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Investigation the Pulse Period Effect on Seismic Damage Distribution Pattern in Special Steel Moment-
Resisting Frame Structures
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Investigation the pulse period effect on seismic damage distribution pattern in
special steel moment-resisting frame structures

V. Saberi, F. Goudarzi, H. Saberi, A. Sadeghi

Abstract

The damage distribution of the steel moment-resisting frame (SMRF) structures is greatly a function of the pulse period of
earthquake. In addition of frequency content of earthquake, the deformation demand distribution pattern depends on the
seismic intensity more. In this study, the effect of pulse period of near fault earthquakes on the damage index as inter-story
drift demand distribution of SMRFs with special ductility is investigated for different performance levels, including
Immediate Occupancy (10), Life Safety (LS), and Collapse Prevention (CP) limit states. For this purpose, the seismic response
parameters of three SMRFs with special ductility and 3, 9 and 15-story under the effect of 30 near fault earthquake records
with different frequency characteristics are evaluated through the implementation of Incremental Dynamic Analysis (IDA).
To study the effect of pulse period, the pulse-like near fault records are categorized into three groups of short, medium, and
long-period records. Moreover, two numerical variables are defined to quantitatively describe the seismic demand
distribution patterns over the height of the sample frames. Based on the results of this study, it is found that the
concentration of the damage distribution in the SMRFs for highly nonlinear state of the seismic response, transfers to the
lower stories. However, for elastic and near-elastic zones, the short-period pulse-like excitations transmit the seismic
demands toward the upper and mid stories.

Keywords
Near fault earthquake, Pulse period, Damage distribution, Steel moment-resisting frame, Special ductilit
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The experimental study of the cyclic behavior of a new T-shaped bending
connection of steel beam to steel column filled with concrete (CFT)

H.M. Garfamy, O. Rezayfar

Abstract

T-shaped elements are widely used in many beam-column connections due to the abundant advantages, such as ease of
implementation, economic efficiency, and appropriate ductility. The through bolts were utilized to connect the Tee profile to
the column flange. However, the direct transfer of stresses to the body of the column decreases the performance of bolts
under the cyclic loads. Therefore, in an innovative effort, the external diaphragm of the column with the through bolt was
used to evaluate the combine effect of them on the connection performance. Based on the validated models in ABAQUS
software, two samples were designed and assembled with and without the external diaphragm and the performance of them
was evaluated in the laboratory. The results indicated that the overall performance of both connections were quite well and
they passed the acceptance criteria according to AISC and FEMA codes and can be used in the special moment resisting
frames as fully restraint connections. Both experimental specimens achieved a relative rotation of 0.06 radians without
strength degradation. The final failure in the specimen without the external diaphragm occurred in the first cycle of the 0.07
relative rotations with the separation of the nut from the through bolts, while this issue in the specimen with an external
diaphragm is ductile and deformable in the flange and the web of beam.

Keywords
Beam-to-column flexural connection, CFT composite column, T-shaped connection, Through bolt, External diaphragm
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2 Ultrasonic test

3 Self-compacting concrete

4 T-Stub with through bolts

5 T-Stub with through bolts & outer diaphragm
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Optimization of a semi-active controlled isolated steel structure under near-field
earthquake by considering gap size limitation

A. Rayegani, Gh.R. Nouri

Abstract

The maximum displacement at the buildings' isolated level is an important issue for designing an economical and practical
isolation system. Due to various reasons such as uncertainties in the design, changes in estimated seismic characteristics, and
changes in design codes, the considered gap size around the existing isolated structures may not be sufficient for having free
movement during an earthquake. Therefore, it is necessary to reduce the isolated level displacements by using an efficient
method to prevent the possibility of structural pounding. The purpose of this paper is to use a smart control system in the
isolated level with the optimized fuzzy control algorithm to reduce based-level displacements by considering different gap
sizes around the structure. In this research, the Magnetorheological damper with the optimized fuzzy logic algorithm is used
at a based level of isolated structure with high damping isolators. The results show that the control system can improve the
superstructure's seismic performance and prevent poundings. Also, the dispersion and average of seismic responses of the
superstructure in the probability density function of responses are reduced compared to structures without smart control
systems.

Keywords
[solated building, Semi-active control system, Fuzzy logic control, Near-field earthquakes
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Development of national loading protocol and laboratory study of WUF-W and
RBS welded moment connections subjected to Iranian and SAC loading protocols

M. Hassani Sokhtesaraei, M. Ghassemieh, S.R. Mirghaderi

Abstract

In this study, to develop the Iranian loading protocol in the region, the detailed seismic, numerical, statistical, finite element
and laboratory studies were conducted according to the region’s conditions. Finally, a loading protocol was proposed that
provided a proper simulation of the region’s seismic demand. It also complied with the construction and design conditions of
structures in the region and can apply to structural moment components, especially moment connections in the laboratory
conditions. It is noteworthy that the region’s proposed loading protocol provided some criteria for evaluating the
performance of moment connections in the target values level, qualifying conditions, and collapse threshold control of
moment connections. To achieve the objectives of this study and to evaluate and match the proposed loading protocol’s
performance conditions, two pairs of identical specimens of WUF-W and RBS welded moment connections were examined
and evaluated in the laboratory subjected to the proposed loading protocol of the region and SAC loading protocol. It should
be noted in the laboratory and numerical studies that the damage parameters and applied demand resulting from both
loading protocols were evaluated and compared while matching and controlling the conditions and criteria presented in the
proposed loading protocol of the region. It is noteworthy that the present study’s welded moment connections well satisfied
the performance conditions and criteria of the proposed and SAC loading protocols.

Keywords
Iran loading protocol, SAC loading protocol, RBS connection, WUF-W connection, Collapse threshold control

16/ Y98 9 ojw (iloghy g ale @il

49 (liwoj - ple,w (s0)lath - pqu g Clunyy (o



Wl ol ojf ) g (Lo (5)155)b (Tigh azwgs

£y

090 (ad O

..RBS ¢ WUF-W

‘LS)L‘Y (S ‘6‘0) Soladlas Lg)\ﬁ)b LSL“JQJJ;’ OT’J‘U
Sla o Solg s s e Sl )b la s
e o s el 5L adlate Jal 5 L cnlize 38y a8l
SIS, S US55 s 9 el Sl s Dllae Lis
O aelsl s el wjf Sy see Slosle sk glaad 4o gl
By g oylilaey ol 5s Oldlas 31 &

sblols vy 4 gladles 53 [A] Uang 5 Gatto
SB o e el AL gl IS5, Jlasl
JAK.J:.LLU'T Saisad anlae cpul jy sl o o At
'y S QUREE ;5 SPD SO (o 138 L sla [Ty 5 o
9 M.J”Lb SJJJ}g ol JL@.ML:J Sy 6LAG)L.~I 9 Uj}ﬁ LE’L’»))‘
oo Gl el S el S3O0LLE A
[4] Uang 5 Richards .xzs S 513 ) 3550 a2l
L Gl SHL ST, Yoot e 5 slasdlas s
g 5 sl oldlas b olig) s S slgi, EBF 55 ol S
5ol s ssess sladiy 5l cmbe SJUK
o cpl Slllae gladde 5o, p Slojamsa ;b sla s
OLLe sy sl s o 1y ST 5 s sl i sla el
SOl Jals Sils 5 35l Sladllas gladie ool S3
Caslos 30 EBF slge coglize iyl 3 baids Ve 5 Y (gls
Gaa sla el o bl Gl s boelsl s
LS gy 1 e losle adlse sl OIS0 IS5
3 dsel men bl YoM JLe s [V o] Zareian 4 Shafei
o ol Glosle o glaad g sl OIS0 IS5 <oy
s S sl | O s

SLea 5 Clark ool 155, 5l ol J= s
Gl ¢l SAC IEL S5, 4 e [V]
538 o oslimal s oV s VL dm&i_lb)"l
615‘)) leé BE c‘;:‘.o.? QYLG.:‘ ‘}LJ-_I.J:" .]a__:.‘j..:a JJLS 6\}:
5o [V 5 VY] FEMA-350 Jeal) szs 5 [V)] AISC-341
Lils y los ) amsiu sl sl 5 IS5, ol ol slal
LSLQJJW Cewlods u_:).,\; lg_:d.nT uj.ﬁ ugf}&:’ 9 gﬁ")\;ﬁ};
K axlllzs 240 PR DLE) f‘fb gJJl:..v E) J.LMIJJ
S 1 B U g R P LTy e

adae —)
adlaie pa (Sl s B g5l ad OIS L gl ST
05 bojle calsie gla Ol s s L35l 6l &5 s
Sl oSS, i 55 il slgniy oMKzl
S Slosle gaolldl 4 (e slay s 5l S b Ll
s Ly s el b ailee ol Ll s bl
a5 Ll st glag o a8 ol S5 0LLE il ails
3 lals Gl bl 5 85 (SO pSGmlidopes bolpe
SOl dilodd slgiy 5 bl atlas sl 5 5 ib
sl 5 b ol 5 s il S slls (sle sl
wiiS ol amiu b w5 Lol L 5 s w3dS
@ b e ately il It Lol cedl J2aS 5 &S
gl sbadse gelie 5 Mo o b Sl
Sl stk oy ol byl el ool med ol
Gl ad losle ol glacs b momo 3,505
wibie OF Gad 3 o Wailge o5 ol (1080 amsiu U
S 2

SIS,y op w0 gladlee 53 [V] Krawinkler
S IS5y anllas oty codlanstls 2 bl )5 s e
I¥] SAC sy ese= 5 «b {T] ATC-24 (53S0
sl as [VIISO 5 [V] QUREE ([0] SPD [¢] FEMA-461
oslaal e s ol eV slaosle SNVl sl
seor Lokl clad S5 e e (g e
S Ceslodeny ol w4 dzge IS, sl
S alie LSS ol Sl b sl bl
5 Aibad 3 4 a5 BlS b 0T 51 S s il
Ao G w G b Ss, sS sl e
oo s palie w e ps) Sl e 0l
P g S n Gly el 5 Saa lie slety
L3 Ol e Sl sl S 3 oS tolaniS e
Gl (ARLST Gl 3wk 4 el
Moy aslsl (5 pdy 5 Gda slie a4 Odem) Sl g el e
L losle slaail yo 5 Slas oy Ol 3550 ol 45 S o
L Sosssb abial 55 0385 513 5 S ol o 3
5 Sop SO ,uxs 3 baadlge b, a5 Sl 55 s e
el g Dl o il 4 Sy

oo A e OIIEL G Ss )S AL
Slos ) SHE 5 slosle slaadye ~b 5 ctle |

2go 9 ojl (iiing)) 9 palc il /0.

49 (jliuoj - pliw (50)latd - pgw g Cruwpy



L RBS iws oVlasl 55 Jub s wlhl & ool
Bl o b SR sl Jlal aadr 0L s
S RBS it Jlail glos ) s Shas 55 Ll anir
5 ARl Sllas ol 53 Bb 5wl Cuenl -
PN oVlasl s oAy J,':S\Jp Q\j-,:,a 5 Sl jj\ oA
ales g 3 e Ol its SNLaST 5 RBS

AT Sl ol gladle s oS el S5 0Ll
ool sl b et OV oy 0 ol
sl ALl sbdss pl Sl ol Clas S
ds Oy Jlal ol Sl Ll 5 Ly 1SS H slag o
ol s VLl bl Oldlas cpul 5o s el sl o
Cla § Dy 50 SAC G ISSL IS5, il 5 G
o OVl bl 5 J RS Gl g Sllee Jl- cpl L
Lol aslsl 53 oS tolass S ojpo 50 b sbs Ot 5o
3 g o0yl

sl s [V 5 Y] s 5 Saneei Nia
33 L WURW g ies sl glad gas a2l
or 2550 SAC IS S, cou b sla s
C b el S0y bl Sl ol mls isls 13
5 s Gl hndy 5 Saa lie s Sy s
WUF-W i VLl Jpd BB glos ) 5 Sade oppmen
elos gy b8 Glal s 3

G Il Sldlae 55 [YY] 2L,Ks 5 Hasani
L bsd alsw 5o b e OVl Gloj ) 5 Shas
Wged o33ls adlas ol o3 OLEl sy I3 s 34
o RBS 5 WUF-W i st oVl 51 gote
S is Ll 3,3 ATC-24 5 SAC (5,105 ,L sl JSS5
sabal S5 S, eomen L;lulj&yj S
wopsY Lol S8 les ) Sbisl 5 s n 2o Sos
331 g et JLal glos ) s Shee Ll oS oS3
bl sllas G e 53 53 (SE (b8 slad e
glasdlas 55 [YY] Ghobadi 5 Farooghi Mehr .5 S
5 Grmnd Gos b pher SVl 5 Sles AL
o adlae ol g Ol s S SLsl 1 (WRP) (g s
oSbosbige s dlal s ol s Sles ssg sk
L3S Wl eSSl eslindd Sl slaas 5
IS, cow adlas cpl s aest VLl el S5 0LLs
5 G Lild Lol ges s S 15 SAC oS

