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Evaluation of seismic performance of tall bundled tube structural systems under
multiple earthquakes
S. Mohamadi, A. Meshkat-Dini, A. Massumi

Abstract

Provisions and recommendations of seismic codes are generally based on the determination of design earthquake and also
the effects of aftershocks are neglected. Moreover, in regions with high seismicity risk, aftershocks with different magnitude
and occurrence time would take place following the main-shock. The main purpose of this paper is to evaluate seismic
response parameters of a twenty-story bundled tube frame subjected to three-components near-field ground motions
considering the effects of aftershocks. Spectral and physical characteristics of aftershocks encompass a wide range of
magnitudes. Hence, the ground shaking modeling procedure is conducted via different ratios of aftershock peak ground
acceleration divided by that of the proposed main-shock. The main characteristic of strong ground motion records used in
this research is the existence of consecutive long duration and high amplitude velocity pulses. Occurrence of successive
strong aftershocks leads to accumulation of permanent displacement as well as residual drift in the structures. In order to
generate aftershocks, the randomized approach was applied in this study. The response parameters studied in this paper
include maximum story drift envelope, story residual drift, plastic hinge mechanisms and induced axial forces due to shear
lag effect. The results obtained from analyses reveal that the amount of story drift and its variations, are directly
proportional to the presence of rupture directivity effects in earthquake record as well as the ratio of aftershock peak ground
acceleration to that of the main-shock, i.e. PGAas/PGAms. Moreover, residual drift under earthquake tremors containing
successive aftershocks, either free field records (related to the actual dynamic behavior viewpoint) or scaled ones (related to
the performance based design viewpoint) represents considerable variations.

Keywords
Bundled tube, Nonlinear response, Mainshock, Aftershock, Nearfield record, Velocity pulse
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Experimental investigation of the behavior of steel plate shear walls with flat
sheet and corrugated vertical trapezoidal sheet with an angle of 45 degrees

S.M. Dashti zand, V.R. Kalatajari, N. Khajeh Ahmad Attari

Abstract

Previous research has showed that steel shear walls (SPSWs) are a suitable, cost-effective bracing system compared
to other lateral load-bearing systems. The most important parameters that are considered in choosing a lateral load
resistant system are: initial and effective stiffness, strength, ductility, energy absorption capacity. In general, steel
shear walls are usually designed in methods, unstiffened and stiffened. Using corrugated sheet as the web of steel
plate shear wall(because of the special shape of trapezoidal corrugated sheets and its high out of plane stiffness) can
be considered as a part of flat and stiffened steel plate shear wall system.. In this paper investigate, the backbone
curve, stiffness, strength and maximum shear base, ductility, energy absorption and m-factor of flat and corrugated
vertical trapezoidal steel plate shear walls with 45 degree angle connected by welding of fishplate to the boundary
element, under cyclic loadingwas studied. It was observed that the initial and effective stiffness of the corrugated
sample is higher than the smooth sample and the energy absorption of the smooth shear wall is higher than the
corrugated shear wall and the more stable behavior is more stable than the corrugated shear wall. Therefore, shear
walls with smooth sheets are very suitable in areas with high seismic risk

Keywords
Steel plate shear wall, Trapezoidal corrugated steel plate shear wall, m-factor, Cyclic loading

Pl 290 g ojlw (g g Gale aypis

IiCee (UL - pg3 q (W (50) Lot _ pady g Cuy



)oj1 G)p

(g

g0 g oo Glo @9 b 5398 ¢p sloylgn s3Elacy o) (o

S S s B me 03 S Bse o3V Al
W adsl e 55 5o, S e 13 288 5 25, e 8
5 S35 e 5 03, oo iy I8 Sy sl 0L
Gl Joos slp 1 baslps b Sy cpl A8 o Sl
ans 53 S Slides sl 31 iy 5l e il glo )
amio )bt LS opo 4 b A s el VA
Oladige (bS5l 6, Kb lp A o 4 S L s e
5 bptlesl dim i S e 53 sdiSesn s ol
Selis 5 Sl 4 slal o ekt el sla Lo
Ol oy Sk Ko 5 TS ey Caslie &S Sl L
2 ekd el glatayn AL axg BB LS e SOU
@ Gos 0 ha RS g & s Ol ) gladle
s are s by o o (S0b b B OLL (Glas
By eSSl ey 5 Ll op s (B 53 SRS RS
s walsl 3 5 5k 4 Dlimas 3

[*'] CAN/CSAS16-01 (slaast sl Lalps pulul cpl
«S ol oy 545 AISC 341 5 FEMA 450 NEHRP2003 (JsLlS
iSOl 5 Sas 5 Jles 5 (kS o3l ol s
.MJQ;G

Looddd o oV oy sbasles g Slides
2O 4 1S Jlal i 53 sl JLail S8 )
Sl Seelys &b ([£] [ 5 Caccese) Sl kb,
([V]Rezai 5 [0] Roberts 4 Sabouri-Ghomi) ¢s¥ b &
Sabouri-Ghomi » Roberts) oS, 3,5 s Fhsw A0
SHL Vs Bus s ol Cuslas SV 1 eslanad ([V]
o Gy oVl ey, 5 ([A] Bruneau 5 Vian)
e 4 Caslodd asdllas ([4] lL,Kan 5 Schumacher)
05 ek e pd oy bl sgdee gl giledie
sl Glasls w4 Ol5 e oS ol o &1 Ve 1 gslaws
ol Kas 5 Driver 5 [V] (e 5 Elgaaly law 5 ol
S 5 eld St slagles 3,50 53 3,5 o,lal [1)]
(S Sl e D5 e 350 ol 53 o 0 ol
o Kes 5 Alinina) (e (S IS e oL
shr slss e s a8l e)n (VY]
U, e (VY] L2 5 Sabouri-Ghomi) sddcsew
V¢] [ Kas 5 Grondin) as 5 5lid Cod eyl
3 Syl

Sl aais Sl AT 5 6 ks llas
Elgaaly law s Li)s,5 Obr 53 Slazse gbadss Cuslis 5

e —\
S Olge 4 oV A ls ) esliad S glaaas o
sbdly 5l AU Sl gl b ailis sl pslie o
cilee LU s O Kiags ar g 350 sk o 5 kS
L O0lgr 2 &S g les ) pree pl elan 513 Ole
5ol o3l geolessle gl 5 ol 28wy o
Slusis s spmse lolle lupslis iomas
ol § 513 eslial 3550 cnl3 5 el il (3o )
s baglie 55 oV LS s s Shes 5 s, )]
e Sl bl G ege Lk Sombe lo ) Slagtae
Cd s g K8 glie (e (sl e Sl a5
@V sl il e ot o ) Ay 4 55
Lol bl slad gt 5 b, law g &S (oY 8 Slmis
el B lo b Gos 5 SCoa L Of 35 B Ol s s
Ok alie OB adiS 3V amio S5k 4 ol
SlelS o wlin days 5 O Gbdl dadsw 5 G5
olal b LS Vb 5 s il O e
51 aS el glibels 355 0 3 me AISC b o0l 53 SPSW
b s 5lp S G s bl GO (o2¥5 S
PRV YWIPTIPUENT I PLINE YRGS W AR H| PR
BRI R SY STV R i PV PP SO P
slbasl & Vs Ay Dlns e 53 O 540 0
(HBE) &l 5,0 sbasl & b, 5 (VBE) 6 (55,
Sl Jeos o oV L Jles k) lnes e
Sl LG50 5 Shes L Ol o 1 305 51 20 Ll
=3

