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Evaluation of the Microstructure and Mechanical
Performance of an Advanced Ultra-High Strength
TRIP1100 Steel Resulting from a New
Thermo-Mechanical Treatment

I. Hajiannia, M. Shamaniana, M. Atapoura

Abstract

This research investigates the effect of the rolling process and the new thermo-mechanical operation on achieving the
microstructure of the high-strength and advanced TRIP1100 steel. The microstructure analysis of the resulting steel by
scanning electron microscope showed a microstructure with a ferrite field along with the remaining bainite, martensite
and austenitic phases. The grain size was obtained to be about 1 micron after the rolling process and the new thermo-
mechanical operation. X-ray diffraction results also indicated 15% volume of the residual austenite for the 1100 TRIP
steel. The tensile stresses of the specimens were evaluated and the strength of the samples was found to be higher than
1000 MPa; further, an extraordinary length was obtained for the 1100 TRIP steel. The results also showed that with
adjusting the chemical composition and the newly proposed thermo-mechanical treatment, it was possible to achieve
high strength in the 1100 TRIP steel with the flexibility of about 25% along with considerable work hardening. It was
also found that at the angles of 45, 0 and 90, relative to the rolling direction, the behavior of this steel was almost the
same; therefore, it could be widely used for shaping and welding. The analysis of fracture samples showed that the
microphases grains had a relatively soft fracture; as well, fractures with almost co-axial dimples were observed, and
the cavities had impurities that propagated cracking and fracturing during plastic deformation.

Keywords
TRIP1100 steel, Anisotropy, Mechanical properties, Microstructure, Residual austenite
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Seismic Performance Evaluation of Eccentrically Braced
Steel Frames with Intermediate Link Lengths

M. Mohammadian, A.A. Meymandi Parizi, A. Mahdavian

Abstract

One of the natural disasters that cause many human and financial detriments in various countries is the earthquake
phenomenon. In this regards, countries that are more at risk are extra concerned with problem solving procedures and
have made progress in this regard. Certainly, one of these countries is Iran, which caused the occurrence of destructive
earthquakes such as the earthquake of Buin Zahra, Manijil, Rudbar and Tabas, that led to further studies about
establishing criteria for the design of seismic structures. In this way, the first distinctive guideline (2800 standard)
planned for desianing buildings against earthquakes in 1367. In addition, recently, the evaluation of nonlinear behavior
and performance-based method have been introduced in the seismic evaluation of structures, in which research centers
and agencies have been active in this field and presented their effort in related quidelines such as ATC and FEMA. In
this study, the guidelines rules for assessing the seismic of steel structures with eccentric braced frame (EBF) were
evaluated by 4, 8, 12 and 16 models with dual system. These gquidelines are designed in accordance with the rules of
Iran and the world and by applying several lateral loading patterns. Also, nonlinear static analysis on these models has
been used to review and compare the responses with nonlinear dynamics analysis. In this study, some criterions of the
mentioned guidelines are studied, which are about seismic evaluation of the eccentric braced frame (EBF) systems,
then the results of the research indicate that the response of all structures other than short-term structures is influenced
by higher modes.

Keywords
Nonlinear static analysis, Nonlinear dynamic analysis, Capacity spectrum, Link beam, FEMA guideline
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Determination of Elastic Buckling Load of Tapered
Columns Using a Novel Analytical Method
Based on Maclaurin Expansion

M. Soltani, A. Sistani, B. Asgarian

Abstract

Elastic tapered columns are a class of important structural components, which have wide applications in civil
structures. This is because their ability to increase both strength and stability, reduce the whole weight of structure and
consequently reducing earthquake forces. In this study, it is assumed that flexural rigidity of the considered columns
with desired end conditions varies smoothly along the beam axis by power-law formulations and or exponential ones.
For accurate estimation of the stability characteristics, the equilibrium equation should be solved. In the presence of
arbitrary variation in geometrical properties, the governing equation becomes a differential equation with variable
coefficients in which the classical methods adopted in stability analysis of uniform columns are not efficient and no
longer valid. It is noteworthy that exponential variation of mechanical properties is one of the most special states of
non-prismatic columns that few methods are able to solve its governing differential equation. For such complicated
problem, numerical, analytical and mathematical methodologies are usually employed by researchers to solve the
equilibrium equation and evaluate exact buckling loads. In the current paper, a novel semi-analytical technique based
on combination of polynomial approximation and the Maclaurin series is proposed to solve the governing differential
equation. The critical buckling loads of the beam are finally obtained by imposing the natural and initial boundary
conditions and solving the eigenvalue problem. The obtained outcomes are compared to the results of other available
benchmarks. The competency and efficiency of the method is then remarked.

Keywords
Stability analysis, Non-prismatic Columns, Maclaurin Series, Eigenvalues
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Seismic Response of the Frame with Buckling Restrained
Braces with a Vertical Elastic Truss under Earthquake

H. Beiraghi

Abstract

After yielding in frames with buckling restrained braces subjected to intense earthquakes, the insignificance of their
post-yielding stiffness causes the structure's inability to return to its original state. There are various solutions to reduce
permanent displacement in structures. In this research, the seismic response of the structure with a vertically elastic
truss in a frame with buckling restrained braces is studied. The responses of this system subjected to earthquake effects
are compared with the frame responses with buckling restrained braces without elastic trusses. The existence of a
strong vertical truss, which is essentially elastic, can lead to identical interstory drift ratio in all stories. In such a
system, the base of the elastic truss is connected to the ground with pinned connection, so that it is possible for the
entire truss to be rotated. All members of the vertical truss, including the diagonal members, remain under the seismic
force in the elastic range. While other braces that are buckling restrained come into the plastic zone in severe
earthquakes, they provide a ductility and energy dissipation for the system. Designed structures are initially designed
according to conventional design rules and then the systems are analyzed by nonlinear time history under the influence
of earthquake and static nonlinear analysis. On average, for the structures under study, using a truss in the frame with
buckling restrained braces reduces the amount of residual inter-story drift changed from 1.33 percent to 0.58 percent.