Cslo s L;vl.!'))l u),UzaJ:.v JLAJ‘ ‘\A-w’: Jjﬁaﬁ ‘u"’j‘l‘Ll

017 3V90 g ojlw (,iogf 9 (olc qpis

Sl s S H o Jald o5 e SU glad
em 5 Slsasse b gl Jew gl ol ey ISSG
G S a3 eslinad glas, S5 5l ol gl bl
Sl aS cal 83 obls cmsls VO B 0/0 o (g skiS
Shab LU JSSs, L3 bss sess sles, S, J S
S Ol eSS Yl i Aol s pbeaKoks
(slos ) Sldllas b ol 55 s S eslinl stixils udosl
A3 8 slgy SAC (SLL S5 sobel 5 ssae

AT glad 505 SAC o35, Slllas disy aslsl s
MRislesl daul i b p iy 5 s slie Sleal sl 6ok
o Kasal law g iaes cilsie OVl L35 e
s V] cl a3 S oy s 5 Gilton 5 jilSa
Ol 35 a5l ol 2 SAC (ISL [T slapls )0
Clark sl sl Gas pslie 5 Conlodd o s l5 aib o
sty +/0Y Ll (L o YA Gl a5
(V1] AISC-341 wslopml 8 ol Jl= 55 cpl tcaslos s
S S o Ol WS ol ) e SVl S uds Ll
s S Ol T Bl Ll Al et 4
23 A gt S b OLaly v/ s s kel el | aib
oS 5 el St S i dops Av Sl O gt a
Sy AR Slllas ol 51 S w bl s 5
SAC (oslgin [, 5 e e SVl L))
g e oyl e § 50

o5 [, RBS i Jlasl lex V] SHes 5 YU
JA Sl e SAC Sosp e 5 wl s S5
SSSs, cou &S AT wsed 3 andllas ool j5 sl
Ly bl /0¥ Gua Jldis e ialesl SAC wb (g,138 5L
GEL [l B g 3 (Sl s 5 Lased Lo
IS n w8 s AL Gape 53 3 S5 5,155
p3lie b Aoy w38 15 SAC s ey ASLL
155 Ol adlles 53 OLn 5 5 el Loyl |, Gua
AT e Sl a s e Slgiee 5551 Cd b S
05 [V 5 WA] sl Keas 5 Engelhardt .codles 5 alis L &
i sl gade 5 AR LST ) w0 s Slalas
SAC (I8 L G5, cov K2 H glose 45 RBS
Vsl O s 5o Jsb B S Ole 0Ll el
s VLS 4 s | (653 Il aain LRBS i
IS5 52 RBS Jlasl 5 Sdas 5 658 oLl 2eS Sl
S s ol S Gl o 1 Sl ke e

49 liswoj - plw (s0)lath - pgu g Cuuy

()60 (Jgw) 21w g aamld (5300 (pwaibow (s yano



Wl ol ojf ) g (Lo (5)155)b (Tigh azwgs

£y

090 (ad O

..RBS ¢ WUF-W

el (Silaand &S ol sld (galginy IASLL SO
G 5 s 3 Ll s adkee sbedjly glols
olg e il g ke Ak s cxle bl L
oVl yosasdl do Glosle saad e a4 sl LB
Gl s sl wsl a&absl 5 IS Sl 3 1) ies
4 ailais cpl Galgnin GISLL S5 ks dips dlis ol
Gy bowl s 5 el mi WS b
SSon Srosp s Sk S ol s
5,50 RBS 5 WUF-W _tas oLl s (Ll (solgntn
5 et gl gl Sl S5 OLLE el S 15 e
GMSLL US55 e ISLL JSSsn Jhsl glalolis

Ceslas S5l 3 aslie 5 oLl s, 5e 58 SAC

ot gl p (o) golgln MELL IS5 Y
Sldlas sbadue —V-¥

SNl S st sy bl 5sb a0 Jad cpl s
okd &l esleiy HISLL ST, e Oy adkew
Ll s b clae Solel 5 g3de @log) oldles 5 oo
gl ek Yoo WY WV lacsle cdeds sl adks
53 s Wl =y ghls k) S s ol ol s b
55 kzed 20 0l Jub Lo alas aw gl S sl
U;jJ'—f LJ'.'“ BERRR N f\}a 0525  gowar OB e 9o A
s oadhs glaalr s s sV el kld o4 amg L
cblis Sl adlaie Ol b 5 Oladigs St oslinal pas
Sl Gos Sl edd atle (bgd sblie 5 e, 6l Goss
JJZS Bl f‘)b S Sl JSJ QLLL-J o enlara! L{bd):...ﬂ
Ol o ) 2e s Eomes L llae axlllas slaojla
SlosS 5 s klso L RS priamen 5 [FY] (S
(V) Jsdr 3 .Canlas pdo oy gon [TY 5 V] AISC asls ol
ClgLiA C)Lﬁw‘ (Y) J}J? BEIE] °5.5j:[ le.ao)l.w LAS QLC«)U&‘

ol 45])‘ 4.:}0.: Ls‘j" 4.2...19\/ a)'L.n

Sllas glacsle IS Sledbl =Y Jyds

b plil | dlas Jsb | wlas sl Glas sl b
(=) (=) Y sl 53 | X bl s
Y/Y 0 0 Y \%
Y/Y 0 0 Y \Y
Yy 0 ° Al T

Sles s [TE-T1] ol Kens 5 Mirghaderi
Slos) 3 See nn a4 Gisde Dl 5 AL
S oplaasgbastlh,y b Ogw a0 Jies SV
S amio s Oge O 5 L O VLl ol s
S oy JGsl Gl 1y b e L Jlall aclor ()l
S eslizal GISaly 55 0Lyl 57 wald 1 O Jb & L Jb
05 bl Ko G sl eslinal b slas S
OB sk a4 QLT ramen s S sl | Jlall el
b O S GGy 55 espe 53 A5 e
b Calbes 4y ol (0l V/E Gl Pl Gle S0
2ol S wo s (Shegn bGs calis Sln | S
L&, cwlses [YV] Schneider 5 Alostaz «5 ol J>-
U Culbis cial Blus |y SO H o s 5 Sousy
slasdlas 5> [YA] Jazany 5 Ghobadi L3S awsys 5
SO s 53 Siusy $LG)s 5, Shes se 5 AL
b oadlas cpl s 0Lyl isls I3 s p 3550 |, US3 H
Ll,s oo b oVlal aBabsl glaases cxle
b dlail aoir G5y g Sosl GLlols il slagas
5 @ ARnLT 5 s3de mls G L3S L3
ol 53 Sesn LG Sy » Sesl gblols e
bl 53 am g ke Ll s 51 2t 1) Gras sla s 3 Jlall
L3S 350

Jlasl [Y4] s Kes 5 Pachoumis S5 (glaalas s
(b bl 05 5 5 gblis el 3 [ RBS s
il 5 ewon 2050 SAC (ISL IS, bl s
ao s wboml 50 Ll d ol gl 5 dsls 13 gles)
S, [7Y 5 Y] s 5 Song s S CJJM L sl s
sl s IS G s 3 ) e Nl 5l &
ol reslie 5 Mok by sl I3 ) 55
LS Gb ST, hady s Gas Ll a1y YL

s S Ol dle w3 (b} B 51 0l
Sble 3 pd s 5l e Sliis 5 Sledbl ol S @
Al sk 4 Gl Jle s i Cseses Oler
S 55 W Sy e 5 il oo b 4305 S L
2Ol oy 5 s ar s b cd el &) a5
A5 las, S, 5l b (IIELL amsu b rils L
e 23l p sk (SN [T S s s adlis
o cale g Lt Ll s czals B s b oejle sla adl g
an ol os dmedd el el Slyy e 5 S adkes

2Wgd g ojlw ¢ liingfy g cale aypis /6P

49 (jliuoj - pliw (50)latd - pgw g Cruwpy



elen g i (L6 55d) anllles Jie 0 S5 2
Sl ks &S = Oley Dde sl gl el S 0LLS
Co g8 33 . Cawlodd oslaxsl [YV] Brady 5 Trifunac alal,
Al PGA) ey olid ady ke aile  zallols
NUY Ml PGV) e o iy S0l /YT
Gl s s sl Y/EE Hz ol JI S5 o SSle
lamll Sl (o Jbe b et 55 glaslssed (ML ()
() dsdr 55 cwlds @l eolgin Canjgd oS
s oglals gl 5 SISns (SOsS b S

el o S0 Ol (glgiy S gh S B

g 1
T 08T
c
S
§ 0.6 1
R el Mw (509%)=6.42
a 44 1
Q 1
2
£ I
5 1
2 02 X
=
o l

0 L

5 55 6 65 7 75 8
Mw

L;K)ﬁ,ubgL;\ﬂduj;@):cuwuﬁcw e =) JS.Z
d}%wjééjjm

08 + T o) Pl ey

0.6 1+

04 1

PGA (50%)=0.33 ¢

[}
[}
I
02 1 [}
}
1

Cumulative Distribution Function

0.1 0.2 0.3 0.4 0.5 0.6
PGA(g)

Gl Co s n) DS

é T T o RS S o Ok O

5

7 08¢t

c

2

g 06 1

=S

s Duration Time (50%)= 14 sec

2 04t |

a

e |

g 02t }

= |

E : 1 : : :

© 0 5 10 15 20 25 30 35
Td (sec)

e )y sl Jlu i razs 1l ol CDF ot ¥ 83
Sl T L &S > Oles

OB/ Mg g ojw (iltagh g ol aypll

bV ol 5ol s 5 bose sblis Clasin =Y Jyi
250X20 300X20 PL-G3 PL-G2 PL-G1 eaUu
Yoo Yoo Yio Yoo Yo o
du
Yo Yo Vo Vo Vo
b
Yo A\l A A A
ok
W
Y. Y. oo oo oo &
ol
CU.‘;)\
Yo Yoo Yy Yy Y'Y
VAL s YYEeo Qe Afoe 0t e Cols

b f3Koks Cu,gd —Y-Y
Garm b b s 5l e IS0 SO sl sl
L35 amse U cpl Bk Sl el Sl s adlaie gladd 5
ool adkie SO ESS 5 ($hemes ) bl 5l el Gl L
05 pFlams Lo s &S gladds e i aSbandls s
Coygs 5 3,5 15 byl s cielosll Gl adlas
Ll GLl &S 53 so55m slacsloks Sl b
sleig Al Loadlee SISag 5 spes) il
3 oS sl bl el 4 plaes gl ooy S
e adlaie Jlb gl JoS cadlain SIS 5 5 dad s aS
Sype N i)y el ad pl s oS sla S oS
adlas cpl 55 oS ol S5 0L A S 15 sl s e p
odle L3 5 Sonp e gl e 0ad LB L s
Opr 2 S 4 by S ol
5 65 i ol 5 e S ks S
et ol 53 70 S YET s S 5 0 S (g s
sEpes ) s bl s sos e e Soks
Ll b b b e Sl &S e 318 5 5
S wll s cadedd sleldy oyls M) adkie
@t S b lals 5 (SOSSS (SIS s S
s g e 65 3,555 S geelSanl 5 S e
s sl gla LS oo il o VOO Mfs 5 YO S oy
25 4 Golgdy badils o ) e Rl LIS
Sde s VO L 0/0 o g55kiS 5 sl ol