S es ay by A s 5 WGy 5 el sls
Sl (IS LL Sl s ey 5 ph e LOT i
o3 sl Jess bl Sl Jols SO s b
bl s 3 Jels Kl S5 S
sy (st 5 ohp S b Al S P et s
Whaebl oy Jlsl Lo 0f LS e b 5l Wl s
b sl Gl G b, Bl s s T e
ek bl h 5 b Ll W IS0 5
ALl e G SE L e eSS
0 Cuslie bele ais (o3V5 2 slajles 3 oplpl
3 oleS e Ll A e s Ol oy oS s
b sl Sl e S e el b

Y] .\J}\ida < s

2Wgd g ojlw ¢ lingfy g (ole alls /P

liCeo liaml5 - pg> g ¢, (50)laud - poiy g Cuuwy



S s b b b R el Slle ) &S dml s
335 o

sl g5, YorA Jlo 53 [YY] 201 5 Tanaka
Sladssd Lz se glad,s Sl eslinal Lo amle i o
3 aalles 3550 Sp g5 5 ARRLST O pear 5 LA 5lie
S ol lle bl Lo OB Ll Ll b
S5A Sl g lakizsd Vb e,y Sl ealid L
Gl Lsls S5 clos ) (S0 co 5 OB wlas s
ol S g ediBhn (50 DU (e g2 OB LS g
S atle el G o OB s s 4 el DS
sl S bl sse ity UG 4 LS 5k @
3 YYO e s s b A gl oV 8 sl
AL ) ) ol 2l ey JSal K
Sl 3 S S bt Loy o S8 i o8 50> 0L
05 oA Wl 5 ol Jgeme g Ob 4 ol atle 2
Soss @L"J PPV ) LB s Y g sl fl Lo
i 3 e Sonp AL T &l 4w ok sdal e
ok ale (V58 5 slajlps ot 5l aslis 4 &S
JB 2l Sl s (288 plnil Jlag e 5 Blo sl
SO & Lamd Sz se G5 bwy S5 Sl ax g
sy Ol

(V7] J5Kea 5 Emami baw g ( a&ab3T oL550 s
5 2B oz ge ot iy (sl 5, \TAY UL s
23S A o 20 5e B

e e Bl B e ke ST ol
o olps eSS Oak Glo sbadys LoV
22 gl el 4 S 15 s 3050 slag e Bos b g2V
sedd antle dlas 5 akb SO OB o s VY ol
St pod anslis mls Kla § 513 clas o 1SS cos
(e polie ol Ol Gl s bz e oV G
Wi 1 VL Sbr e gladises 551 ol 5 sk SO
eSS digel glg Cuglie 5 J s Coledls S
el 03 32 I3 g sladd el 1 i

ok s IYAN JLe s [YE] Kalatjari 4 Kalantari
eV Gh slales s Ses 5, el pll
S (§3 508 Sl e Bl o se el e el
Jazse Cos s s Slo oy s b B oz se G
L (0SS las G pms b (o) Gl G5 53 L g25es

aw SB gl bges L8l I3 ) o 335 Sse

b/ 3Ug g ojlw (iagfy g Golc aypds

VAT U5,as 5 Yi 1V] Ahmed )7 5 )0] LalKes
b S s

oo ab g ldde 5 ssdme sl gbdde 3oy S oyl
VAAY (V4] Kulak 5 Timler Lw s oS asly JolSS (6,05 S
awda 3l sgdeee el Jde s s el eslaial g 0l &S]
oalinal Jlses 58, iludde sl Hllae o 2 185
w8 ks AT gl alie Gy Cabis A3 S
T L E T g G P T B
Jeolin K25 1 s 6L o s sl b b ol 55
Blassy b s kS s bose 5 Saedl
Ll Sees Gos bogllps S L oSens
S Sl 4 05 &S Sose 53 ) Laes Sl
dalg 2 by oSl OF hed il a3 Caeslie 5 e
Cope 4 o GOkl b ossdems gl glade sy
AL 2l 5 S ) e 5 S b g
o L[V ] Kulak 5 Botros ¥+ +\ Jlo 5 35 00 e
Slatizsd Sz s oy b V8 L slalgs sk,
Shls Jbozse sbadss b a¥s dn slaslps ol 0L
4 S e 541 BN 5 gl S gl e b
Sy hasn ol s sl Slo slag,s b glaslss
sl 0L gl 3wt Sl se G b e3V bl
s Seslie ks lag e Vg b sbayles &
(Fb s Bkl ey el Gos 4 ol
Caslie S5 5 eS Fl brse sl s g s bz e 4l
SLsl s Heamen ls lor 5 GV b slasles LS
s S3A B el b ol Gz VB
23 fmamen ol sl Glo G 4 e VL g4 IS
Shls slajlss & 250 Ol ot S Sla )
S Sk IS 5 5 A BN sl B ez se sl
A3l e ez e sl 4 e

d_u&_uj [Y)]Stojadinovic s Tipping Y+ +A Jlu ;s
Sagse @V L p el e Je £E 55 0 1
b b ol 50 slad s Lsls plowil aih S lakijs
SLios Culhs (iges g edd fate Syl OB
Lolss ol oo Gl Sl oS Sl oslinal 5550 5,55 5 0
Ao sl Lolgs 5 sl Gl Lagy o 53 ain
S5 lal s 4 s ol 03 LT S GELS e
Sy o ity el 5 A3 £ CBoy S G

e Cewlos gy 0/0 Gl Cy >l L@_:T solgiy

liCee QLG - 993 g (b (50)Lah _ paiy g Cluy

) 2109 ) LDy oo

(5)Uac 200l a0lgh )36 g 5) 0O 1A



)oj1 G)p

(g

g0 g oo Glo @9 b 5398 ¢p sloylgn s3Elacy o) (o

Gos Loy @V 2p s glasl >k Gl

[Yo] AISC20 fljla slealy QLa\J'J\ BURTS SR GIY W)
saaisad Gloy ) 5 Slas anslis gl pimmen 5 A oslizal
5o bl Ol G ol s VB S Ll
bl 53 A slaslns ale lr (G5 OLIDO s
Obr Gos o 3)ls (ool (i S i cnl i3 S

Hlcws e
Vo, = 0.42f,t, Lpsin2a Q)

b Lep Obr Goy Culbhs by oV s cuslie f)
O ol sl @ 5 (D5 5 55 o Alob) L5 Lalls
Sl 5 83l s @ gl aloes Sl AL e (5 k5 L2ES
sl slal el el (o5 0 B 5 WU (55 e slael sl
Lael 53 odd sl slas s s sl Sl i Lolal s
oz oS Sl (pl 28 sl Akl s e el
o sl 5 RS r Caglie e S S Al 2 Ol
ol ite s e BT oS S
el Olos JBlas [Y] AISC341 als oyl ol

I, = 0.00307t,,h*/L Q)

Gus fWLlh Ol Goy s by gt el Sl
P LULh & Do 5o il e O G55 Jsb Lol
cl eslizal LG (HBES) Ll (55,0 ol (sl (¥) dilae
Ml 5 Slme b S 53 s ge Cosgdeee 4 ax g L
Dles S eslinal b5 Las b olRilesls sl
S0k 3l 0 Gus sl b e (e SUT S sdme 0L