Keywords
Frame, Buckling restrained braces earthquake, Residual inter-story drift, Time history analysis

Icl7 g0 g ojw ling} g palc eyl

 (liwoj 9 jnk - p)lan 9 Cuuy (o)ladh - pnrdo (Jun



SoABW 5 gl IS8 bl b SleS gladklee S
JhAS e el leg a3l ol 5y 3L 31 5150, RN
Loosle o JBLL gl 55 S olaglel (Ks o b
Ormmen Llea S S 8 L ol ks )l
Sy ol S, csne Sldlas 5 ol ol Kiass
3050 51 S s Lleals 513 s as50 1 OB A0S L sles
orl e by (e 5 sl (o S DLl s 518
Al r Fw S e en S loles b gbB L el s Lot
VYV =Y]

Slaaiz oa 4 Wz ged Gl slaaslionl Xg a
syt Sl a5 S Bl |y il diles ol !
ol b sl slazel Sl t o oS 25 il gl 455 &
Lo slem ol nd ol 3l 4l 1y (gle ) sl (slanimmm
625 O AU 5 Gl oS Ly o 0330 b o 3
3,13 ool Sl Qe p 5 akb S5 5 olle 3L 2ty s
sy oo b Bls glado)lee ol 51 ey [VE]
oSle SI5E comse ol wled Ly e D25 5l il
Sy Sl e e 5 ol Ayl Sl 4 ciS, s
oo gade Dlalllae s S S wib (S
A o ol kS )l gl e CB by
s (b 00 55 Ao a5l S g8y Jlea=l L) &b
Q)dejjﬁ\»@;.upmjjluiﬁwu Sb
slle 3L s (Lo 00 53 Ao ¥ 5 S s Sl
Sllas [0 5 VE] el sds S8 Ao N 1 5 i
Ol b (LS wujles by sol ) » AL
spde oo 3l ks e b dil5 i Cos S esls
VYV 5 sShe sae Jates 41305 Sl G 5 0/ \T
D] el es s

BB LA Sl s Sles ) sy ass onl 2
g o U GRS Gladosles b Ol ol es KoYl
L;La'cmli_ Ly dlsl o e o sl el L;La'cwg
mglie SV b Osks DB BLS alee L S
S b, Ll &5 (553 S e
Glab o el bl slml Corge Ll e A2l il
SY ot i > 55 Slib aes 3 0L E
bl o il s 4 Shats )50 4 SN SB Gl
oS ol L L S sl Olygs Ol &S sl S @

Slos ) o, ot e slasl dax 51 5B L > slasl

e —\
b oS ¢ By Jlaml 55 0 on eSSl Slal s
S b [NV el a5 LB (g8 slad s A s g
b Lo LSS e lakb e el bl 3
S ot b aglie 53 08 S et o3le S 51 s s
LS Loyl Slib aas 55 O Glaib fn d bl
ol g s losle 5 glosle o slac )l (el
b o LSS o b ol Jul I s (s o5d e
s bl e Sl s Ll clledd S ke (63 gdoes
i 058 5SSl b s sl gl JS s e IS
T R I e
dalp s plowls 5l58l 10 5 P— A olidy U35 Crse
e N5 e e akb ey L ax S Cal e dle 4
s il o s 338 sl 3 JBUL glmlr sbul
L85 7] as dalsr S 8 b5 upm sl Olatle
Shosler OB s a8 ol 0Ty Ol 25 ol pl
bl S0 Lo e alb sk ¢85 5l S e ea ol
Sl Oies 23,5 (6,55l ol akb w5 s o5l
Ll ol 1A o o 5 Lol S a8 28
ok WS G A s Sees Llee b glal o
Bl 55 i & 0150 LOT o 1 losls slgniy s,
B eler 4 e OB S OT 53 4 58 oL
S Kl D] 55 a8 8 e a3le 3 sl (s lge
S S s Sl [0] il o ke S0 @
15 e SV 3 Ol Y 5 V] el SVl (6
Al b 2l b VS o Dl

bog s Gl o S el V8 GBS
Llee @D Ll st o S0 oa sl
Sy Sed 3ok e B NS g8y Do ol
sdipd ol oV anea S U NS gladolee o
Ol oS sl S 4 ol 0l blows 5 505 pllas Lany
o e Ol e dle a5 35l s anes (gl LS
Sasl O3k L, Ssel ) 6oV ana ojlas
DLid 53 o 5 RES 55 o Aoles (S e 1)l g
a1 ol B (6531 O g sdn ol ASL oy OISl
AL Sldlas 51 godaze 3 lse [4 5 A] 05 el jen
cilie Oladr b odd sho)les B LS, s Sl
Wlosls OLEs Slallian ol V0 5 1] el okt plonil Loyl

2Wgd g ojlw ¢ lingfy g (ale ayplis /P

aV (liwoj 9 J0L - p)led 9 Cuuub (0)losd - p2d0 (Jluy



Sl S Lhe Shals S8l b b OB keSS Lojles o
SFpS Soger S S M QLS b 0 b i
Oll Jue awas ja 55 Sl 55 a8 55l a8 b 0
Sl el 4 5 ols sy Loplpe S il a3 sl
Aol s o s BB S glasl 51 S0 gL > o s
eslanad ol dads (VL Slib 5 sy Ca O g2 51 20 V/0
e femie oo 55 Spgo 4 badolee 5 b5 S ol o
Glos 3 oL &l s AISC wsl oyl 5l Lasl 1 b (gl » s
bole o3l VA 5 VAL A eslizal ASCE wsl ol
Wl 20 Y0 ib a gl 5 el il V0 5V 0 Ol
2 on o sl bl s S Slasie

ol 0 oéjji(\)d}.,\;.-

=L<—750—>!<—7.504§<—7.504§<—7.504<—7.5o—>!

7.50

7.50

7.50

!<—750
!

“.__Examined Brace

G 3550 sladlexst L OO - JS..Z

ol
O
GO
€6
@0
@0
D

bdules sl a8 Jb 55 il o SU SVl o3 gkoma 3
b Ll Gl s dimes b GBS gy 5l S
Sl @Al Wl Gl IS  ssde l Sxadh
Cntl Gk 1l 53 G 3 ge slaesle NS o sl (R
Jod b e 5 N (b dsline b la ail
e 5 315 GBSl cos s i e b
DB s s on s @l e SOkl s

oS

5 350 Slaoilu Y
0 skl 0 G s stk o8 OO
g))\; 03 S 90 0 ol Ll cdalie J{G ) J_{;,
ik slaw ol G a s w0 bl 5 osk
Slab 3,0 5 oy LU ol b Ve 5V 0 plasle
Slp el e eSS 00 5T Sl S
Gyo 5 [1V] o eslizal ETABS 1350 o i 5l (s34 (s5ludi
A e Gl 93 Do el dolee sladles B S
Stolge Sl BB gLz BL S Jglaze o3l s
oS wlas b OF 53 48w ealizad gl aid 55 X S w
b 5lS dules 53 by &S ol 26 V/0 (D2 WST @
o3l 55 Lol ol s Jladl gslee Jsb LA LY &y 4
SVI0 Lose 4 S 3 4 sSe il (6 Gl = sl
VJBLSL_J}QJ:»Y/O J;J;A.Swlo.)..immﬁjzﬂo
jgfﬁujjbsl;q‘tﬂyd‘wésj\;fLM‘&@Y\
olipd obed S A Isb I 5 U LS dlee sae 6l
wly Cose b o3 remen (V) JK3) ol 20 cpl o

—~ —~ —~
) ) )
T T I L,-< &-\‘ —
¥ il O ) @)
! Story?
w -
e Story§
sty
Story5
,,‘ o
Storyd
stoys -
-~ sy Storyd
‘‘‘‘‘‘ s
Story2
>>>>>> oz
Storyl
o 2 z
B
) . £ x S 4 % T E:

I/ 3go g ojlw (Liingh g (ol aypld

) ‘f):’ < = =
% < LC) c)
) &) T \ r
Stary? Storys Storys
Starys
Story4 Story4
Story5
Story3
Syt Storya oy’
Staryd
Story2 Story2
Stary2
Story1 Story1
Storyl
1 E:
Ben Base Base
S 4 X £ 4 X &




Il Ol il 5o o 3 (Sl oL lasl il
s ik b oaib s b GELSules 2ok e
Sope bl Gl o s Sole a o gl
Juus,u{,l,@ﬁﬁjécsmmuu;z.u&g\él@&
s S b s Yor ooV glasl ple 5 JELLK Y b
Ob s aSepl @ as Jlesl Slib oS 55 S ez
Joms sl X slialy 53 aline was [l (55500 Olexla
)\Js\ (a):): CJ;-;,{JJ l,U‘cho.quf)Jm): J.:\:-)L)
ﬂé\ﬂ@ﬁﬁrﬁr)%;iiﬁﬁa;l:6\a)§@
Sl u.i.:.ahi; 3T .njf Ll ol giludde OB 3l aab
Jes O Jel b Sl A0 L il s
b ol slasl Clasie ad alas ol Sk

RGO P W4 aé)jT ™) K] Q) d}""' SRR

S o Y
4 Sope Sy Jolie (st s el e
O e aasiie a5 s osls ol O 5LS glado )l
Sk, gl eslinad 350 O pSC pomie .l FEMA356 b
(OA/Y wis shate las L) dojlen SO (osmee plomlr— s 0

sl 0l o5ls LIS (£) IS5 55 4 sed 5k 4

250 -

200 - _'_...-'-"‘.

=]
150 -
50 -

0
50—
=100 -
-150 -
200 - .,_...--"“'"#

_‘zmj | 1 1 1 1 1 1 | 1
200 -160 120 -80 40 ©0 40 80 120 160 200E3

Axial Deformation m

Axial Force tonf

e dislen Sl plmlr 5,0 0 K G-t K

53 5 NS Jde S e bl L ey o 5 a5

pde 51 A3 IS T cd b 4 5l e b s OLL
e 2pd ol Ol Wl s Sl Lads slas
s el olantl Lol o S 0 B e gl )
A elial 5 SAe Sl e 53 ssmse BRB slaOladl

Jos 4 536 B o o s Slalis £33 51 G se sla0loll

Sl FLb e bl pslie =) Jgu

ks el
A Coedl o 5
YArs Sps
+/eY Sp1
D Slos ) ade ¢ 5
S, o
0/0 Cp o b

6‘“)}5 She ajjf ‘& She ;"j‘ Ol C/.;.a.h‘ g,_«vj.p
sdaline (V) S5 s C}a;@ac&.&.ﬁa:\.&.@l Cjio slas

25t

7 r
MCE spectrum
6 F V| W ===-=- DBE spectrum
average
> 5
8}
(8]
< 4
.|
<
o3
O
o
] 2
1
[} c L I\—\_i
-0.5 0.5 1.5 25

PERIOD (SEC)
O B e P A R AR O

Ol slasl o8 il gl S o b &6 gb* ~1b

Slr el Jomoly S5 s ol glas s Sl e
Sl Caaglis BN s S g se ol GRS
b s el e sy Y osde Iagds 5556 ol o
80 spie Lael S B 5L s B sl (slel
D R s R L
BB sk sk ol 5o ramen (OU Bl gla e
55 55t Bl VA i el i 5L
©3h b O Cb kS Gladyles ablie b dr |
e pode b Jds e Rl e addk ¢y dlen
PO B AR NN APEL SRS EpC O

2Wgd g ojlw pilingfy g pale aps /I

aV (liwoj 9 J0L - p)led 9 Cuuub (0)losd - p2d0 (Jluy




ol b osle 63V slas! Clasie =Y Jgde

SIS e e s | T | e , , | s
RPN BRIZB 05 plade N VRO BRI;} C sl Bost | ALS b | o

m) (em) ' m) (em’) R
Y/04 7% W33x141 W18x71 £/YV 1¢/0 W33x241 - W33x141 | ST1
Y/04 [AVA W33x141 W18x50 IANY A W33x221 | WI10x26 | W33x141 | ST2
/04 o\ W24x68 W18x50 £/vV OA/ W33x130 | W10x22 | W24x68 | ST3 0
Y/04 Y/ W24x68 W12x40 L/YV Ya/+ W33x118 W10x22 W24x62 ST4
Y/04 Yo/A W6x9 W12x3 £/YV Ya/s W33x141 | W10x22 W6x9 ST5
Y/04 VA W27x281 W18x86 AN Vo W36x487 - W33x241 | ST1
Y/04 AY/4 W27x281 W18x76 LYV QY W36x487 | W12x30 | W33x241 | ST2
Y/04 AY/4 W21x166 W18x76 AN Ay W33x318 | W12x30 | W33x169 | ST3
/04 /0 W21x166 W18x71 LIV 18/0 W33x291 | W12x30 | W33x152 | ST4 v
Y/04 1¢/0 W21x83 W18x71 AN 1¢/0 W33x152 | W12x30 W24x76 ST5
Y/04 YY/Y W21x73 W16x50 7ANY £1/4 W33x152 | W12x30 | W24x76 | ST6
Y/04 YY/v W12x19 W16x40 IANY YY/v W12x45 W8x21 W8x18 ST7
Y/04 YYyA W36x487 W18x86 L/vv YA W36x487 - W33x354 | ST1
Y/04 VAl W36x487 W18x76 HARY RAVAl W36x487 | W12x45 | W33x354 | ST2
/04 VA W33x318 W18X76 £/YV VY W33x318 | W12x40 | W33x241 | ST3
Y/04 VA/» W33x318 W18x71 AN YA/ W33x318 | W12x40 | W33x241 | ST4
Y/04 VA/» W33x221 W18x71 AN YA/ W33x221 | W12x40 | W33x201 | ST5 .
Y/04 OA/N W33x221 W18x65 AN A W33x221 | WI12x40 | W33x201 | ST6
Y/04 OA/ W33x152 W18x65 HARY OA/\ W33x152 | W12x40 | W33x130 | ST7
Y/04 N W33x152 W18x55 L/vv AL W33x152 | Wi12x40 | W33x130 | ST8
Y/04 EA/E W16x50 W12x35 £/vV 121%1 W27x84 | W12x30 | W16x45 | ST9
Y/04 Ya/+ W16x50 W12x35 L/vv Ya/s W27x84 W12x30 W16x45 | ST10

bojle b Slasiin -¥ J g
aib Ve bV b o Al
WI/O truss With truss WI/O truss With truss WI/O truss With truss
Yo Yo Yé¢/o Yé/o \Vv/o \Vv/o J 8‘“)‘
YA YAV 144, 14v. Y VYo due glo3 J 035
% Y % IR VIR C! /e YA VIRA SVl b s
\/EA \/08) \/+ YA +/414 VY E +/AA (38) ol Ol 0L

