alS e
ghie S ar s B ey e L 4 imes L
Ol 35 5l Sl ey NS Ble s (g riy Cwslie
03550 Cwds gl YooV Jle s (iLIKes 5 Lee .das s
L dsles shie GIRBS L (o3¥58 OB G o il ol
Gl S ks 03ls L3 (gslos b 5 5 S eslinal Suli L5 e
b e 303l Sy [ Jolas i 5,0 Sl 45 55 2lesl
ootz 5 05 8 5l (U Gl S s 85 B
A Lol sl Sl S SO kgl gl Ll
RBS =35 amt Ot 5 5 dsb sl b ol (5 5
AT s e il 70 B sl SN s s
Syl Gda aw Bew o 5L G Y00V Jl s Kassegne
Silre L ganad ) el b5 58 & RBS S
SloS S i 5 le S bl e sl cdl s
(3o sla o bl (2L 5 Yang [4] ks &)
Ol L3 535k bl la s oledde gl o 18 e S
sbows 5l (Fa Jhe pea wl s esed &L
o35 03,S Siledde (s3d8 s 4 ot 5 a5
el om B Gl woax g L] Lol 13 e
ol Aol ol Bl Jle Como (AL EE 5 se
o5l Sty Jeate SO 5l el sl ol Je
bl 2 0T 053 Sl ped (sla el &8 5250 Jous 5o

§5 P et JAK;’.{LU'T Sladlae 5 (g5de gl Jdou

ddie -\
b it il o3 pslie 63V Glacl ' o5 35 51 S
a3 e Gl ol s Ly Jsle e oYL
U Jlasl gl JlS (358 Lo 515 b, Ol Jlasl sl
GV e ol 5l s Al e esliad Ll
Lo Jlasl a5 slo b 8 55 glace S Jamts
ol 03 les S Slides g Sos8 3 Sl de LAS O
sde Bl olides ol 5l Gas s skl o sast
53 Vs e VLl bl 5 il s Ses Gl
el b s i Jlail Dlir 4 pliws 5 o8 A5
38 s Gl 2 Geis Ldle 5l de s el
2 Olse b el 81 & us el sl VLl 5 0l
(S e Sl oslinad L Jlasl osi sledss s
S Saly bate 035 Ha3 sl fas b by Gus
S sls gl 5 O 4 ol GulES 5 ULl asda 5 O g
Jos pss iy b p el Sl sk L5 Ul
d&a o ol Ll s Jlal e Sli ey A8 e
sepr Jlasl o AT Sldlas s S slgiy JU
ools QLS 1y O 53 gl IS8 b b Il 5 ks, S
Sy 3wl Jals 5 LS &S el e [V] el
Sl e 5 Joee Sl ml s aS ol O 035 b
Sy g oS AT Slles sl e oo
ool ) esliad LS s e Olis sl a8 JU L !
S Obsly /0t 5l S5 A e wsly 4 Oly e Jlasl
G > Sady i oSl Sl S5 ol pdir
» o=la 5 Chen [V] ol cus ol Jlal el
ol e 5ol bdaily 5o ot (geld bl Dladllas (gl
Gale SDladed [Y] Wosed mike 51, Shhlgly Jladl
oo AR Gl ) eSS sk 4 sl
3 gdows Olall Lo plonsl L 58 5 Zekioglu sl S
gl 3l S 8 sl Ol RBS ame i, Jde e i
4 Jseme OV Cs g 500l LA S Tk 52 KN W
Ol e oo V] iy o s Sy i
53 ColpSs Sandl sla i S Wil e dlasl oS sl
Oladl s Sabol 5 Engelhardt s o) 55 da.u Seals 4l
wsle 55 Ll [£] a3 pLul RBS olad i (sl 1 3 5doms
S shaie b L5 &S 3L s ol Kan 5 Zekioglu asdlas

Jlasl o el jo 1y a5 S Seslil Wl e o esls

2gd g ojlw ¢ iingfy g cale aypls /Vb

4% (liutoj 9 ) - p9> 9 CLuwy (s0)ladd - pmaply



b jhals Jlasl b Y
O5w 5o o Jlal & bype DL Sl Gl 02
s bzl (Bl 4 s b 008 e s e
Slp dsde sdme wBly Al pae ~b ol e5Y
o3l AISC wsli T Lol 55 51 o jlaze RBS Jlasl > b
wsy 58T ol LRBS Jlasl > b 55 5 Y] e
oslaial 3550 30 [VE] ilLKan 5 Imanpour o 55 ol &S]
oasl mals dlasl 5l g aw S lad ol 3 S 13
ol ol eals OLis (V) ISe 55 0F (sla el ol e
bl s 3 WS 5 e OLSG Jlal 4w a (b IS
Jle ol b e cline 5wl fals Cwnd sk
Sl Ssle

058, <a< spu> b ek sll bzl )
0.65D < b < 0.85D

0.1B; < ¢ < 0.25B; 0.75B;

Sl ol S ST sl 5 5 a,8T Jlasl s e
Cogpe 4w gde pl WAL e G ol slgldy oS anl
Al s (0.65D/2) +0.5B; < e < (0.65D/2) + 0.75B;
‘JLALS Camnd \:,..:x.;}.d 9 }L’U\ QJXA e« b a (5LAJ,:,4\)L
J.)\c.;\.i%ﬁﬁ'(\)ﬁl)>ds.l~&bjj§w\i
el e gl asl als Sadly daj.a deolee =Y
Ol b oa8T 5 Sa 8T sl Jials b L VLl

el Sose 4 5wl el

Z,=Z, — 2ctyr(D — tyy) )
1
Zaw-rBS = Zflange -(1- SDF)Z":,ﬁf Y
2
2(&)
SDF =1 - ——1— W
(t_f) tand
f
Zflange = Bftf(D — tf) (£>
grar _ (O —2t)° ()
web tw 4