Al YYO L 48 sezs S

AL LT gl g Slaseie Y
G lgs b3 5d e ekl “SSPW” &S aisal sl
e doal “CSPW” 55 45 5a (1) JS8) ol 2Y Ol L o
Slakd Slogpse Y Olr b sl o Slps &S 0l
by wblie ads (V) IS8) ol a3 £0 4515 b (52500
lagse () K9 codlods atle o5 31 LOsw 5
Losiw gladl Gy Culrs 5 (o0 (a1 o0«
Lol Ol Gy Culies 5 5,0 e dus 10 5100 L5 5 @

el o shie e e V0 9 WV LS 5w

U e L Bl elde 3 s wles s 4ib
Llaz S 515 glos b 5 JB OIIELL cos 5 el g3l
o) /0 S aw s gLl 4 alas Jsb cund Gl g b gl
ool e e /05 VX0 Culbes a6l 4 fUSf” 5 1/0
S g e S s e OLE Gk ) gl e
el 5 UL Sl (ISLL Jsb s Slaz e 5 Do Gy
s Sas 4 by e clacins coulandly g esls OLES 5
Spg ot 0 L e s ediics lajlns sl )

GRS s @ akiS Coin LoV Ly Ll
Sl Sl b s bediSCoen (K5 1 36 Ll
aoars boplale a3k e obs a5 s 4 5L iy
ks e 5 a3 Llsm s Go e s Jsa
Caslis G5 g 0l Ol o> LB i e
S p Slo oy 4 Cand e e 4 pls
3 Cos o3 s Glaes sy Cle 4 e AL s
3 Slamio Oy Glags 4 Slamio 0503 o hAS
L SRS Glazse oy sias JS0is Dl glads (Sl
sede (Buas Obr Olse O (685K L cblel o ke
oS w3l esliul g 0 Ol S 5, e Culbs  als
I Nt P N et
g TR LR CRpEC YR W1 P [ PO PR R WATLIE R R LIV
oS 4 b e O Glamss Bos SIS ek e
Gba el s e Slles e by Glamio 05
Blj el 5 betiS s & plaml pis s 4 5 A5 e
Al Al ey pa b e Dlles 5 Lo

Kilesl 3 ARalesl G K (b lis ool s
Sl b sslesgd 5 g ol Clides S e o5l
5 Slo V8 hp s ol dsed 9 Gy
LObr Gus oS s 80 sl b (s350e (lalijsd Llagse
e G el b ol Jeate (55,0 sbaoledl 4 Jlail &5
SR op s LA atle b S sl S e
5 Grohe 1/0) Ol g,y s 3 5l adte .23 8
S s alie OV e 5 (50 ol lasia
o O 4 L0 VLl 5 1,8 S s e ped e S
b i, bl bl ol s |l e s
GG oo w5 los ) bl il sl odd
Sl 5l orman el e ol Sl w2 gl
eslods i o lad gel (gl &

2Wgd g ojlw ¢ lingfy g (ale il /M

liCeo liaml5 - pg> g ¢, (50)laud - poiy g Cuuwy



1600

“CSPW” 4 5a —Y IS

S s a5 Ol 4 db s AL e e e V0 5 Ve
s e B6013 5501 L el A Calies | a3 S
s @ (50 QD) Sl B Ol G55 Jlail
H;;;\ e b Cwlis 5 e de b 5 e 4 Jlasl G5
Cslo s

oy 33 4 Ol Dbz se Bry Cwed “CSPW” sl o
abl-l Jladl By 95 L aS Obr Gy w5 A3 S5 L]
SN (oo (1) JS2) 4 S ol 5 Vb 5 4 e
VO QAT Ml LS 4 sl Ol Gus Cubhs
Ol glai53 Guy Slasin 5 8oLl A2l o e Los
Cuwlies Cde @ o god 53 Clodd osls LIS (0) K3 s
Gy 4 Ol 85 JLal (gl oS A b g 51 0lr G oS
Sl S5 S Sk sk 4l eslizad Jlas!
s b WL 515 o sl ke Olss 4 5 55 i
Jo8 358 rm 5l Ad Ll Gk ss a5 VL sl 6l
sz Jlail 5 el eslinal S 5 4 Ose by il 6l
S sl sl e el b L L el S 5 L o

Poy/ 2gd g ojlw (iiaghy g ol aypds

200 1200 200
< PLI140x40x10  LATERAL &
/~ STFFENER BRACING
1= g
PL170x65x10 /
STIFFENER
-~
E =3
L=1020 oy 1160%980%1.5 g
1/2 PL200X200X10
PL.200x90x1S PLAOKS
STIFFENER
1 1 3 1 1 3 1 g
Sy t T\ LPL200x90x10
o STIFFENER
-] e
90 o] ae0 |2 4e0 [z 480 |i20| 90
| o || |
2100
1600
200 1200 200
PL140x40:10 _LATERAL
/ STFFENER BRACING 8
7 50 | 2
) —— T - =]
PLI70x65x10 / ] A i
STIFFENER I I
I i
| I
| [NeEs |
I L16pA9 I &
1/2 PL200X200X10 i d
PL200x90x1S K f
srener > vl WLLLLILITLIEIEI1TTT1] 1)
b
T \_PL200x90x10
STIFFENER
-] |
9 [i20] 480 20| 4s0 20| 480 |izo| ‘50
| o o |
2100
100 150
1 I——-l & | | eL 150x15
ol PL._100x10 2 ==
. 140x15 - PL. 170x15
=3 et ——————— ~
= - 15
o . 100x10 aslp PL._150x15
A—A B-B
200 3
- il | pL 200115 - =
PL. 200x15 15
g N
10
ol PL. 200x15 Z g\ 15
-7 FISH PL. 4

c-C DD
VL 5 st 5 5 wblie Sy s Y S

S 5 sl i 5 o e 4l s
O 0l b 5 G558 5 ek Ve Vel i
3 O Gy Al fode 10 5 VB Sl S5
E6013 55 xS0l L e das A das a4l S 5 ahewy a0 a0
IV EPUINFD PR R0 FINCIVI PP S B Jatv s Wy V0SS0
e @Y S Ol Sl 5 B8 5 e e V0 S) e

IiCee (UL - pg3 q (W (50) Lot _ pady g Cuy

) 2109 ) LDy pyjoorw

(5)Uac 200l a0lgh )36 g 5) 0O 1A



)oj1 G)p

(g

g0 g oo Glo @9 b 5398 ¢p sloylgn s3Elacy o) (o

Flas SO Slasiia =) ur

sbssl oy oy Jsde
. fu ) . c L.
JMJ}L f_ fuujis‘.b fykmoLv.l Eu.g.aLi W‘OJ}
y
L) (MPa) (MPa) (GPa)
ol Gl
¢A Vot Yio A\lR! Yy
(\/6 mm )
Jlasl G,
A} \/EA LY Y4« A\AK
(¢ mm )
5305
Y AVAR Y4 YAO A\AK
Y+ mm )
85 OF
£ \/eY LY YA+ A\AK
(Yo mm )

