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Effect of Reduced Brace Sections on the Pushover Curve
of Concentrically Steel Braced Frames

M.H. Alipour, L. Jowkar

Abstract

Utilization of reducing brace’s section in concentrically steel braced frame to cope with seismic loads and raising
ductility and its impact on the base shear variations is studied in this research. In this study, two types of fuses are
created by reducing brace’s cross sections. The first fuse is created by reducing the cross-section of tubox bracing in
certain areas. This type of brace has been used in the frames of 3&7 story buildings with various openings. The second
fuse is created by reducing the cross-section of angles in X bracing steel frames of 2 - 9 story buildings. Therefore,
sections are designed such that the tensile capacity of bracing is lower than the capacity of connection. The above tasks
were simulated using ETABS & ABAQUS software. Performance of the frames were examined under lateral loads.
Results show that the braced frame with reduced sections dissipate applied energy from seismic loads and ductility of
structure is increased. The formation of plastic hinges on the fuses prevent yielding of connections without the need for
retrofitting. Transitional forces to main structural members and base shear of structures is decreased with good
performance of fuses, which is an indication of optimal performance of the system and its preference.

Keywords
Reduced brace section, Fuse, Ductility, Plastic hinge, Base shear
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Evaluation of Initial Stiffness of Iran Prequalified
Rigid Connections and It’s Effects
on Reliability of Steel Frames

M. Bambaeechee, M. Ghaffari

Abstract

There are various factors in the analysis and design of steel frames that uncertainty of them can have a significant
effect on the structural safety. Accordingly, study of these factors to understand the actual behavior of the structure are
important. Meanwhile, the initial stiffness of beam-to-column connection, can be considered as one of these variable.
Therefore, in this paper, the effects of uncertainty in the initial stiffness of BUEEP, WFP and BSEEP connections,
from rigid connections pre-qualified of Iran steel codes, on drift of simple steel frame are evaluated. In the firstly, the
initial stiffness of mentioned connections based on the mechanical method of the European Code (EC3) and numerical
method based on the finite element method by using of the commercial software ABAQUS obtained. By evaluating
the responses of the two methods with experimental findings, stiffness obtained from finite element method selected as
appropriate stiffness. Then, the probabilistic analysis performed by using of the Monte Carlo simulation method. It
should be added, for stiffness of any connections, uniform distribution , normal distribution and lognormal distribution
with coefficient of variation from 5 up to 20 percent are considered and drift of frames for thousands simulation are
calculated. Results that exceed the allowable drift of Iran code, indicating count of failure of structure. Accordingly,
the structure analysis performed 72000 times and probability of the failure will be evaluated. For all connections, the
probability of failure for different distributions and coefficients of variation graphically displayed. In the following,
reliability of the frame obtained from graphs of cumulative distribution function (CDF). Moreover, for any of the
connections and in all investigated cases, a reduction coefficient to achieve 100% reliability and coordination of lateral
displacement of with allowable drift with Iran codes becomes available.

Keywords
Probability analysis, Mechanical method, Initial stiffness connection, Monte-Carlo simulation, ABAQUS
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The Effect of Yield Stress, Plate Thickness, and Fibers
Thickness and Orientation on Ultimate Capacity and
Ductility of Semi-Supported Steel Plate Shear
Walls Reinforced by Glass Fiber Polymers

S.E. Sadat Kholerdi, A.Jahanpour, M.A.Barkhordari, M.Farokhzad

Abstract

In this new type of steel plate shear wall, called semi-supported steel plate shear wall, steel plates are connected to
secondary columns which are responsible for undergoing post-buckling force of plates while in the traditional steel
plate shear walls, steel plates are connected to main columns. Fiber polymers can be utilized to improve the
functionality of semi-supported steel plate shear walls. The effect of yield stress, plate thickness, and fibers thickness
and orientation on semi-supported steel plate shear walls reinforced by glass fiber polymers has been investigated in
this study. The results exhibit that the behavior of system as well as its energy absorption and ductility can be
enhanced by using plates with lower amounts of yield stress. Increasing each of plates thickness or yield stress
improves ultimate resistance although the effect of plates thickness is much more remarkable than that of yield stress.
Moreover, increasing the fibers thickness increases seismic parameters of the supposed system up to an optimal limit.

Keywords
Steel shear wall, Semi rigid, Low yield point steel (LYP), Fiber polymer

ba/ 3Vg0 g ojlw (fiogfy g palc il

99 (Ll 9 )le) - a1y g Cuupy go)laid - poy)ley Juo



W3l ek Jate s a4 L Gy S1aS w5 ans
Shls o3l d= e 53 5 ols Jol> e 2 s3baB
Jle s [\ L Kes 5 Driver il o conle s,
3557 Soe slasl ol ea a4 ey Gy a8 Lol slgiy Yoo
Slasl & s Lol slo 5 515 5 oS glabanly b |
Olg e 1y Ogiw 4 ST ks S AST Ol . sd Jaze b
O Sl (ilr sl il 3 o8 &S 58 ALk o5k
o2 0 (ol Db e 0 B glael s lag o 5 S
Sl 53 ol 058 e Wil eslie B sl ol
Loy i e daldl 3 AAL S Wes s Ll e
Dles 8w slgly DA 5 W] sl 5 Moharrami
S sbolen 5 cils oL (SSSSW) ddeans o3V o5
ool O ps el s Celedd esls Sl M) s 58
Joosd il S OB ol b 4 3V B oY
Jos Gl st o s 4 asl s Jate Lo 1, 8 L
s Jahanpour Laas L5510 5l )3 S

50 1 e ) 26 Gl Sk D] K

das o Ol ol Sldllas Kos (ssmw S isls I3 L3
(e Cwslie il L T(FRP) (5 ey ol ool SUI
slassle losJ sla bl s e sl G pl K8 5 e
FRP Ul titees owlin 3,105kl 2 b 5 oys el (g5
ol el a8 das e Ol 5 ) et i, (SselS daii
Jj.w D)Lvl &L@ w_gu.a 9 Lf“’"‘" wbﬁ‘ VeV .L’\ji'@