(ot SaVl cand s 51 Sl sl als U O]
Al Bl fel aten s sl 4 o OF 1blie o
A ekipd s e el sl mhu Gl o
Coslie [T0] 58 blad sipd phod aten shie sl
Tk aaia o s B VYR SV sl s e oS
(0) UKo 5o ob uls ol s SV NS A

Ic0/ 390 g ojlw (iliagh 9 (alc ey

Lo Joos lp roslie €50 5 Lites (55 5me S
slael 3 ) e e 3 5 oLl I oy 5 ot
5k SaV ) L e o ol LS5 o
Cood Job Al e (88) s hod 4l s S
st SV e S s Ol S I il oY s
slael 53 g axes Gk g5 3 aS Coll O IS Jsb pl /Y




S s slaosle 5 Ll prmmen 5 dad e 13
Dbl LS o3le Oludige cpazell oy 4l Gb 3L
UBCLIT6 5 shid o o ibls Cossdous wid
Oemes g AL o5l rl;;.,..}\ Slp s B LS Ll
ol slaslns 5 balod B ol o slael Dl
Sl e 2l Gy Dl ses [TV] dilad s 5ee |
rzan 5 okl fols bs SIS ds gazes 3l aS s o3l
el 4, S b s S b b ) el sl

Al ol s 5 (V) IS s

oslazal 5550 sla )5 Slasiin —§ Jgds

M oK (8) o Jl J35
Vo Delta Yoo Y4VA | Imperial Valley
El centro ;
o ¥4 14vq
/ Array#11 Imperial Valley
%A Shin- Osaka (A 1440 Kobe, Japan
V/e Duzce YV/Y 1444 | Kocaeli, Turkey
V7o Arcelik Y 1444 | Kocaeli, Turkey
\78 Yerm(.) Fire %3 144y landers
Station
VA | Gilroy Array A 14A4 Loma Prieta
El Centro Superstition
/o I ARVAY .
/ Imp. Co. Hills
Vo Poe Road Y Y YAV Super_stition
(temp) Hills
\7a Chy101 ar 1444 | Chi chi, Taiwan

Sl Sladb i bl Gl Slee e STus
St )3 T 03, MCE mhav 315 Slacil 45 e o
S g psn ol 350 Blod gl g dals Sl G
b s gl See perls ela erls
Dy p A ) ek

MIDR

bl 3l Sole (ol s 2lmls) Driftg OF 3 oS

e bl U= MIDR 5 o3l S §l5| s s ¢,
S5 Kosde a ] arls aile ol ole laad

FoS Sl Db ladb e bl e L
el g ol 5 (oo Soap UG w 0T palie) wnils
olab glaab o el obelbs s Oloes @l (il
oarle palis S sl 1 Laasl ol STos Cosgies b
o s Sbesle Gl @l adb o el Sl S e
oarle s awgie b a0 el sl S3(0) sl 3

@l (Gles amsenl s el gl s sdalie
3555 Ve sl alie cpl gl il L s, e ) clS
FEMAPBO5 L o L5 ois 435 ol
Glas e Koks [Y)] ws obsal ol (gdoatws
s g3l alde MCE b 4315 (sl ASCE Laf o
ezl a8 Cosl JLlo YEVO Jazmes 313 ST iS50 6550
O35 o ool & Aibe Jlu 00 a3 Aoy Y ol g5
Ay osle wl ol s sl al oy Gills
0303 oL 51 e, S5 Sloy amsn 6 [YY] sl Lulawsl L
sdalie (£) Jsd= 53 Ol Claseie &S Las s PEER
S 85 Do sl S by S, gluabie 55k
ol Ol ol sty 0l T) V6T JIe/vT sl Ol
35S Leal 5l ol old sl cib b g (S
oo plil 5l e &S el S5 0Ll Gas b
ol slasl cud b 5l el (e 8 Sl el
OLEs S 35 Al 5l 2eS sy Sy Jooie BB &S (o

Al o BU Szl Lael cpl cdas o

E+3

400 -

Legend
20 —e— Audal
240 -

16.0 -

80 -

00

-8.0 -

-16.0 -

Stress (tonf/m2)

240 -

320 -

'4001 I 1 1 1 1 1 1 I I
25 100 75 50 25 0 25 50 75 100 125E3

Strain

S Jplen Sy b N S S st e =0 JSC

ot

oSl sl o £
Aoes G e Gl amsb Jes el Gl ey
w0 gorms 5lp ojle il glagal Sl Wy glaca
Glaib o il bl i s 4 S b e Lol
e il obulr ol Cusgdoes Gls bl bu s
Ml ey aww Ll o5l gl b Gy oo el
Glosle slasl Olantla b obwls b azils & s 1,
Sloslo ol g 5 das o 13 b o | b s
S e 1y lesle e slasl Olasle sbuls o e

2gd g ojlw ¢ liingfy g cale s /¢

aV (liwoj 9 J0L - p)led 9 Cuuub (0)losd - p2d0 (Jluy



R T N R P
W5 B 5l o SRS Ll il B o
2l ool Jeadlsmes e Jleda OB ol Colas
o s bl Sl Gllae, 5 oS 5l el il
LgLAC_,WZLia )l A4S jazes &i JS\ S o)'L.u 5.ULAQJTL{ ‘_;\A.L.b
bl Gy basie Jhsed AL S S sae Sl Al
s baesle el s ekl L Slab e s
RGN P r.:...u: V) }i 5

e With truss
12 1.2 ¢
----- W/O truss

1.0

0.8

0.6

0.4

Normalized height
Normalized height

0.2

0.0

3o Ao p3 Yo s SaaW 6L xS G s S

Slr sl il e bl S0 estld slie -0 Jgds

o S5 Slaesla

b bV il Y ¢5
AN AN At B sl Ok
VY +/AO «/aY NP

=—O= Spectrum With truss

= =0 == Spectrum w/o truss

Normalized height

0 0.01 0.02 0.03 0.04 0.05 0 0.01 0.02 0.03 0.04 0.05 0 0.01 0.02 0.03 0.04 0.05

DR
b s b s 3l ol 5 s s pema

12 ¢

DR DR

o il i el bl sy g N JSKS

1.2 1.2 e \With truss
----- W/O truss
Lo ' 10 | . 10 } .
! - :
) 1 = - - - =
S 08 | “=y S 08 } i 2 08 | '
() ] F) 1 2 H
= H 5 . o i
o] e) ]
g 06T \ g o6 | |, 8 o6 -
= : = ] © ]
£ 1 £ L € !
5 04 | 1 s 04 | ! s 04 | -
z % 10sT z 74T = i 58T
02 =1 02 | 02 | -
| ! 1
3 ! :
0.0 M L ) 0.0 M M [] ) 0.0 L i Ll )
0 0.005 0.01 0.015 0 0.005 0.01  0.015 0 0.005 0.01 0.015 0.02
R.DR R.DR R.DR