Sl sloea b NS5k Sl i 5 @l 51 g Lo s
sdaline Ol b s o ild g odalie |5 T adS Glyda
Aled o 1 OIS, Usb 3 4 ged 3,

2 osmse (Bl 9 G ol S e ek
el 5ok (St S 5 a8 )5 Wbl
O S o 315 U1 i pmd SB35 5 515 0oy a5
B8 S Bl e kSl S gla s Conde
S sl OF i 51 ol IS8 ks 515 sl Lt gl 53
V) JS2) w5 e

u:iuj(,t?,;ld!ﬂwr;d;)lg—v‘}s;

L g gyl ) -

Sl ol 03 ¢ ialel o 3 laes 58 5k asdlae sl
28 gbeesls o ege s Sy Sl L s

ol o3 s s GlediS el S8 Ll ol
S 5 OS5l A ke A s T ey
2l 2S5 S5 s e aallas cnl 5o ies
il e NSl il e 53 63Y 58 5y sla s
Ll s Gl ol mss ¢ Seilll gl vl ol

o ks sl (S A ls e bl 1 el

STy Gy S 5 Jb a0l Jlal (SS
03538l S L5 w4 O b Ll 4 pillllgslene e
3o5d Jame S 54 e b 0o st S 5L L A
Ldlasl ol 5 oskie o les 68 5l Jlasl iy
S8 o el 5 Sl [0 a b Jlasl S (g1 ,.8
GosadsS e 5 adl JolS 358 old o L el s o
e S cotle 5l G S |t Jlasl By 5 Ol
A Gl s el 5 ols sla i CohS J S
il s VD) o edir il 5 AWS syl ulal

Calodd plail (PT) 336 lale

(mm) 614\.54)_55 (5)_5 LS)U§°)‘-U -0 Jga:

S oilesl S 4 oV by s Jlasl )y

U Jlail 1 eslinal b baad poi A eslinal S5 H Gros 5
Glao e 5z b oKilesl 8 S & Gl 5 ol
I 53 ae e g Ol LU Laze M24 VL o slas

el ooty OLES (V)

2100
L 480 oo 480 L 430 L
90| 120] [120] [120] [120] oo
S 1 1+ %1 EEIIINIE
ei=[* 4l | ip+l o4l | oo
$26HOLES/

M lel S 4 &g Il Dl 1 JSS

WS sl Gop sl 50l By sl p ealinal 5 50 SV b

o2l el QWITYIDIN 5 lasliel b 3as ST37 Lass yai
Slaaisad ol gl oalnal 550 3V ol SO
Culies o gl Calods 3158 () Jous s a8

2gd g ojlw ¢ingfy g cale i /b7

liCeo liaml5 - pg> g ¢, (50)laud - poiy g Cuuwy



Sl DBy G mon s A Golead
Db Rl (Sl ad (IS0 5 (oY 58 3 slasl o
ol Jlasl s i ok eslinal a2 4 53 bl
ol s eslizad s S gsdes et 51l 1S
DL oS el Jln 5 4y s Fed ey SDIS s
Sk S g3 5 g8 L Sl (S
S b ol Sl o siskS Ve ool
Jlasl sl W dis g (ooL2d g5 51 oalinal 5550 (S50
B S wged b e s lwl (228 5 5 b, IS
W;ﬁgcﬂ»)uﬁﬁ&u@hﬂjédﬂl}éw
G3V3 o8 arts 53 o3y 18 opd e fuate o825
G b e Clo ol o 5 as axla
S pslie 42 germe pl XS I8 T sy STaden
Lol glag,s o8 ol ) (Sode s o84S
LS o Jlasl A bo3T 4 gas &

Sl s dlesl (S S 53 5l eslizal b sl L
LS Loy ajlps woosly 6w Ll o o3 4T
S oS S e sl Al B sl 6l sen
sslizal ST L 55 5 (ilesl e 55 bajlgs amio
doolo b 0800 5 b 3 55 s ey Jeate oa 4 oS A3
5 sl GlacSr i o )Lil oS b Olos i Sl 3 Sl
sl A8 glay s Jlesl Ul 5 o3y (g L8 Cy'jl
oS 51 s ol L Jlesl oSin 55 ol
Gl oty b dd o adelS e 4 Sos S al
L ialesl o 5 cwomen blati bl Slps Sl oS >
U1 SIS L yls &S > s el gy opl 45 A3 sdalie
GO,k i B! i Sl gl S > 5 LB amis
534S W53 OlSGais Lon b s iyt J 28 e 4SS
DS SL Y st IS s aials b (618 5L S 2 O
N
100(0.09)
80(7.27)

60(5.45)
40(3.64)

£l

ment,mm(Drift,%)

§ o364 AR AR
5 60545)
0 .s0(7.27)

-100(-9.09)

Cycle Number

bl JES L 8L IS, -4 IS

b/ 398 g ojlw (iliaghy g palc ayps

e S 50 4 SR (5 S o3I s se sl LAyl 4
Lok e My Comtl [355 (S el i 2 OISl
S L3 spzse Llyy Sleslizad Loy 5 S g Se5ll
ol dloes JB 5 e s

b oy b S ) adlee 5550 ladised
s CELL:);.;"MI ol eslansl L ad 3l g0 a0 5 WA g2
azsl b il (55 gme SO i (ES A S O a Sl
s el 355 e sdalie () IS5

= .

u [l

INIENINe

!
T T 1 T T 1

ul: Uniaxial Strain Gauge

b 28 Condye A JS3

o S B (o L H S 5 O s ay
laesls ol oy . ad ,1uK 5 o Sledbsl L;),I@,.»
S350 Geis ol 53 ol TML &S 5 &t L TDS 601 Juts 5|
bels o Seslul S slalyl a8 15 eslind
Sl s g b NS 5 lam bl dags
(oaia S0 el S Gk 5 e S g 4 e i
(lesl ol 3 5 Ll fos laus (55 g anr &
SinS dpo p wi50d b0 8w i WOT sl

.J..v)..:

N8 L 5 ui-l\-“}i fl’“| - -t

L_{ UJj)JL Sl p‘}? Mj))j‘@}r_? é‘a‘j)‘)u‘) 0N lef
J‘ M:JUG.A k)'il BL) Lf"’l} 6)\J§)Lr J},Ja D)b o)L.a “ QT MLL.A
A enlinal el 3l SIS Skl ad b 1080 iy,
Sy by e e 5 35 L ol 6l . (4) IS5
Cesledds 4 S Sa [YW]ATC-24 STy, agad 255 5
4 Sl asls 5 o3p plulr J 5 e 4 0L
9 Cwlods wjf J..]a; BE (aJMlS—oJ.‘..:\J'_%l) J:&I.a R

Syd e sl SBsh 5 e 55 IS L

IiCee (UL - pg3 q (W (50) Lot _ pady g Cuy

) 2109 ) LDy pyjoorw

(5)Uac 200l a0lgh )36 g 5) 0O 1A



)oj1 ()

(g

g0 g oo Glo @9 b 5398 ¢p sloylgn s3Elacy o) (o

LS iS5y e ST b €sed 5 bl Jles!
Sl ((18) K8) codls aalsl g e Je A Ll oS
2255 4 03 e S Al il Wsed B b
edalice (AY/00) o Juo YY/OV Llie lel> L (,l4850

