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Investigation on cross sheeting thickness and its width in
strengthening of steel shear wall under seismic load
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ABSTRACT ARTICLE INFO
The steel shear wall, as a system to resist the lateral loads, buckles when it Receive Date: 23 October 2017
is vulnerable to the lateral loads applied to the frame before it reaches its Revise Date: 26 January 2018

ultimate strength. This phenomenon is due to the small thickness of shear Accept Date: 07 March 2018

wall relative to the adjacent beam and column. Hence, the idea of

reinforcing shear wall to control the sheet buckling seems to be quite Keywords:

applicable. In this research, cross sheet have been used to increase loading Steel Shear Wall:
capacity of reinforced sheets, which are attached to the both sides of the Lateral load:

steel shear wall. In this regard, at first the steel shear wall was modeled Width of cross sheet:
according to Qomy experimental model. After verification of the developed Thickness of cross sheet;
model conducted by comparing with the results from laboratory test, Ductility;

parametric study was carried out on the thickness and width of the Nonlinear analysis

reinforcing sheet. The obtained results of the analysis showed that by
increasing the sheeting thickness to 1.5 times, shear strength is enhanced
by 7%. Increasing the sheeting width by 1.5 times shear stiffness and shear
strength are decreased by 42% and 32% respectively and decreasing of this
parameter by 50% leads to decrease of shear strength by 8%. According to
the obtained results for the verification model, numerical and experimental
results are in good agreement.

All rights reserved to Iranian Society of Structural Engineering.

Doi: 10.22065/jsce.2018.101756.1355

*Corresponding author: Mahmood Seraji
Email address: mseraji86@gmail.com

“ YF GOA amio AFRA Jlo ¥ 0339 0 5low ¢ 090 ol 90 jlw (wiigo (i g 3 — (oke &9 gt



O 21 03w (wckigo o2l Jeleolo

doddio—

oalS labsde LB jsb 4y |y adds i obule Wilg oo S5 e S (g0¥98 sla B 5l eolaiul a5 cuslosls jlis Slalllas
Aol asly e BB Gl adds Ol aSpl e aa

o5 5 oniiS s aiiles lisls sl ol alie 43 loygi 45 WS o o sho,b s 5 5 wlive ¥sd by o
Wl g 38,5 50 sl i la b ool 5o ladl (pog dard e @ a5 oGy9 5 58 BN p ablise o] Ol Glye 4 oY
Bl Al 65l )3 (g3 b Wl e i g b ogie (39 (558 4 Az i L o lpes (o

(800 ool alive atdl aisS o LS v S>oS il slaylb con el 15 ales cpl 48 5,9 Cwlus Bass a5 >l
GRS Gl Joe Byl 5l 500 B g 00,5 ALeS 08 (o0 1B jLid Cod oS (55ka8 45 09d e (B2 1S 3V (B p slajlns yo
2,5 Aalg> Cueglin (g ,kad

e )3 g 0og 80 4 (9o 5 3lal 55l Qi g s pdy JS8 caglie I 2 egdle ol Gl V] O 5 5500
oz 5l gain)lee lapivas nlo 5Hales ol (e 35S o0 )13 0oliiul 590 4l (55lo pglie iz e g 40wtk lapleaisle
Oz e Lls Sl cnl sl ) (ainles slaptanns plo 2L o] 5l akaii 1o 0 0250 slnl (Bl 4 4z g b g Conl 5 i S8 X
Sleolatul a8 canl sols las o cwy el s (0 lpe Lot 4 Cad ] (65,3 Gz liae 5 (6 ymed Lae 10 i LS,
)50 yd Cumd (l 45 039y jabpo &y 63V (Lhad b 4y Cud S0 3 B 390> B (B ran SY58 (e 50«60V (LD e e