I 5y

dodls -\
Gl Gs 5 S s (SSW) Vs i s
el sad el 5l Ol gl sl 53 (B s
Vo 6 dy S0 5 o e 2V ol Sl ealizad
Slesf pslie prm Olge & ) s glaadl> ol0L
Olades 5l (galiy slas [V] conl ilsdl = s Lo pla >
Astaneh-Asl [¢] Elgaaly (Y 5 Y] Driver | Oler s
Sed A 5 V] JELKes 5 Sabouri-Ghomi 5 [V 5 0]
5 Hlesls 13 ooVsh 5 5les Sy g9y 1 Olacladss
(e ilosls plasl Sl AREST 5 (5558 Sl
@Vsh bl cmle G35 ol s sl SO
LS e P Vi PR IO E ov
g ool S5 bl aw bodaly 5o 0,8 15 eslinad 5
Ondzen el b e G les ) gl el Ol
Dlss sl Gelad [A=VE] westls o a s 5 asllae 4y (ol
S AL Boy oS e Sl Sl el 2V S
Sk ln cplple XS e sl O s @ g3l SR
GO 51l o5l s 5 5 St S b JSS ks
s O (g3laBl e g ol pl 4S5 S ealinad (55
S ghleiy IS ) 15 8l et Y] 2550
Jl s ade Gus G s L sl 6l Lu s Xue s S
A Sk s sk 1 ooV i e IS [Vo] Vaat
5555 Jate Lo a5 o3y 31 Lles By slaad &
Lol 33,55 Jime a0 siw & s 5 S Ol 5 ok

e} ] =
i /\
4 | =l \

Sl IS (I

DA] =LK 5 Moharrami Lisaas o3V o3, s> JSK3 Y SS

53 5 3303 0 T(CSSSSW) LI L S o ieans 53V 52
S5 LV 5l eslinad (o3V 8 Gy calis 5L 0T LS
P S s Sk OU Cabis CLYP) ol s

S OlS e dededas 3Y58 3 Sles Ll sse sl p
SaS L dlis cpl 5 S eslizad (GFRP) aind (5 ek U

i Dl les ) sla el e, 4 ABAQUS J\)élrji

2Wgd g ojlw ¢ lng]y g (alc aplls /i

4 Gl g jlg) - a%) 9 Cuwy oyl - pny)les



Stress (MPa)

Steel

GFRP layer (main direction)
T T

Strain (%) 3 4

[YV] O 5 sY b 25 5= 55 ls gad amglaa =Y IS

adlas 5y, —Y-Y

Sl osdeme Ol e e SalNE LT 05 S Jue gl
ol sdd eslizal [YY] (65.1) asns ABAQUS sl
gyl Solid oLl 31 Ot 5 0 (Bos 035 Jde (sl
GFRP slawY 038 Jus gl 5 (C3D10) a5 Vv sun
(4l 2l JISEI L (gle S ¢ (glarw s 0L SAR OLJI 5|
A eslanal

J prwcone Y-
= rl Olle s Sl edal ol S s sk o
Slds S0 53 e B g odd il Wged L
sysm ol o eals O (1) K3 s oS K s Olezsla
(1) UK 51 6 shilen ((F) US2) ol 455 15 avylic
SR el Gy il eelin Sl 85l ity

el

rE—
P ~
i
—

—

Force (KN)
=
=]
~
\

'.; e TSt
v/ ===FEM

0 10 20 30 40 50 60

Displacement (mm)

DAT SiobosT 3ol s a4y plomlar 5 15 e avslio -V 03
() dsdr 5 5 eds Slasle (V) stz 52

e o 11 O,

101/ 399 g ojlw (,Miagfy g (alc Qs

Aas e QLA gl e o 13 s 2050 58 1 Y (6,8
L Ol s o2 i (galgidiy s 53 LYP Y55 5l oslin
s o Sy VL 5Pl s b IS S @
o5 RIS e oY Gos celbis Al e dle &
e el Sie los ) sl s ¥ LS
b U5 e g A= B GFRP laaY cabis Il L

Bls il ‘)Oidﬁ;\ﬁw}ﬁ“ﬁ“@iﬁ

g Jlow Y

o 5y bl Sls 3 -V -Y
OS5 s gl s sl et el Slagssladus
ngéﬁf)\}%)@&éﬁtw;d)}@ld

RGIH PR W (’l}u‘ CSSSWW})
OJ‘MJ'&)}Wﬁ))LﬁWLﬁCA{}E 6]]:
IS e OSS Jolsd 5o (s eals SBUI (6 ks VY
g}f&“ Qw CM.»/‘ ol eslail Lé)j 6_).5 6[.“.:.»‘)
odd 53 (V) Jadr )5 i Ol sladie 5 (6 ady 3L

el 0 o3l Ol (V) IS s Lol 35 8 = (55 lssed

[YV] (GFRP) aics (5 ok U SIS liasiedn =V J g

Ty Tx G2 Gz 5 Gz Ey Ex
MPa MPa MPa MPa GPa GPa
Yy oYV YiYo 0T\ A V/eV ARYZLY

LEb ey xS s SU Laas ez J}Jﬁ&ﬁ:‘;‘\{Ey‘jEx#

VZ 5 x2 Xy Slmio 53 b aneie¥l Jode OS5 4 G235 Gis Grz
,M\g@ijﬁﬁég):fi;sgmju.nﬁlﬁTy)Tx)M

Y S ey U L, T i sla Lo o
ol S @ raman 5 e 4B S B )3 oS S
w8 R s s Sl Gl s s e s3ludis L
HGIW PR W
sade s S Ja s s SV GFRP slagY s, -
N 5 GFRP clanY i S Joue 53 2530 s Y
L 34
33 5 @dee DLl Jle 5 el esle 5 (5 ey SUI Y
L e a8 WV Ul
» YL s s 4 (Von Misses) 5l 058 )58 5l -4
IV ] el o o3l a g sl e
dte sl 53 bogw amin C)b'- oS 3l -0
Ll 0l (6,8 P
33 0k)) Sl s S, ghls eslial 55 SV A