S5 il 4w 5l 50 (Duration time) ey dids &S > Olej

49 (liwoj - ple,w (s0)lath - pqu g Clunyy (o

()60 (Jgw) 21w g aamld (5300 (pwaibow (s yano



)ojT Gy 9 (Lo ()15 )b (Tigy azwgs

Yl (olLi

£y

090 (ad O

..RBS ¢ WUF-W

Ol 2Oks caw gp JS oDl =Y J gus

S50 Aol Ges oS - Jf Ol e Sl & e
; . e ok oS sl | il ) _
S| S | S8 . . L ~ | et | s oS! 435
raS) o Ol Lo FS 3 ikl
) (km) (km) (m/s)
(cm/s) @ () YA«
- b slozal _
O¥ve | YA \o AAmb /848 1 ol VY Y-V _ o o e
N L slol P
JYYA |YAN Vo Va/rY /870 VA ol VoY Y-V _ o oo
L slozal _
/VOY | YY/ev \o ARVARA AV VE/YY Golsd Y VA=Y T olsl, oy S
oy
Lalxte _
YEE | YY/ev Vo /AT VY VYA ol Y VA=Y L ol oo
53 sl L sl L, J 5
a\l oY Yo V+/94 YV Vo ”J_ i Y T-t4. S b S
25 < - Ll
b slzal
/Yo T4/t \o £4/4Y /09V YA/YA S Y Ye—g4. T ol S,
S
- Jalxte
YA | v Vo OV/AT /08 YA/Y S Y Te—i4. ‘L ool S,
b slozl
JYYA | ag/) Vo Ya/vY VAT YA/YQ S Y Te—i4. o s S,
S
L sl _
Yed | vesvy Vo 4/ 4 /Yoy AIAY 54 slael VoY Y-V T sUisa s | Oleis
s
Jolaze _
SAY | Yoty Vo /1y </YAQY AJAY & sl Vo, Y Y-V oL | bhes | Ol
L sl
AL | Vvar Vo \W/AA VLA 0/01 54 slael Y T-i4s T Koo O s s
s
Jolaze
OYFE | VaY Vo Ya/¢Y /0eY o/ & sl Y T—g4s ‘L Loos O i3
L sl
V/EA RvY% \Y Y0\ oYY 1V/¥q solis Y VALY T L3 £y
s
Jolaze
VeAYE | YWY \Y YYAAT | /vy Y4/¥A ol g VA=Y _ £y; £y
S5
L sl [RE
Ay | ¥AT 3% AIAQ YYo 0/8Y 54 slael VoY Y eV S S By
5 S
Lalxte (RS
44 | FyA 3% A/ea CFAY oY 54 slael VoY Y eV ~ S By
SSL| s *
L sl
/444 | YUVY WV VY/YY «/\Ve Ya/vY 54 slael VoY Y-V S Gl |
JuS
b slozal
0Y | Ve/0) 1 Ye/0A ¥YO YYD ol Y ,¥ Yeeog4s S Sy b
S5
Jalxte
YA | V00 N YV | ey \ET%s ol Y ,Y Yeeog4. L Sy b
b slozal
JEA |44 Y YA/0) YAV \Zan ol Y T-t4. e | S e | s
S5
q | a4/ YY YV YV | ) Y A Aelese
/0 / Y +/YVo +/OA 3 -84 ‘L WIS ae | LS
b slozal
SAYA | OVV/EA Y Yo /AY ALN Y/AA Solid g VA=Y T e oS
JuS
.. Jolxo
Y| VA YY VYA Y Y70 ol Y VAT ‘L e S
JEIRREA [ ETA
Jyey |oYen W/ VVAY YYA /A A Y, Y Ye-gq. T ol o oS
g 5
| v [owe | oame [ugee | | e e | A 5
. Vg A B Ce_gq. ~ Nt o
g S0 o
. . 3 3 & .
g0 ¢ ojlw ¢ilingf) 9 olc i /0K

49 (jliuoj - pliw (50)latd - pgw g Cruwpy




@bl Sldlas 5 gl glaas > -
ooled Gy Sl ol sla sl a3 cnl 53
oskie s el eslatal ol el By glaas o
bl g adb e Sl )b s Sl mie Olib o
s o bl e 3 LA Skl B, S
Qlsly /v Sl So5 5 e glbaasls b ASS 0
Gloast o Olse o (OLaly v/eeYo S5 5 4l gleesl)
s Sodet 455 s (VD) st IS i
OLaly /Y 51 855 5 2l laosl b S i slaws
G sb acledd (55 Sy sbaast o Olge 4 5
= en laast o slaws :JALL@JAL;J\M}WL;LQ);A\)Q
Sty MK a0 laas o slas (NE) ol IS
Slaasls ¢ gozes BOmax) Mo uss auls wiy (ND)
Sl s b oaddlas adlsl s oles s (TAG;) IS o
B Gl Sk @ik s gl gl il il
frome bl oS plw ars b Sb 5l s S
(ol aib gl ol )b e IS i laals
okt Blod (gt 35 L G50 bl Sl akb e o
O Slawlie (1) 5 (0) b Ko 0wz gl ol
Slawals gaame 5 SIS0 asl aciy bbb
53 458 Oles tleds &1yl aib V OB Slib JSS ss
sl e s il VOB i aib e asie b S
Erame Ll Dl e gl RSOk g
e gy IS n slaanals

sbdb wlib ¢l Sl bzl s L
sobsl Jlew Slib Olye 4 ol 2T clib gl
Gobl Sl gl as Sl bl gl @l
S J S Vol wss b 5 IS i gls
Cewlo b oslanal ccslosls QLIS 1y Goked o g

@l 5 oo T
Sla o Cod andllae (gday aw (gladie o5 5 Lig, aslsl s
el Slib Ciys bl 5 s S 13 et Sl
Sl Cbsl (Sl sla o 51 a3 S ey
(£) UK s wamlos g Glosamsa ;b la s sl Sl
Ly welsl gy aib Yo )Y & slassle Sl slacls
s obsl [TA] OpenSees )\j-é\rj; 35 olwdds 5 axdlas
Sl o albme Sl der s aslsl s Celedd )
b b Gk elein ce g gbollRoks
Glacl b lojassu b gle Jow ke 5 bkl
Lol olib ciys 5 18 Oy e s 55 anlllas
Gl 53 0L el s 4 galgiin S jgd il cou
lp eadlae syl # b b b oclae e 2
S s o ol s ol el S Lo slag
5 ot il el s S5 B L ke

.k:,-n‘o.xaj 41.»~L:>=A

ALE.‘J?Y' j\V gVJ‘fudLhuG—iJQ

Maximum Deformation Range (rad)

()60 (Jgw) 21w g aamld (5300 (pwaibow (s yano

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Records

bV OB olib js IS a0 anels aniay jull anslie -0 K3

00/ 390 g ojlw (iliagh 9 (ale ey

49 liswoj - plw (s0)lath - pgu g Cuuy



)ojT Gy 9 (Lo ()15 )b (Tigy azwgs

Yl (olLi

090 (ad O

£y

..RBS ¢ WUF-W

Cumulative Story Deformation Ranges (rad)

Records

@Vg&@@ﬁéﬁ.ﬁ:ﬁ:&LgLaml:CW‘;T)LM}ﬂ\)lgwun—'\Jﬁ

sla el SVl gho )3 40 5 VO 00 slie = Jgde
aib Yo UGJ\P@L;)LM;-

F (a0 [ FOvo) | Flos) | s S Vel mis palie

S s slaals g ores

S o als i

J?)L.“;'- ‘_gl.mx;'-ﬂ

Sty

Al Sl ISl S, (NS sleelS
olizul Jlo J ST mazs 35 mb 53 bl cnl o Of
oS mis CU She,ys A ol Gl ccledd
Gl anin 5 (Np) Saadh glaes = gl bl
45 S eslial 0Ll ozl sl (BOmay) S5 s
QA0 S e glaaals ¢ gams Sl bl 6l s
bV OB e dib gho )5 4 e 1da Ll 5 5
osliial 4zl Yo 5 VY OBl e Clib (gds 5 VO slis
4 5 Vo 0 SVl olie col S3OOLLE Loledd
Oeo3S Sl [VTSAC o555 3 e 555 mb oo
L S ei 5wl @SLL SO, Sus ki
ol o 53 505 55 BB G clan S )5 eslina
2o el ) & sl SSL SSs, slaplS s
Comd Sl 53 0LLE s § g bl Sl
GRS wals ain (e & IS seals Sl
Godsdome 3 Sl Sk JS s gl s
Ghals Lty Cand 5 fCdedal Cews 4 Aoy 44
Gedpdome 3 M a5 als gade s 4 JSS L8
Ll ol Jlse e eslodal Cews 4 (gdoys A

S 028 53 8 8 LSS e 5 aplS bl s

Slaesls assems 1SS p gl Lely een 2
S Pzt 558 b polie (Gl b S i
@0 slie ress iy mlb SIS oslizal b 5 dol Cones
Celodal s S ns sl bl sds s 4 5 VO
vLQJ Shos A 5 Vo 0 ol VL ) Jdsa= 5o
GBS Sl el b IS Sk sl el

o Sl1 andllas o (sl Jbo 5SS rad w55

ozl SVl gho )3 40 5 V0 00 slie -8 J gl

F (/A | FOYo) | (o) | b S Vel miy sl

+/407 A%3 /01 IS e slaaals g soms

SAYY | YA | v IS5 i anals iy

qr VA 00 ol slaas

Yo VY \4 Sdly 4

e el SYlaml ho )3 40 V0 00 slie =0 J gl

F (/&) | FONo) | F(ler) | Jbys S oVl w5 plis

V/84¢ /44y C/YYY S s slaals fomes

YRR\ BV (A W IRVAS TV S i s aiy

ARR qy Ve Soles slaas

£ Y 1 Sy a5

P p RS 5 Saly sy Sus polie —0-Y
olib gy, R L;)L«T SOl 31 eslaed L5 anlsl s
i i i € Sy lles o

SIS el (Gl Celodd s addele SOME L IS5

2Wgd g ojlw ¢ liingfy g cale gpls /o6&

49 (lioj - ple,w (s0)lath - pqu g Cruny




bl slacas (slel 3,505 51 e aa slie (5 8
s alie bl il e 5SS 85 a8
LS e Slad Sladlas glad gl S5 a5 gl el )l
4 Odeny B e (IS0 SO slaas 2 (V) s o
RCO - B SICH WS SR SV ES g JEC g P -
oy e OBy OVl i A kil

Ko G olie Glo)l Sl da 0l s 4oy
S Pl i SVl Obsly /0T el O i s
5 Kk @SS Shaly v/t el O Lo
et Caslie Aoys Av Sl S Jlall et Casglis
B e
DL Y s Rl Obsly /Y Ol 4 Ol 20T s s
ubal U8 Gly cmlds s o8 Gl LSS
SVl 53 o s B e ST s s
et O i b o G Bl b bl s s
S G e eslie 5 dle Jess 1) OLasly e/
S5 0LLE ABLatEls L5 el fest Ceaslie Aoy O
SMELL o8l e Gl ,nn glaanls gaeme o
55 A s Slasils g Sl Jslas e US55

.C,...u\eéﬁ axlllzs LSLQUL; ;5")”” CJLLI;

e SIISLL USS (V) s s sl Ll (613850
“ QJ.:.,.,:) G d‘ﬁ‘ BLl Lf‘:“’“} QYLAJ‘ 6\0)) LS'A{-))‘ le)’

ol 0L -tjb\ BELNCISE ol 6[.&45]3) 6\}» ila ﬂbuﬁ

Inter Story Lrift (rad)

0.03F 0025
iy 8 0.0175

Number of

Vet =

AAAAA ww‘ﬂ‘\'\“l’\’mw 1 vww w

[ bt 64 4 334332+

Lgudjjélﬂqﬂﬁ:u»pgwjtdhL;JKJL_JKS)JJT—VJS.J&

Olﬁ‘ BE) LS‘:“A} QYLAJ\ JLi)). 6“); BEL] a)'?

e nlie 335 e sdalin (V) IS5 55 oS 5k Oles

Gle sl b IS0 ST, IS ks gla sl
Slassl gaeme VT Ky atm oliel b IS
Al WK el gaiy 5 Obsly AT IS s
slgiy Olsly o/0Y ol Q@xz":’ o3l i 5 0/
s b el s LSS sl s S ok gleelS ol

et SVl 55 Sbal J 28 5 5y a3 e sl 53 (OIASLL S5 slaplS Y Jga

St slanals ¢ e 4 Slal ¢ gazme sl s O i o3 Ay SIS e
/vg0 ! ! /1Yo 3
ARE 'Y a1 Ry Y
«/\q0 YA 1 /v V0 ¥
/Yo YY ¢ o/ 3
/YVo AR ¢ /Y0 0
+/870 Yq \g YIRY 1
v/oV vy Ay Y7 Y,
VAN Yo A\ YN A
v /AL YA g /Yo q
S oslas > /41 i Y oy B
Y > /Y £y Y e 1\
VXY 13 Y /00 VY
V761 I Y o/ VYV
Srasp skl xS sy £V \ ey v

07 3gé g ojw (iagfy g Gole apl

49 liswoj - plw (s0)lath - pgu g Cuuy

()60 (Jgw) 21w g aamld (5300 (pwaibow (s yano



Wl ol ojf ) g (Lo (5)155)b (Tigh azwgs

£y

090 (ad O

..RBS ¢ WUF-W

les sy o 8sle3T 3 e iest Jlail 4sed 5 Bl
Jlasl i s WUF-W Jlaasl i G shate s 4
Mol s 0L SLS il 5 el Ll i L RBS
s kB3 13 SAC 5 e L G IS, co
oRosp 5 ek Ol Ll s g VLl ol s Shes
iz S5 aslie 5 s 2 55
RBS 5 WUF-W _iex cVlal cxtle 5 > b
juop&uﬂjlwﬁw%gwjjﬁjwulﬁ
gl 4 s L Clas § Sy 4kl VOB la s
53 5 5 05 sk s 0 ailas Jgb 5 Dlib (¢ e YUY
Clb o alas po b BB L clas )US o5l 5 0]
b Oy sl VLGl pl el w3 S s s
2 oren ke Yoo lalis 5 e T ua LSS
Jlail aaio b 53 Cales s PL-G3 lasein U 355
[Y1] J3Les 5 Mirghaderi ape 55 Gillee bs3 O 5w 5o
U Culres ol V/E sl abes b Soss sy 3l
Gl S 5 b oS cl S5 oLl ol eslizad L
s DV AISC-34L Ly b plae st Jlail gl o3Y
S L slad § o (g = 5 5 [£)] AISC-358
53 RBS 5 WUF-W  _iex cNBlasl ol > b S
() 5 (V) Gl S5 3 5 ool €1, (1) 5 (A) slad st