N T A R P L. YU SeR VP

Foo 5l b bt 51,500 (B a4 Cand (6358 (D e s (5551 iz FolisS lapleiSle 390 50 V] GurslS
4 adbie 2zl slal JBlas 28,5 a5 o b (2o o] VL Cuaglie pics (ol (ol 092 by Sde el 508 jemecgp o loe
4 adlioe jls 9590 grailiiod 5 Gy Sln S @blie 5 Whioo (il Al (L2 (69 i il 28I el

05 o0 Aoyl oS Slaxi 4y g (1w 5wl Glagleizle o S pacew (pl i eoliiul s (ren

ol g,y cnl bioe (RN s b SE e (85 el @ lnes Job Cand) (68Y S GRIBIL Y] g9 5 (0
&g By Lueld rals a5 all cle cpl 4 Wil oo GRali8l W)l sl oo 18l (6,EY Cand Gal8I b sy i) lgns (5504 SO
Gl sy 658Y S Gl b a5 5 09,5 oolil ol 5k a4y (3,9 Sy 51 45 95 0e sl s Y S Gl O &8
5 P e 5l 68V Somd APBIL g 3900 S Tas atiine 658V Cond S5 0 (65 Sl b a8 s (g 5B
Y58 o lnd 58 Sl 5 s S Cuglite (i Hlade palS el 923k slal alBEl 0sd oo ALlS s uaglie
D9 oo

S WS Az g W3S oy p WO Bl o 5o (ebatase 533 s a5y Jae O 51 i Ve Lo )3 [F] 89 5 ook
Db o sy Cud )b 0 el BB als cel all anils 55 SoeS lewd aspo ST S il gdnss

5 widel Cewsay (53545 95k (B 4 i)l S Sz sS Glacd b (php cud b Sl SSHL G)s b slalss 9590 50 (rizran
Sloso,0 0,50 ;0 .28 )5 o Dygo Sl ladyg 5l Saimal mased slad)g 40 G > ke 4 o | ey (o Sed )b rals
ol 3y9 Colid (a5 95k sl (ainge S 5 039 3)9 Suld & dtly St (S p Sudib Ll 5k S8

St s e b ¥ 3 S5 (5055 lonior Sl aslisad o sy st |y ol o sl 01 ¥ oY JLa s 5155l 5 gy
Sleslatuwl s aS 0o 5 asein Wleols ploxl ojl JLd, (g9, 5 0L 5 o5 505 b sble jo adly so¥sd slolB sloj ) (o5l
Ny e 5939 b s s G5 b 5 45l 5 am 2alS s B o a1, i S 5 e b S 5 sla
D) S a3 (g 0 o0 58, w0l sloj ) Ll il o Jgene

YF GOA azmio AFRA Jlu (F0 3539 0 slous (7 0,98 (ol g 0w (cwikigo g 3 — (ol &) g



O 21 03w (wckigo o2l Jeleolo

b sz OB S o oS Al pied g (B JS8 S el 60¥58 (LB p sla)lns (b o) @ [F] OB 5 51
it s S ks G 5 sl | a5 ol G5, ot Dl e oy ngl szl e L
g Cuaglivo 5 WSS 5k )0 Sy GRS (39,5 paseie 5 ] (o (S 00l gl e oy sleriey o 5l ol slag

30,5 islesl Wagr oy boads  slalg) sladigin gl aS | ail ¥ gV (coVed by slolgs Fe o Jlo,o [V] Jol asbin] g4l
o o byt digas 90 40 10 i 5 ¥ Bl cy jo a4 0gr elow )| e T 5l oae Ve a8 JSew VA 5l o akiaslys diges 90 ;0
ool s gloal ) 45 0digy i oty oS Lol (gonins ol o5 wiwle 3L el