99 (Ll 9 )le) - a1y g Cuupy go)laid - poy)ley Juo




o SUIL Gos 038 s b5 (a2t 50 0T ol
b gk s Lle e ol 13 a5l o 5 S ad ok U
Coslie ol 2500 o R (IS Caaslis D
RPN 08 ik b 4 e a sl e
e 25 GRII L oS el e ) SOL (1) Sl
Coglin 55 Lo Wlas odd ol 5,50 i 30 G
ol odor (551 eBos 3 ks 5 RIBIL s e ole
035 ghon b5 bl o SRl el ol b o 50 0
Gl L8 b o 5 sl e DS Wy ol UL By
<5 Cos S5A RIB L s o bl I Ll
adde gl HB e B eld Sl 5 pslie U
L oS das e OLid (V) JSs .l il 78 Sl b
Lo Cose w i S Bus o3 kel A5 SRl
O SHIL Gus 038 B by b e Sals il ot
S L badus o b s ) slael) 55 e 5SS Ky,
(Elods aseie (8) Jdr 5o
Caslis byl aw p Buy Cubks i 4 by e o]
3 ) A s s gadi s 5 3 cde ple
Ol LS das e 0L (A) S il esls 0L (V4)
ol b b e S 4 olg caslie Gy culs
Cwles Jaulsdl Lo el ('fl'“‘ sdde sl o il 5l
ol s s csld ol bl ol olg Cwslas G
ol Gy Cwlbs Bl bl a bl ) cld S
o e Yo ) 51 G s Ol BLSIL 5 s
ool ol mhos glade 3 Cuslis il 5o & e
Gy Cwbs Julil b oS das e 0L () K3 55d s
3 dos bl LIEIL 5 Al e Sl el ol (655
G5 il sl il U ke 0 4 el 8
Calis Bl L s ole ol o 2l el Ol
old ol 55 Rl e bl ) b e 4
RGIVIES R S1 5T | O S W Cl.,.,a sldde 53l e Sials
Sl 4 a8 Sule pl bl e SRl edd Cder 55
3 St e e Y a) 5l sy b Ll
odalie ol d..,« sdde s el Ol (55 il
o dd o3ls med 5 gy o dd mhos Sladde 53 iamen 35 e
338 o aiMe e Lo 0w e 3 Gl il s
Culbs 4 GUl Cubrs cd Jall L Sl 5
odd Cdr 35 Rl e cabs Bl S Gy

JPLPTIN PR RGO - ] VR PG WP P AN L

DAT Golesl 5o oV slasl SO Sliaseins =Y Jgder

‘;L@.} u“"‘ y...l,,.g 5 g/,M.. L Nl J}J\A R
MPa MPa GPa
£0e . Yoo S
$0 . Yoo ol O s
$0. e Yoo S O 5t
Foo Y6 Yoo G

DAL LaabesT o5 ooV sliael wdin Slasiie =¥ Jgue

Cwls Vi) sl CL&JJ
o= | @G | I | (ol ol
mm mm mm mm
VY A Y Yo 5
0 v/t AY e ol O 52
\% q 00 \Ye SFR O

ol tl:u‘ 6‘-‘65L‘d4‘ —-¢-Y

JJ..A Q\j& “ J“"\)L(’“’A 9 P .]a.sz ol aslu 4-;)&..!
)l b ol ol W Jle LJJM‘ B A wﬁjb_: BL (S) 4.:“5‘
O35 Oml e 5 olg AES Caslis 005 YL ol
Slse ol 515 eslanad SV L anslie 53 GUI vV J s
SLl Jeod gl 62V 58 Gos LS 5o (S sae Olge &
sbcsls C:LMJ o J:SL Oeoeed 3 g eslanal il
Sk s Ve Gus colie g s OUL 5 Gus e
Rl Sl B S 3 e 3y 5 SU (S8
el odd plal (8) Jodr b plassledis sl

@l s 0=
(4) Jsdr b o5 Ciliie gladde (5l el oy =
335 Slp @l el 023 €1 (0) Ui s Mlodd ale
e 5 SUL O 5 Lol s 5 s cabs L
5 sl Say p OW LSS cer 5 cabis L
L bad o ddeans (Vb D slasles s pd SO
o Do w0 S 818 Gl ad e pl 5 dileds
dle &S ol a5 80 5 (3508) 4z A (LB a3
el e esls 0Lz (8) IS s Waof

Sl ol aslie oy ke 18 S G
(V) 5 (O «0) G 53 5 4 sl S 5 65
D55 Rl L S dagd Ol e (0) UK 51 e 3l OLES
ol et b b oo 4 ol Caslie (B 03 b

Cosle 358 0 il Gy pebed G154 8) Al SRl

2Wgd g ojlw ilingfy g (ale aypl /b

a7 Gl 9 )le) - pTy  Cup go)lodd - poyley Juo




(WS AT APV TIPS SOV S I PRIV RSN [t
0w b 5l s LRI L s Ll cob g S
4 o gk b s sdalin Ay IS0 el e
S ool opl bossde LSS Wy ol O SKeS

b SN0 S0le J5b w badi (0 S

e Sl s i 5 I s bl ol G
Mo 1 aog S 0l Ol 2o slagsladd plasl L
ol g Bos Calbhs i &S das e L2 (V) K3 s S
SR L 5 2 sy S8 s e 6 O s
Al SRl Ga IS e Y4 ) Sl cebis

ol atlor ladde Slasiin -8 J gl

Sk U s TOU S sl N Gs el | N By e i I
mm CSSS) CSENTED mm MPa
—— — —— Yoo \ S—YeeoY \
= == — VY Y S—\¥e-Y Y
=— — =— e Y S—\e-Y ¥
= == — YA \ S—\A+-Y ¢
— — — Yy Y S-Y\e-Y 0
—_— —_— — Yio Y S-Y¢.-Y a1
0 —to0.do0 —to.i0 Voo Y S-\++-Y-R \
0 —t0:t0 —goko A\ Y S-\¥+-Y-R A
0 —t0.t0 —t0d0 . Y S-\\+-Y-R q
0 —go0do —goiko VA« Y S-\A+-Y-R e
0 —t0.t0 —goto AN Y S-YV+.-Y-R AR
0 —to0.do0 —$o0.0 Yéo Y S-Y¢{-Y-R VY
—_— —_— — Yio \ S-Yi-) 'Y
— - - Yio Y S-Y¢.-Y a1
—_— -— — Yi Y S-Y¢.-Y V¢
-— — — Yé ¢ S-Yi.-¢ Vo
—_— —_— — Yéo 0 S-Y¢+—0 ‘1
0 —$0,50 —$0,50 D | S-Y¢.—\-R %%
0 —£0.80 —£0,80 i Y S-Y§-Y-R VY
0 —$0,50 —$0,50 A Y S-Y§.-Y-R YA
0 —t0,t0 —$0.,¢0 Yi ¢ S-Y¢+-¢-R 4
0 -t0,80 —$0,80 Yee 0 S-Y¢{+—0-R Ye
—_— —_— — Yéo Y S-Y¢.-Y a1
0 0 Qe Yeo Y S-V-H-0-R AR
0 Lo £o Yi Y S-/-I-0-R Yy
0 v Qe r Qe Ye Y S-VH-VH-0-R Yy
0 -t0,80 —$0,80 Yéo Y S-Y¢«-Y-R VY
| —$0,50 —$0,50 R Y S-X-X-\-R Y¢
\/o —$0,80 -£0,80 I Y S-X-X-V/0-R Yo
Y —£0,80 —£0,80 e Y S-X-X-Y-R A
Y/0 —$0,50 —$0,50 i Y S-X-X-Y/0-R YV
Y -£0,80 —-$0,80 Yéo Y S-X-X-Y-R YA