Ceslods 1l azb V OB s SVl cpl sl LS5 50

fomme ke Sl oSl S5 LG G5yl
G ygp Gl azi U gla o 5l e JSCG 005 glaale
A s b T OB Gl B e aib s il
IS Ll b cpes o otcdedalons 4 OLsl, VS
Sl elodss 8 w5 s sl 53 hes Jlal
35 aros e dlal loy ) s Shee ol o
seslis sl 4 Ody U e (0S50 IS5 6Lﬂ¢l§
Ll i Odeeny 3 A ol8inlo3l 53 o gad 5 ¢S 1y aslsl
o3 5dome 53 lail s Shee b L33 (S0 Oliman 50
335 sz s peilil 5 S5 SO ks
dal.f..’”.lbﬂ by =Y
AL gk g el 5 b Sl Y
3 Sy e dde palie J S Gulat ke 403 sl s
Sl e IISLL USSan s sl
U (WSS OVt R VNRCI Pt K SCTS SV N L P
Gldte L Clie RBS 5 WUF-W wib p fe de
cov JKalsl ps Bl wlis Loy s1b Sl
GrosA s ety s e b § 15 IS
LS DA o p 2use e OIS ST soleniy
JSon 0 oSS Jlesl Lol amlin 5l 4 B)b
et Il oy 3 5 Shos ooy 2 Gezmen SAC (51055
Cd 5 o oY SIS ST 0 o

WUF-W Jlasl a&alo3l & gas b Sls o —A g

Yio by (mm) Ao e
Yo tpy (mm) 2 dbcsbes
T d (mm) G
A t,,(mm) Ol Sl
WA Z, (mm?) Sy pade bl
£4A/) My, (kN.m) = C,. R, Z, F, Qg 72 03 Jaioms ot
/A Vyravity (KN) sk S5l U A
Oren Ly (mm) alas 5o Saadly gbs Jonie dols
TVY/IVV V, (kN) = ZZ’” + Vyravity O 23 o2
TVY/AY V, (kN) = 0.6F, 4,, Cy Osfes p 23 45 oy b b
ok. v, (kN) < ¥, Qs 7203 S
ok. L S5 g hens 5 S
X Mpe

2Wgd g ojlw ¢ ling]y 9 (ole alls /0N

49 (jliuoj - pliw (50)latd - pgw g Cruwpy




RBS Jlasl a&ilo3l & gas =1 b ols o =4 J gt

Yéo b,y (mm) b e
Yo tpy (mm) 2 db cals
Yy d (mm) Bt
A t,, (mm) g Ol el
AREERE Z,(mm?) Jels Ck.;u S clgu bl
\Ye 0.5b,; <a(mm) < 0.75 by, O g s B Ot s 5l ol
Y. 0.6d <b(mm) < 0.85d O dsk
g 0.1byy <C(mm) < 0.25b,, ok wxils p Jb Lo e
WA/YO R(mm) = % o plas
AARCER Zgps (mm®) = Z, + 2Ct,(d — typ) il falS whaie (Szad phaie ol
Tein My (kN.m) = Cpr Ry Zpps Sty o S 50 5 Jatoee S Sl
T/0t Vyravity (KN) SOk S AL
§Y8. L, (mm) Slas Sty (sls funio oy dloli
T Vaas ON) = 225 4 Ve Kby ke 5055 G
YoV Y M; (kN.m) = M, + Vh(a+g) O g 0> Joiomo
Yoo/VV Myo(kN.m) = Ry F, Z;ps Jo plade s sl sy 5e et o b
ok. My < @y My, Ot 51 33 ot J &S
/88 M,, (kN. m) A5 Gl S5 5l il Sty feate 3 et
o.k. M, < @Ry Zggs Sty Jeaie 53 ies J xS
YVY/AY V, (kN) = 0.6 F, 4,, C, Ot 5 53 55 oy Cod b
o.k. Vigs < OV, O 2 33 oy d S
Veq/vY v, (kN) iy bl S 5l AU Sy Jeate 53 B
ok. V, <0V, Sy Jorie 53 5 d S
ok. LMpe 4 S5 Osi Smd 5 J2S
2 My,

Beam, PL-GI

_\/\_ / Box Column,
—

2500250520

& = Beam, PL-G2
) " BoxCol
a, e _ Box Column,

250x250x20

—\/\— { % Heavyweight WUF-W Connection
Z ]

— Beam, PL-G3
- e |
U l el
Box Cohwmn,

M 300x300x20

[ Experimental Specimen of WUF-W Connection |

(Azen e Bl conm psbul) il V OB 53 WUF-W Jlasl al8iolesl 6 ses Sl A K3

097 3Vg0 g ojlw (,ogf 9 (olc qpis

49 liswoj - plw (s0)lath - pgu g Cuuy

()60 (Jgw) 21w g aamld (5300 (pwaibow (s yano



)ojT Gy 9 (Lo ()15 )b (Tigy azwgs

Yl (olLi

090 (ad O

£y

..RBS ¢ WUF-W

; ! 0l }:
K .

/-~

[ Experimental specimen of RBS Connection |

Heavyweight RBS Connection

N

Beam, PL-G1

l4——— Box Column
250m250520

Beam, PL-G2
,_-"/

é M——  Box Column,

250x250x20

Beam, PL-G3

Box Column,

300:300x20

(Lzd o Bl o o) il V Ol 53 RBS Jlail sl 4 gad Sl -4 IS5

SVl & g0 sl ol a3 Gl e sbadns Lie
Aol 3 . Zd s ose RBS s WUF-W 5> ies
Loy paea b8 Gladse 5 WG,y K
ol sk s clty Gy ol Jlal ander s S
ol e LG50 3 s S eslial LelS (358 B
JU 4 5k ge AT 8 Ol L3 o s Fly g tend 5 SIS

b S o [1) 56T bl lalss U sl 55 0 g2

Jlail cir S S ol JolS alis el (ol 5

cilihe glacubes RBS Jlail cas s WUF-W
L esls %y (Sheet) B, G 5l lanl js b ae slasV s
s amle alie Yl A8 Lyl s js 50 aelsl s s
il lacalis gl 2ES Ced S (V1) Jadx 2
oslizal Lol 51 Jlasl €500 Llgr ctlu (gl b mae sV o

5 S laeslans b Sl e s S &l el

WUF-W 5RBS s Jlail €500 Sl b me GWaG,s LiiS ol Sl =V o J i

Sty G 05 EPRCIY o 2 db S LG,
Yo Yo A A L (o o) Calies
Yot YVY/AQ Y14/0 Y14/0 Ay Yield strength (MPa)
AL LY /A0 ANV ANV yav Tensile strength (MPa)
+/04 A\ Va\y Valx Al E,/F,
\V Yo 4 Ak Yo Elongation (7/.)

S ses 31K p gl L Sl () S s
Cawlo s 45151 55 RBS  ies YL

ARELT G gad by —Y-F
G fSSsn o L ke 4 ald wtle gladses
islosl 3 tlie OB 4 5 Lo S (g5, » SAC 5 b
23 A lls glead sk 4 LaS L ol
Ll 55 o late GlaolSasS Sl a3ls slaosle b Lol
530k Jlesl Jove cpman 43 S aslizal ofSisL5T 3 0 g2

fg:,\..wlo)ﬁ )‘;)}}ﬁ L})\/:l.&' ¢l§4.:.§? k{‘\fﬁ )l J:J. J:J B

& E-B013 ¢ 5 35 01 51 Vsl (808 a3 5o

i gl b ple (gl E-7018 55 xS 51 5 aku; ol
E- 55,00 51 eslizal 31 3 el S3 0Ll s 8 ealinl
Sope @ ok LS G S ol 7018
s Il e Sl s ol sles s sy
Ar st S g JolS 5358 S el sl Y
Sl Como 5 JaS ke 4 dse sl sl
Ggei slezr (V1) UKo 0 s S el 55 (UT) s (6354
B Lls 53 S RBS 3 WUR-W  _ies oYL

$sas (Gl aslsl 3 Ll oS 5 ga 4 ceyd S 5 e

290 9 ojlw (iling) 9 palc i /&

49 liawoj - plew (50)ladd - pguw g Cuuiy




RBS e Jlsl i o s WUF-W i Jlail o ) a3l 500 Sl Slipe 5 ol Ve K3

| Dletail of Panel Zone

Web Colunn
A Flange Column

oty Plate 20026028

//'-’-V Ty, - Plate S00x350x25 EIP LW cap e
A W '_{ f% f [ ™ :

]

i [
; Flang: Calumn 9 Flagee TOS
w
/ "—1 p— e WED RIS
/ Web Coluzm P ’
Y Cotitinuary Plare 260n200x2 5
=T e
/L' TP
== IDctail of Beam
g
,J;_ﬁ“"

TP Flanpe RES, Flue? 5500 240x1 5
ok
WEB Colunan, Plate 31505260520 1,
TP 7
r = E <l
= WER RIS, PMate 2350530038
Is. b, Flange Column, Plate 3150 306020 I —
o
I,——u—(( ¥ —_—

. o T
‘ t&w W 0y WEH Column, Plute 3 150x260x20
Ry TR
S
12etail of Column

(Lt 2o Sl w5 3l RBS o5l 5 Jlall aalim 5 052 5 )5 Jaser .,\:.Jjéal.;ﬁ—\\ Jss

e gas IS (ILLL 51 Slaml sk w035 ol 5o
il Slen 7T 5 VU AISC sl 5 asme Lalss s
PSS s sl e 13 8 el e I b s
Sl Sl faie 5l dm dol 55 0 S e
OF) 5 O7) Gl s 53 D] Culodd 4 6l -
RBS 5 WUF-W s Jlail sbaosle 5 51 LS Lol s

Cwlodls 45‘)‘ bj\.w a&.iu‘_\.a)‘ BE]

£17 390 q ojlw (ilinghy g palc ey

i3s3 S,mid IISL (eSS Ll 2 ol e b
Ly dsb s el S35 0Ll 58 Jlesl 35 glaly s
Gl 4 S Jadll oS dsai Slex 2 Sl @ISL
23,5 Joers beisad ) SIS ki 8 s 5 el
e oRlesl e baped Ll U8 s ol ke o
Sao poomle LUK s e Sl Ol o

L apn S yad

49 (liwoj - ple,w (s0)lath - pqu g Clunyy (o

)60 Jow) 3w g atowld (g0 (Ywaidw (ius xono



Lo} () 9 (Lo ()135)b (Tign azwgs

U3l ol

£y

090 (ad O

..RBS ¢ WUF-W

W=

—
A
8- .

«
2

Y Yo
%
N g
Beam Length= 2350 mm

L

_——

k

N ¥y <\
A .\‘
Beam Length= 2350 mm
/

L

L

— ] —
= T

il oliule3l 53655 RBS et Jlasl slaeslon 3 51 S0 b VY K3

S o dlal gy 2 Y Gl s JRS 5 S
Wy Do Eros s Sy e Ll 2
WUF-W s Jlail gyl oee (08) K3 55
23 oS &S Olea el Gl e 1085 ST, o
bl 5 G b pdy Sy e Jlal il e jaie [
esles S LA e IS0 Fros R s S
e GIEL ST s Lyl Sl S50l
Sl paeme 5 Obaly /Y Ak Gesl sl
08) JSKa 53 &S €850k .l o355 0Ll /AT S a5
Oda ol s ALl ol e (ol Lasiie 50
S istlaes lin s Shoe 5 anill eslie 31 e IS5

WUF-W s Jlasl Y-
Kaslesl s WUR-W  ies oVl ladised by b
IS5 bl plal 2285 5 <)y S0 ol
23 S Sse sl SISO G 2 IS
e Sl S e O ks SlaplE (V) Jsr
Wailas ile abil 4 a5 b 5 Los o s ool 0k 1)
Loy gl e G ISL S sl 5 @l
o Sl WUF-W s Jlasl ) 500 0 a4 sl
G 2 GMELL cl S5 0LLE s S dlesl glos ) s,
o sl JES plis 4 ke B sl 4 5es

oo OLsly 0Vl O ks s ISLL ST

2gd g ojlw ¢fingfy g (ale s /9P

49 (lioj - ple,w (s0)lath - pqu g Cruny



el Sl & Sy Jrade Jon 53 Sal Of a5, &
w‘bWWSc)yaM@ﬁyé‘)ng)b

gl 5 bl salie 53 WURW ias Jlas!