Wols &ypo Job VA b aislo iy JIo b (fajseals (i 5 60Y58 (slo 1 old (59) 2 ollilejl 6 andllas [A] )52 5
& Sup oVlailasl o asle g Jb Gl cujemls 5 o le S5 as ol lis mlis ol a8 5 Jlai o wo  F9,55 S 5 g
AaS 5 ore Dlasloms )0 a5 Cesl (65500 (nlpli 350 o S35 (555 32 g3k il (o250 sl gl e (5 alold (rizen ams o
s os by sl ol 5 JLs

ol wils olgiion LI 4 (601 &5 d ALl |, s len sla lall b Joles (6,15, 45 o csle iy [A] oS 5 urbiles
oilo adgl Sjlus mhau 5 ail e pois Rl )3 (65 oo )18, 5 by peled 25 Glo Y L la i &5 39 (g
ool s gh 5 2 e (o sl B 31 sl 1 5, 1 ok s adllan D1+ 1] e olae 5165l 5 e i
cowlio )8, 5 ol peded 9> L oVed g 0l o o5 1) aib Ciy yo 2V alade leslatul aS ols lis alols asecs aisls pladl 0l
o3lawll (5% y (B3 ot $3Ys8 (0 )l0d) PB o il 5o (ol 5o 05 )ls o o3l 50 ooliitl 890 (slas¥d & S (55
3,5 AL b s 39 0 i35 5 PB Joe (i o 4 (2ol Joe 3l ooliiinl by Sl 00y >k wgSLT 1580 6 5 5
037 5k 9 wik (oayl0 S (ol Sz a j3 03l (Sb ;5 DB ogd (oo Anlie PB Jue b S0 sledoe oyl )y oSy (502 Sled )
59 el el Jas PB Jaw el o 00 51 gadod ol caliBee slo Jow aslsl jo . el 05l so0ls OB oYL alisS o (o
5 25 (o0 dumlio (1l Lo ple a8 all (oo 65000 G5 b V5 (S plems (Lol Jae PBWIOR2 Jasg il oo 5,008 &9
il 45l 2l Y @ Y ] 6y 5y aolids PBWAOIS Juke o el aiily alS ) 4 ¥ 5l (60058 )5 coslies PBWAOHL Jos
ool 4Bl alB1V0 ) 5l g0 G5 2, PBWISIZ Jusjog conl aidly als O ) 5l s y,8 (35 (2,5 PBWOLZ oo
Sy @S 0k 5o 5 2Bk (o0 (W) (5)m 8 69Y98 (59 (2,0 (D) Y58 (5yp0 (B9 Sulrd Jold (3udow (nl e slo el L
Sl ool sl Jolaz g IS LB o okl

Jowo wlasien -Y

o0liial b s sl 0 > osSLT 158 o5 5 ool (6,00 By coge Y55 o lyz) PB e Il 3o ol o
55 cladite d Ll iy 52 sl 58,5 AL s 355 o 55103 PB i s s s 1] olStales] e
IOV RV SR PR I B PP S St S I S U PP FR g KUK Sl Il LV ORI S W PSRN BRIV AP W vy o = S KV

|
5
I
ek
1yt
1

915 5 53 53999 (St s Joke: (1) S

YF GOA amio AFRA Jlo ¥ 0339 0 5low ¢ 090 ol 90 jlw (wiigo (i g 3 — (oke &9 gt




O 21 03w (wckigo o2l Jeleolo

- el 00l oolaiwl g3ladas gly Shell Hladlsly el oo ools ylas gauy il ool L PB Jow (V) S5 jo

LS‘J" Slasiie UJ‘)l aS ooy ealo UL"M" [1] (5.»):)19;.5 6lb odusS wj @”)’)‘5") d)ﬁ 9 u}""""j)’"’ LsLa.c‘ Slasein ) de.> B
Ll odlds P9 e Nt ASL“."‘:‘ f’wﬁ Sl 00l oolaul LQJJ.A o Ler:ls Lgl.é:.c‘ CJLAA

D] 6088 oy 5lge b QB 15 (B pao @l Cliasinn : (1) Jgur

) ook Canglie el Cawglie AV Jgae s
= (MPa) (MPa) (GPay TR
OFw g g5 f1f.Aa [AARIA Yy Ay
Erdrd G s 5 s oo Jav.f YYYY,Y Y- Y
oS e YOAY 2R Y\ X