(O G (V) ks, 5 aly Jials JL L shate sl (V) b,

S8 @ asl 2als Ol b Saia,8T Lo s S ST L5 el
@l als Ol b ST 55 a8 Sl nl bS5,
Lalss 5 iSn oS 55 e i1 51, Ol o alS Ol
O Cwnd S 50 45 shie elul Zawogps 5 Ze Vb

c.la;u Sty Jsde JEalS oy e SDF 5 Jb culks

Vb7 3Ug g ojlw (iliagh g Gale eyl

Jrge Ol L Jlasl Olge L RBS Jlail 5l st
M50 85 S8 L o SKaadly Jonis 4L > AW-RBS
oeLea 5 Mirghaderi L 5 5 el Jade 4>l s
sl 5l «Slaze RBS Jlasl alie [V ] ol ol slgiig
sslital 3 edd Cind a3 glaie Jhest Caslie 2alS
o3gdome 53 L5 Ol Ol (golgin Jlasl s ol alos S
e 4o Rl Sl se GG s b S Sl e
Jabe Ol Glads ST B, 5 ks S
LS5 AW-RBS Ul sl i i 4b 55 Sl
Cl Ao 3T Gl g 3 et b, oeie 35 S o
dged 5 LS o yascie |y dlal ol oYU (6550 ol
LB cslie Sl Gk i Obsly A e ol
oo 6 ol Jlys el cpl silesls LIS |, el
o3 eslitl Gy oSl S g 0Ll 0/rE S
3de Oladlles poman S o ColiS o5 et lalls
AT Gl sad 530 3sdomn Tl Jha) Sl eslizal L
55 36 sade Slllas il 5 el plosl AW-RBS L]
2 Sy Jade b 53 43S 13 Sl e Ol Syis ST
Sl S e Al 1y el las o s Sas iomen
Olamas aBly JalS shais U 5 Jlail Gl L Sl
sdaze glas e slein b 2l 5 Rahnavard o ls asls!
531y plaie S g el 5l 5o il slaesll
D1T] 55 505 andllan glast o b s 5 3 50me (515 Je
2GRS 5 e e il e ] s
sl azls p azsly u:..alsclzbl{j:sJL,a:\ Sl glil Jue
geie ol gsde Oldles I ol =l ol
53U eslgiy Jlall Saadly (25 o ades a5 Cossles S
53 el S Sy Jrade Dl 5 A S8 2
Sbdss 5 dlasl wadar Sl pel Jlasl gl ple 5 L
G3de Low a5 @ Sulg s Ll WS oS ke Jlatl
Jlasl U aslie 55 AW-RBS Jlasl adse 5 IS L,
Gl S ois S wllls a1z ooy Jlal 5 sl RBS
RBS Jlasl b acgles 5 (gslgliy Jlasl s das o OLL
el ol Chndal b o a8 S 13l ge Ol ol
et S S b S faie lY 5
e Sl s el b e 5350
edulp wlr b Cod akb el 5 e gl
(B 33 LS 8“" oeals Cslae Dli e Ol Sl aslas 4
el o anstls OB s, 5 S8 sl 5 ceslin

A% (iutoj 9 Jul) - pg> 9 Cuuy (s0)lad - pmply


http://www.sciencedirect.com/science/article/pii/S2214399815000053#!

2 Bon e Oles Mp (V) K2 3 el asiie
G LW e 00 S o G Ve D 2

'L“’:’L';S" RBS J'SJA)JJ:;)J'{ ‘_;v:'j LS});-.'VRBS ‘J:j CXB)

wS?
My = VipsS+Mpr +— V)
wl  2M,,
Vope = — L \)
RBS 2 I
V,, = Vgps + WS, Q)

Zfiange <y Obr Sl so Cand Cslieds te 5 Gl Ol
Sty Jsoke ZEg I oo 5 5 el SKxdly U
O e R e
wily el Cand S e s Saadl Oles asls T
Spo> Sadl Oles My aasly cpl 53 8 (1) el b

Zflat

web

S s 4 sl
Sl 550 aided 25 i Ry ANO Ll S S
AEb e ks B E 5 VYLl Bl s 55w

QY]

il o Cpp el ialS

My, = CprRyZ,F,

55 Sl g Mye 3\ My a5yl J 55 5 5¥ 5 las
M,e = R,Z,F, ) LoOsm 503 5 50 ksl o3 s K aale -8
bl el e iy 5y Kt ke sl 3
Mr < Pa Mye O il 5 ) 6 W) By e 55 sy B L 5
TV
a.b.
i Pa b i
| i -
! —
— Corrogared Region - Bf
, [ 5T ol _/—TCx 1
LIENN
Wl 2alS 0l b s ,ST 5 s ,T vl 2als J b Jlasl ot sl b - S
— RBS RBS RG;BS «ch RQB;S R(%S idi’
LS s L W | w o
— QVRSVRBS H”H'HHH"", gr BRI I R RR AR RRRRRRIRLL I
!‘r./ \\1 ‘\ o \ \:\;/_/‘ |
M 3 Mer i VRes I |
e 7 - ab . b'a
N Sp=a+b il 2alS glmond Spe kS pealals 7 t 5
- 3 Le 7?\;

J:JLqu.:jl):ﬁ)}_»gi»;'-;)Luwbué\ﬂaljﬁ;.-)b}&j—\'JS.&

e UK i b it s 1 (5l il alS i
Jlosl LOT (555 53,0 Ll 5 50 bl o3le 53 OB 5
Ol 51 e 5 ol il QB s 3bedie sl i3S
i gy Olall il 002 3Lzl ANSYS i3l 5 VAY iy
s s L b SSU by Moo sl A
48 phar OB Sy Sle o S 51 R DU Al e
Blas Cias s 5 Jlal o8 Ll 5 il e o O UK

3 gdoes gl 158! (’f. 3 eslimwl b gods andllas Y
Ol U ol jen AW-RBS Jluasl >l b 51 o Cand ol 3
Oy 3 sdon lirl o Sl 5 3l eslizal b 4l el
C\jg\pwmwuﬁ«;}@)pmjwdut
s 338 e alie 4l talS shie oVLail S
il gy el Juls o3V res OB el 55 S
b VLl 5l S o (sl O syl il 55 5 5 la

2g0 g ojlw ¢ iingfy g (ale aypls /Y

4% (liutoj 9 ) - p9> 9 CLuwy (s0)ladd - pmaply



S-S glagilesl s bl lae plg dm Caslis
(V) Jadr 5o &8 bad god s sl Lg;Y}é 6L°Qﬁ)5
U'.'-‘ BE) .J};&A @j’“ 3 gloes lej"\ L;Lhd)w “ ol GJAT
gl olasilie Al 58 dLA& IS Gl V=Y Ol
'/~V%,?~2O:5J§jléi)>l€;dl=>'uc;)jﬁa4{>¥)é
95_9]:.0)‘)3‘ rf)) n&;—dﬁ.\jw;“mdﬁ}lsjb
Sl 0
aé)\} )l;. 4_9)14 &.& )L! Cow Yl )L'\'.é) axllze st;
b S S m IELL e 4 O VL S5 w
Odews bbb & Sosw 4 IS, s Jlas!
S8l O e il e esile YV0 aib g