Sl Lf“’ B U’»’-\ .C,wvloéﬁ SKl ):5 Ql} 9 JLv B u}..pjﬁ

Z £B,q= 0.

96
| Qualified ‘ ’ Collapse Control ‘

600 T
Target Value '
T ool (5185 JSSgy et WUF-W  Jias Jluai| ;
400 + :bﬁ
= —f =3k e ) o —
Strength
| Degradation
200 ' 24%
E :
z / 1
S '
2 :
200 !
Strength |
400 Degradation | 25 —
37% i
-600 :
-0.1 -0.08 -0.06 -0.0: -0.02 0 0.02 0.04 0.06 0.08 0.1

4
Collapse Control

Interstory Drift (rad)

e IS USSs  o WUF-W Jlas! sl el sl €50 (5, e —VE K2

Gulal U8 5 Gl e Bt a4 Ok, b il
slod2S gl o OIISLL ISS s
5 80as sy pees Bn S (6 lS,L SAC (5,108 L
oy o s byl a s bbb clapsie s e Jla]
Wlie el 93 Gl IS5 50 Jesl sblols glac s
LoGllas o dgad MSLL 0,5 S5 epp ppe
o3l g yema 5 OLsly o /0A s O a5 B (V) st
el 3 ol Ll V/0VE S ok

£32 Jlasl JAKQL»}T o, e O ISE s
Sler . Celods &1 SAC IS, S35, i WUF-W
b 05 Ll ) ol aseie 58 S s oS &S
QK»M)})@“)JSL#J‘W\S‘) ULJ.:Ji)uM -]9-,’,‘)*;'
sdalive Jf J“A}u.n ol “_.;j.Uzn )ﬁa& M ulj-;-l-g
Clolis

Sl (slls SAC (o lIS,L US55, oS el S5 0L
sl fseme 5 Oboly /0 JSG A el b Gus
Ll 5 AISC-341 wslippwl 5 ol Ol v/0T0 S ks
A ol s L s ol LGl a4
Oly vl Canslis Aoy A 51 s las b Ol v/t
Ob= 5 adl s ) Ck}};‘ ‘u':‘fi'x:’ .b..o‘\jé': BN .C,..u\njs
Qﬁ"'“.' QKAJ:JG BE) &jlfu bl L.J’-?j-"j Cewlo s GML:..AJ:.T

e/ 390 g ojlw (iliagh 9 (ale ayps

LG (8L Gy Spdy Bild Jas Gl
g aelsl Olsly o/0E ad O i B (6,108 ,0 (V) Jsi
Py Bl s d bl 5 oY slad S 5 58
Sl s e S M 8 U s b el gl sl
lod gy 5 sgie VS 0 SKaady Laie 035des 3 Sl
Jrate e3sdms 3 Gble sl Gt Sl el
s oo (Pl Wl 5 O Jb w5 dlail 5 Sl
55 eslie 3l s 0 edalie LOT 3 5 el 458
A5 55 sdalie Jlasl glas > b,
5205 0l 5 adl 55 adse gl el aS ol S5 0LL
5 obsly /00 el Ok 3 SKaadly Jemie 03 5doms
Gy s b 0Ly WYY a0 ASCS ae 5L f o
sl by s Caslie 3l sl 563 S Iy Ay 5 B xS
e s S edalie OLsly /00 s O ks sl S o
YV e O 53 b plrsel (S5 5S o2
36l 5 il 1) 850 Less Ol Olaeas Ll 0Ll
e3gdoee opl 55 Jlasl S ol S5 0Ll s S s
LaS 58 a1y oy TV a0 seslie il S 080
3 gheys 00 aaslie s dlail s Sles @ a5
S e Lyl s coshle S (6oIL O35 Ll (roeasn
2 s S Lol S s ede glp e IS0
o SO i 3 [ WUR-W s Jlasl (10) S

49 (liwoj - ple,w (s0)lath - pqu g Clunyy (o

()60 (Jgw) 21w g aamld (5300 (pwaibow (s yano



)ojT Gy 9 (Lo ()15 )b (Tigy azwgs

€

Uil (o

(g0 (lad O

£y

..RBS ¢ WUF-W

(V) IS5 53 .S 1oy welsl YU glaciy ;5 B SAC S5
5 b 0w L WURW  iex Jlasl 5l g sl
SN S5, il Sla s DS Lo oK
43 S &1,ISAC

‘k‘.'.‘j":' 6‘J.: h;wd‘ JSJ dkila-:l .lg.é_)f o.lALi.d dtiib '/'-\

=05 S5 Oy i s SAC (610850 ST, ¢ 55,8
ch&';ﬁ o) sk Lael 5l é Al S d= oLl
53 e DLl s Shee ey sk 4 Cles S 4o
SELL GlaplS i 5 sabal 5 Sy Lol i

o US55 s el 8 5 i Ll s s slie ;s WUR-W it Jlasl ol €505 =10 03

SAC (ISl ST s slapls =V Jgar

QL) (IS i slaaials g pome o 3l ¢ gee o sl (Ol (oo O i odd | Sl o8
V/rg0 1 1 “/eeTVe )
i \Y 1 avo Y
/140 A 1 V/arVo \
AN YY ¢ e ¢
YT B Y e 0
VAL A Y ey 1
L/oro YA Y ey v
Aty Y Y et A
+/AQ0 YY Y v/he 4
VYo ¥ Y o Ve
V810 1l Y Y X
\/ovo Yv \ A \Y

Wgd g ojw (ilingfy g pale gl /&4

49 (lioj - ple,w (s0)lath - pqu g Cruny




Z A= 0.535
«—»

Qualified Collapse Control

600 :
— SAC 58k Sy cWURW  tas Lt | Target Value E
400 = - \__
1
H

—~ 200 1
€ 1
: / |
= H
E 0 + / ;
£
[=]
= Strength

-200 Degradation 18%

R 2 >
-400 — T »
Strength
Degradation 32 % Z 26,0= 0.615 Z ABpax=1.575
-600 -
-0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1
Collapse Control | | Qualified |

Interstory Drift (rad)

SAC (5,185L S5 2 ot WUF-W Jlasl a8l 53 4 sa (08,5 somie —\1 I3

| oS ges
WUF-W

SAC (1S5 S5 Ol /oA LSS a5 o3l ddey & Oty B WUF-W st JLail o33 45505 -1V K5

sede Jleel (551 glals 31 0l pl oS W 38 S
Sle g ssb 4 Ll e OVl s 65 Sl
By SVl a8 V) o pas 3 Ll 2
Gl Kas 3,8 15 i 5y5e il ped glaslpol
S Mo sbacin b o L 1 (gl
Sl Ol s duled Loyl 1y Guas Loyl 5 SAC (g 108 L

0/ 399 g ojlw (iliag 9 (ole aypll

Glaaals wilin g, Glol ol S5 oLl

wilie sbosle & L W olad 5 o ste aels U JISS ok
ML IS (el 53 bl Lot 1 nles S oo
B8 s b sl 5wl L IS 5 sl L
35 53 ekt Sl 551 Ol OA) S s Lcslods
5 e NSl Sl USSs cos dKilel s alie &g
YAY spd Gl Ll 5 5 Jgl € ged ccusleds &1l SAC

LoSAl dsd S AV st 58 e W 5 5SS

49 (liwoj - ple,w (s0)lath - pqu g Clunyy (o

)60 Jow) 3w g atowld (g0 (Ywaidw (ius xono



Wl ol ojf ) g (Lo (5)155)b (Tigh azwgs

090 (ad O

£y

..RBS ¢ WUF-W

O ot 3 o S5 b Gelate (IS0 W, wslsl L
Obsly WY Gl b5 (slao sl gyomes 5 Obsly o0V ol
(s S e S b Aoy VIV Sl Jlasl caslie Sl
ol e S IS5 B geilind J a8 b oS
Jol aged (V0) ISa 5 walsl s cles S Lol s
galnd Ja8 5 Eak lls Oae i s oKl
eslodd 0 ALES gl 4 e OIISLL SO s b

SASS b e AL S5, laplS @ s L
53 5 Ol 5 badl s Hllas 04 b s Sl
Obsly /o) ed O, 31 casly 2alS 5 e (o3 gdme
G o Giemer 5 O (Rt Co e ey
5 WO /N0 Y0 s GO i s Sl
Fori b tlon g 5 sladls 5l 2l 55 Ol 5 Obsly /Y
s Ok 2 gladl S (S e b HLS
Sl ids by s 0Ad 8 e baly v/eY0
S ol S5 a ¥ S DS s 5 cdl s
Ggad 5 Ol 5 L s Sal s 5 S ol oS
Spese O S0 3 5wl S (50 Gessdes 3 Uyl
5 0kl Y e U sl S s odeds S
Wil @l a Olsly /4 ASSmnd slassly ¢ same Jrod
wals (ol B L5 S LT 50 0 Sos Il rse LS
30T e GO i 5o 5 sladl s rdse HlS
o O oS e3> 4z 5l 5 Sl SAIOLsI, +/0E
Sl & a5 L acles S Iy Rl Ly ol Olsly +/00
o RS pai by 8 bl s ad e (NS als
2> o dlal ks s el S35 O
Glapls (I3l b s S edalie OLsly /00 o OIS ks
SO s 55 RBS iws Jlasl Jsl 4sed (S 00
YEN 5 VWY ol slaceeslie Sl OLsly /oY 5 0/07 o
Cslos S a2 |y Aoy

Obr & badl 51 (S Gy bl gl g > e S5
sdalie OLoly /07 d O ofS e33O
U oo 53 Lyl opl &S ol S3ap5Y Caslodss §
Oy 3 (g e Bl WA 350 ol L 5wl Jals 5 e
SR el e e ) s ey £
Sl fl’f 03 i eslos gy OLaly V0N ol Jsl el 4 oo
L5 55 RBS Jlasl 3 Slee ) o5k 40 5 5,MS0L
Vo & el e ML S rros b sl J 28

foame 5 Colas S 515 0Lty +/0V o O i L 4 2

Ly adks (o S50 ST 0 G Lol 5 4y 0wy sl (6550
sl il
oo badsly s oS > Ol ol elyl el S5 oL
Sl reman 5 (650 Lol Ol s aikaie (glo) ) o g
33 b el SIS 36 IS s ST ol slaplS
L UST s 3l ol 53 el ol S oS ol s
adlas pl 5o el Bld 5 ey S35 4 (1S L
o g G355 5 8l p ey s &S > Oley ke J310>
Caslods 4§ Lo ys asdlbe il o iS55 s g gl as
Ol e S0k ol asiie (F) S5 3 &S 4,50k
Ayl LSORE Cajg ey LAE SIS~

200

180 . .
T ol IS5k S

160 . .
— == SAC,IS,k Sy

140

120

100

80

60

40

Plastic Energy Dissipation (kJ)

20

Number of Cycles

AT glats god 55 0 Slgtos Szdy (5351 - VA K&
SAC 5 o S sla IS5 5 Sua slie )3 WUF-W

RBS _oiws Jlasl —¢-¥
o o&ilsT 3 RBS i Jlasl sladised b s b
3 e L Gl s cos VLl ) bl
Gy e (V1) K& 5 cwlan o5 SAC
U5, cov RBS i Jlasl sl ises a80L5T
s IS s 6 4 S0k el &1 e (651380
3 ek kld (Oua e G Jlasl cdledd oliS
s e b e @SSl IS5 ps b glied J S
ol g same Jrood 5 S Jldde 3 4503 Cealos S Lo
05 s el asll eslie a3l Olsly AN S Lk
SOk s b 63 See b Ll 35 oy O s
Clo i sdalive & gas 53 50 o (GOILL 5 Coles
A0 e O O is ps Ceplie il W, g3
e opl oo uﬁﬁéwl;sgrﬂ (Caslos g5 0Ll

Waslo s sdalie & gad 3 SK SIS 05 il (6,108 4L

2gd g ojlw ¢ lingfy g cale gyl /¢¢

49 (jliuoj - pliw (50)latd - pgw g Cruwpy



S5 S 0 o sl a5 bl 5o eles S LS
Iy als) 4505 (S0 bl 5 Shas 55 (oo (SOL s
SV e O b S ) sk s cles S
S s el Fome 5 Sl Jlesl @sad 4 0L,
G SOk e nl 5o S Okl VARl eess
Jb Gos SOh & e 5 Sles S Iy 28 A3 B8
Gl sy ol b S e b dlasl e s O