SO yolyly Judoni 9 (gLl 50 (o) 9590 Sledihe Slasiivn g 0 lols 1 (V) Jouzr

Jow 39 Swlo Vg (5,9 20
(mm) (cm)

PB - -
PBw10t2 2 10
PBw10t1 1 10
PBw10t3 3 10

PBw5t2 2 5
PBw15t2 2 15

PBWIOR2 Jows 03l (oo 5)%r2 (39 05t s lsed sbol Joe PB Joe ol oads 00 )51 (32 () cilizes (lo Joo ¥ Sz o
5 derd Bys coled PBWIOHL Juo 55 093 (oo dlio 0l ledae il a5 0Bl (oo 5)000 B9 b Y58 (B )leo shol Joe
3Gy pd Gyg 2 PBWOLZ Jow,o il a8l sl 8l Y @ Y 31 (6,00,5 (5,9 Cwlies PBWIOES Jus,o ol @il jals V a4 ¥
B9 Swalns Jolds ¥ Jguz sl ol b ol a8l il 381V0 ) - 5l (6 00,0 (5,9 2,6 PBWISEZ  Jue 09 ol a8l ralS & @) -
23l (o0 (W) 55002 63¥58 ()9 20 D) 63Y58 () o

&I,k =Y

SIS s ¥ IS0 051 sy | gl s iomts (lgis (fSms (605,31 00liianly (prizmam 105050 )8 (2351 090 03l

Sl 00l o0ly ylid OB

YF GOA azmio AFRA Jlu (F0 3539 0 slous (7 0,98 (ol g 0w (cwikigo g 3 — (ol &) g



O 21 03w (wckigo o2l Jeleolo

Displacement (cm)
o

Step time (s)

[ Jostu 4 ooy Jlas! (g1 b JSomms ¥ JSCi

JM .‘ . _f

D o ooliiw] Gl oals ooly Gulad VS jo Sileds &g 4y a5 [1] @@uji Gged 3l (P Cone sl p

e 1410 mm >
W N
F i | .
— | il || | 2
D : E
ﬁ@ﬁﬁlﬂiml
| |

[1] so¥s8 (o Slgrs (BBiu o3l Joko g Slasl: ¥ S

odd Jlosl QB (YL jo il 5 g ) O g0t a5 ol (6 A5 )L Cox g 00gs e gl VEVXASXIY goVed by e 5,9 ol
S5 b s B9 5 VP s 5 b B o Glie 35 5 B (sl (e SYsb ] 438515 (F US8)
o 090 Jde aw Glolesl pl jo il oo JolS g g ot b OYLlasl g . sl o solasiul mope yiaiiles 5 0 5ol S VAYY s
oy 4l338) DS-PSW Jae-Y .l oals ools Lad ¥ S j0 S (0aisS corw b (60Yed by 5lg00) DS-SPSW o) i85 )1 8