Osiw YL S 0z Ciie g o el VA0 Olss

— 1 _
£
a3
>

B C ¢ B~
_V/sfom \/F¥O m £
e
Z >
P 2

Y A

Fas

sl OB 3 Sl e 5 65 Ll s Y IS

cwda (1) ISS 5o ddl e O il il 55 5 5
Soledds gl b CB 5 sl Dl 5 o Rl
o g BB OB s 058 e edalin 5 gdeea |
Oy g5l 5 e YITA 5 &ilas Jsb db gy e VL
5 IPE180 L5 s owr oa ki3S bl e YN0
Sl Jde 55 s S Ol Box Yo ox A+ O5iw L 5
L, 0l s 50 sladl oS col ol (53 OB 3 5 5dee
doee 53 plply ol late Ogie & S (358 S
e 53 Sl ol giledde e Oste 4 5 Jla]
2 e o Ol s bl @ s e Ol dlal i
Cial el s sl s ol s S bl (g3ledute
o 4SS Oyt b L3 s sl 3 Shle oS oSS s
sV s L Sl plas o sleml s 3 s e Jlesl ke
Sl ol and Gl ol LS S Sl aer Ot ol
a3 a8 (Shle o8 4SS 5l O 5 L sbadl s sl
oslizul (AS o dpdoms |y amio 5 3ses O Luis (g3l
Sl s gl o3 (1) IS0 @ a5 Ll by ol ol
Oyt ol 53 Rot(x) 5 U(2) ool3l a s Lais s 5 caas
oo 05 YL Sl L Rot(x) bl e s
AT Jle wlie S &S > 2z g 3 i3l L5 e
plil 1888 Jl 55 (HLIKes 5 oS & sl
35 S g dls i asl 0Ll cpl ssdses Dl e 3 sl
Gl okt el Alas ol i3, S bl (il
L A36 sY 48 g e Dl ge Obr 5 Ot 5 sold e
5 ek R Eb e JSLK YE el s i

3ydee gl gladie s CXLAA Silasein =\ Jgd>

sl 55 sl et "
Flar Cond e 3o
(%) (MPa) (MPa)
Yo £or Yoo d s ol A
Yo 0vs O SMer 50 aio »
Yo I Yoo AL s O 6 reds Vo Silmio O g2
Yo foe Yoo oS Cdew 3 (LS (S ks VO Dlmin O g2

OS85 5 e 058 O i (0 5 () S s

s Il Jlem 5o sl T8 aib e 0K i asly 5o
parie LSS ol 4 a8 Lot ol eys] anllla
st Jlail jy Kooy S G5 pslie oS 543 e
o a3 5 e S L Ot 0

05 &S 350 e edalie omes ol Aty 5 JL (6348

Vo7 2g g ojlw Giliaghy g Gole ey

Ju b Jlall s asl ialS Cad wds Slasis
s b=Yor mm @ =1V MM e 4wl JZalS
a=1W/0 mm g1 Jlasl s 5 c=Vo/A mm
Jdlasl ,s 5 te =Y/ mm 5 Lg =16 mm e =\++ mm
b= mm @ =)1/4 mmoasl gaS ol L gy ST

Ll e Le =0 mm 5 ¢ =\+ mm

A% (iutoj 9 Jul) - pg> 9 Cuuy (s0)lad - pmply




30 il Sl Gl b od UG ot o b by
Ssh e pateie Gl a4 a5 L gd e sdalie adlas
Jlasl 5o tilen 5o anl 2alS Ol b Sgs,8T Jlasl o
Osiw p 3 1y S glols Sysy8T Jlasl 5 o laze RBS
lew@wdw\w\dbwﬁ)wudadhls
25 sl Uy e gL e e ks gl s

ol 422105 glalamNe LB 3l A aib s OIS

Jlasl & o al 2alS Ol U olen 555,81 Ll
Gl s S 5 b olwe RBS Jlasl 5 s ST
S ete 58 0dd Candl a-U 53 (5 J e D pee 4 Sl
Gl S s i polie oS ol = s ol Ll
4 Coes 553,81 Jlasl 5 Glaze RBS Jlasl 55 Saadly
235 Gt Jsb s asl als Ol L s )isT Jlas!
wl el ol b S8 dlasl ey e Kby oS ol ol

S osed (V) USS 5s il e s Jlasl 53 4

AN

JAN 12 2013
12:14:29

NODAL SOLUTION

STEP=1
SUB =25
TIME=1
SEQV (AVG)
DMX =.193892
SMN =418855

SMX =, ¢96E+09

3315409 L441E409
. 386E+09

418855 . 110E+09)
555408

L 496E409

AN

JAN 12 2013
11:56:05

NODAL SOLUTION

STEP=1
SUB =25
TIME=1
SEQV (AVG)
DMX =.193903
SMN =376328
SMX =, 496E+09

376328 1105409
5545408 4

441£409

09 .
. 386E409 4968409

il il L 3 (o

Jols s (A

NODAL SOLUTION

STEP=1
SUB =25
TIME=1
SEQv (aVG)
DMX =.193896
SMYN =359514
SMX =. 496409

359514 1105409 .441E409

5548402 4965409

AN

JAN 12 2013
12:24:16

NODAL SOLUTION

STEP=1
SUB =25
TIME=1
SEQV (AVG)
DMX =.193897
SMN =52577¢
SMX =.446E+09

525778 3365+ (2955403 3375403

3475403

.so015408 4465403

58T Gy 5wl 2als 0= L s G

SETok L s (2

3 9o l)'q-l du\ﬁ))mﬁd)ﬁ&hm&;‘@)j—i JS.:

2gd g ojlw ¢ingfy g pale aypis VP

4% (liutoj 9 ) - p9> 9 CLuwy (s0)ladd - pmaply



NODAL SOLUTION

.024109
.012054 .03

Bl Jals L s (o

Qs s (A

NODAL SOLUTION

(AVG)
DMX =.193897
SMX =.273064

047791

ST G5 5Bl eSOl b s G ST b s (2

sj.lm\}a-ld.)w):uij)s@)‘};—o ‘_}S..i

T S ——
\qw 70 - pn.n I
’3': 60 7 P et >
e
3, 501 P
= 7, —= esbu JLail
3 40 E/
S : )
2 30 | A s L e S9o,T Jlasl
% 20 - — o s Gl b Sl
E %
Z 10 - s Gl gl b e tsT JU
>
0 T T T T 1
0 0.02 0.04 0.06 0.08 0.1

o o5 DVl gl b ol O Lok a4 o s SL - IS

Ll S5Ss 5,8 slls 550 Olazstle .l 0 dss S
S B30 2 5 2013 D3 Lds los ) st b s 3 o5l