Wt 3 o sl il 53 oila Bl (81 4ib ot omes abrelr iy Jasie g3 -V JS3

e o8 3l e e 0L ialS Loy /0A sue
o3l LB LLe gl aih o e ol axilr Ol
oS ey e sy Sl Ao s v/0 sl Al Sl e
5 e ey 3l Olestle sdews Slasl 5 osle JlS
IYE] ol a8 Bl bl b oosle s (5lapslin

Sl @23 5 oy (ol Clib Gl ol Sl el

iU/ Y98 g ojw (iioghh g Gale aypi

bl sy bt Slis i & 5500 edalla

BB b Ve 5V 0 sl 53 el Sl SHEb e
LSl VY 5 WY DA sl g 4 B sl
50 eV w S e (5B Gl E 5 Sy S 8

LQA)LNMLS\JJ Lﬂ)#bﬁdﬁi& USAS Loy v/t

Lo,V YT sde 5l ekl L (gl 4k e oo alomilr lis




CLL?)‘ .la..»b‘ Sed>= > L;.’.l’”b )‘)j—u u.:.:: NG| (A)Lw
JB Led 2l Bl sl sl s Olestla
oelBl s . fxose ol S das e 0L slab>e
e ol s ol s glaab e el el
Sl Of e oS das e 0L I 0T (b ol S
Saged el ol Sz s sladb e s bl
St cotleS L B Gl Gl Sl Bl bl

.cﬂﬂ\rjﬁdlijﬁ-:ﬂww@&}.’iyd\év\,w)@

(N U 00 a8 s cod B b 0 5 b aib e
)U.;.A V_LG 6[.1? S J}ML;‘ sdalin .Cowl sl eals OLES
Sl s ens 4 s iy ol b o ) Sl el
sals gl LB b 4 osle s W5 Oy e

.M)LSA
dﬁé\)}xp}e.l.i JLn).: CLL?J‘ (’jl‘a)‘}"‘ ol 0l 03ls OLES
I gl p el il o) edd b ol

0.8 r 10st-@ st 10 0.4 r 10st-@ st 5 0.06 10st-@ st 1-REC SFF
0.6 0.3 0.05
0.4 0.2 0.04
E - 2 E o003
- -
g 02 T ot S 0.2
IS [ £
e} [ i
8 0 £ 0 g oot
5 g g o
a 02 g -01 o
a -0.01
-0.4 02 -0.02 With truss
-0.6 -03 Gt -0.03 WY/O truss
10 20 30 40 (] 10 20 30 40 0 10 20 30 40
Time (sec) Time (sec) Time(sec)
oS A5 o B Gl 05 5 LAk o o3le s 5 2y Jl Clib G plelr Sl e B A IS
12 ¢ 1.2 12 r e \Nith truss
----- W/O truss
1.0 | 1.0 | ' 1.0 } ’
E ! = ,’ b=
[=)] / o ’ <
S 08 | / 2 08 | / 2 08 | /
< . 4 o P CD fl
° P4 < , < f
I 4 o ’ 8 '
= 06 | s g o6 | R & o6 | -
g /Al = < ’
— [’ € ’ € I’
S o4} 5 04 /, 5 04} /o
10ST z [/’ 7T = vl 55T
02 | 02 | 02 | 4
0.0 1 1 ] 0.0 . L L ! 0.0 . : ’
0 0.01 0.02 0.03 0 0.01 0.02 0.03 0.04 0 0.01 0.02 0.03
AH A/H A/H

Lol H cos bojle olr slelr g b Jgal -4 JK5

5l Sk b 515 Ol IS s e 25 gl b Cain
Glaesla s Olid ST syls als Ly, VL bl s
Oy o3l 53 O i e 4y 36 (sl = L adb Ve 5V 00
OlL Aals dops 10 s bwgte jgba B gl >

.Mé‘fd
A ces Sk et b hn G Sy b

(OIS i ¢ ol s (glejle e slael 31

s el aib Old i 4 Of O3l 5 bbs
Lolib Sl ol e, s by b gt jlade (10) JSC5
93 s olib ks IS Wy, s e 0L o5l gl 5
LS L BB b2 0sb 5 @B sl b 5
2 BBl Osl ol Db ol sl el

2gd g ojlw ¢ lfingfy g cale aypl /iEN

aV (liwoj 9 J0L - p)led 9 Cuuub (0)losd - p2d0 (Jluy



W8l Os 5 L s Slib Sl S e oS
REI PSR XIS
b bl gbesle o o Skl ol s se
ol 0Pl L Ko SV gl O 5 SaY!
e ol el ol e 5 () IS8 55 S 2l
GV IS WS > P R WO CUJ)\ Aoy b sl ojle el s
s daplasle CUS)\ v o Gl a8 358 e edalie
DSy LB s 3050 35005 53 2 53 Laesle Sl
Lo SVl Gl 0o ojle mehed Caglin 5 ol
SV gl 2 gl o3l s sl 1 i de s T
Sl s b 5leS ladi,lge S slaw OF cle a5
L SVl sl bl ejle ebaley e ool o0
ol oS ol SV Gl O il bl e Ll g3

A el o3l g sl g g s

ol sks esls 0L (V) S s besle gl 455
Lo S0 S Sl asle plisyl s Sl 5 n s o
Shbs esle ol B g SOl 5 LS e G e
o sie el 56 LB 6 L O 5 (6 LS
ULV 770 P P I PG SR i W S W PR
grose ol il b Jos ) Sl ol s A e
Jobos 03 Hlae Ul s, 50 uaslia Sl eslinal Clea Ll 5 e
e SV 3 e S 68 e e Gley el
b B ge Ol pmes (OB BLS Ll sk p
L S Joms A5 S e s lad s ld Al
Al b o s ealinal )50 - b id
gl ol slak S5 K sl (OY) S
o dol S e (B e 3 e 0 DL el
Sgh e odalie ol ol Jbo 5 ol tu;)t S sles S Ois

e \With truss

12 1.2 ¢
----- W/O truss
1.0 f L L
k< _ 1.0 = 1.0
> = £
< 08 | 2 08 } 3 08 }
° @ <
> < o]
N © [
= 06 | ﬁ 0.6 } % 0.6 |
£ El S
§ 04 g 04 } B 04 F
> Pz
0.2 | 02 } 0.2 |
0.0 L J 0.0 N ) 0.0 4 d
(] 5 10 15 20 0 5 10 15 0 5 10 15
ACC (m/sec?) ACC (m/sec?) ACC (m/sec?)
besl i cos ole Ul s Db il ol e, iy sz -V (IS
1.2 ¢ - Q= spectrum with truss 12 = With truss
' ==@=-spectrumw/otruss = | = ===-=- W/O truss
1o | 10 | . 10 }
|
- = 6 -
5 o8} S o0s | 5 o8 |
[T} E [5)
< <
E 06 | E 06 | § 0.6 |
© < ]
§ 04 | E 04 | E 04 }
[=] (=]
2 2 2 55T
0.2 F 0.2 | 0.2 }
0.0 ! 0.0 4 ! 0.0 :
(] 0.1 0.2 0.3 0 01 02 03 04 (] 0.2 0.4 0.6
V/W (ton) V/W (ton) V/W (ton)
Lol o Sib o i s -1 S
. . 3 £y & .
I£47 3Y90 q ojlw (iilngf) 9 Golc e pind