W

S e Gos SB s ad Dosle 55 Ot b s VY IS
ATZN R P g (W

e Gy B g ad slame 53 Ot Jb SL VY S

i Cycle'No 36

G Jsb 53 “SSPW” s3lu & 403 i, —0

Lo 5 ot 3 DO Lo L Ol 55 e 4 505 ] 52
ok VAT bl s (ISLL a5 sl s K sl
b eas3l a5 53 (s lSoL aalsl LLsl Bl (/1A
SlS Ol G5 3 ety LELS (Lo V) o es VIVY ol
b phie 53 05 (2ol b eled 5 (V1) S0 s el
bl b OISk o 5 o a5 53 81 Gl 55 0
Gz a0 SAE Flse ool (YIA) e oo YOAY il
IS 0ls (555 Ot s Ll (S5 53 5 0 5 s 0l
oy 5 O Gos oS pled Sl ey (S e O
.:ﬁOTéjjgfjﬁduJﬁijﬁﬁ

YOI IND: 14/

S5 Sl (sl S5 i oS 5 S s V) S
Ssles 53 Ol G Sus Flosw sl SR 5 Ol G
TYAY ol 53 85ty SB35 45 s

Saslome 33 85 5 U el ki gad (S5 welsl L

OF) S 0 st Jb e ¢ 0T JLil gl 5 5 0 52 4 JLail
W Saslie 5 Jlal Gos w0l By i SoheS
(O7) S8 s sdalie O JU 5l 2 G5 5B 5 L]

2gd g ojlw ¢ lingfy g cale aypli /P

oo (UL - 093 g (W (50)Lod - pad) g Cuuly (Jlw



O g 0 IS S giﬁjdu\w;«,)>gi’j>."5‘):_\-\ !.g.w"
YAVAYS bl o

T80 bl b (S, 0LL s K3 s K5, —IA K2

L god )8, |Jdow -V
417.4}4.35.3[..« 63&)3 JJ:JJ du)\ﬁé )L‘I.")) nuﬂlﬁji)l.h.»

ba7 3o g ojlw (Liinghy g (ol aypls

G L b 3 “CSPW” o3l 4 05 L, —1
Sesls oK 5 edd od Sledbl Wb sl ol 3
S ol 53 OIS0 pas 4 2 ss Ol G ks
sl s Sl S8 L r.:.u a5 ks o ((AVAmY)
Jlail G5 b Doz se Gus Shr 0o S5 (0/80) e Ja T
V.M)'Ll a5 ((V0) J_{.:) L edalie (b S 5l b
53 i aslsl (VYY) e Je A bl &S Jles g 1S
el Gos b bz Gos s S 5 Ol oz s G
Orme g odalis Olr 5,555 (SAd s elen 4 ol
oople e e s BT Ose gl S s i
> St S5 VE0) e de VN sS Sl Sk
bl bt o 53 5l 5 O b il GOy s
Gz omomed 5 WOsie 53 55 aslsl (YVA) e s T8
Ol Goy iss lag go 53 0S|y 5 (k8 )50 4 Ol
sdalin (V1) JS5) Obr Gos ol 02 Gy s 043 3L
s g slSEa i el aedix s s
53 Ak LS s oS D sl S s A SeS
Aok YT olmlr L (V) JS2) pom 5 Gy &5 2
Shme 5 CenSE Ot g ediS Sk e (AY/AY)
3L Jeo oUls S s &S bl 51 S Aol
23 ged Sy S Iy aslsl (6IASHL ols o Ol 5
Sl s esls Ol (A K2 s 610850 okl
R 4z 3 (fas kS W0l el nl (B 8 B
S bl 5l S edalie e e Y8 blae ol L

A3 8 b e ol el s ;WWL&LA)T

J:Qﬁlﬁ.Juld))h)bcyé)juiﬁjéd‘;—\o Jﬁ
fa/80 gl

IiCeo LIS - 99> g (v (50)lah - paiy g Cuugy (Jluy

) 2109 ) LDy pyjoorw

(5)Uac 200l a0lgh )36 g 5) 0O 1A



)oj1 G)p

(g

g0 g oo Glo @9 b 5398 ¢p sloylgn s3Elacy o) (o

Layed 51 S 2 P o bl 5 e
tolons 5 5 [YATASCE41-17 b ol b o5 enls 350 5
bj)u\.ib\f‘jla}uwﬁ)wjuia}wjiéw
Ls:;'h».JJbKe ‘f}'ALS‘JbLS:MbI"J"LS‘MLJ°MCJJ‘L
):Mraé‘fe.l&ww@mbw‘f\fl(e ‘JJ‘}““L;“[’
V.:L«.'; @j&n .a‘jLﬂa JJ‘}AV-:‘LM: C~ﬂ)uﬁ /A% JJ[&A (_}'.’.j}ﬂ"
2 edd I3 Sl b Sl S B VY e
Ll e BEP N W PRV S alPE sl =0 e
B e bt sl s Sl e e o SSLLe
G 4l o S Il Lot Sl glaais 5 (Vd 5 Ad)
ﬂ\ﬁvﬁpwbvjﬁ»):wp&é\j&mﬂjc\amd
w‘”}“";{’jb)w)w&.}id\% (Vd}Ad).J.&Lv
&ﬂ;\»pdgwdwbgdwbq.uwﬁgs
Lol el 3 08 Al o 5y e b LSOLLS
Coglie LA 4wl 5 oS glakis 5 (Vd 5 Ad) sladkets

.)}J@b}u\}u ‘M)Lfd;yﬁl““;

ERTN ngnn::—; alais

aly S
o y
N m—
Y /-\
0.6V, \
wls ioeis
olls aeds — g0
k%
=
ole a3
By Ay

Lo gai 5l (g3l ot o =YY IS

OLE (Y75 (V) JSKa 5o Wadsad Sl ot o oot
RGO PSS WP
ety bom el 4 w5 ASCE41-17 wb o
s ) 5y 5e 6 JKS 5 s sl 85 Sles S
eSS a4 85 Sl sl 63 Shos S5 a0 lesle
Al BB aatie gowe Sl ol sl (gile Jos
o Ses v n ojlgen 4l 4w b5 S e sl
Sl 5 (LS) Gl el (10) aiy , edlizal Ll
SF S e Jole e (e s (OP) s
Sl Tk (s b ol @l e s S
bl Lb il oo Shas mhaw 8 50 (ol ol b

s 80 asly b B glakizd bz e ooV slalg

A e b3

L god ) et S — V-V

ColE ol b Al ST AS e e et (S
S Do 4 L CH S ISL gl 4 S
S slite sb 4 osle 5 s plal (2255 5 2d))
Slas 2 03l Ja sl o3V (S35 03 0 1B DLES 5 B8
S (S a3l e HSL al e a3 0T L O s
CSPW” 5 “SSPW” & g5 S8 g ot o o Gl
o osls OLES (Y0) 5 (1) s s

1000

% 7
12227

,' i-—--—d,

g
§1o 8 g /27, o 7 8 10
LHHINZZ
Z LA
g | L7797

s

-1000

-1500

Drift(%)
“SSPW” & 503 O i L oo =V S

¢
]
3
%6 6
¢
8

-1000
Drift(%)

“CSPW” & 05 O ot L soeie =Y IS

Wy it G 3pd i edalle S sliles
AJ}M. w‘) oD g 9 .,\..Zva }g.i L:S}J “SSPW”
Cgod 55 der cod bl sy WAL e Jes 25 “CSPW