Sl ol Sl el sdd Slasl € g S

T R R

W7 3gb g ojlw (Lling)y g colc eyl

b b Jow s eslatul 5, 00 slade oI b 2
%FM}))’I J:,)_' L;Lad'ov.u ;);)ﬂ Cowd 4 S
sl aib V0 5 Ve 0 Jde an 3l asl rals oYLl s,

et (V) S s WOl slal 5 Slasiis &S 1S s

A% (iutoj 9 Jul) - pg> 9 Cuuy (s0)lad - pmply



D5t 5 o slasl Olasiie =Y J i

wb ey
O g ) i
o J’L" = s
W14X145 W14X159 W21X50 \
W14X145 W14X159 W21X50 Y
W14X132 W14X145 W21X44 Y
W14X132 W14X145 W21X44 ¢
W14X132 W14X132 W21X44 0
aib o>
O g ) i
s R B ik
W14X159 W14X283 W24X84 \
W14X159 W14X257 W24X84 Y
W14X145 W14X233 W24 X76 Y
W14X145 W14X211 W24 X76 ¢
W14X132 W14X193 W24X62 0
W14X132 W14X176 W24X62 1
W14X82 W14X159 W21X50 v
W14X82 W14X145 W21X50 A
W14X68 W14X132 W21X44 q
W14X68 W14X82 W21X44 Wo
b essl
o Sl s il
W14X257 W14X342 W24X103 \
W14X257 W14X342 W24X103 Y
W14X211 W14X311 W24X103 Y
W14X211 W14X311 W24X94 ¢
W14X193 W14X283 W24X94 0
W14X193 W14X283 W24X94 1
W14X176 W14X257 W24 X84 v
W14X176 W14X257 W24 X84 A
W14X159 W14X233 W24 X84 a
W14X159 W14X233 W24X76 Wo
W14X145 W14X211 W24 X76 N
W14X145 W14X211 W24X76 \Y
W14X132 W14X193 W24X62 Y
W14X132 W14X193 W24 X62 1¢
W14X132 W14X159 W24X62 \o

Sl GlES @ Gt S Sl el sl
Slab o0 5l Ly L baar 0 5l chad et U
wh S Jaiys Yeoo NIM? Ll Slad o L 5 £Fe s N/M?
S pe SAP2000 L5 5 L sl b s s s
Al A Sl oy et B sl g 38
b s Jee s Sl Gl S i s w4 Lol Rl
53 S lasl Wblie 5 b bt oyl S ks ol
55 s gl cpl by ol sl esls OLES (Y) Jsde
Al S dsb B s el Gl e IS s
Jos 5 ad obml osle s 3 pss 45 e S oS
Blod sl ol ok gl P — A Sl 5,5 5 55 L ol
S ool w55 i 53 Sps e i 6
P—A jl 5l 35U bl Lol i 1zl S bl
B b sl e pl g as S Bl sl ~b
her DB b 53 (deads VLT L B 2 Sl (e
Gl Sy a1y osle s LBl D35 5 3pd e eslind
3l LB s ol S e Jlesl OB 53 slae S 4 S e
Aloesbe Slib 4 glasd Gib Sl sosme G 035
oSl Jdod culh 53 5 S e e 1) G5 s B P —A

4%x7.0m 4x7.0m
[ | J
E N
S| | | 1
Wi\ ‘
3 ng.*l;u%‘_—; 4x7.0m I
[ | 2
PLAN E
c;;,
4x7.0m E 2
£ R 1
- a
o
1 |
A /
£ E £/
w0 w wn
ol " o'

ab)o gV 0 Olatle et OB gl 5 O -V IS

Solwdde Ly, -0

alwd a4 (Vs e OB glacl Gl
oz 510k & dites plaeltla 3 05 5 o Sy
ssb a Lael fpl S e Jime Lo st 4 5 LS e i
oA Qe 4 dres e 5 (B0 gl el S
B Vs O SY = NV PSR [ W R C
SV peme e OB b ladis 5 b s 335 e

lea.,\i.'\s 'M“_—JALQ ;\M}L - ;\}JJ;J Jla_m_%f.a L,';J" J,J‘

290 g ojlw ¢ iingfy g ale aypls /UN

4% (liutoj 9 ) - p9> 9 CLuwy (s0)ladd - pmaply



Loglarl Soop 5wl Jlals Cwnd imes 5 ool
e 3 3 G slel ) s Sl sl
e 53 ol Gl aBl ialS cad S S Olg e
PP Gl s ol el 2l e la SO
oA el L sl Gl SS i &S 55 S s
035 Jde sl 4 G cnl 0 2,8 e Dse Sl
2 RSl Al ahake b S s s ge SA S
b bians Ll 5 5,850 5 @l il sl S
Sl st SIS 5 3550 dia oIS e b poae &)
o, LL s bl Cools el 8 5 s el
bl b 4l glls S Jte _slos ) 4l s |, RBS
AU s o)l s edsdms ;3 RBS 5 5, AdL e 50
() JS 53 35,8 Jie anily (2al Coond 550 53 g s
o33 QLI j3 5 JalS shde 5 LRBS 5 (5ludslas o o
5 10l RBS ada U, 5 6l Gl 3 ol 0
5 (@) JKE 8L S |, RBS baie b s 5 RBS
b pie 2 ks Ol & 355 (25 e 5 S
S njfda sdalin (V4) Ji..‘:); S5 d (V) J_(,.: e
Oermed 5 b 0d) 8 e g5 gl LRBS 5L,
S Jeol S5 s S (55 sl oS e b 5 s,
23 sae Sl e ) pames 5 sae shis S
53 bl gy () U Gllas ol 005 Bl RBS i
33 RBS L5 e Jsles Kgs 35,5 oo eslitnl (3ludute
5 (V) USKS 53 el esls Ol (8L o el ) 4l
Ol Coui byl e ab 53 RBS 5 o Jslas K
Gl o JalS oo b 5 e s Ky, 50180
4>U 3 RBS 58 Juade oo O xe Kppshinge <55
2 RBS 53 Jade e skias 0L Kipshinge <o)
RBS 1 ol lp Getos opl 03 il o)l 4t
Sl 0315 plos) Kassegne o i Sl 5 S s, s
Sy 3550 3 b Yool L 5o (65 258 e ealinad (4]
S3RBS L5 i 3L sl 313 ol RBS L L5 sies
S Gds lakaly sy pde s 4 i) 84U
Spdee el Sl a5 SaS 4 LS 5l el 8
4>U 3 RBS L5 o 5L sl s S eslizd ANSYS
S ssdeee sl Lo 5,50 RBS L 5 5L, el 8
spde elizad (1) JKE L 1 ks sl 2,8 e
338 o s M= 0l god &y g 4y sl Sy S s