i/ 3 g ojlw (Ailngfy g Galc aypis

99 (Ll 9 )le) - a1y g Cuupy go)laid - poy)ley Juo




AJ.J S GL:; -0 JJJ.?

, ok wda (85, ol Caslis | gl o
Sk S T i Sl 55 Js el
kJ ton ton/mm
YV £8/04 08/80 \\ /0 Yo+ MPa L3 2 S—\eeoY |
Yo/YA £9/4+ 04/0) \V/e0 Y+ MPa L5 2 1.8 G .5 S—\Y.-Y Y
\A/E0 00/\+ a¢/80 \\/v0 e MPaﬁLﬁJui.;: ol LGBy S—\1e-¥ Y
\1/40 /Y T4/Y8 \\/e0 YA* MPa L5 25 edb S—VA—Y 3
VU AR VY'/AY ARVAY: YV MPa s 5 (LUl o50) S-Y).-Y 0
Vo/eY /40 VA/YY VY /0 i MPa w5 i S-Yge—Y 1
VY Voo qr/ss \Y/EY Voo MPa L5 25 S-\+e-Y-R v
\o/Ve VO/A QAN \Y/EY Y+ MPa L5 s i 55 S-\Y+-Y-R A
VE/AL AV/YY Yay/eq \Y/8Y Vs MPa (s 25 edes b Sy S-\1+-Y-R q
Vi/od AVVE Y V/VY \Y/8EY VA* MPa (L5 25 < S-\A+-Y-R Vo
\Y/ g 411 111/4Y \Y/8Y YV MPa L5 s (SUIL) S-Y)\+-Y-R 1)
\Y/8 Qv 11VYY \Y/8Y YEe MPa LS i S-Y§+-Y-R VY
Y/ £0/9A 00/4Y Ve Y mm Gy Cwbs S-Yie-) VY
Cales i
Vo/¥ /40 YA/YY VY /0 Y mm Gy, culbis S-Yge—Y 1
oS5 bG
\E/A0 AY/AY 40/7) \Y/YY Ymm G,y Cwlks S-Yie-Y V¢
ol e
Ve VoYY Y\ /8Y Vo/vY £ mm G,y Culses S-Yie—t Vo
((EINNPRY)
\Y/YV VeY/EA \YY/08 Ve[ Y OMM G,y Culses S-Ytr-0 1
Vo /EA /4 AVYA /oY Y MM G Cwbs S-Y¢.—\-R 3%
\Y/8 Qv 11VYY \Y/8EY Y mm G, Cules S-Y§.-Y-R VY
- BRIy
1Y/ YA T/AY \YE/A \Y/04 Ymm G, Cwbes S-Y§+-Y-R YA
b s
Y/ Y VVo/oV \Yo/\Y Vvo/o £mm G,y Calses S-Y§.—$-R 1q
(SUIL)
VAL VAV/YE VATV \E/VY oMM G,y Calies S-Y$+—0-R Y.
\o/+ Y v/ VA/YY \\/r0 3, S-Y&.-¥ a
A_,<; A;Eﬁl O
\Y/A A+ /04 qr/YY V1/80 S-V-H-0-R Y
65}4& (GO
/A AAYE \ra/07 /1 2 0 e Sy i S—/-/-6-R Yy
, +q/0 /e _ . _o . —/—[—0—
—$0 K5 ce Sl S
Bl) ol 2 f8 e g
W AVA 44/A0 A/ Y 2 D it b b s yovboeR | vy
Caw 33, (83508
(<80 580) v i
\Y/8 Qv VUY) \Y/EY 3 £0) i S-Y4+-Y-R \Y
s 93
11/4 Y/ q./0q \Y/8Y Y mm GU Cwbies S-X-X-\-R ¢
VV/E VV/YY q0/+A \Y/EY Vo mm GUl Cuwlbes Calbes ,ois S-X-X-Y/6-R Yo
YA/Y A+ /oY 44/\A \Y/8Y Y mm GUl Culbes Cem L U S-X-X-Y-R !
\+/0 AL/Y Y+ 0/YA \Y/8Y Y/o mm GU Cwlies ol 815 S-X-X-Y/0-R | YV
9/4 AV/¥Y yea/sV \Y/8Y Y mm GUl el S-X-X-Y¥-R YA

2Wgd g ojw (ilingf) g cale alls /i

a7 Gl 9 )le) - pTy  Cup go)lodd - poyley Juo




3y r.l"" s Sl s

= 150

g

£ 100

D

c

(<}

s 50

w

2

g o

=

mSSSSW = CSSSSW

33 i g Caslie r By ek 25 Sl i b -0 K3 Ladde 53 (GFRP) aind (5 jaek GUI (6,8 )15 g -8 K3

(CSSSSW) I L e oy 585 5 (SSSSW) 6. oy 55

O3 e ST kS o3 s 5 Dl i
<
Z2 S
s B
3 5
o a8
<
>
2
()
=
w
mCSSSSW  mSSSSwW mSSSSW  m CSSSSW
33 e S S5 2 B bt 25 s Y IS 33 e 03 S (351 1 B et S5 s U S
(CSSSSW) LI L ads o 55 5 (SSSSW) ol s 585 - (CSSSSW) LI L sds oy 585 5 (SSSSW) sl & &8 Sl
EFPRONEIY Os9 Sl ki
120 150 .1/\
100
80 100 + 1