N SER P e E]

LAAJ‘,‘Q; )L:S) 6}\.&#»\;? —Y—V
TR G f)Y G5 Sl e s adslgal s

290 9 ojlw (iling]) g polc aypis /1

liCeo liaml5 - pg> g ¢, (50)laud - poiy g Cuuwy



1)
mps = f, 6LS = 0.7566‘1, (i)
y
my, = 0.67 X my¢ ©)

(1) Jsdor 53 OF nslie 5 ol snal Ladisad (51 M sy 15)

Cewlodls eals OLES

Ll gad (M o p2) (5 A S5 POl o 5 =Y gt

my, mys me 4"}"“"
\/AA Y/0\ Y/Yo SSPW
\/Yo Y/oY Y/AA CSPW

Cwglan g Joew —Y-V
by i Sl Sae s cad gl e olie () Jgder s
C,Jjjj@)ﬁwaﬁ)‘ﬁh@}ww@}@}

o o3l OLES cewlodol oty

ool L gl (6l s o s (glo sl liasiie —0-Y Jgda
SialesT 5l Jeol el

Fy Fu Ke KO . .
(KN) (KN) N/mm) | kN/mm) |+
Y\E/Vo Qoo 44/41 V\Y/AA SSPW
OA+ /s YV VYAL Yo/ YV CSPW

Qgad 31 i UYL “CSPW” Wsad g 5 adyl S
53 0 s b e S 4 a5 L Sl s “SSPW?
SIXS g el b s s Slo Gy b iy G
e Gl e e S ol S ol b
el Dl oy Soeal ) e 53 el sl

& CSPW iy ol iy Sl s bl
ol 5 Aibe “SSPW wpe 3laeS NN 5 Y s
S 5 b Jesd pde 5 VL e s 4 g
L e 4 gl
Ldiged gl JS5 o 2 —E-V
2 Ll S g B osles) b sleesle (gl IS
Caslis LalS Oy ol shale 3 |y ol gl SO
S 5 Sy G L s e LB e

101/ 390 g ojlw (iliaghy 9 (alc ayps

.:ﬁumiﬂébj&pcla“ﬁp

1500

5

Base Sheae(KN)

-1500
Drift(%4)

etk 5 (Mee b glast) “SSPW” & 503 Backbone jove —YY S5
(gaiin b glas)OT y ods 2

1000

aN)

Base Sh

-800

DHREY

5 (Wen b last) “CSPW” & 4a3 Backbone  joww YV S5
(s Ll )l el i3l et de gla g

o Bep) st S S e s ol
G ASM= s edd o gs sl ol b 2l olnl
(6Ls) ey Clﬂd BE ‘-;;l?qb.--((r) Jse ) Lo e b
S mae ol VO Ly bl ol
Skl 3 bl ((8) JseB) Wb s b
S ol ol b ol bl opl 1(8)p) aiy L esliza
Gl 5o sdalin LB 5 il (S5) glacas] ool OF s
VWSl i Al el s e by AR LST
((0) g B) il Sl el elas 5o ol
ek ol 4 b pbulr (0:(6)) ks abmlr
Loole o Sas mhw o o m gl jldie Sl s & g
bl bl el ($3 Shas mlaw O glmls +/VO

liCee QLG - 993 g (b (50)Lah _ paiy g Cluy

) 2109 ) LDy oo

(5)Uac 200l a0lgh )36 g 5) 0O 1A



)oj1 G)p

(g

g0 g oo Glo @9 b 5398 ¢p sloylgn s3Elacy o) (o

S e TYE 5w TCSPW” &ised 5o 5 adsl
ool 51 8 sl b g sdse ol A2k e “SSPW &y
PR UG PR Y [ P N W L SR LS (WA S
amio Sl pol el g 5 lAl5 Loz se O o
e GBS Cuslie 5l LG5 £ o) Of o> LG
Al g sl Blo Bus 4 S (6

SSPW' s b ir s ks Caslie sl
0 (glakizpd Llagse sl Sl i NV 5 UMV G S«
sy A e @ pabge ool Al gsee 4
Ly il Dlmse aised O5tw Gl oS S oo
Rl s GELL Al e ST s ke IS5 4 s
Sopm Ol Caslie Do 53 Olr Goy 45 AibL o padse
Lewlazdls gk oo b

CAJSE (S5 SSPW wiged g)jiecd G 3
SNl b b pl il LBl e “CSPW i &
S d Al o p 3 4l 5l i “SSPW” & sad 53 (65
Vs 51 USSPW g 0k SKhgts (5551 Ja e (oS
il _s “SSPW” & a5 5l /T 55 0

ol s Sl S e o m s i
X0 spde “SSPW” & ga ais y eslital bl 5 il
3l s “CSPW & gl 51 iy

sl ol Jol €sad olis Covw Vg S Sl
S G SE Gl 5 AL e LBES Do 4 el
G Sl e e QLG OB (6l g ol by AL
(g0 e VB Bn s v s 2 S e O
Dles 53 G CeKa S g ekl ol 2 £ 3> 4 sad
FeS e Ol L OB (b e ] ol S dal e (S
gs 8 85wt Ol oplple 2sde O oy
b e s adsl e Gl (6o 5e8 e o5V L2
@ w8 $oe slisl ps Grathe oyl L 30l
Dlps G5H il el salin Slas cpl Dl s e
D 5 Sl 2 s A Ll 4 Cend Blo S
Sl sl SOIGL s Ze Sh g s 4 s UL
S b5 e A3 Sl b Gble s Olo 855 L

e S

[1] Driver, R.G., Kulak, G.L., Kennedy, D.J.L. and Elwi, A.E.
(1998), “Cyclic test of four-story steel plate shear wall”,
Journal of Structural Engineering, Vol. 124, pp. 112-120.

b e il e G ) S S S e
(f,) J_}J@)) QTJ.LJLE.GJJJJ:& wl?u <-\) J)Aj." 6;)15

Cewlodss -L‘»b‘

— Amax (T)
Ay

DBl by Ladd o (6 g IS5 o y5 =8 J g

Sl ) ol
Amax Ay ..
M (mm) (mm) e
¢/ ARVAY V/Ve SSPW
/e /Ay 0/\V CSPW

Wi boalle 3 SSPW” wised g dh S8yl
e W3 4 pade ol 5 ABbe g Y CCSPW

Al e Slals3 o 5o B VL

55 SVhgwl —0-v
bl 5 lad e (gl (655 Sl anmd olie a4 lis
CM\OJ\.& c)‘) OL.:.: (Yi) Jg& DL u;&l}'}u

[=\]
=

w
=

=
N

=

H
=
)

Disslpated Energ(KN.mj)
[ RN
=
N

o
i
¥

Drift(%)

- = pwW

Lo 505 (6531 SVl Sls 505 —YE |SCS

4.:}«.: ol &L@,L...A é)f‘ -]G..«d‘}:ﬁ gJ«S oo A
“CSPW” 5 ga 5l 2 7 ¥o 350> 0L\ ks> 5 “SSPW”

R

S ems —A
A aslie (e anslie 5 sl Gl Geis ol o
S, ol ol oo s G S e kS
Sladiisd Jazse 5 Blo oV L slaslns s et d
oLz e il @B Clodd ol Dbyl 53 (g35es

:M}LSA

2Wgd g ojlw ¢ ling]y 9 (olc alls /1P

liCeo liaml5 - pg> g ¢, (50)laud - poiy g Cuuwy



[18] Yi, J., Gil, H.,, Youm, K. and Lee, H (2008), “Interactive
shear buckling corrugated steel webs,” Engineering
Structures, Vol. 30, pp. 1659-1666.