L 2500 035 i o 53 Sos 4 B Ll

Va7 3g0 9 ojlw iioghy g Golc ey

S Lier glasl oy s, 00 sled @ ol gleddle s
LS e Jie oo Sl e s S e s 5L L
2 S aS g ge Slag plad il Cod Ll oo Lael
S, s ol Ole 51 Jys 6,8 13 S s il e
s Lael giledde s ool ble it 5 5y
dlail aaim ) 05w & 5 5555 5 bl 4l idlail el
52,5 05 203 B et S el iy S s
LS o Jime Oge w0 Shn Sl zad oo w
ol S Slas s ae ol 3k S s b s
Osiw 3> S Gogoe Loy 2525 Sl 55 5 Al 1)
b 3 g gn a8 B 5 (B n 5 Sope S St
Gt ) o> dies hast s dy bag,s od Ysane
3 U oSl cnl eiS pns (giledde s e
chie b 5w by Ll bl 3 5l e S0 e
chie b o5 iledde Lailyy 4 e 5 0dd s JoS
5l el o w5 S, el e adl lals
on WMz a3 a e el il 28
23350 DL B L ol 4l s 0 oledie 5l s
sdgdoms 53 5 (Siledde Lalsy a5 e plasil Laesle Lo
Ke Llss cnl 5o .ol OF) 5 OF) Laily, ooy 40 ol )
Ay lgw o 25 50 ok Le (ol and e

il o B0 e R @ Ol Sl

_M_GE L Ov)
¢ 0 L, «a
«= <1+24 1+ ! ) Or)
- ( V)AVLZ

o Sl U il e el s S ke,

3l Dlolonn 3 aipezadly S 0 s ol 35S S
0Pp ahe ol Oy sl g s Sl ol
DA O 253 s 5 sleml s s Sl Jolie 558
Cogo 4 Sl b axb s 5 e Vsane LS
23 3y DL 3 s Ol i) e Sl o 8
0 LY el o axl e (bt 8 slagsle Jue
eL ISR B VR K L S P31 BCTUUUR SV W
o Sl Al 5 o e s i S35 Gl G
5338 on 03Mial il 350w L3 33 05 51 (2l 05y
2 Siledde s 4338 n psbes 4l op) 53 S e
Lo s oS i b 8 e 53 5l 5 2S5 5 RBS
Cand oS gbal S cledd S5 asl talS i
F phie Cannd 4 S (08 b b Bl als

A% (iutoj 9 Jul) - pg> 9 Cuuy (s0)lad - pmply



Sl pn el ol e3lizul EndZone 5 FEMA slaol
Krawinkler (sslgiiy Lily, 51 el anis giludde
e 53 Jlal aniar 3ledde g [10] A4S o sliza
slr o IRl e IS8 Gl ol (V1) S 50 @
ol by DV S e eslinal daey 5 51 5 o 5l eslizad
O S Ges 3 |y Krawinkler Jue s L35 o b islie
G338 o denloee OF Gb ) ey 0 b, 5 AS s
sdin g ke ol gl Krawinkler Ly, sioeslecd
Gy Cubrs W] ol 4 § 513 ) 5,5 El-Tawil
Ot Olr b § ez ol Jlall daln 55 ol esliza
oolal gl il e caslas Gy Cubhs 5wl 4ib
s eslinal (slo3 ) llos mls 5l cislas Gy ulis

ol ol Ll
\al b
PVANETS AN
b
a+—=
b
‘4—1
£ RBSHing AN

555 JelS sl 5 URBS L5 g3l Je A JSS

M L/2

@A\g,_/'o

d#d)\.}f}l{aﬁ—*p

M RBS Beam M

p
KRBS

Full Section

Kres 1

RBS o3 Jeate w (Gilre LI aad 5l eslindl

ipd A 5 D
K = () Kegs;
RBShinge — 1-¢ RBS»

L —2S, ; Kras (O%)
n= &=
L KFULL
2 P
n Krss
KI?BShinge = (1 — %’P) K};BS; fP = m (‘ 0)

o8 55 & ow Perform 3D o Ll 1l e 5 s

Loldl b 130 e 5 cnl 5o 5 e i Sl
il Cotle Cand js Colg s s 3,8 0 D se S8
e A B8 50 Gl L S 5 RS L ]
b SWI OB e s ol Jlal adr b s pae
D2 e w0l pl Jgb uS e b s | EndZone
B L L P e
bl 5l D3 Ol cal 5 5 G cpl 53 Sl sl
OLis il EalS 5 g (V) S s 55 e eslizul 15|
oldl 31 baose  giledde gl cal sdd ey
shls FEMA ol 355 e eslizel FEMAColumn
s FEMA 4,55 53 odd b me slael 4, b Cllas
Jate S olpon 4 byl Cand S lls LOW
Ol cpl dgb .(0Y) JSKs cn OT slgml 5 Szl o
Sy Bl e s w8 K s 5 db el el
Sy g 3,8 e S s L el Cand y faie oSS
osls QLI Ol ol (V1) UK s &S e ke |y 0Ll Ll
Sa=Y ¥ =VE LP-MM faie 5 i (gl ol 0l
b S ol 5 (OF) IS s 34 e sslizal B =)/)

5ol l sl el eals Oli O laoldl ol en 4

M RBS Hinge

T'IMY 1 KRes Hinge

-+

KRBS Hinge

0 0

Siledde 55 s a sk, Ve 1SS

290 g ojlw (ilng]y g (olc aulli /e

4% (liutoj 9 ) - p9> 9 CLuwy (s0)ladd - pmaply



i Ol 10 sl 53 ASCE-T Cib alie ks
Calps Colg 53 5 Cledd Bl s gl P— A LSG
v olb G mis b celne G 8L S
o Sl s (V) 5 (0D (10) e ISs 55 el s
sl eals QLIS azb Vo 5V 0 B gl s o g w gl
Coand 53 oS 50 RBS 355 s odalie oS slailan .o
Coslie wlal S5 sbaci ;s 5o Js 2,0 bajlases s
et Al G55 (V) Jadr s e a8 o5l
OLas 1y dadb V0 5 Vv 0 o ¢l 1) Gua ol
.MJ‘_SA

e 5 Cuoglie 5 e 3l O3S el S 0L
ol o sl e Bl las IS0 s oS Lael HLS
s =S LG s

Oloman 5 Clib [l b 55 8 s sdalie a5 shailan
O Ol b SainlsT 5 Ssa)5T 5 RBS Jlail s>
b old OF b cline 5wl B S 25 il
RBS Jlail jyam 5 Gds O a8 i b o el
Jlail i 3 Bl ol Ol 8 e 1B S
S oSS A asl als ol b Ss)sT 5 gl
ol ISl Gl Bae GO L e s Ll
G S A b e bl ol L iles
2ol S eSS ISk

B, Y
s b sl sl Sl (b bl
b o w a8 b b Sl Ol
ot Gl Olazstlee Sl ous S Ll 5 5 Olexst L
oA MWl et sl 1 as S Bl gl 5 sl e
@il Conslio WLl Sl 5 glse e yiems Sl s
ks b o Sl b s ) 5SS (550
LSy Sl b ambs oy pla plal S s
S ol (G550 5,0 Ol damlous 31l Sl OF 5 ol
i o 5 Kaodly Jeads sl S Sl 5l OB
b Joos s JoS ol g8 0 8 Gy B asd
bl gl Sl gla s, Ol SIS e ol
Sl bls YAl Uang sy coml bl S5 ks, g 0
ol Sl e Gl s aS el i Sl s Sesle
03,8 ol b a8 i ol w4l el eslanal 5,