A3 oo Sy Llee ey Qb aSFrame Jow -Y .ol ool el las O S 0 aS (eaisS Covw (g g0V 8

YF GOA amio AFRA Jlo ¥ 0339 0 5low ¢ 090 ol 90 jlw (wiigo (i g 3 — (oke &9 gt



O 21 03w (wckigo o2l Jeleolo

@ LVDT [P Hydraulic Jack [ Load Cell 15 60 15 140 mm
i Triaxial Strain Gavge | Uniaxial Strain Gauge ] 120
4
2PL 250x60x20 T(Jp beam E = 350
C"'”f,’."[l 1410 mm I,'PB . =h : 20
| v —H 1 (A
9:[:;.:. 270 | =5 — 20
N vl v ILz'ﬁ: (ET018) (ET018)
| - =i | A-A B-B
= I [ E .
EI E | “© :| g i 270mm__,,
: P 11 PL60SS |
A A i ¥
L Ll -----’--Z--J'L 3510, # e
] i r 4 T |——h0—|
F]ﬂﬁ [ wpB2so [ \_]‘jl:? 1 * P | Ir1s
==y — ik /1 ' ' 244
Sub steel plate LDSllifcm:r Supporting Frame 2 mm (ER70813) 8
- - 7 mm (E6013) 10.5
C-C D-D
[1] p&islo;T DS-SPSW Jue wlakin :F s
k Triaxial Strain Gauge | Uniaxial Strain Gauge 140 mm
1410 mm__pB 15 60 15 2 f—
- 14 » 20 -
I L2,
/ g 50| | o
E/ ¥ = T E 20 o) -
- % 150
E 0
£ A-A B-B E
Comer stiffener b
=4 30 280
PL 150x60n4 ' 118
A
Mt || 20 N
]
f | IPB280 ﬂ? T4 H
! 10.5
! cC D-D
Steel plate LD

[1] p&isle;T DS-PSW Juw wlasuive: b JSui

] 00l dsio w;l.ﬂ)l}.’elra).; 30 o Jde sdiged b @&guj oy ylesd (e utd — gy Sore ) o

Lateral shear 1000
load (KN) 800

50 70

\ieli‘_;uj Jae

-1000

[1]1DS-PSW o g1y ugSLT 1381 03 50 (g0 9 (o lo3T gl s lio: # Lo

YF GOA azmio AFRA Jlu (F0 3539 0 slous (7 0,98 (ol g 0w (cwikigo g 3 — (ol &) g 7¥



O 21 03w (wckigo o2l Jeleolo

[1] (pliule;T wigoi 595 32 (iler slog i il gl ¥ S

i 5l yglS 5 (g o L ol o ugSTLT 51331 035 50 (GW g8 (S slgrd gous Joo i A JSUB
Gges 50 o i sl he a5 amd e lis oY) U ¢ alBislesl Jaw b o)l avslie 5 oy Jlgss (g0 Jaw o(A) JSb 4 azg5 b
Gaiges 31 3SGL goae Jae a5 wes o lid Jowe 90 e end Jmie (F)USS pizmes (Zewl LSS (g00s Gali.;‘;iuﬂ
AW oolo uLm.: Ls.b-.\.c 9 GmlimaLo)T LSLQ J-.\.A O g_)lﬁ )J o s_;..\.’> LS))J‘ 9 (5“")" 6..7:....» ‘W9LM CDL.J Y Jj-.\} ).) w‘ GQ&MJLA)T

[1] osSLT Joo g (2B Lo s dunglio :Y Jguar

Jon hr S D Seglie SR O s &35 Sl
Ku (KN/m) Fpu (kN) (mm) (KN.m)
DS-SPSW-0%:EE 252228.9 791.54 59.8 87.82
DS-PSW-0%:EE 175762.4 769.54 49.8 61.77
DS-PSW (abaqus) 196095 803.054 51.47855 65.20
(DS-PSW (Abaqus)/DS-PSW-0%:EE) 1.1157 1.0436 1.0337 1.0556
Different ((T;%-(PDSSV-VFi f‘/l’:vEAE?AQUS and 11.57 4.36 3.37 5.56

©oae Jow oy SB 5o (65,31 MWl g L&y S juii (b (S (o g Ceoglie B DS-PSW. Jow sl Jol> bl 4 axgi b
ABl o oo Joo sl (Jed BB s o aS il 0 00,0 0,085 TLYY 5 V1,0V FYF %;Q@muﬂ Jae g

YF GOA amio AFRA Jlo ¥ 0339 0 5low ¢ 090 ol 90 jlw (wiigo (i g 3 — (oke &9 gt



5141 0 3 gunkigo conini ot

Jolos 3l ol sl r9,5 b

SB Al palS (o g (i S5 OB ) et (ot (S ()5 9 (S e 55l 4 by (w0 0590 o (29,5
RESH

GNP 39 Ceolnd Ol pii gl —0-)

Cualed Slpds b Ceond (ol 50 0Bl (o0 b (35 cnl o osliinl 3550 Culid (5508 §)9 b Sl Sl 50w Jelos 51 (S
Sdyd B9 Gan Joe b @bl g Sl ol a3 )5 090 QB S, Glp 2l (omsp S e Vg V) o o3I L 5008 )5
6o 15,5 ple gl LB gHlS & 4ol o bl o PT 5 PB (gla Jow b 48,5 &y glo dunlio ol o0 duylie

el o 4231 1 oo o LleS (gla,smlS 5 ey

£, Mises
SNEG, (fraction =
(Avg 75%) O e [ B .