N
o

Energy absorbtion (kJ)
2
Ultimate strength (ton)

50 -
20
0 0 -
mSSSSW = CSSSSW ESSSSW = CSSSSW
33 e 0k o (5531 5 Bus Calses i -4 IS 3% e 26 Caslie 35 Subies Sl i Sl -A S
(CSSSSW) LI L sl g 5 5 (SSSSW) slis &y 585 Il (CSSSSW) oI L ol &y 535 5 (SSSSW) sl &g 535 Il

6/ Mgb g ojlw (Liing]y g (ol aypis

ag Gl g jley - %) 9 Cuuy ojlash - pny)les



150
140 bl O e s Sl s [
130
120
110
100
90
80

70
60 b---- o Sl S S kS

Ultimate Strength (ton)

6 — Ol Culs i

50

Cslie p SUI (6,515 g 5 Sl Sl i b VY S
(CSSSSW) i (6 yorky S Lok Sy 585 s gl

110

du|‘5ﬂ5/‘)‘;¢—€>’}¢a\5hbﬁ

100

90

80

70

Energy Absorbtion (kJ)

60

50

3T PR R BP9 FUPFAPRCIN ECRCHJWE R RS |
(CSSSSW) aie (5 oy SUI L ok oy 385 s 0l Slr

21
19 F- N/ PP 1P RUPEPRUVIESS S S

17
15

13

Ductility

11

9

5

RSN PRS- SCVPPRCWESSRCH IS S R ) O
(CSSSSW) a5 oy SUI L o oy 585 (s (6 0y S5

NV h slales ¢l O - L gla s

S By odd ol 5 edds Lyl gl gl Adeans
BE Sl qu:.a L5LA(,,?L.3 U:""; J} CAJU Sl Lgbl: d)}
S anse 0L S ol el et sl 0L (18) S

Ductility

HCSSSSW  mSSSSW

O PP SR U LV JY UM EIERCH S 0 R D T
(CSSSSW) GBI sl oy 55 5 (SSSSW) sl L 55

S 5 Ol Cabis Sl gl ekl Caldy s
sl o3ls OLES (V7)) 5 (OV) (V) sla I 55 0F (5,8 3
S Cabes JhlBl Las das e olis (V) s .ol
s sloged a ars bbb ShB old Casles
S 6,813 5k S A ol Caslie o5 il
Slwly Sl @ g b b (O Jie) o0 S5 0
b2l it eog (sik8 52 Ol b buly oa SU
3 S S Bl S 4 OU (6515 sl s il
Sl dalgs s g ﬁb RS in: Can 33 (63 908
b b OU Calbies (551 L oS das e 0L (1Y) K2
e G Bus a4 S Cabis cand Al
Al GRIP il i b et oo LB els
ot ol (G5 S apd e pasia Slosed 4 s L
O J) (oo IS5 4 BU 6,851 5 5 b o8 Al s
oS Ole b Ly on SUI slaaly Sl 4 a5 L L
Sl Ly Sl e s axdls |y Sl o iy ea g (g kS
03 BUl Culbs Ll L s a5 das e 0L (V) S
ol Lo ol Sl 6551 il e Caslie il
SR il e b R ISE s ek )
it 1A e S 5B S5 U s
oA e ole Suslie Slojes 85 5 5 Ll | Cules
QLS Jlsped ol oo 3 Gk IS5 5 el ol
IS S ,S15 b & Al 5 sy JSS aas
@ e O S Wil (VY dde) (o2
lyls BUI 6,8 3 Kos sl

290 g ojlw ¢ lingfy g calc il /B¢

q

59)

b g jle) - a%) 9 Cuuy ojlash - pny)les



NV s Ol la e (V1) S0

GRS slier ¢lp eld CosE Sl s ddedes
Sla s av) J_{;« 5 Ald (e Ul il
Gt A s ddeans 3V A s O k- L
OLil 1y s (6 ek Gl Caliis glaculbes (gl ol

.Mb&
§-2-180 @00 =ee=-- S-2-180 (Jledh
S$-2-180-R  ====- $-2-180-R  (Jleh

120

100

©
o

Force (ton)
& 8

N
o

o

0 20 40 60 80 100
Displacement (mm)

WA MPa s 5 L G (o

S-2-100 D
S-2-100 D

—===-5-2-100 D
====-52-100D

140

120
100

80

60

Force (ton)

40

20

0 1 1 1 1
0 20 40 60 80 100

Displacement (mm)

Voo MPa L E L G (o

I o el 15 GRIBEIL B ol alis ol
5 Ceslle edds Cupl S 3 s edd Sl
el Gl Bl 3 s (6 4 IS
SV el O il gl poes (10) IS5
Gus Glp el Cosl 5ol o5 gl o | Adedas

.JAJL;O olis CAL‘; r.«l.».‘“ 5 U’:"j B W" LgLQC»AWLv

----- 2-S-160  (JTst)
----- 2-5-160-R  (JTsxh)

120

100

(e
o
T

Force (ton)
3

N
[S)

20

0 20 40 60 80 100
Displacement (mm)
Vi MPa s 25 L G (A

——==-52210 (TeD
====-52210-R (Jienh

$-2-210
S$-2-210-R

120

100 f

o
o

Force (ton)
3

N
<)

N
o

o

0 20 40 60 80 100
Displacement (mm)