Base force/W

Normalized height

0 0.2 0.3 0.4
M/W.H M/W.H
Lol Hcos olib S5 K iy e —\Y K
DBE WITH truss
0.18 0.30 0.40
——-—-——MCE | eee=- W/O truss
0.35
0.15 0.25
1L e=-"" 0.30
0.12 2 020 P
3 ' S o025 '
j. [«5)
8 I S !
0.09 w 0.15 ' S 020 !
73] = |
o | 2 .
. g o1s I
0.06 0.10 | :
7ST X '
10ST . 0.10 | 5ST
0.03 0.05 i .
0.05 I
! 1
0.00 M M ) 0.00 " I " ) 0.00 M M 1 M )
0 001 002 003 0.04 0.05 0 001 002 0.03 0.04 0.05 0 0.01 0.02 0.03 0.04 0.05

1.2

Normalized height

Q= spectrum with truss

= =@ == spectrum w/o truss

e \With truss

W/O truss

Normalized height

75T

Normal monitored displacement

Normal monitored displacement

baojlor oot o Slial o 99380 5L e —VY S

Slib aen 53 O Glaib o s sl S et
Slibe 5 gloile sl el 0L LB
Sl 53 baklee (bl 51 Gy 2580 Db (5SS
5l s gladsly cou O kS glan e lls
Sy 0 ol SISt cxrpe Wl s Ly o 03
oy BBl pbuls OG5 edd 4yl - w
SO 53 &S el O  Oliies 2 ol ply 305 3525
wlralr (O ELS Gladlen b S e on ol Gl
L b SG s ele plelr Sha8 5l Al el Bl
bl Gals sl 5 G008 Sl o aih
BT ROW TSI PUERTEI REEE S SLRTR
bl GBS gladles b B sles ) mal fask
SLA S ams dsdes e SVl SBL S O
g Bl e Al anals SaaVl Lk, Ll oS 58 6

S a5 St Jolis 25 1 (06) 3

bdess ¥ el abmlr s dyai Olpe 4 |y il Ve o3le
wlyosle s Shes a5 She IS0 ) i das e 0L
(.:lsélvﬁ-J)Ju_o;u):é;},:womw.:)l;@f&ﬁu
L;l?):.usda'c)qksuol}?la)sajﬂap;ﬂsuc}b
RSN CE-” Sl gl bl sl s S
fdsn il 5 oS Cod DL LB b LS sladiylee

318 e Sl 4l (6 s,

S 4ot 0
b EkS edd gluslee GaB sl Ay e
S sbd s J e b ol g 8y sl S e s
b s gladd oo pbmilr amilr cl g LB
boaglie 53 38 St oile Gl s aib A

2go 9 ojlw (iiing)) 9 palc Qs /0.

aV (liwoj 9 J0L - p)led 9 Cuuub (0)losd - p2d0 (Jluy

Normal monitored displacement



S
5 390 455 520 5.0 715 7

Ao ¥l i o s e il b o aib Ve il s Shes a5 Sty Jolie LS55 g VeSS

O e 2ol e baesle a6l Lo ge [ sbay s
Loys /0N sde 4 Lo VYT sue Gl ekile L (gl aib
by WEcale B Sl das e 0L el
330 3L A5 5l e esle SEAL glab i bl
Sl 5 o5l JolS o 25 slaauia g S5 As)s +/0
Sl sdme (Gilupslie 5 end slaaypa 5l Olatle sdome
el S Bl gl L
Ao Sk edd gy o A b
b by ole s aly 3 das e 0L baesla gl )5
hoste ssb 4ol LS i B Gl 0 5 (6
Bosde ot e oy amssb s 5l ol aly 5y
el i o gy 5l el sl B e Ll YA
Sl 3y Caglin Sl eslizel Slew WIS e e ol
ghs sk o Sl b s s Al
Db GRS les elipd s SV s e (NS
gl o3 by ol mal b B e Y] e
oliiul sy F b Cib 4 e Jeme 35 Slas
R RN WEIE
Sl sbls glaesle ot 2 (Solal bl Sl s
ol 0Pl L S e SalVl Gl O 5 Sl
badlaztle plisl e o sl das e LA oesSae e
LB e 2030 2,505 33 53 baojle SVl s
Lo SVl Gl Oy o3l eked Canslin 5 ol 0L
SV b sl sl s Caslis 51 i Ao T

017 g6 g ojlw ling} g (ol eyl

Clib aes 53 0L Ls i s sl sl
BB Gl b et e e xS i S e
SlsS a bl Ll ey 4 lade O 4 Szl
Sl el S ol Lga Lt IS (sl Olyss Ol S
o35dmn 3 Sloj ) Sus L s slael dhexr 5l 6
g5 8 byl ule & b s il L SaY)
ol Koty by il slaall s s OB HLS
RSP RPN P RPN B (PR
Glaasl ool bl 5 aib Ve 5V 0 laesle S s
)b Jdod b 5 g (A sl (A
A e 53 35 Gl Gl cas e e Sl
250 @l Gl Sl b imes 5 Jate 43l
e o S |y 5 S & 58 e 13 S e
Sldb o s gl Sle Sl bage b
3 e b SanV Gl 658y i s el
(@B gl 8L sl s s s 0L Jlals ds s T
G SAS lls Gk o ol olis
Lo b 4wl SV Gl A gl ol 4 e
Ao gk e a0 el
s o Ol 5 g o3 T 3 SVl b = (68K
Gladb o abmlr S B S-Sl
ol gl s LAl V5V 0 sl s ekl S
GL 2 3, S8 LS Cl VY 5 VY O/ s 0
b e EalS Aoy /8 5 N0 /Y 4 jSde sl b

 (liwoj 9 jnk - p)lan 9 Cuuy (o)ladh - pnrdo (Jun



[12] Fahnestock, L.A., Ricles, J.M., and Sause, R. (2007),
“Experimental Evaluation of a Large-Scale Buckling-
Restrained Braced Frame”, Journal of Structural Engineering,
Vol. 133, No. 9, pp. 1205-1214.

[13] Kiggins, S. and Uang, C.M. (2006), “Reducing Residual
Drift of Buckling-Restrained Braced Frames as a Dual
System”, Engineering Structures, Vol. 28, No. 11, pp. 1525-
1532.