N/ Y99 g ojlw ¢ iiagf) g (ole aypls

(RBS) assly jidls alsiio b i Jie
sl )l slacwand

29 Sy b dnd Juao i
Bl ls ke 3 55 e = sl

Bl el i b g e -1 K

giac Gl 53 Sedwdly Juako

N\

=

FEMA OLJI VY S

e 5Ll 53 Sy Jeolio

VA

[ X P E YW sl
E O g
== ==

Lokl ol e 4 aib & OB VY KS

poeys

)5 :t) e syl

Bt p5 0 Jlail aedr Jas -V JS&

okl Sl b RS b Sl e s A
2ol (Il 3l o el Rl il sk 4
b 5 o3l IIELL b oo ol gliasl 335 (g5ledie
ol e il e )y Slosar b oalie YL o
Jes ras Sl s w ol mal s sk 4 G
S ik 0 B sl e ealind o (S
Vo Bl s 58 e bl dgles S 51 asboml 6108
S stk ol Sl edel s 4 (L S b Vo
10 5V slacl Lib o sl o5 e okl sl o3 S
b s el b e s e Ve 5V LSS 4 aid

A% (iutoj 9 Jul) - pg> 9 Cuuy (s0)lad - pmply



Sl G O ks Y Jgde

(1) G o ool
Lo s 55 PP Rt P
(3] 4 e SoLL
/Y Y /001 V/40+ RBS o34
VYT Y704 Y/ 8A RBS L
= co iS5 8L
V/YYA \/0AN Y/ 0V 83,51
/Y8 1/04Y Y/ VY bl 28 Ol b g, 8T
V/TVA \/V+ 4 Y/ 81 RBS 034
/Y4y \/V0 Y/Vot RBS L )
_ wl sl 6,108 5L
VTes VA Y/ oV S35
\/YY \/VAY Y/AVe sl a8 Ol b s8]

Clasiie alS g3 sl S Dy 4 b b s
S S N s O 3l o3lu ks 4 by e
3l o el eyl s Ses S Cl 0
Gl sl e e e s o3l Olgy Caslie LIS
3 25 Sl e 33l 5L ) pe Cuaslis LS e
350t G5 by )l S Sl s
23St Upe w s S e b s
Lkl iy s besle sl b 5 Shas 01,5
ol Ol gy K3 b e bl 4l
laseie (Sbt Slasiie wile e b wsbe Lol
CSOle Ol Sl pl (JSmaiol B W)
2l (Ko b Olabl e 5 VL lasse
aoar g Lol sl asls Ol o3l IS s, (WA) IS8
o oS 5L a5 SV Ceglie Sluie (VA) IS8
Ok ) b 4 oleml odd i md Gy b a2

Dy

Cop = (QhY;

Ve
w
03 gudoms 53 MalS o3l 45 il S ys 3wl i ST T
M w5 Jee 055 WG, daly ol 55 o8 by 3L SV
L Ulgie @lasl ol S daesle gl K8 s
L, WCy m3ls cooslio ST laie oS 335 > b 5,50
Dpmax b <l S 086 i Sl ool o3 5 3L il
Godkd 53 b ainds bl sl ol 5 8 e Ol
d.;.l)CyJ.;-szﬁjf\}wl}.aé\ﬁéx.mdgt?\c\)b
sl IS e 3 eile Caaslie eSOy &S € s
Jole am ol s 2alS el ole s Saedl lads

o3lital ACH JSle | b glaasls ol 53 48 555 o o5,

4000
3500
3000
x
__])2500
-2:2000 [=——5St-UniL
<+ ====55t-Code L
Z 1500 +——5 StRBS-Uni L
= +-----05 St RBS-Code L
1000 <+—» 5 St AW_RBS-Uni L
«--» 5 St AW_RBS-Code L
500 *—e5 St AWRW_RBS-Uni L
i |@-----85 St AWRW_RBS-Code L
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07
(%) cay o
aib 0 OB gl sl gy e —V0 S
6000
5000
%, 4000
)
3 3000
— 1
z
< 4
= 2000 ——10 StRBS-Uni L ‘
*-----#10 StRBS-RS L
<+—» 10 StAW_RBS-Uni L
1000 «--» 10 StAW_RBS-RS L
®—10 StAWRW_RBS-Uni L
y | o-----10 StAWRW_RBS-RS L

0 0.01 0.02 0.03 0.04 0.05 0.06
(%) Sy yo
aib Vv B gl sl i e -\ S
7000
6000
5000 == 543
iy
J 4000 ——T5SEUAIL
—3?
Two| | 15St-RS L
x / +——15 StRBS-Uni L
2000 4 +-----#15 StRBS-RS L
<«—> 15 StAW_RBS-UniL
1000
<> 15 StAW_RBS-RS L
0
0 001 0.02 003 0.04 005

(%) ek )

4k 10 B (gl sl i s Y SGS

2gd g ojl ¢ iingfy g (ale aypls /NP

4% (liutoj 9 ) - p9> 9 CLuwy (s0)ladd - pmaply




Al e s 4 3 g 4

Ceu Ceu Cy
R=—=—x—==R, XR ()
G €, C HTTS
Ceu Ceu Cy CS
R=—77=—2"+—2-—=R,-Rs¥ v
Cw C C Gy *°°

S gt Sl =S S R—p o sl 3L

D3 o 3 45 3o sl 5 Gladla 55 33T e
s Newmark Luls; 4 Ol o sy ool de 31l a8 §
o Miranda 4, 5 [Y+] Nassar s Krawinkler ([)4] Hall
Dy ol polis (8) Jadr 53 3 S o Ll [TV ] Bertero
ol oals Ol sl ol 5 el 50 IS0 Sl s gl
Lo ssal8T 5 55,87 5 Gojlaze RBS Jlasl gl 5 ool
Aress e B e palie b sl a8 Ol
Cowd @L”J 4 oa=g LYY 5 VAN S WYAL el
lej" GJ.AT Cowd 4{_)\.?}3) g,_ifp ﬁ%ﬁéwdb—?@ GJAT
S50 Slib gy el LOTRBS Oll &8 lasls
Ol b o5a,8T 5 S 8T Jlasl s Jaliil cpl 8 el
et 3 Sl iy Glaie RBS Jlasl 4 s sl ialS
9 .L.Z-Ld ol JL_v‘ LSLAJ.,\.A LY .laj.yja o ‘>L.'. J.LJLEA .]a.mj:.n

Aol badae slass 2l w 3L IS (6.8 b e

S G5 Al sy (U s oS a5
ialS I3ds ldis UBC asl ool 5 ASD-AISC fro oo
Gt den s SOk e 4 Booghe el

.Jsjfda S Oy gee Aol ) 6}1'\‘1 Jg“”

V)