S, Mises
SMEG, (fraction = -1.0}
(Avg: 75%)

+4.348e+03
+3.985e+03
+3.6238+03
+3.2618+03 |8
+2.898e+03
+2.5362+03 L —
+2.174e+03
+1812e+03
+1.4488+03
+1.0878+03
+7.246e+02
+3.623e+02
+0.000e+00

PB PBw10t2

£, Mises 5, Mises

SMEG, (fraction = EMEG, (fraction = -
(Avg: 75%) (Avg: 75%)

+4.022e+03 +3.516e+03

+3.680e+03 2 +3.2238+03
+2,930e+03
+2.637e+03
””””””””””” +2.344e4+03
+2.051e+03
+1.758e+03
+1.465e+03
+1.172e8+03
+8.763e+02
+5.860e+02
+2.930e+02
+0.000&+00

PBw10t1 PBw10t3
B9 Seolind yudi F1 50 oyl sl Juo 0 39290 Lo (AT 5l S

O 59ilS gm0 Ay Calies ol L aS 06l o oamlice 0l 18 sy 090 1) aliBre sla Joe jo S e ol o0 4 S o
om0 35 59 G5 @i 5 0ad 5 e Lo

YF GOA azmio AFRA Jlu (F0 3539 0 slous (7 0,98 (ol g 0w (cwikigo g 3 — (ol &) g 7y



O 21 03w (wckigo o2l

Jbleolo

[P o

44

PEEQ
SNEG, (fraction = -1.0)
(Avg: 75%)

+7.014e+00
+6.429e+00
+5.845e+00
+5.260e+00
+4.676e+00
+4.091e+00
+3.507e+00
+2.922e+00
+2.338e+00
+1.753e+00
+1.169e+00
+5.845e-01
+0.000e+00

v

Siep: Siep-1,
D Getzment I60D: Step Time = 1.000

Primary Yar: PE

Defaimea Var: U Defoimatan Scale Factar: +1.000e +00

PB

PEEG
SNEG, (fraction =
(Avg: 75%)
+1.805e+01
+1.655e+01
+1.504e+01
+1.254e+01
+1.203e+01
+1.053e+01
+9.025e+00
+7.521e+00
+6.017e+00
+4.513e+00
+3.008e+00
+1.504e+00
+0.000e+00

PBw10t1
B9 Coolid yud 51 50 G yelyly slb Joo 50 Sewdly (55 5gls e JSh

b 5 caolies 1531 L el l a8 Wil e 31 5 e (Bys sloadisd o KDl 5,5 a5 ams e lii Ve S
B35 (o0 Jlpd 4deS 3 095 4
U, Magnitude

+6.356e+00
+5.8286e+00

+1.580e+00
+1.059e+00
+3.297e-01

+0.000e+00

Siep: Sieped
Eimant 1600: SiepTime = 1.000

Frimary Yare U, Magniluas

Defaimed Var: Il Defaimatian Scale Fackar: +1.0002+00

PB

PEEG
SNEG, (fraction =
IO, ———— | e

+6.551e+00

+6.005¢-+00 | — 1

+5.458e+00

+4.913¢+00

+4.3676+00

+3.821e+00

+3.275¢+00

+2.730e+00

+2.18de+00

+1.638¢+00

+51453¢-01
+0.0002+00

PBw10t2

PEEQ
SNEG, (fraction =
(Avg: 75%)
+4.853e+00
+4.44%9e+00
+4.044e+00
+32.640e+00
+3.236e+00
+2.831e+00
+2.427e+00
+2.022e+00
+1.618e+00
+1.213e+00
+8.089e-01
+4.044e-01
+0.000e+00