.C_,.wlo)ﬁ ‘5&—&.7- C,.:ﬁj.b Loy [AVA] S 9> JLEJ\ C_,.A‘)u.a

P Ll 53 kS DLl WY il et SIS s el
Ol o b Jlasl gl s S5 S LS L
Shzeslie Sl cpl b acslosls &5 s 55 36 SOk
05 o 3 YAV as OLsly /0N ed O i 53 Aoy VUV
o Dl a5 b sloden; OLsly 0V e O s
P GLL B S s dped lin 53 &S b
Ll s Jlasl 5 s K sdalie sl wged 5 = e cpl 5o

ety e ISl IS s ekl J xS

A6, =0.96
Z e l Qualified l Collapse Control
—>

600 -
00 T ol 6N JST g ciRBS s JLal | ;
 p— ~
Strength
= Degradation
g 200 / 25%
<
2 . . / / / .
g 0 + / 4 + +
=
-200 Strength
Degradation
2% /- /
-400 SR
-600
-0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1

lCoIIapse Control ‘ lQuaIified l

Interstory Drift (rad)

e GMSLL ST o RBS s Jlail Jl a 50 (55l oo —V4 K3

b398 wliwl J 28

e S STy b swbed J xS s 5l bl b (s slie 53 RBS Jlasl Ul 46 5es —Y K2

217 3gd g ojlw (Aiinghy g ol aypls

49 (liwoj - ple,w (s0)lath - pqu g Clunyy (o

)60 Jow) 3w g atowld (g0 (Ywaidw (ius xono



)ojT Gy 9 (Lo ()15 )b (Tigy azwgs

Yl (olLi

090 (ad O

£y

..RBS ¢ WUF-W

O s b (IS0 b8 5 L5, (S0 s 55 2
S Gl paeme Jooxd 5 0Ll A
ol poe (V) ISKE s cosles STy aslsl OLsl, V/0V0
<)l SAC (o l38,L G5, o RBS Jlasl a8l
Lyl s Gua i ps s Jla! £33 Wses Lewlodd
Jlal s Shas 5 5k, 5 ol @l eslie Sl i

ZAG,W =0.535

¢ Qualified

P33 Wl axdlas ()l ARLLST gl aslsl s

s SAC L [Ss, cod RBS Liex Jlail
GOHELL ST a5 ol S5 w oY e 3515 L5l
5 O i s | VLl s Shes 2S5 sl SAC
oo a s andlas cpl L3 e e s Hndy Ll S
2 B sbose 5 e SVl s S )
Slols awlis Ol foman 5 Sop Gl O 05

Collapse Control

600
——SAC )iy g5 SaRBS 2k g |
400 1
Strength
Strength Degradation
20 Degradation y 17%
€ 25%
z
2 . [/ /]
£ /
5 /
§
s -200 A
.4
14
-400 >
ZAB,W =0.615 ZAG,W =1.575
-600
-0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1
| Collapse Control | | Qualified |

Interstory Drift (rad)

SAC (IS, S35 5 o RBS e Ll pys aisal (5,08, iomie =Y IS

Csad 5 O 4 Jb Jlasl sla B g 3 b a8 5 S 5
L;Lha)'l{ CM 9 QL:J\) VA% wv.v QKAJ;.:JU" BE) rj:
asly alS 5o 4l lawy s Obsl,y ViV S
Jjja &&ajxaj &ue)b Cjw w\)ﬁl Lv Celodls sdaline
Gt 45 o 53 9 Cewles S 10y u:“f““‘f sl s Sy
Fo el i o SOk ol A el O
-2 3l e Sl YY s Aol s S 657)\{ Cewlesls
S r)'Y Csles sy anl LAl 5o a4l 5 5 O
po3 Wsed 5> Zuaslie Sl e 5 Sob sy Locd
Obsly +/0V s O ois A3 Yo 5IRBS i Jlasl
9 C,\M‘o.l.:m) OL.’.Q‘) /AN Lf'“ d&‘jx‘.’; .,\..p)b yYen “
o iS s daline a‘jLwJ,.LJ' BLl L;LS 6)‘.1{4&(;
olbd Sgions Sty (655 Ol e (Slamslin aslsl 53
5ok SISl Gl STy co AT sl s
S5P Ol YV USKE 53 olid pan y aslods 45151 SAC
Jﬁjﬁj)dJﬁﬁ)LﬁA})b}aﬁj)):cﬁ&l@M@)@

a5 Oy B o3l oila3l s Jlasl s, (V7)) IS s

g oile oKnlT 53 Bk lald 5 sl
Sl 5 cledd @l IS 5 450k el sl iS
Dbz G s S ol S Gl Bl 5 s
@l JalS (o Gessdee 3 L8 Ol 5 L s Sl
Lol s s 5 sladl s mdse LS 5 el S ez
ladl 5l S 5o S g0 Casles s 52U b B
(Clods odalin Olsly /0¥ ol O a5 s £33 & ged
LS Jlrs 5 Obaly /v E e Ok 55 K0s JU
53 oWleS ks Gl G asledis S sl ase
S Caslesg oS Ololy v/v0 5 /0t s Lol s
ol G Olsly TN el O R s S
o3 UY Canslie il & 2 5 L3 S 5L LiileS aels
2 S bl gaame SRIHHL 058 dlasl s
Slaesl g peme 53 Cuslie S5l Ol Pl 6LA¢[§
o b b YL Ao s 5 Vel Olsly Vove 5 V/ENe

.C_,..w\esﬁ

2gd 9 ojlw ¢ lfingfy g pale ayps /9N

49 (lioj - ple,w (s0)lath - pqu g Cruny



SAC (5 8L 855 Obsly +/0A 2 i o3l a0 O B RBS Jlasl o5 505 =YY K3

Jus glp el kils SAC (o 18,0 IS5, S
les S5 st B8 aliad Ll s s SVl

200 1+
180 T Ol )15 SS9
60 + [ -0 SAC (5,35, JS5g

140 1
120 1+
100 1
80 1
60 1
40 1
20t

Plastic Energy Dissipation (kJ)

o 5 10 15 2 2 3 3 4
Number of Cycles

dalf.i;ﬁl.aﬂ lad sl 53 el g Saadly (6551 - K&

Ls)lfjl‘. LSLAJQ))‘.’. hla J._:'Ju.ﬁ BE RBS

G gwyp
-GN V0% N slacs s Ses o3y, cpl aslsl s
53 wnllas ol aib Vogesle L blae RBS 5 WUF-W
5 on e e ISan Pross s Gady Saa Ll l
ol (Ban pl w0 S sl Celas § 513 ode L5
53 RBS 5 WUF-W _iex cVlasl aRabsl s
S3ledde oy 4 &5 g0 4 [ETTABAQUS (5345 1 53le 5
oy sl Logode o) glagmn 5 Al
hglin 5 s b SOISLL sl S5 o AL

£a/ 398 9 ojw (iiogh g Gale apl

Lolpd s pss dised 5 Jsd S VAT ssd e (IS L
L &350 a5 kS A 350 SAC (IS4 ST, s
Sl G5 GlolE 51 0LS ¢ 5b 50l les S Sgtans
JSsn 4 cans e IISLL ISSsn gl VY ssd>
Ly 03 &3P 008 Sl oUls 05 SAC (5,108
5 Ll oS Codl e Sl dis i OVl 50
5550 SAC (18,1 ST, v ot e VLSl 5y
b e VLl 31 (ol el e 3,8 513 o3s ax 55
Iy Gda Ll SAC S, IS5, IS i slaals
Ll b Odews ln G54 SOl Ol5 s ules Lo
Oloa sl il o w0 |y e (1050 ST, Sua
5 i wel e w5 S Ok s 4 S b
ol il Olsly /Ty Gta Ll s (108G IS5
Ll bl e IS0 IS5, Sl - s
Oley e bl adls B3 opomen 5 adlate (555705 )
slas cadlaie gloj ) SJIB Ol s el Ldd oS >
Lyl a0 Gl 1) b e JASCS is glaaals 5 5L
v od K Cueal Sl dies cdan S L s Gus
ales gy phast DNl r 8 sl S8 s
5 Sl b gl fls e e (IS0L US55
it VS| gl 1y J5S Ll s bl Sladlas
Gl J s ol tdes S slgdy S5 O uss o

49 (liwoj - ple,w (s0)lath - pqu g Clunyy (o

(560 (Jow) 3w g atawld (30 ()IHvaidgw (iws yano



)ojT Gy 9 (Lo ()15 )b (Tigy azwgs

Yl (olLi

090 (ad O

£y

..RBS ¢ WUF-W

WG,y sleculis Gau e ¢l p clods bl oKl
Ceslodd a8 L s te a3 Y JBla e JUe s
S i mlE b Vs e s, oLl
Jode 5 il yolat] gsde )l}.’a\r}j 05 Vs slag s
A B Ol e
Sl S s ol st 4§ s /Y 5 JKLLIKS Yoo
s WUR-W a8 bsl slacs gade Jas (Y0) 5 (Y1)

SV anaY

\Zeslos 1,1 51530 5 5> RBS

Cyclic Displacement
- >

Lateral Support (Uy=0)

Lateral Support (Uy=0)

Simple Supprot (Ux=Uy=Uz=0)

Column Length=3200 mm

@ugL;;.uJwayow\;\m,.um
Ales 53 5 e SVl glacs b Al
A ol s golds
» AL (o wledte Gl ol S5 0L
@bl s aw bl S ki (gay 4 L0l 51 ke 5
Sl odkd sl glaoladl Bl 53 bl eslizd
Zelosss CBDBR g5 3l Ll 53 sdate $3ledids
Slo past izmen il ni Slroles 5 A Ll s
53 aiged Al Lala b Bles DL (oo Jde 53 Hllas

Beam Length=2350 mm

__ Simple Support (Ux=Uy=Uz=0)

ABAQUS 33l 3 ;3 WUF-W JLs! ARl L gaae Jae-YE S

Cyclic Displacement | <—»

Lateral Support (Uy=0)

Lateral Support (Uy=0)

Simple Support (Ux=Uy=Uz=0) I

I Column Length=3200 mm ]

Beam Length=2350 mm

Simple Support (Ux=Uy=Uz=0) J

ABAQUS ,33lp 5 ;3 RBS JLs! ARl L gaae Je-Yo IS

Jbe 53 IS8 05 law g odd Shgiw (55 Ol momes
@Lﬁ L ogsde ooy @Lﬁ wlsl 53 5 s S o S3e
SLkil (s34e s ol S5 0LLE s S anylio AL ST

duﬂfﬁlc””")‘}é‘ff.ﬁ S aw Jbo [l aalsl s
) Gles) s Slas 5 288 yse SAC 5 e 1080
Gl Sla e Hskite pi (258 15 bl 5 e Joke

20 g ojw (liing)) g calc i /Ve

49 (lioj - ple,w (s0)lath - pqu g Cruny



200

180 T SAC (6,I85,b S gy o A Lo3T diged i.
g 160 T T SAC I8k gy coxi sous Jue ;
§ 140 (@l Ik SS9 o (AL Lo igad ;
g
'§ 120 T T ool L S g oS gous S ki
a 100
>
2 &0
3
i
g 60
2
T 40
20
0
0 10 20 30 40

Number of Cycles
5 &3de Jbe 53 old Slgies Sy (6551 anulin -YY IS5
S s s WUR-W Jlasl &bl sl sa
SACJL)»é)IK)l{ LgLaJ.Q)j__.