S3A W B sl (s pdy IS s e o
ol SaV (g5 0 by Sl e s Ly e s
e L RS- R NCIT R H P
OAd (ol Cwglio d>= LR, oy K5 oo by 6
Sgsesls als €

Q%Y)

3 3k 5 S Gl (ALE Gl ol s o
O e s sl sy B ol A s b
S o il dlesl L@l 5o sd e O Y e
Cd a0 O O (ol sl A 6,0 51 G Slme )b
Al e VOB V/E Y ol s &S T e

Cs
Gy =2

See 5 b s s gl SV S, s b

(V4)

ool o 4 Sy i polie —8 J g

aaldl b S50 L Lk, s e S S IASLL Lk, o s e sl

161 e Al s Sl 16l e Al s Sl S <l olib
YA Y/ VV/8 A \Y/A VV/e wl xals Ju

VE/A VE/Y VY Ve A7l WY Tl 0
Ve Vo/ Y YoV Yo/ Y/ Bl 288 Ol b 55,87

/Y \Y/e Yo/t Y/ Y/ oy wl 2l JU

YAl VY/e Ve/A Y/ \Y/0 YWy sl )
Vo /A /A 74 \Y/A VYV Vo /A bl 288 Ol b S, 8T

a/+ Vo AA At L AY sl 2als JU

4/ 1A NA AV an Ao 555,87 Vo
Y q/Y A A/ 4/ Als wl 288 0l b s,8T

B/ 3Ug g ojlw (iliagh g Gale eyl

A% (iutoj 9 Jul) - pg> 9 Cuuy (s0)lad - pmply




Ol b San,8T 5 S ST dlasl jsam 55 bl gl
b O L es paced i Co g 4 sl el
b o bl T L Gl ol ISL Gl Ss

Sl EH e (S LL 4 cd (g i s

el -

[1] El-Tawil, S.h. and Jina, J. (2005), “Seismic Performance of
Steel Frames with Reduced Beam Section Connections”,
Journal of Constructional Steel Research, Vol. 61, No. 4, pp.
453-471.

[2] Chen, S.J., Yeh, C.H. and Chu, J.M. (1996), “Ductile Steel
Beam-to-Column Connections for Seismic Resistance”,
Journal of Structural Engineering ASCE, Vol. 122, No. 11,
pp. 1292-1299.

[3] Zekioglu, A., Mozaffarian, H. and Uang C.M. (1997),
“Moment Frame Connection Development and Testing for
the City of Hope National Medical Center”, Building to Last-
Proceedings of Structures Congress XV, ASCE, Portland.

[4] Engelhardt, M.D. and Sabol, T.A. (1997), “Seismic-Resistant
Steel Moment Connections: Developments since the 1994
Northridge Earthquake”, Progress in Structural Engineering
and Materials, Vol. 1, No. 1, pp. 68-77.

[5] Shen, J., Kitjasateanphun, T. and Srivanich, W. (2000),
“Seismic Performance of Steel Moment Frames with
Reduced Beam Sections”, Engineering Structures, Vol. 22,
No. 8, pp. 968-983.

[6] Aschheim, M.A. (2000), “Moment-Resistant Structures,
Sustainers and Method of Resisting Episodic Loads”, United
States Patent, No. 6, 012, 256; Urbana: Illinoise.

[7] Wilkinson, S., Hurdman, G. and Crowther, A. (2005), “A
Moment Resisting Connection for Earthquake Resistant
Structures”, Journal of Constructional Steel Research, Vol.
62, No. 3, pp. 295-302.

[8] Lee, CH.H. and Kim, J.H. (2007), “A Simplified Analytical
Story Drift Evaluation of Steel Moment Frames with Radius-
Cut Reduced Beam Section”, Journal of Constructional Steel
Research, Vol. 63, No. 4, pp. 564-570.

[9] Kassegne, S.K. (2007), “Development of a Closed-Form 3-D
RBS Beam Finite Element and Associated Case Studies”,
Engineering Structures, VVol. 29, No. 7, pp. 1580-1595.

[10] Yang, Q., Li, B. and Yang, N. (2009), “Aseismic Behaviors
of Steel Moment Resisting Frames with Opening in Beam
Web”, Journal of Constructional Steel Research, Vol. 65, No.
6, pp. 1323-1336.

[11] Mirghaderi, S.R., Torabian, S. and Imanpour, A. (2010),
“Seismic Performance of the Accordion-Web RBS
Connection”, Journal of Constructional Steel Research, Vol.
66, No. 2, pp. 277-288.

[12] Rahnavard, R., Hassanipour, A. and Siahpolo, N. (2015),
“Analytical Study on New Types of Reduced Beam Section
Moment Connections Affecting Cyclic Behavior”, Case
Studies in Structural Engineering, Vol. 3, pp. 33-51.

[13] AISC 358-10, (2010), Prequalified Connections for Special
and Intermediate Steel Moment Frames for Seismic
Applications, ANSI.

[14] Imanpour, A., Mirghaderi, S.R., Keshavarzi, F. and Khafaf,
B. (2007), “Seismic Design Procedure and Detailing of New
Reduced Beam Section Moment Connection With
Corrugated Web in Beam Plastic Hinge Zone”, International
Earthquake Symposium.

[15] Krawinkler, H. and Mohasseb, S. (1987), “Effects on Panel
Zone Deformations on Seismic Response”, Journal of
Constructional Steel Research, Vol. 8, pp. 233-250.

Wi o

l

JTosl LU,

¥ “ma

G—L—LAy= CdAS

o3l s, JS Solad A IS

S i A
Il 4 o aly [2alS Ol Lol pen 553,81 Jlast s
G S s LS Ol RBS Jlasl 5 gy ST
S pete 5 e il 4l 3 (55 fe Do 4 Sy
Gl i S s i oolie oS el Jl 3l il
@ i 552,81 Jlasl 5 o laze RBS Jlussl s Szl
(35 Gt Jsb s asl el Ol L g s,8T Jlasl
il 2als Ol U sl Jlasl ey e Sl oS sl ol
Ll S lsed eop bl s Ll ss 4 S
sl oS 555 oo yaseie aib ol O i 4 ol Jbo )
RBS Jlasl 55 tiles o anl 2alS Ol L s 8T
b dlasl o 55 1y S Lol gga)lsT Jlasl 5 O lae
dw 4 Cod bl ol Db e 5 5 das 0 2l Ot
asly Uy eam gl o e ks, sl s Jlasl
el 4zl (gl Al LB 3 A il el O i
Caand 53 oS 36 RBS &S das o OLES 3l s sla soms
Blol Jials daci,s SRl b Js sl bapowe Jas
Sl sl RBS Jlasl ool ax g LB ojle Cunslis
Jowd @l 335 g Jolie 53 S gl
Jiail s 58, b Sl das o 0L (o 2 Sl
Jlail @ s 4l 2alS Ol L 5 ,8T 5 Sy ST
5 553,81 5RBS Jlasl o> Lol zé b laze RBS
5ol GBI S s wdl IS Ol L gslsT
O ks el oo 2alS ik ks of L oconlus