PBw10t3

U, Magnitude
+7.015e+00
+6.430e+00 fee T L} S IR S ——
+5.8462+00
+5.261e+00
+4.677¢-+00 ===l [ |
+4.0926+00 E . m—— I
+3.5072+00
+2.923e+00
+2.338e+00
+1.754e+00
+1.1692+00
+5.846e-01
+0.000e+00

PBw10t2

YF GOA amio AFRA Jlo ¥ 0339 0 5low ¢ 090 ol 90 jlw (wiigo (i g 3 — (oke &9 gt



O 21 03w (wckigo o2l

Slolrbo

u,

Magnitude
+6.877¢e+00]

U, Magnitude

+6.768e+00

+6.304¢-+00) +6.204e+00
+5.730-+00)| +5.640e+00
+5.157e+00)| +5.076e+00
+4.584¢+00| +4.512¢+00
+4.0116+00| +3.948e+00
+3.438¢-+00| | eERR e +3.5840+00

+2.865¢+00)
+2.292e+00
+1.719e+00

+2.820e+00

+2.256e+00
+1.692e+00

+1.128e+00
+5.640e-01
+0.000e+00

+1.146e+00]
+5.730e-01
+0.000e+00]|

PBw10t3
B9 Cwolind ud 1 50 S el slo Joe B39 SS9 (IS (bl HglN) S

PBw10t1

LBl e 5 ) 05 ol sl yslS 5 end j1eS Gy 50 pileS el alius Sl L Y JSE 4 4z b

wily o 2B (Z95 (2P e ez 5l et la IS OB o al sl b (e g (i8S g 28, sla)l oy n sl
waps oo plas clwps a |y Gl JLs ;) as sl

1000 1000
< g
- =
8 g
g g
2—100 100 <%0 60
s ©
& 3
8 8
~ -1000
Horizental displacement (mm) 100
. -1000
HorlzentanlspIacement (mm)
PB PBw10t2
800 1500
z 000 < 1000
= 400 >
© ©
kS 20 o 200
% 8
v <
5-100 -50 50 100 »-100 -5 50 100
= I
= (O]
[} -
3
5 -600 8 -1000
-800 -1500

Horizental displacement (mm) Horizental displacement (mm)

PBw10t1 PBw10t3
Sadpd ()9 Ceolid ol puadl o ilitn sla Joo sl (o lmla— 5l ) puwad JSUB AT S

YF GOA azmio AFRA Jlu (F0 3539 0 slous (7 0,98 (ol g 0w (cwikigo g 3 — (ol &) g ZA



O 21 03w (wckigo o2l

siolealo

Rl b e S0 (G lens (99Y58 (B9 (Shsl (5 M pS (39 Cwls Dyt Cod Glide gla Joe gl VY S o
1o Jde (gl VY IS )0 a5 550 sy |y cilizen slo Je 5] be U5 0155 (o (ym e IS 51 0liol L choml oot o0ls i

1000
Y e inl
500 " st

= o —eo—PB
X p
— 0 H PBw10t2
©
360 40 -20 (] 20 40 60 PBW1Ot

M PBw10t3

-1000
Lateral displacement (mm)

GOV gd oy Jlg10 () pd (Byg Senld i 5L ol (sl 2wl Sl sl gy Y IS

Sl 00 0als ul“-’ it

a1 o0 0929 4 Jlea0 )0 Cueglie (il e (Lo Y ¥ 5l 65000 5y Caales LRl LAY S (ol g sle JSb 4 azgi b
Ao, B0 Dgd> dS g0 4 0gd e aaxde (Ol Caaglie il (o (6,5 i Oli e Lo V4 Yl 55 Culs alS L Js
AL eS (a¥ed byl (3,9 Cwlxs 5l co¥ed e 5,5 Culies Wb as o Wl oo LIS Cuaglie