RBS s WUF-W _iax oVl s slacys ool

53 olens Gl b Glas waallls bV OB
Goludde Sl5le 5 3 Wlas (5ol Sl yas ool
o oady 5 e Lyl s s b cpl s S 5
WUF-W a0y Gy s OVl (gade sladds (saen
sl e OVl guu s oS il S3 (’ﬂ s S
G0 2 4B S o g34e Gla ) Lsed Sl 5 asls] s
«lyl ezl V OB 3 RBS 3 WUF-W S i Jla]
S DVl (ol liz (A IS s cledd

RGP W oJ\.;..j.S ﬂ)dMRBS}WUF'W

P N T ¥ PSP POVIOR Y| 2B L el
@ b s po eld St (551 alis ioan
Vsl sl 1 S, 5 @5 sl Ol ol
aclie () K5 53 €sed Gl Cslos I Gdad i
WUF-W _iex Jlasl a&absl 5 oo ol o
(V) UK 55 5 sl &l e 10850 IS5, ol
3 ogde dbe ekl Sl (55 Ol aslie 3
SAC 5 ke L IS5, Gua Ll 55 sl
s 4 (V) 5 (V) e IS5 oS 48 0len . lods <31,
S s b gade sladie )b, o (Coslodd ol 2S

el azils J53 LB Gl a8l 5]

600
= = = Numerical
400 Experimental
/

g W /
< /
g 0 y 7
5
= /

-200 : "

l-w--nm/f’ 74!
-400 =
-600
-0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1

Interstory Drift Angle (rad)

izl g3ds o 5 AT € gad )l ooie -T2
e IS ST, Co WUF-W e

@=L e ml b S 5 Sl 4 g L

7

el

—~

—_£=

[y

N

T

| —
7

Beam, PL-(G1

Heam, PL-(i1

Box-Column, 250x250x20

/_ Bere-Column, 250x250m20

%

N

[
A&

[ Lightweight WUF-W Mument Connection

[] ightweight RBS Moment Conmection

(zed e o= o slel) aib V OB 3 RBS s WUF-W S Vs o Pl Slipr -YA S

34 ilwdde L.l PL-GL G35 0 olasin L bl
)\_}élr)} 53 RBS 5 WUF-W i oVlal S -
s JQ};; Sopds s O Lyl s s Jlasl > Sas

V17 3Y98 g ojw (iiogh g Gale aypil

WUF-W i VLl S b3 ol S5 0LLS
5 sede YOl SO b me 0w A RBS
59w sl men Cles g jtedke Yoo Ll 0T Culis

49 (liwoj - ple,w (s0)lath - pqu g Clunyy (o

()60 (Jgw) 21w g aamld (5300 (pwaibow (s yano



)ojT Gy 9 (Lo ()15 )b (Tigy azwgs

Yl (olLi

090 (ad O

£y

..RBS ¢ WUF-W

160

140
T el 1,0 IS5y s cowRBS K dlas!

120

SAC 3k US55 coRBS K Jlast

100

80

60

40

Plastic Energy Diddipation (kJ)

20

0 10 20 30 40
Number of Cycles

Jd;nlf:r)éRBS&%J}@M&L@qu%)&d)f\—"*JSJ

SAC 5 Ik sl IS5 ok

S5 et 5 skyper 0
GG IS5 sl Kss i end addllas cpl 2
(¥ her SVl Loyl gl (L) solguin
Gl 5 U8 sk 4 il de 5 A LST Sl
ol s Wbl JaS s Bnk bl s ol
RBS s WUF-W asb it i et VLl (555 0 IS5
Sl s S ol e b bl i § 50
Lol Rl s G olie o e[S, gl
Byed 53 tmlesg el Gl SAC (oIS, S5,
alie LS Loyl 53 RBS Jlas! 50 55 5 WUF-W Jlas|
AT s 3550 GIS,L S 53 Lo 5 el
2 e GOASLL ST o8 el S30LLE a5 1
ient SV oy o (S5l 5 (5340 ((sle3 ) ladllas
P A i e R

los S slgley 58 Frosb
LML JSSu, M sla bl Sds sl
Y Sy at o sldas b IS s gla st o slies
Gaals a5 Ol /AT JSS 8 Glaesl ¢ sene
Ar Ml ol ke 5 Nl S
Sl e UL IS0 L3 Sadods slgiiy OLsly o/ Y
wos ohs et gob oy S gl ks
2 S S Gaa sl Lol 5l da ol
S Plas i VLl bl /Y e O ks
5 Nsd LU Obsly v/rt e Ok Lot
et Caslie doss Al S Uil dast e glis
o5 58 s Wbl JES lld sl 00K 8 e
Bl b Kbl g e Vsl wleds

J}\b@%}})blﬂdtﬂﬂ) ./.V‘j“““"d&"ﬁ':".’“;l{d‘}ﬁ

SO 5 () b Ko 55 &S &8 Olas 43S o 5
o MLl ST, G lde s VLl ) scaleds
Loyl as a ly Sipdy Lils 5 assls eslie o4
Loy odd Slgas 655 Oliee csl S5 0LLE .csles S
IS, 5l mis e IS IS5, s S N L
5 () Gl a5 sy ol & Caslesp SAC (g1 L

Cewlodd jasie o4 (V)

Qualified

@
S
3

= )
S S
3 3

Moment (kN.m)
o

-0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1

IS, o WUR-W S Jlasl (g5, ooea =YA IS
qu‘ 6)‘-KJL£

Interstory Drift (rad)

160

140 (5ol (5,15 )b 559 o WUF-W. Ko Jluss!

—=SAC IS )b JS5s, o WUF-W K JLail

e
N
S

=
IS =Y @ 1)
3 3 3 3

Plastic Energy Dissipation (kJ)

N
S

o

0 5 10 15 20 25 30 35 40
Number of Cycles

WUF-W S oVl 53 0 Shgtms Sizadly (63,5 - IS5

SAC;L).»H;)LK)L. LSL“JQJJ::. e olas s

300
——RBS S Juai)
200

100

Moment (kN.m)
IS

-100

-200

-300

-0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1

Qualified Interstory Drift (rad)

JﬁjﬁMRBS&wJuld)w) e =YY SS
L}‘d)‘ifﬂf

2gd g ojlw ¢ lingfy g cale aypld /Ub

49 (lioj - ple,w (s0)lath - pqu g Cruny



Loyt adply o oS e gbadpe 5 VL
Ll (g niy s thizd e b3yl SAC (1AL IS, 5
lals ppalie et glaadd yo 5l (Sl ool (Koo 33 5
Js 2l Loyl 1 SAC (L S Lipds 5 s
L G @S0 US55 551 sloles 055 Slgras Ll
Asbazdl bl bl s s

33 s p Wl JES o pas 5o Koo 53 MG a
Sas p e 5 sl Gl ) bl e VL]
Slaol gaams il piesr OVlail wdllas ol slassle
Gho s 00 Cglie 3l Ogs |y QLS VY s S i
DL 35,5 A S il s pe § bl Jaos
e L IS5 olgiyg Ll i S il S5l S5
el Gl et SV 5 sl ISl
WUF-W 5 RBS s ,d e Jlail s She Ly, L
V| Lyl 4 s (52 a8 Sl o3 lazils
S ML e IS b s Sop SOl i s
gl JzS ly SAC iS5l ISSs, 25,8 e
s bd ol beales S ao s 1 il b s b
S S s 5 addlee s ARALT 5 3 sla s
spb e o5 SAC 5 e sG55, slaplS s
AL SAC SN IS, cow et oVl S
GG Oy /oA IS i o3l by S Bl
G300 Coglin il (S (gl O3 g 11y as 5 Ligs
RIRIWERIRY

@5 et SVl gone 5 AL = R e
Vel 3 s gabnd JaS lald el e
Goagdoms 53 g Pl glass iU &S 55 8 o o e
s g 55 S AL E-TO (6o 5l 5 e Cdailons
Sy Ll s Ga lie s Vsl J =S (6l Les E-60
s Coile

b ARl s v S s addlle ol o
S ss s RBS s WUF-W fiox sl g3 Jobe gl
WUF-W it Jlasl slacas sla sy cilies (gode
5 Clas S Oy p0 8 e Sl IS, o RBS
2o Ssn G el J S 5 Bl Sas ol
S5 OLLE e s 55 st OVl ol s
Lilso 5 bl b e OYLasl gode il glas col
los S Lol gty e IS0 IS 2

s See 5 hyld @ e g adles )l 4y LB OIS

Vb7 3g0 g ojlw (iagf 9 (olc qpis

oot 5 Aulad Jas 1 0Ll WY IS 5 slaesl ¢ sazme
dons 00 Sl S e teslie (S (ol Ong Ll
AL B S el e Caeglie

Vsl ailosl gla s 3 ol S OLLE
J5S 5 iy lal,d (s sl RBS s WUF-W st
Lol o o b Gl @IS0 JSSs, Bnss 8wl
bt gad gl b Lo ST 53 0dd oy polie 5 Cales S
55 et OVl ol il el Gadr oKile3T s
05 5 Mles g Caaglie Sl Oady B pdy lal 5 Gl ke
Seslis Sl WUF-W Jlss| iy 55 ale] 8 Ll s
s |y sdoys YO _zaglie 3l RBS Jlail 5 sy YV
ey S

Slos) S Shs RS 5 o b adllas ol 3
ol Lol Sl e VLl s e S0 s
sor s o SAC L Shn L S,
ot Jeel G5 glolis .23 S 15 gsae 5 AL
Sodsde 53 SAar S 5 b e LS 528
Sl Sy il a5 Gl ke s Sl Jade
U awslie 5wy S35 4 SAC 5 L 1080
2 ML S s el ol wuls i Sole &
3o S e IS s b sl s
23 bz pleS g el S5 4 Y sledd anslis
Cosd (Gl pa0 3 Coslie Bl imean 5 5 Ol 5 WAL
SAC (S IS,L Co (h 500 4 o o (IS ST
Close el anir 3 Shs 5 cadoslil BT Says
ISsn 53 Cou Sop GO ons (gossdons 3 b5
o 2Ll llas b (5,180

Sy 6550 Ol ts3e 5 AL sy e
2 s 36 6 el (IS 6l e St
s n a3 )l e DLl gley ) s Shas (55,
Glr o Ldd oS > Obey e el S e (g lS L
ol S 3 55 s ap adlais gloj ) SIS S
53 A GV SO L b e IS 8 glaaals feas b s
53 ol el Bl w55 ISl IS5, slaplS
Ao g GEL Gy, ple S el J-
sl B 3 ey Lds &S = Ol Sde (IS
S S ol 03 e St 55 Ol 50
55 GiP sl Cosls ulel en  Llandlls g lA8L

Slost Gl 02 Bl Gpd 5 Ol i s IS5

99 (jliuoj - pliw (s0)latd - pgw g Crutly

()60 (Jgw) 21w g aamld (5300 (pwaibow (s yano



)ojT Gy 9 (Lo ()15 )b (Tigy azwgs

€

Uil (o

£y

(g0 (lad O

..RBS ¢ WUF-W

Standards Council of Canada.

[8] Gatto, K. and Uang, C.M. (2003), “Effects of loading
protocol on the cyclic response of wood frame shear
walls”, Journal of Structural Engineering, ASCE, Vol. 129,
pp. 1384-1393.

[9] Richards, P.W. and Uang, C.M. (2006), “Testing protocol for

short links in eccentrically braced frames”, Journal of
Structural Engineering, ASCE, Vol. 132, pp. 1181-1182.

[10] Shafei, B. and Zareian, F. (2008), “Development of a
quasi-static loading protocol for displacement-sensitive
nonstructural building components”, The 14th World
Conference on Earthquake Engineering. Beijing, China.

[11] AISC/ANSI 341, (2000), Seismic provisions for structural
steel buildings, Chicago (IL): American Institute of Steel
Construction, Inc.

[12] FEMA-350, (2000), Recommended seismic design criteria
for new steel moment-frame buildings, Prepared by the
SAC Joint Venture for the Federal Emergency
Management Agency, Washington, DC.

[13] FEMA 355, (2000), State of the art report on connection
performance, prepared by the SAC Joint Venture for the
Federal Emergency Management Agency Management
Agency, Washington, DC.

[14] Kasai, K, Maison, B.F. and Mayangarum, A. (1999),
“Effects of partially restrained connection stiffness and

strength on frame seismic performance”, SAC/BD-
99/17, SAC Joint Venture.

[15] Gilton, C.S., Chi, B. and Uang, C.M. (2000), “Cyclic testing
of RBS moment connections: Weak axis configuration

and deep column effects”, SAC report 00/23, SAC Joint
Venture.

[16] AISC/ANSI 341-16, (2016), Seismic provisions for
structural steel buildings, Chicago (IL): American
Institute of Steel Construction, Inc.

[17] Yu, Q.S. Gilton, CS. and Uang, C.M. (1999), “Cyclic
response of RBS moment connections: Loading sequence

and lateral bracing effects”, Report No. SSRP 99-13,
University of California at San Diego, La Jolla, CA.

[18] Engelhardt, M.D., Winneberger, T. Zekany, A.J. and
Potiraj, T.J. (1998), “Experimental investigations of

dogbone moment connections”, Engineering Journal,
AISC, Vol. 35, pp. 128-139.

[19] Engelhardt, M.D., Venti, M. Fry, G.T. Jones, S. and
Holliday, S. (2000), “Behavior and design of radius cut

reduced beam section connections”, A draft report of
SAC task, 7.07a, SAC Joint Venture.

[20] Saneei Nia, Z., Ghassemieh, M. and Mazroi, A. (2013),
“WUF-W connection performance to box column
subjected to uniaxial and biaxial loading”, Journal of
Constructional Steel Research, Vol. 88, pp. 90-108.

[21] Saneei Nia, Z., Mazroi, A., Ghassemieh, M. and Pezeshki, H.
(2014), “Seismic performance and comparison of three
different 1 beam to box column joints”, Earthquake
Engineering and Engineering Vibration, Vol. 13, pp. 717-
729.