\AK Mpar.«l.u_ .U:'JLLB)J(C

QJwAduW&SJMY QUQL&.}QLB);Lf.A:iau:SL;:Y}é&iﬂdu)lﬁso&ﬂ}:—)pw—\iJﬁ.&

amq}&)aﬁq}&‘ghdbﬁ

U/ 3Ugd g ojlw (iliagh g pale wpds

99 (Ll 9 )le) - a1y g Cuupy go)laid - poy)ley Juo



S-2-240 —===-52-240 (JlexD S-1-240 —===-51240  (JTexD
S-2-240-R —===-5-2240-R (o)) S-1-240-R —===-5-1-240-R (T
140 140
120 120
100 }
= =
g S st
(] - e - - - - - - - - -
S S e /
2 2 I R ey
4t}
20 t
0 L L L . 0 L L L L
0 20 40 60 80 100 0 20 40 60 80 100
Displacement (mm) Displacement (mm)
Ymm cules b G, (¢ Y mm Culbes b G, (Cl
$-4-240 === 5-240-4  (JTe $-3-240  ==e==- s-3-240 (o)
S-240-4-R -===-5-240-4-R (o) S-3-240-R —===-5-3240-R (Jlexh
140 140
120 | pecccmee 120 |
100 100 | m======= T ittt
R = becept = —————-
c 80 2 8 !
o ~ [}
= @ N
o
L 60 2 60 o
= L? [/
o
L 40 40
20 20
0 - - - . 0 - - - .
0 20 40 60 80 100 0 20 40 60 80 100
Displacement (mm) Displacement (mm)
tmm cubes L By, (s \”mmc,,«lswéb.é)j(c
$-5-240 —m==-55240 ek
S-5-240-R ====-5-5240-R (JIek)
160
140
120 ’,---- T T n—
SR TUUN N
& f
3 80 |
g 60 f
40
20
0 1 1 1 1
0 20 40 60 80 100

Displacement (mm)

omm Cuwles b G, G

IS Y qumuﬁ,ﬁguduuugl{@,l{Jﬁipwda‘yjéa;ﬂdujlﬁ;o&ﬂa—)p@m—\oJS.:

eﬂd@ﬁ)aﬁﬁﬂ}adhdb)é

2gd g ojuw (ilingf) g cole alls /N

4 Gl g jlg) - a%) 9 Cuwy oyl - pny)les



S-V-H-5-R
S-/-1-5-R
S-VH-VH-5-R

120

== ===S.V-H-5-R (T
—===-S//5R (J.1)
————— S-VH-VH-5-R (o))

100

Force (ton)
[*2] e
o o

oy
o

20 H

0 20 40

60 80 100

Displacement (mm)

ol ‘:,.Jjjj I 5 Medass 6}V}ﬁ kf':')) )‘}_)_} QL{AM‘*)L: W*\‘ ﬂ
i ey S il 6,518 slacer

e §-X-X-1-R
e S-X-X-2.5-R
140

——S5-X-X-15-R ———S-X-X-2-R
——— §-X-X-3-R

120

100 f

[o )
o
T

60

Force (ton)

40

20

0 20 40

60 80 100

Displacement (mm)

Sl ok o 58 Il s dedad 3V B L s O i L e - VY ISS
(b ,2) s (6,8 ) 3 g b i (6 ey BLI Gl glacalns

S5 el Lol sl 0a (o SKle sk 4 Jde e gl
2 et dles ol Sl 35 e SU Bss b
S3A oy 3 kel 5 RIBIL 5 e olg Caslae
Abie Rl Gl ol b e Dpse 4 el Ol
el s @l Ghlpl Ol e 5 ooles)
Loy 035 ghn by (pdipr 0dd Dl (5550 SRl 53
Lloge ool I3 il o 5 3535 o LSS Ly, cnl SUI
5 Gos A 2 GBI L ssie o mbS s
e 2 sl 0 B et Sl (555 palie (DB W

99/ 390 g ojlw (ilig]) 9 polc eyl

S5 s Y
b ddeies 3V p s Cush U ol i s
slogr 5 e gbcabhs o dld ek U
il bl 55 Cals pames 5 e 65518
s 25 R L 8 S A e s se sl Gy e
ol ct b e s a4 ol Caslie (B o
3 AS o et Ly Gl SUIL G5 05,8 mhews L5 Al o
Cooglis ul5el L C:L..J G Ll ool B wsle o
A o olg gl olie 35 o o e (ES

99 (Ll 9 )le) - a1y g Cuupy go)laid - poy)ley Juo



o=l s ele ceglie bl s OGN cebes 2158
N e R i O
Sl gl IS Ol sl (05l L s andls g 5
Oloyon (5,5 b 53 bl |y Cabies o Jang 1 (b o
Bl Al SE s el Ol 3 ple Caslie
S 4 Gl S5 sk S A g ad S
4@ Ced MR kS Wb (VY ) ol

lyls U 6,815 s slac -

&l
il Blasl ol o3 pslie glapiens” (OYAY) L o 03 (5o 50 [V]
Ole u}:i]! s dsl ol SV o Sl Gleedie

[2] Driver, R.G., Kulak, G.L., Kennedy, D.J.L. and Elwi, A.E.
(1998), “Cyclic Tests of Four-Story Steel Plate Shear Wall”,
Journal of Structural Engineering, ASCE, Vol. 124, No. 2,
pp. 112-120.

[3] Driver, R.G., Kulak G.L., Elwi, A.E. and Kennedy D.J.L.
(1998), “FE and Simplified Models of Steel Plate Shear
Wall”, Journal of Structural Engineering,, ASCE, Vol. 124,
No. 2, pp. 121-130.

[4] Elgaaly, M., Caccese, V. and Du, C. (1993), “Post Buckling
Behavior of Steel Plate Shear Walls under Cyclic Loads”,
Journal of Structural Engineering, ASCE, Vol. 119, No. 2,
pp. 588-605.

[5] Astaneh-Asl, A. (2001), “Seismic Behavior and Design of
Steel Shear Walls”, Steel tips report.

[6] Astaneh-Asl, A. and Zhao, Q. (2000), “Cyclic Tests of Steel
Shear Walls”, Research Report to Sponsor. Berkeley:
Department of Civil and Eng. Univ. of California.

[7] Sabouri-Ghomi, S. and Roberts T.M. (1992), “Nonlinear
Dynamic Analysis of Steel Plate Shear Walls Including Shear
and Bending Deformations”, Journal of Structural
Engineering, Vol. 14, No. 5, pp. 309-317.

[8] Sabouri-Ghomi, S., Ventura, M. and Kharrazi, M. (2005),
“Shear Analysis and Design of Ductile Steel Plate Walls”,
Journal of Structural Engineering, ASCE, Vol. 131, No. 6,
pp. 878-889.

[9] Hong-Gun, P., Jae-Hyuk, K., Sang-Woo, J., Won-Ki, K. and
In-Rak, Ch. (2007), “Framed Steel Plate Wall Behavior under
Cyclic Lateral Loading”, Journal of Structural Engineering,
ASCE, Vol. 133, No. 3, pp. 378-388.