[19] Timler, P.A. and Kulak, G.L. (1983), “Experimental study
of steel plate shear walls,” Issue 114 of Structural
Engineering Report, ISSN 0319-0110.

[20] Gayed, B. and Kulak, G.L. (2006), “Nonlinear Finite
Element Analysis of corrugatead steel plate shear walls”,
Journal of Structural Engineering, ASCE 1998, Vol. 124,

pp. 112-20.

[21] Tipping, S. and Stojadinovic, B. (2008), “Innovative
corrugated steel shear walls for multi-story residential
buildings”, 14" World Conference on Earthquake
Engineering, Beijing, China.

[22] Tanaka, Y., Ichioka, Y., Kono, S., Ohta, Y. and Watanabe, F.
(2008), “Precast prestressed portal frames with
corrugated steel panel dampers”, 14t World Conference
on Earthquake Engineering, Beijing, china.

[23] Emami, F., Mofid, M. and Vafai, A. (2012), “On the
hysteretic behavior of trapezoidally corrugated steel
shear walls”, The Structural Design of Tall and Special
Buildings, Vol. 23, pp. 94-104.

meid 3 Shes s (OTR8) s el SIS 5 il (s 58 (18]
3 Sl GLaBis ol oS o V5 ol oleiy s R
V=T o VY ol LY 053 iy 15 O jer pmiligad Sl o

[25] AISC Steel Design Guide 20, (2007), Steel plate shear
walls, Chicago, IL: American Institute of Steel
Construction, Inc.

[26] DIN 1623, (1983), German institute for standardization.

[27] ATC-24, 1992, Guildlines for cyclic testing of components
of Steel structures’Applied Technology Council,
Redwood City,CA.

[28] ASCE41, SEI, (2017), ASCE standard, seismic evaluation
and retrofit of existing buildings, American Society of
Civil Engineers, Reston, Virginia, USA.

b/ 3 g ojlw (Aiiagh g Goale apls

[2] ANSI/AISC 341-10, (2010), Seismic provisions for
Structural Steel Buildings, American Institute of Steel
Construction Inc, Chicago, IL.

[3] CAN/CSA S16-01, (2001), Limit states design of steel
structures, Willowdale, Ontario: Canadian Standards
Association.

[4] Caccese, V., Elgaaly, M. and. Chen, R. (1993), “Experimental
study of thin steel-plate shear walls under cyclic load”,
Journal of Structural Engineering, Vol. 119, pp. 573-587.

[5] Sabouri-Ghomi, S. and Roberts, T. (1992), “Nonlinear
Dynamic analysis of steel plate shear walls including
shear and bending deformations”, Engineering
Structures, Vol. 14, pp. 309-317.

[6] Rezai, M. (1999), “Seismic behaviour of steel plate shear
walls by shake table testing”, PhD Disserttion,
Department of Civil Engineering, University of British
Columbia.

[7] Roberts, T. and Sabouri-Ghomi, S. (1991), “Hysteretic
characteristics of unstiffened plate shear panels”, Thin-
Walled Structures, Vol. 12, pp. 145-162.

[8] Vian, D. and Bruneau, M. (2004), “Testing of special LYS
steel plate shear walls”, In Proceedings of the 13t World
Conference on Earthquake Engineering, Vancouver,
British Columbia, Canada.

[9] Schumacher, A, Grondin, G.Y. and Kulak, G.L. (1999),
“Connection of infill panels in steel plate shear walls”,
Canadian Journal of Civil Engineering, Vol. 26, pp. 549-
563.

[10] Elgaaly, M., Caccese, V. and Du, C. (1993), “Post-buckling
behavor of steel-plate shear walls under cyclic loads”,
Journal of Strucural Engineering, Vol. 119, pp.588-605.

[11] Driver, R, Kulak, G., Kennedy, D. and Elwi, A. (1997),
“Finite element modelling of steel plate shear walls”,
Proceeding of the Structural Stability Research Council
Annual Technical Session, pp. 253-264.

[12] Alinina, M. and Dastfan, M. (2007), “Cyclic behaviour,
deformability and rigidity of stiffened steel shear panels”,
Journal of Constructional Steel Research, Vol. 63, pp.
554-563.

[13] Sabouri-Ghomi, S. and Sajjadi, R. (2012), “Experimental
and theoretical studies of steel shear walls with and
without stiffeners”, Journal of Construction Steel
Research, Vol. 75, pp. 152-159.

[14] Grondin, G., Chen, Q. Elwi, A. and Cheng, ]. (1998),
“Stiffened steel plates under compression and bending”,
Journal of Constructional Steel Research, Vol. 45, pp.
125-148.

[15] Elgaaly, M. Hamilton, RW. and Seshadri, A. (1996),
“Shear strength of beam with corrugated webs”, Journal
of Structural Engineering, Vol. 122, pp. 390-398.

[16] Ibrahim, S.A., El-Dakhakhni, W.W. and Elgaaly, M. (2006),
“Behavior of bridge girders with corrugated webs under
monotonic and cyclic loading”, Engineering Structures,
Vol. 28, pp. 1941-1955.

[17] Sayed-Ahmed, E.Y. (2001), “Behavior of steel and
composite girders with corrugated steel webs”, Canadian
Journal of Civil Engineering, Vol. 28, pp. 656-672.

e ]
1 Web plate
2Vertical boundary element
3 Horizontal boundary element

4 Post buckling

oo GLl3 - pg> g ¢ (s0)lath - pal g Cuuy

) 2109 ) LDy pyjoorw

(5)Uac 200l a0lgh )36 g 5) 0O 1A






& 30 0¥ 98 5o jlw SYloin! slo ) o Juloxs
B> pf Jo5uww g S 5 o

T35 e et dew T ey Ao o3l (6,51 - pL
SILT ool 13T ol E3l5 (OIsLT Aol g Ol o pwdige 05,8 (sl pmwlid IS ast gl 255 =

http://journalisss.ir

ST ¢ ol 13T ol&zls OIsLT Al g (Ol o gwdigo 03,5 Lokl =Y
ST ¢ ol 13T o215 OIsLT Al g (Ol jos gowdigs 05 5 ¢ oo =T
bahmani@iauabadan.ac.ir; bahmani.iauabadan@gmail.com AYYVAYOYY o G ydin ‘obb_f #
QR ARVER A YR TN | SVCAVAL SR PR IS