[14] Sabelli R. (2004), “Recommended Provisions for Buckling-
Restrained Braced Frames”, Engineering Journal, AISC, Vol.
41, No. 4, pp. 155-175.

[15] Fahnestock, L.A., Sause, R. and Ricles, J.M. (2007),
“Seismic Response and Performance of Buckling-Restrained
Braced Frames”, Journal of Structural Engineering, Vol. 133,
No. 9, pp. 1195-1204.

[16] Fahnestock, L.A., Sause, R. and Ricles, J.M. (2007),
“Experimental Evaluation of a Large-Scale Buckling-
Restrained Braced Frame”, Journal of Structural Engineering,
Vol. 133, No, 9, pp. 1205-1214.

[17] ETABS, Version 16.1.1., (2016), Computers and Structures,
Inc.: Berkeley, California, USA.

[18] ASCE/SEl 7-10, (2010), Minimum design loads for
buildings and other structures, American Society of Civil
Engineers, Reston, VA.

[19] AISC, (2010), Seismic provision for structural steel
buildings, American Institute of Steel Construction: Chicago.

[20] Bosco, M. and Marino, E.M. (2013), “Design Method and
Behavior Factor for Steel Frames with Buckling Restrained
Braces”, Earthquake Engineering and Structural Dynamics,
Vol. 42, pp. 1243-1263.

[21] FEMA P695, (2009), Quantification of Building Seismic
Performance Factors (ATC-63 Project). Federal Emergency
Management Agency: Washington D.C.

[22] LATBSDC, (2011), “An Alternative Procedure for Seismic
Analysis and Design of Tall Buildings Located in the Los
Angeles Region”, Los Angeles Tall Buildings Structural
Design Council.

[23] Bachman, R.E., Hamburger, R.O. and Kircher, C. (2001),
“Seismology Committee Background and Position Regarding
1997 UBC Eq. 30-7 and Drift”, Structural Engineers
Association of California.

[24] McCormick, J., Aburano, H., lkenaga, M. and Nakashima,
M. (2008), “Permissible Residual Deformation Levels for
Building Structures Considering Both Safety and Human
Elements”, Proceedings of the 14" World Conference
Earthquake Engineering, Paper No. 05-06-0071, Beijing,
China.

S s b 5keS gladilgs S sliw O cle a5
Lo SV sl s 3l pebailag e ol g3
S ol SN b O o3l blae s a9
Oy ejlu 5o Ad dalp o3l g LB, o ge £ s 50
i I R e
c’a.» SV b sl ele 5 &S - 5 s e &)
S ool DSy Lps b S5LS lauslgs nn 5 Shes

S e led 1 6 e ) e se )

6.‘}‘ -V

[1] Khatib, L.F., Mahin, S.A. and Pister, K.S. (1988), “Seismic
Behavior of Concentrically Braced Frames”, Rep.
UCB/EERC-88/01, Earthquake Engineering Research Center,
University of California, Berkeley, CA.

[2] Chen, C.H. and Mahin, S.A. (2012), “Performance-Based
Seismic Demand Assessment of Concentrically Braced Steel
Frame Buildings”, PEER Rep. 2012/103, Pacific Earthquake
Engineering Research Center, University of California,
Berkeley, CA.

[3] Lai, J.-W., Chen, C.H. and Mahin, S.A. (2010), “Experimental
and Analytical Performance of Concentrically Braced Steel
Frames”, Proceedings of the Structures Congress, ASCE,
Reston, VA, pp. 2339-2350.

[4] Uriz, P. and Mahin, S.A. (2008), “Toward Earthquake-
Resistant Design of Concentrically Braced Steel-Frame
Structures”, PEER Rep. 2008/08, Pacific Earthquake
Engineering Research Center, University of California,
Berkeley, CA.

[5] Popov, E.P., Ricles, JM. and Kasai, K. (1992),
“Methodology for Optimum EBF Link Design”, Proceedings
of the 10™ World Conference on Earthquake Engineering,
CRC Press/Balkema, Rotterdam, Netherlands.

[6] Tremblay, R. (2003), “Achieving a Stable Inelastic Seismic
Response for Multi-Story Concentrically Braced Steel
Frames”, Engineering Journal, American Institute of Steel
Construction, Vol. 40, No. 2, pp. 111-129.

[7] Tremblay, R. and Merzouq, S. (2004), “Dual Buckling
Restrained Braced Steel Frames for Enhanced Seismic
Response”, Proceedings of the Passive Control Symposium,
Tokyo Institute of Technology, Yokohama, Japan.

[8] Aiken, I.D., Mahin, S.A. and Uriz, P. (2002), “Large-Scale
Testing of Buckling-Restrained Braced Frames”, Proceedings
of the Japan Passive Control Symposium, Tokyo Institute of
Technology, Japan, pp. 35-44.

[9] Black, C., Makris, N. and Aiken, I. (2002), “Component
Testing, Stability Analysis and Characterization of Buckling-
Restrained Braces”, Report No. PEER-2002/08, Pacific
Earthquake Engineering Research Center, University of
California, Berkeley, CA, USA.

[10] Tsai, K.C. and Hsiao, P.C. (2008), “Pseudo-Dynamic Test of
a Full-Scale CFT/BRB Frame-Part 1I: Seismic Performance
of Buckling-Restrained Braces and Connections”, Earthquake
Engineering and Structural Dynamics, Vol. 37, pp. 1099—
1115.

[11] Erochko, J., Christopoulos, C., Tremblay, R. and Choi, H.
(2011), “Residual Drift Response of SMRFs and BRB
Frames in Steel Buildings Designed According to ASCE 7-
057, Journal of Structural Engineering, Vol. 137, No. 5, pp.
589-599.

290 9 ojl (Hling)) g palc i /6b

U liwoj 9 jnk - p)lan 9 Cuuy o)ladh - anrdo (o



O 8 395 O gw (§OY 99 (bl QDo (5 i Cud 3B (o y

Tl Lo Sl ke Mol Ol e

Olgaol Olghol o815 Ol jas wdige lslial =)
Ol Olghol o8I (Ol e pwdige (Al Ll )8 (g gmeils Y
Ol Olghol o1 Ol jas pwdige Lyl ol IS (6 il =Y
m.zeynalian@eng.ui.ac.ir AMYVEWYELE) o & sdkin (Oliol

OYaV/vo/eN 1 3 pdy '@)L; AY40/00/0 8 sl s '@)U)

oS>

5@t G iy cslasbioml Gl o, 5l eslizal Lol 555 3w sV 5 5l ol anile 50 cblis olis b b s cnl s
Sl edd 3,5 s 3V glasl LS Gl vy p ed (308 s p 53 Sl 4 S 15 anlllas 5y 5e AL
L gl sl (s oo (8l 5 0l oalital el 1500 5 51 e e 4 el 0l e adsl gl IS5 a5 lse o o
5 S o Sl 5l ks, alade (65l b b nl yesdle ol w5 15 LS o olSilel Lame 53 aBls slad
Glatn,s 45 das e Ol b ol 03 S aslis 35doee OLI Al =B L sdel Gy 35 nies Zoaglie
LS i eals QLIS (25 ablie (555 » ad 5 oS S 6 ) b e s oo 1 1) 5l S aliblons i ((glaslc]