[10] Topkaya, C. and Atasoy, M. (2009), “Lateral Stiffness of
Steel Plate Shear Walls Systems”, Thin-Walled Structures,
Vol. 47, No. 8, pp. 827-835.

[11] Hyo Seon, P., Kappyo, H. and Ji Hyun S., (2002), “Drift
Design of Steel-Frame Shear-Wall Systems for Tall
Buildings”, The Structural Design of Tall and Special
Buildings, Vol. 11, No. 1, pp. 35-49.

[12] In-Rak, C. and Hong-Gun, P. (2008), “Ductility and Energy
Dissipation Capacity of Shear-Dominated Steel Plate Walls”,
Journal of Structural Engineering, VVol. 134, No. 9, pp. 1495-
1507.

[13] Lei, Xu. and Joel, M. (2006), “Strength and Stiffness
Determination of Shear Wall Panels in Cold-Formed Steel
Framing”, Thin-Walled Structures, Vol. 44, No. 10, pp.
1084-1095.

[14] Vieira, L.C. and Schafer, B. W. (2012), “Lateral Stiffness
and Strength of Sheathing Braced Cold-Formed Steel Stud
Walls”, Engineering Structures, Vol. 37, pp. 205-213.

O GRIA L el R T ke sk w
bl b b Soge 4 G aly ISS Goy e ks
S Ly ol GUIL G 058 o L5 b oo S
S

b Cse 4 ple Caslie (Boy culbis Al L
Lo ol CL"‘" sladde 53 b e Aulssl culb
O b b B ple Caslie Gos w1
el Gl a Jaall s Sl e &S sls
S Gus Cebs DA WBlal b 5 Cad Sol By Culs
03 Ceslie bl s o Keds e e Yow )
Gos Ll 5l L s e odalie odd s sladas
SGos Caled B L 5 Al e SRl edd Sl (65
Boy Cubs 4 OUl Culhs Cond Jal L zade 0 0t
SalS sld Ol 30 SlBl s calbis JilBl it
ol b ag Al Cabs L s Sole 4l e
ol Ll e SR8 edd ol (5541 Rl s st
2338 My b dee S 0l Ol e 2 lagssledbe
sdd o (6531 s (RIBIL 55 et mhes (sladis
Gus b Sl Bl 3l 4 & slis opl bl e il
S 5 I 00 SRt e e T o)
Caled il 250 0 ool ol mhos ladds s 0dd
3 g s s oS b 0T s 2l 5 B
GRIP G JSE e Vw0 ) S Calis LIBIL
e £ Y S5 Y 4 Y 1B cabhs Sl L Lk
Lt Sl Cebis LRI L 5l e ol gl IS L
s bl b pdpr sdalin gl JS5 8l ade 0
S ol ol b osgde ST Xy, ol OUL LS w
Al SRTN0 ke bk ade (50 S

Wl LBl olg Cwslie BUI culis il L
S A ol Caslie S Al jasie blosel 4 ax 5 L
Wil OF dae) e S0 4 SU o505 5k
@b S Ol b liwly oo SU slinly &Sl 4 a5 L
IS 4 OUN 8138 sl a5 andls 1y b o 2 esy
A S K e 53 g 5 e S
gy L Ol Calis Sl Lol dales s
T BT IGVIEJETRNE (W EUNIESS Ot
BT o N N A O v R
OF due) obpe S8 0 GU 68505 5 b & Al

Lo e syl | e Slde Oy AL o0

2gd 9 ojlw ¢ingfy g ale aypis /o

a7 Gl 9 )le) - pTy  Cup go)lodd - poyley Juo



Shear Walls”, Journal of Constructional Steel Research, Vol.
67, No. 6, pp. 1022-1030.

[20] Nateghi-Alahi, F. and Khazaei-Poul, M. (2013), “Analytical
Study on the Strengthened Steel Plate Shear Walls by FRP
Laminate”, The 2™ International Conference on
Rehabilitation and Maintenance in Civil Engineering,
Procedia Engineering 54, pp. 377-386.

[21] Nateghi-Alahi, F. and Khazaei-Poul, M., (2012)
“Experimental Study of Steel Plate Shear Walls with Infill
Plates Strengthened by GFRP Laminates”, Journal of
Constructional Steel Research, Vol. 78, pp. 159-172.

SHL Vs s slaglps aeenli)” (YAY) & ozl VY]

Ol cposte S 5 oI5 (g8l Flaad s deans

[23] ABAQUS/Standard Theory manual, version 6.5.1 Hibbit,
(2004), Karlsson Sorenson, Inc (HKS).

I/ 399 9 oj L (Mgl g palc aypl

[15] Xue, M. and Lu, L-W. (1994a), “Interaction of Steel Shear
Panels with Surrounding Frame Members”, Proceedings of
the Structural Stability Research Council Annual Technical
Session, Bethlehem, PA, pp. 339-354.

[16] Driver, R.G., Gilbert, G.Y., Behbahanifard, M.R. and
Hussain, M.A., (2001), “Recent Development and Future
Directions in Steel Plate Shear Wall Research”, Proceeding
of North American Steel Construction Conference, Ft.
Lauderdale, FL, May 9-12.

[17] Habibneghad, A. (2004), “Behavior of Semi-Supported Thin
Steel Shear Walls under Lateral Loads”, M.Sc. Thesis,
Tarbiat Modares University, Tehran, Iran.

{(\YAL) e w:l/‘,_:ko E) .Cgﬁj})ﬁ Al dlj_'r\f_:.::- T [\/\]

SRS Flaad L3 eds Mg aas o3V 5 slasles”
Ol (K 5 Ol Dl S e EWVA-Y ojled Slides

[19] Jahanpour, A., Moharrami, H. and Aghakoochak, A. (2011),
“Evaluation of Ultimate Capacity of Semi-Supported Steel

P
! Steel shear wall
2 Semi-supported steel shear wall
® Fiber reinforced polymer
* Glass Fiber Reinforced Polymer
® Composite semi-supported steel shear wall
® Low yield point steel

99 (Ll 9 )le) - a1y g Cuupy go)laid - poy)ley Juo






S bt 1 03kt 0 3Lw (st0 5 Lo i (5598
Caodll (g T aiged golul g of g0

Teabl il gomge does | Gl he il 7 Sl Ol

el Ol ol dige 5 g 0dSEI Ol as dige Ololinl -
R Sl s s o815 Ol jas usdige 0 ISESDs (Ol o sdige slalind =Y
Ml Dbl st s el e il g O o prdige )l aliylS Y
ejahani@umz.ac.ir VIV 1-1YOYE sy Gskio ol