Olses 45 Al o Ll Sl RBS Jlail s 3 Ciua

290 g ojlw ¢ iingfy g (ale aypls /N

4% (liutoj 9 ) - p9> 9 CLuwy (s0)ladd - pmaply


http://www.sciencedirect.com/science/article/pii/S2214399815000053#!
http://www.sciencedirect.com/science/article/pii/S2214399815000053#!
http://www.sciencedirect.com/science/article/pii/S2214399815000053#!
http://www.sciencedirect.com/science/journal/22143998
http://www.sciencedirect.com/science/journal/22143998
http://www.sciencedirect.com/science/journal/22143998/3/supp/C
http://kocaeli2007.kocaeli.edu.tr/kocaeli2007/TAM_METIN_NUMARALI-SIRALI-PDF/405-413.pdf
http://kocaeli2007.kocaeli.edu.tr/kocaeli2007/TAM_METIN_NUMARALI-SIRALI-PDF/405-413.pdf
http://kocaeli2007.kocaeli.edu.tr/kocaeli2007/TAM_METIN_NUMARALI-SIRALI-PDF/405-413.pdf
http://kocaeli2007.kocaeli.edu.tr/kocaeli2007/TAM_METIN_NUMARALI-SIRALI-PDF/405-413.pdf

[19] Newmark, N. M., Hall, W. J., (1982), "Earthquake Spectra
and Design Monograph", Earthquake Engineering Research
Institute Berkeley, California

[20] Krawinkler, H. and Nassar, A.A. (1992), “Seismic Design
Based on Ductility and Cumulative Damage Demands and
Capacities”, Journal of Engineering Structures, Elsevier
Applied Science, New York.

[21] Miranda, E. and Bertero, V.V. (1994), “Evaluation of
Strength  Reduction Factors for Earthquake-Resistance
Design”, Journal of Engineering Structures, Elsevier Applied
Science, New York, Vol. 2, No. 10, pp. 357-379.

N0/ 2Ug8 g ojlw (iiag]) g Gale aypl

[16] Downs, W.M. (2002), “Modeling and Behavior of the
Beam/Column Joint Region of Steel Moment Resisting
Frames”, M.Sc. Thesis, Virginia Polytechnic Institute and
State University.

[17] Jin, J. and El-Tawil, S. (2005), “Seismic Performance of
Steel Frames with Reduced Beam Section Connections”,
Journal of Constructional Steel Research, Vol. 61, No. 4, pp.
453-471.

[18] Uang, C.M. (1991), “Establishing R (or Rw (and Cd Factors
for Building Seismic Provisions.” Journal of Structural

Engineering, ASCE, Vol.117, No 10, P.19-28.

- W

! Northridge 1994 Earthquake
2 Reduced Beam Section (RBS)

4% (liutoj 9 1oL - p9> 9 Cuup (50)loud - a0}l


http://www.sciencedirect.com/science/article/pii/S0143974X04001476
http://www.sciencedirect.com/science/article/pii/S0143974X04001476




Sd> 9wl 2w b St Gy Jlail sl 5> & yShos
g §39

" bo ¢ md, BT OIS

d‘f»l‘ui})‘:' ‘wm‘ J\)T aKiJ\J ‘Lf»})":’ v\"]} «Q\JA& ;;“""“‘@"’ ajjf -\
Ol DL e odld 33T o8l (liions 5 phe Aoy (oSS 55 5 43l o3l pikign 63,5 slislel =Y
mirhamid.hosseini @srbiau.ac.ir \ FYVAAYADD s (st 01,6

(VRPN /Y0 iy B OFAB/E/TE 2l 5 6

oS>

63V slaolastlo 5l (ol 55 5 035 o3l Glaptomn S LSS ool Jale (63Y 58 (slasslu 5> VLl e CoiS
SLdlss K 4 e Llg o clul 5 Cins Jlail Gl el nd OV K 1 30 s glad s s
e SLls KeS Ctle ciS Gl 4 Ol e canlis Ot 4 VLl sl Lo 8 (608 glaosle 55 3l 5 0 03 o
Sl 4 5 Gl el @38 plnil K ol SV sl ol ol O @ 5 el o Ll b rass onl
4 bl ol Gl o a5 b (Sasm Gos polex w0315 g lar a0 3 4l 4 ax 5 by s
llae ol 53w o3 A3 dal Bl e b Oste 4 L5 oLl o Il Sl Sasn Gos e s oy e ol
Ly slamy 5 Jsere Slage b dlal 53 S, s p 4 Gaios ol 03 3 nd oo planl (Sawsn Sus Dok VWl cnl 655 2
Slasls sad Ll 5o Al dal = Jlesl oo 6l OVl L glas o 5 sl 5L s sge 4 enylanl eyl g sl e antls
g0 53 SAbL dajls gad anslie a5 b5 ol dalpt s JLasl s opl 51 ST pa Gl ol L sl Ol S
Sl B 350 i et SIS sa0 4 i gl (S35 1t o L 0313 D3 L el s 4 ol L Ol 5 Conslie (s iy S
g b dlail 4 cod il o b Ll S 5 4 5 Jlased 53 ol alis 5l ST (2l el s Jlall gs 0l BE S e

CJL:V.:A‘)? Cowd L;LGJ)LJCAAJLEA S0 93 L;)w
SIS 0831,

e 058 5l L il g D 4 8 L]

Cyclic Performance of End-Plate Connectionswith
Rod-Bolt and Removing Continuous Plate

A. Agharafiei, M.H. Hosseini

Abstract

Good quality of fittings in sted structures and structural systems is integration key factor. In an intense earthquake
connection problems designated as the destruction factor of many steel buildings. A poor connection can lead to series
of successive and fundamental deterioration in the structural steel. With appropriate beam-to-column connections can
be helped to improve the quality of construction. In this study, first, design a beam-to-column end plate connection
according to American institute of steel construction. Then, to achieve purposes of this study, and according to this, in
box columns welding fourth dimension continuity plate according to the implementation of these columns will not do
well. As aresult continuity plate will be deleted from connection of beam-to-column end plate designed. Study on the
connection will do without continuity plate. In this study, we will survey the behavior of the two connections with bolt
and rod bolt under push. There the additive load will applied on connections mentioned into two pushover and cyclic
load. Moment-rotation charts for pushover to each of the two connections drawn and according to the comparison
charts, information about ductility, resistance and ultimate loading was obtained. Then, by placing the cyclic load on
the samples achieve to intended hysteresis charts for each of the two connections. By comparing these two charts we
will find that in resistance and ultimate load, rod-bolt connections are superior than bolt connections.

Keywords
Beam-to-column connections, Rod-bolt, Cyclic load, Von Mises stress
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