QT8R) e 53U 0 5 ctonald cp e 5 5 i [YY]

55 RBS 5 WUF-W st VLl glej ) 5, Shos alis”

SATC-24 5 SAC 5,151 o s 5 o IS5 b g3 (slad y2m
D088 o T e les oY s eile ek s ke 4,5

[23] Farooghi Mehr S.M.R. and Ghobadi, M.S. (2017), “Seismic

oz s S Gl OKa,ux 55 e VL
Lid ol 4 axy el b @S0 S,
Sl s oVl byl @y pbaws (o Shes
o VL] s Shas 4y 059 a5 Cawlesls Gl 555 8
Oliiwe o] Le3T (slawali )3 Sy Lol i 53
3 Ceeal g Loy Al G 5 e Sl
syl Slalllas LI 51 S5 o3 slad iy gla S5
Gois GELL Gl Sy anmy 5 axs Oliime ln
S palr el S s el ol a8 il e adeie ol s
5 35k Ll (bl (snde (slos ) Sldlas slasl ol

RN JRVEN - 5

Sle,s g a5 A

opde Sid s § Al edige BT 1 addllas O
g P R STR e P iNU N N PRSPPI
G o e Sl e e | Sl 5 S5 JLS
5 e 5 S e 5l BT sy 5,
il e oSl 58 SISl S e (s e
Sroobe BKalsl eSS 5 Jarn 5l Gemes
33,8 oo 5008 S5l gt 5 S ol Dl

C"."‘ -V

[1] Krawinkler, H. (2009), “Loading histories for cyclic tests in
support of performance assessment of structural
components”, 31 [nternational Conference on Advances in
Experimental Structural Engineering. San Francisco, 15-
16.

—_
N
—

ATC-24, (1992), Guidelines for cyclic seismic testing of
components of steel structures for buildings, ATC-24,
Applied Technology Council, Redwood City, CA.

[3] Clark, P., Frank, K., Krawinkler, H. and Shaw, R. (1997),
“Protocol for fabrication, inspection, testing, and
documentation of beam-column connection tests and
other experimental specimens”, SAC Steel Project
Background Document. Report No. SAC/BD-97/02.

[4] Federal Emergency Management Agency, (2007), Interim
testing protocols for determining the seismic performance
characteristics  of  structural and nonstructural
components, FEMA Report 461, Washington.

[5] Porter, L.M. (1987), “Sequential phased displacement
(SPD) procedure for TCCMAR testing, proceedings”, 3t
Meeting of the Joint Technical Coordinating Committee on
Masonry Research. US-Japan Coordinated Research
Program.

[6] Krawinkler, H., Parisi, F., Ibarra, L., Ayoub, A. and Medina,
R. (2001), “Final report, development of a testing protocol
for wood frame structures”, CUREE-Caltech Wood frame
Project Report, Stanford University, Stanford CA.

[7] ISO, (1998), Timber structures - joints made with
mechanical fasters - Quasi static reversed-cyclic test
method. ISO/TC 165 WD 16670, Sec-retariat, Ottawa:

2Wgd g ojw (ilingfy g cole aps /Ui

49 (lioj - ple,w (s0)lath - pqu g Cruny



[37] Trifunac, M.D. and Brady, A.G. (1975), “A study on the
duration of strong earthquake ground motion”, Bulletin

of the Seismological Society of America, Vol. 65, pp. 581-
626.

[38] McKenna, F. Fenves, G.L., Scott, M.H. and Jeremic, B.
(2000), “Open system for earthquake engineering

simulation (OpenSees) ”, Pacific Earthquake Engineering
Research Center, University of California Berkeley, CA.

[39] AISC/ANSI ~ 358-05s2-14, (2016), Prequalified
connections for special and intermediate steel moment
frames for seismic applications, Chicago (IL): American
Institute of Steel Construction, Inc.

[40] AWS, (2015), Structural welding code-steel. ANSI/AWS
D1.1:2015, Miami, (FL): American Welding Society.

[41] AWS, (2016), Structural welding code-seismic
supplement. ANSI/AWS D1.8/D1.8M:2016, Miami, (FL):
American Welding Society.

[42] HKS, (2003), ABAQUS user's manual version 6.3,
Pawtucket, RI: Habbit, Karlson and Sorensen, Inc.

U0/ Y98 g ojw (iiogh g Gale aypily

performance of retrofitted WFP connections joined to

box column using ribs”, Journal of Constructional Steel
Research, Vol. 137, pp. 297-310.

[24] Mirghaderi, S.R. and Moradi, M. (2006), “Seismic
behavior of panel zones in beam to column connections
with non-planner webs in moment resisting steel

frames”, 4t International Conference on Earthquake
Engineering, Taiwan.

[25] Mirghaderi, S.R., Torabian, S. and Keshavarzi, F. (2010),
“I-beam to box-column connection by a vertical plate

passing through the column”, Engineering Structures,
Vol. 32, pp. 2034-2048.

S sy YY) G0l s el e 15030550 [Y1]
G o Dy (S35 Sl i 53 e LB
V35 5 03l o S sl Vs as sazes oy g e
wilw Cxcs (’&":”"Ji sV 58 e uslaS esler

O e

[27] Alostaz, Y. and Schneider, S. (1996), “Analytical behavior

of connections to concrete-filled steel tubes”, Journal of
Constructional Steel Research, Vol. 40, pp. 95-127.

[28] Ghobadi, M.S. and Jazany, R.A. (2019), “Seismic demand
assessment of code-designed continuity plate in panel
zone”, Bulletin of Earthquake Engineering, Vol. 17, pp.
891-926.

[29] Pachoumis, D.T. Galoussis, E.G., Kalfas, C.N. and
Christitsas, A.D. (2009), “Reduced beam section moment
connection subjected to cyclic loading: Experimental
analysis and FEM simulation”, Engineering Structures,
Vol. 31, pp. 216-223.

[30] Song, Q.Y., Heidarpour, A., Zhao, X.L. and Han, L.H. (2015),
“Performance of unstiffened welded steel I-beam to
hollow tubular column connections under seismic

loading”, International Journal of Structural Stability and
Dynamics, Vol. 15, pp. 14500331-145003323.

[31] Song, Q.Y., Heidarpour, A., Zhao, X.L. and Han, L.H. (2016),
“Performance of double-angle bolted steel I-beam to
hollow square column connections under static and
cyclic loadings. International Journal of Structural
Stability and Dynamics, Vol. 16, pp. 14500981-
145009820.

Sl 5 b (as e (ITAT) Ol e Sl [YY]
Ol e Ol ia S 3 ek (¥ slaplale
[33] AISC/ANSI 360-16, (2016), Commentary on the

specification for structural steel buildings. Chicago (IL):
American Institute of Steel Construction, Inc.

[34] Hall, .F., Heaton, T.H., Halling, M.H. and Wald, D.J. (1995),
“Near-source ground motion and its effects on flexible
buildings”, Earthquake spectra, Vol. 11, pp. 569-605.

[35] Baker, J.W. (2007), “Quantitative classification of near-
fault ground motions using wavelet analysis”, Bulletin of

the Seismological Society of America, Vol. 97, pp. 1486-
1501.

W5 s b olestle b sl ol (1TAF) YAS s 5kl [

eler ol

49 (liwoj - ple,w (s0)lath - pqu g Clunyy (o

)60 Jow) 3w g atowld (g0 (Ywaidw (ius xono






SLOB ;3 S b od Wow i Sl SONS Lo Di>
el el i b 0¥ g9 31 ol b 1519 (ki 5lgo
Tl Ol JUils S sl
Ot s ol el a5 s oSS O s pibige 15 )

O cowsb gl 4l s oK ol il 8 Ol as wdige (il wlid S (g gzl Y
fanaie@kntu.acir \\ OAVO—£8V iy G skis (O g5

http://journalisss.ir

YA/ NV 580y sl OYA/ANY el o)

B s 4 S i Sl e 5 S s e 4 S 2 (6l JSKE Gl 1 ST g les s
ol g (B3 Goed w83 0, | Res (Sdslge 5 et OBt 53 8 bl Bl e 4 s Sl e
o R (nl 53 Lsy 5 Olge 4 IS b8 G T phaie 5 Sl eolial cslanl )5l @28 glaans 53 ot
N oy (o o a0 IS0 (b8 Lgn 5 )l asms L 5 SRl 55 5 Sl Dlge annd OISl 48 (63050 5 e
Loy 5 33 o8 oS Sl oslinal il oolae IS3 1 Kpy 5 Gl omle Kl S Ol 4 Ll
Wl a3 g0 sy 55 53 by 55 I 5 S oIl OF o5 5 (rdge SLeS 381 2By g ( JS 5
S5 L oY Sl candlas cpl 55 303 e |l S 2S5 Cotle dua Rl Corge (Kigm 5 3 ediS sl ealizu
slagmles Jlie 5o 2l oMl bl sk a2V slaesle los ) ~Lb o ins Alas S Olse 4 2l b
53 0l ke 2 L oY ) sl L sledd el IS5 (BB Lgn S5 Ol 5o Sle el Gl 5 as e
a3V 65 ol Sl eslial e a3 o 1 Ol (S350 o (2l Tt 5 Ol b Gl Ol gy 5 Obr
3ekd g 53 S0k 5 GRLS Sap Sl S sk e Vb (S (Saics 5 i S8l ks 25
s R 5 Ol 53 Gl ks 5 L Y8 ) eslanal Lol g e o5l 53 (551 SN Ll o se 0T e sdle
s glasl b 55 b &S s s glosle dolie glasYse b Wse 5 Conglin 3Ll ol ¥ sd> oglis 6Ll sl
20l 5> ol s 25 LY Sl eslitad bl G illas 3,8l a5 3 se L S8 Db b el J xS
oroman Il el GBI Lg 5 53 Ol b GBS AVO 3l xS (85 08 ol by Sl s diSCsw O (b g8 Lse
35 03k ) b SRl o se 1S e g S 53 Gl ks S35 L Y58 Sl sl
S O350,
Ol ek A5 LY (Sl eSS B i 5 ST s les e

Elimination of intermediate stiffeners in box link beam of eccentrically braced

frames using low yield point steel
N. Fanaie, D.P. Behbahani

Abstract

The eccentrically braced frame has more ductility in comparison with concentrically braced frame and more lateral stiffness
in comparison with moment resisting frame and involves the advantages of both moment frame and concentrically braced
frame; Because of these reasons, this system has gained popularity in the last decades. I-shaped and box-shaped beams are
two usual link beams. In cases that lateral braces are hard to provide at both ends of the link beam, box link beam has some
advantages comparing to the I-shaped beam because of its high torsional stiffness. Using transverse stiffeners in Box link
beams, delays local buckling and leads to higher buckling stability and energy dissipation in links but increases the cost of
construction and decreases the velocity of execution. In this research, low yield point steel, as a new material in seismic
design of steel structures, has been used as web of link beam in order to enhance local buckling stability of links and
eliminate intermediate stiffeners. Using low yield point steel in the web of link beam makes it possible to increase links web
thickness and lowers the compactness ratio of the web as a result. Because of low yield stress, high ductility, and strain
hardening, low yield point steel prevents buckling and fracture and increases energy dissipation of structure but using of low
yield point steel as link web, leads to the about triple value of over-strength in comparison with usual structural steels that
should be considered in the design of force-controlled members based on link beam capacity. According to this research,
using Low yield point steel with a compactness ratio less than 16.5 and without intermediate stiffeners as link web, eliminate
local shear buckling. Also using Low Yield Point steel in link beam may lead to a higher response modification factor.

Keywords
Eccentrically braced frame (EBF), Box link beam, Intermediate stiffener, Low yield point steel
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Lateral bracing of bottom flange in beam-slab composite system by web stiffener
E. Dehghani, H. Sarkeshik

Abstract

Lateral torsional buckling is one of the important criterion for determining the flexural strength in steel beam design.
Probability of it increases when laterally unbraced length is long. On one hand, lateral bracing should have sufficient stiffness
to provide lateral support for compression flange of beam. On the other hand, this support must has enough strength.
Composite beams consist of reinforced concrete slab and steel beam. To join the reinforced concrete and steel beam, stud has
been used to transfer the horizontal force from concrete to steel beams. In fact, it plays role of lateral bracing for top flange.
Bottom flange is also under pressure in the case of double curvature bending and there is probability of lateral torsional
buckling. Common methods of beam lateral bracing are connecting two adjacent beams to each other and connectig bottom
flange to concrete slab. In this study a new detail has been introduced for lateral bracing of the beam-slab composite system.
In this study, bottom flange is connected to concrete slab by a pair of transverse web stiffeners and its rotation is prevented
by a pair of transverse studs. Finite element analysis results show that this detail can prevent bottom flange from lateral
torsional buckling.

Keywords
Lateral torsional buckling, Stiffener web, Beam-slab composite, Stud, Finite element method
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