Bl Gl YEL 1, 0T Cd b Ol 5 e e ol 5 oS e K LS 03 505 6L

Q;;wcr.:jjﬂm C,.A}LiA ;I.:Jj-) “)Sj"u"f U:JJ-) ch)Li_.é C,.;ﬁjla oS 3)_}3 S by)ﬁ

Compression Capacity of Cold Formed Steel Angle studs

M. Zeynalian, S. Bolkhari, P. Rafeei

Abstract

In this study, an investigation on buckling modes of cold formed steel members, design methods and also behavior of
angle studs are illustrated. ANSYS software is employed in order to analysis the sections taking into account geometry
imperfection as well as materials nonlinearity. The materials properties are extracted from experimental coupon tests.
The models are verified based on full-scale specimens which are tested the laboratory of the University of Isfahan. Of
particular interest are the specimens’ maximum compression capacity and general shape of failure modes of the
samples which is local buckling in the angles. In addition, compression capacities of desired sections are evaluated
using Effective Width Method and Direct Strength Method; and then compared with experimental results as well as
Finite Element Method. Four different stiffened sections are also examined in order to evaluate the presence impact of
stiffeners and lips in compression capacity of members. The results show that angles which include one stiffener in
each leg, have higher compression capacity of 25% of a simple angle, whereas angles which include stiffener and lip
simultaneously have promoted capacity of 47% of a simple angle. Among studied sections, angles with two stiffeners
and one lip on each leg have the highest compression capacity by almost 60% of a simple section. The comparison
between compression capacities obtained from different methods indicates that prescribed methods by the codes are
conservative to some extent.

Keywords
Cold formed steel, Compression capacity, Effective width method, Direct strength method, Angle
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Semi-active Fuzzy Control of 5-Story Structure under
Near & Far Field Earthquakes Using
Piezoelectric Friction dampers

A. Bathaei, M. Ramezani, S.M. Zahrai

Abstract

One of the main challenges civil engineers face today is to find more effective means for protecting structures and their
contents from the damaging effects of dynamic hazards such as strong earthquakes. Vibration control of civil
engineering structures have been studied for three decades. Casualties and economic damages in recent earthquakes at
different countries show the importance of vibration control of structures. Vibration control of structures evolves from
passive control, active control to semi-active control. Recently, semi-active control systems have attracted much
attention because they have good efficiency with best features of both passive and active control. In this paper the
performance of the semi-active control systems used by piezoelectric friction dampers was studied. The damper
system was set on 5-story structure model and in order to adjust and assign the voltage on piezoelectric elements; the
fuzzy logic controller was used. Two input variables including relative displacement and velocity of stories were
assigned to the fuzzy logic controller; moreover, the command voltage was assigned as output variable. Incremental
dynamic analysis of structure with maximum acceleration from 0.1g to 1g was used. The results of both semi-active
and passive control were compared. The average results of semi-active control for displacement and base shear
evaluation criteria show 12 and 3.4% of improvement compared to those of passive control, respectively; under far-
field earthquakes while 13.8% and 4.7% improvements were observed under near-field earthquakes. Moreover, the
sensitivity of the semi-active control systems shows 43% and 33.1% reduction compared to that of passive control
under far-field and near-field earthquakes respectively.

Keywords
Peizoelectric friction damper, Fuzzy logic control algorithm, Incremental dynamic analysis
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Experimental and Numerical Study of Block Shear
Rupture of Steel Tensile Members with
Connections have Eccentricity

S.R. Seyedzadeh Otaghsaraei, S.M. Seyedpoor, M. Jafari Samimi, S. Fallahian

Abstract

One of the types of ruptures in the tensile members of steel structures is the block shear failure in which by creating
tensile and shear stresses in the connection area, a part of section is torn away and it causes the strength loss of the
section. The main aim of this paper is to experimentally study and finite element analysis of block shear failure having
staggered pattern in connections of hot rolled steel tensile members. For this purpose, eight laboratory samples from
the gusset plate with staggered pattern and connections have eccentricity with constructional mild steel were applied
by a tensile axial loading. The main variables for the test specimens include the number of connection bolts, the bolt
spacing along parallel and perpendicular to the loading length. The results of laboratory studies were compared with
those obtained from the prediction of existing relationships (based on the rule (s?/4g)) as well as the plane
decomposition method of Samimi et al. (2016) and the strengths and weaknesses of each were identified. Furthermore,
the results of numerical analyses made by finite element method, which also have a good consistency with the test
results, confirm the basis of the plane decomposition method. Considering the results of the real tensile stress
distribution at the staggered planes of the block shear failure area of the connections have eccentricity, the effects of
loading eccentricity have been appeared which justifies the need for considering the factor of non-uniform tensile
stress distribution.

Keywords
Bolted connections, Connections have eccentricity, Hot rolled steel, Tensile members, Block shear
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Review RBS Dog-Bone Connections and Its Effect on Seismic
Behavior of Special Moment Resisting Frames

M. Farajpour

Abstract

One of the methods for improvina the seismic behavior of the moment resistina frames is the usina of reduced beam
section (RBS) doa-bone connections. In this paper the finite element models of RBS doae-bone connections is made
and calibrated to experimental results. the collanse mechanism and stress distribution of these connections is discussed.
Moreover, Fema recommendation is considered. This studv has been done throuah the detailed numerical analvses of
several samples of these svstems. For expressina the advantaaes of this svstem. the seismic parameters of RBS doa-
bone frames have been compared with those of special moment resistina frames. which are obtained based on several
analvses for some common buildinas with both connections. Based on the obtained results. the behavior factor of
structure is a function of its first fundamental period and increases with period. The increasina rate of the behavior
factor of the doa-bone connection svstem in terms of period is more than that of the special moment resistina frames.
The behavior factor of the flexible structures with doa-bone connections is about 20% laraer than that of these
structures without doa-bone connections. The investigation of ordinarvy beam to column connections in steel structures
shows that non steadv stress distribution and stress centralization in welded zone causes the connection fail in stranae
earthauakes. In RBS doa bone connections the proportion of maximum stress in beam flanae to vield stress is about
0.8. The usaae of RBS system occasions stress redistribution in beam flanae, increasina the effect beam flanae width
and increasina the connection ductilitv. In corporation between ordinarv and RBS doa bone connections shows the
increasina the period of structure about 3 percent. In elastic step. tendencv of RBS and ordinarv connection svstem is
same but in plastic step the resistance reduction coefficient of RBS svstem is more about 23 percent than ordinary
connection system. This shows the structures that made by RBS systems, have more energy attraction capacity.

Keywords
Dog-bone connection, Special moment resisting frame, Finite element model, Behavior factor, Collapse mechanism
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