oS>

Sl Lol daolale (68 s b (gloj ) t;baul.}&:ﬂ Lo 53 pxd Js a4 Lesle 51 golewy 5] aas 55 s
j)ﬁyo)l—w@&‘.\}Lﬁfﬁce:bg’a@d‘;:4.36\5})&}W{)>}j§,ﬁ)6hﬁ‘ﬂj‘e:u&\kféjb}\.ml{&(s‘o)'j]
Loy K abyl dlis pl dol Gas el (28 J 5 o 4 ol (glos ) s Shae el 3y e
oor &l b Ja e 5Ky gl S 4 e 3V laesle SVl glos 3 b5l Cgr i b
eseree Dl s a4 el ul ol sl eslital Some o3l Olse 4 il Yo 54 oV i OB an 3l g
<& ut.&: 92 J‘ g;h;'}:p JLAJ WQ)U J.:L}J LS‘J‘ .,L\..ZL‘_;« 4.5;»:.&.14} Ql:.a ‘oU)S le.&c)l.w Jﬁvl._\‘.v cé.:ol.uﬂ) Olasin
J:MWC,M\ ol oslaiul (C,..i/' gl:..i a;ico.q-);:d.::’u‘_;\.& Q.LZL!‘))> 0 9>~ < HES gbﬂ})}&_)}i o)) ¢
‘_;h)]}cwb“fﬁ\ﬂ Q\)J Qﬁjd\ﬂ%ﬁhdﬂbQWr&ﬁju w)jj&u‘_gl.&o)l.w u;b.’- L}JYL«J}\
ax Sl S jasia /b 5 /Y /Y Olg s b3Sy s S s sl 6lejJSJ:l>JGK:J u.ib_jjll{.v.l\c&l:ﬂ o5l
lgiy b L, (ST sl s gloy ) 5 Sale L Kakiar 35 4 e Some a0kl Saan 55 Gloy ) (s5lege

Al e e /L Ol DAS Ledd (Gl 4 ekl laesla o

SIS 0315
L:'i ng CU L@YL«Z}\ g;’li))‘ cé‘oj)‘}j 6)[.....@.: ‘LS‘ ajjj &MJ_) cdéYﬂ 6LAQL¢I>LA ‘).jg“"lj 6LAJ§‘J:A
Probabilistic seismic analysis of steel structures equipped with nonlinear viscous

dampers
S. Anvarizadeh, M. Bahmani, S.A. Mohebi Nodez

Abstract

During the recent two decades, many structures have become in need for seismic retrofit due to changes in either
requirements of relevant seismic codes or the building usage. Viscous dampers are increasingly employed for seismically
retrofitting various structures thanks to their easy installation and minimum intervention into the existing structure while
significantly improving the seismic performance of the building. The main objective of this paper is to present a new design
procedure for the evaluation of probabilistic seismicity of steel structures equipped with nonlinear viscous dampers. For this
purpose, numerical investigation was conducted on, as benchmark structures, three steel-made moment-resistant frames
with 3, 9, and 20 stories. Due to significant differences in their dynamic characteristics, these three structures represented
low-rise, mid-rise, and high-rise buildings, respectively. Nonlinear time history analysis was performed using two near-field
and two far-field accelerograms at various intensities (making up a total of 10 accelerograms). Moreover, nondimensional
analysis was done to evaluate the uncertainties associated with velocity exponent of the nonlinear viscous dampers. Next,
probabilistic estimation of damages occurred to the benchmark structures was performed and the effect of the uncertainty
associated with the dimensionless power intensity of the damper on the seismic response of the structure. Investigating the
results of the seismic analysis for viscous dampers at power intensities of 0.2, 0.3, and 0.4, it was found that although the
seismic retrofit had significantly improved the seismic performance in all model structures but the proposed design
procedure was more effective in the retrofitted high-rise structures at the power intensity of 0.4.

Keywords
Viscous dampers, Steel structures, Seismic risk, Seismic retrofit, Probabilistic response, Beta density distribution function
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Seismic response of X-bracing system with lower grade steel using nonlinear
static and dynamic analyses in near and far field earthquakes

P. Ebadi, M. Goli

Abstract

The building codes and seismic design specifications restricted using high strength steel in lateral load resisting systems
because of its less ductility. However, it is possible to use lower grade steel in design of lateral load resisting systems,
including X-Braces. In addition, the seismic design specifications generally do not consider significant difference in seismic
design parameters of steel with different grades. In this research, effects of using steel with different grades in seismic
behavior of X-Bracing system studied using nonlinear dynamic analyses. The frames with 4, 8 and 12 stories in high seismic
zone designed with conventional design methods and regarding requirements of building codes. Two different steel grades
considered in design of diagonals in X-Braced frames. According to nonlinear static and dynamic analyses on different
frames, it is found that the seismic performance of frames designed with lower grade steel is higher under near and far field
earthquakes. In addition, the analysis of both type of frames under near-field ground motions showed more sever responses
and bigger displacements, especially in progressive-direction faults.

Keywords
X-bracing, Steel grade, Seismic response, Energy dissipation capacity, Near and far field
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Design of reduced length buckling restrained brace (RLBRB)
S.A. Razavi

Abstract

The bracing elements experience both tensile and compressive forces during an earthquake; however buckling is
critical in bracing members. Buckling-Restrained brace (BRB) - in which the buckling is prohibited - have long been
used in developed countries due to their high ductility and similar behavior in tension and compression. One of the
improvements on this system is the use of BRB with reduced length rather than the whole brace as in conventional
BRBs. Reduced length BRB systems have advantages such as independent selection of two parameters of stiffness and
strength, reduced construction cost, flexibility in installation position, and increasing stiffness after yielding. In this
study the proposed reduced length BRB system is presented. The basics of seismic design of reduced length BRB
frames are expressed. Afterwards a benchmark structure once equipped with conventional and another one with
reduced-length BRB is designed and the result of design is presented. The comparative results of seismic design and
time history analysis for BRB structure and reduced length Buckling-Restrained brace (RLBRB) structure are
discusses. The weight of elements of structure with reduced length BRB (RLBRB) is 6% lighter than the structure with
BRB. The mean maximum drifts of the RLBRB structure in DBE and MCE earthquake are 23% and 26% lesser than the
BRB structure. Generally the results of the nonlinear analysis show better seismic performance of RLBRB in
comparison to conventional BRB.

Keywords
Reduced length buckling restrained brace (RLBRB), Design basic, Buckling restrained brace (BRB), Nonlinear static
analysis (Pushover), Time history analysis
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Development and assessment of hybrid self-centering structures for seismic
resilience

A.S. Shams, M.S. Ghobadi

Abstract

In this study, a novel hybrid self-centering system is introduced. This system consists of self-centering systems and
Pall friction dampers. The design methodology of hybrid self-centering systems is developed and some examples of
the designed hybrid self-centering are presented. Hybrid self-centering systems not only have the capability of
dissipating energy but can also remove or arrange residual drifts of structures. In fact, hybrid self-centering systems
can maintain design target residual drifts (zero or any) during lateral loading similar to pure self-centering system
and have the benefits of high capacity energy dissipation of Pall friction dampers. The hybrid self-centering system is
developed for seismic resilience in terms of economic benefits, ready-to-use after the earthquake event, and practical
fabrication. To evaluate the proposed design method, different low- to high-rise (3-, 6-, 9- and 12-story) buildings are
selected from the literature, redesigned based on the proposed method, and then subjected to cyclic loading. Results
are presented in terms of the cyclic response, residual drift and energy dissipation capacity of structures. Results
indicate that the proposed design equations precisely meet the target structural performance (target residual drift) of
the hybrid self-centering system and this system is obviously a superior system compared to the pure self-centering
or Pall system.

Keywords
Seismic resilience, Residual drift, Design methodology, Self-centering system, Friction damper, Hysteresis curve
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