OFQV VL 1oy )b OFREN T/ 55 00)

0 K>

Lol Oliebl bl w o ol laans 3 aib o OF gl bl Slosshe 51 SO baolatle asl lo3 ) s p 035!
LQD)L.N ‘-)L‘“..AL‘ CMLLE J~L>J 6')4 wL\A J.:rj) jSJLSCA.:y 6\)[.\»4.:.\.;4 Ca-ﬂ\ o3l uﬂw‘ 3)7- L b 6‘5)12.\...5 )LMM.) ;:JLE.:E;J
S kol sl ol s I U USe b b el e xls @ Sl e olgiiy e S S asd e
Sl 505 S a3 el cpl 0 S e kS (S3land dns 53 (5,8 4 sad Jlaz>] JK.? o] L gie jldde oS Col ol ool
Slaaabs oo 55,5 ks el sloy ) Olaabl bl ale sla i, 31 G s el alis sl 5l Canll Gble
o S e slaes Jies sl esle AJLL,:TCEM)'IJJ..& Olaabl bl Jdow il o cnd A5 Glas, 555 ol 53 (lesle
ool 2 S (laand i, s el sl wliel i Kl esla Fl Sl bl & ol i S
oA g s Cel &8 Wl e Oluebl LB astls aule (6l dad 8 Ly bl S s, 3 S Sl (5,54 e
o slasl JL&{‘J@\.@ o ot @ Glojlu o o8 b Sy a5 L s e Jes S Gl 5 bk sal sl

Alas o e Ll pl 1SS a0 25 pe Glaaakad pds Ol

B3lad e Olebl B Lo ol (g1 5t e IS0 5o (g5Llovand

Seismic Structural Reliability Theory Using Monte Carlo
Simulation Based on Importance Sampling

E. Jahani, H. Hamidi Jamnani, M. Mahjoor Lotf Abadi

Abstract

The study of seismic safety of buildings is one of the basic requirements for its implementation. In recent decades,
structural reliability theory to be allocated very extensive research. Monte Carlo simulation is a suitable method for
structural reliability analysis. In this paper, a new method of Importance Sampling is proposed to reduce the number of
limit state function computations. A feature of the proposed algorithm doesn’t need to know the position of the design
point or shape of limit state function. The main idea of the proposed algorithm is that the average amount of sampling
probability density function is changing in the simulation process. Accordingly, the concentration of sampling will be
on the areas of problem space’s importance. One of the methods for calculating seismic structural reliability taking
into account the structural uncertainties against deterministic earthquake records. Reliability analysis of crossing the
structural threshold level for given earthquakes, will be determined as analysis of the level crossing is likely to exceed
the structural response of a threshold value. Monte Carlo simulation method based on the importance sampling is one
of the most powerful statistical methods for calculating reliability index, which improves and reduce the number of
samples and increasing the speed of the operation. Due to the dependence of structural system capacity to the material
properties and dimensions of the members, evaluation of uncertainties involved in any of these parameters is
important.

Keywords
Monte Carlo simulation, Importance sampling, Reliability analysis, Random variable
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Optimal Seismic Design Philosophy of Steel Plate Shear
Walls Considering Peripheral Frame Contribution
in Behavior of System

P. Ebadi, S. Farajloomanesh

Abstract

Researchers and engineers used steel plate shear walls in recent decades. In general design of this system, the total
story shear assigned completely to infill plate. then, peripheral frame designed for transferred tension field forces from
steel plate in this procedure, the contribution of frames ignored in shear transfer. In this research, a design procedure
based on capacity of both steel plate and peripheral frame. Then, steel plates designed according to plate-frame
interaction (PFI1) theory for different percentages of story shear and their seismic parameters compared using numerical
tools and softwares. It is found that using conventional design of this system, design of steel walls for total story shear
and ignoring peripheral frame capacity may lead to conservative design of system. While the proposed design
philosophy for consideration of both steel wall and peripheral frame leads to more engineering and economical system.

Keywords
Seismic behavior, Special steel shear wall, Plate-frame interaction, Capacity required by design, Energy absorption
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Semi-Active Control of a SDOF Structure Using Tuned
Liquid Damper with Variable Baffles

S.M. Zahrai, H. Enayati

Abstract

Structural control methods are aimed to decrease structural responses and improve the dynamic behavior against lateral
loads such as wind or earthquake. These methods are classified to three main category of passive, semi active and
active. Semi active control possesses both adjustability of active control and reliability of passive control. Semi active
control needs a small power source such that lack of electricity during earthquakes cannot disturb its function. In this
study a tuned liquid damper (TLD) with baffles is used. TLD is a damper with low installation and maintenance costs
and can simultaneously be utilized as a water tank. The used TLD has 4 baffles in two rows that can rotate during
excitation. The semi active control algorithm is implemented using the optimal linear control method with time delay
compensation. Four far fields and four near field earthquake record are used to study effects of baffles’ rotation.
Results show that semi active TLD improves structural behavior more than passive one. Also, the performance of semi
active TLD under near field earthquakes are better than that under far field earthquakes.

Keywords
Semi active control, Passive control, Variable baffles tuned liquid damper, Instantaneous optimal control, Time delay
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Experimental Study of Steel Sheathed Cold-Formed Steel
Shear Wall under Cyclic Lateral Loading

Sh. Esmaeili Niari, K. Abedi, E. Ghandi

Abstract

Lightweight steel frame construction system is one of the building systems that has been good development in recent
years in the world .The possibility of prefabrication of LSF systems and the development of building Industrialization
in Iran, has led to greater attention to this system. Cold-formed steel shear wall with steel sheathing is one of the lateral
load resisting systems in this building system. In this paper, the cyclic lateral behavior of steel sheathed Cold formed
steel shear wall has been studied. The effect of steel sheathing thickness and double sided sheathing in lateral behavior
of steel sheathed CFS shear wall has been investigated. The failure modes of CFS shear walls and shear strength of
them is described in detail.

Keywords
Lightweight steel frame, Cold-formed steel shear wall, Cyclic loading, Shear strength, Failure modes
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