Cowds 2buls sl Gy (19508 el b (g5 i cpl el ool ools Las (g I3 )L ok jo B sisew Jlgy IS VE S (o

350
300
E 250
< —@— PB
=2
=3 PBw10t2
wv
Q
£ PBw10t1
& —e— PBW10t3
0
-60 -40 -20 0 20 40 60

Displacement (mm)
GINSHL Job 53 (5000 (50Y 88 &9 uoldud i (b Joo (s Jlg) JSi P S

L Jo b oo Gl OB oo wi)lo lass (3,9 3l (g yinn Cules a5 (5,000 o 55 s ol L VE ISG  ag b

il oo BB Gl ol s B9 51 5 ol b Sl

SN0 39 Py Ol i gl -0-Y

)‘yél.:o._)l.% )L’;_’e) ‘_g‘ﬁ L;’«Lb L,;.»)JJ)M‘SUL.» AN 9 Yo i 6L® O)L.\.:‘laé‘)w).@ &9 ua).c o)"A.E‘ u‘MbMJI 3O

03 ﬁl.?u‘ stPB GLQJML Jayfo Ml&a Lol 00 ML‘L@ LS)\.\J).@ d)s Qﬁ"b J..\.AL'@Luﬁw‘ IR 4..3; u)yo GJYBB LSN)"

YF GOA amio AFRA Jlo ¥ 0339 0 5low ¢ 090 ol 90 jlw (wiigo (i g 3 — (oke &9 gt



O 21 03w (wckigo o2l Jeleolo

3, Mises
SNEG, (fraction =
(Rvg: 75%) =t | [ [ [ [ ]

+3.909e+03 -

+3.583e+03

+3.257e+03

+2,932e+03

+2.606e+03

+2.280e+03

+1.954e+03

+1.629e+03

+1.303e+03

+9.772e+02

+6.514e+02

+3.257e+02

+0.000e+00

5, Mizes
SNEG, (fraction = -1.0)
(Bvg: 75%)

+2.174e+03
+1.812e+03
+1.44%+03
+1.087e+03
+7.246e+02
+3.023e+02
+0.000e+00

<

PB PBw10t2

8, Mises &, Mises
SNEG, (fraction = -1.0) SNEG, (fraction = -1/
(Avg: 75%) (Avg: 75%)

+3.895+03 +3.885e+03
435706403 435626403
+3.2466+03 +3.230e103
429216403 425146403

+2.5506+03
BN +2.2666+03
+1.9476+03 +1.543e103
+16236403 +1619e403
+1.298e+03 +1.295¢+03
437376402 +9.713e402
464916402 +6.476¢-+02
432466402 439386402

+0.0006+00

+0.000e+00

PBw5t2 PBw15t2

B9 Py i P10 S palyly (sl Juw j0 99250 sl T Heuls N0 S

TN @ 8yg 020 GBI L aS 09l (oo onmlive 18 I3 oy p 390 ) ciliSe sla Joo 50 A5 g8 OlE (00 1O JSB 0
b (oo B B9 50 S e g odd  SSpeS e A ,eilS

PEEQ
SNEG, (fraction = -1.0)
(Avg: 75%)

+7.014e+00
+6.429e+00
+5.845e+00
+5.260e+00
+4.676e+00
+4.091e+00
+3.507e+00
+2.922e+00
+2.338e+00
+1.753e+00
+1.169e+00
+5.845e-01
+0.000e+00

PEEQ
SNEG, (fraction =
(Avg: 75%) o mm——— | e

+6.551e+00

+6.005¢+00

+5.45%e+00

+4.9138+00

+4.367e+00

+3.821e+00

+3.2756+00

+2.730e+00

+2.184e+00

+1.638e+00

+1.092e+00

+5.4598-01

+0.000e+00

PB PBw10t2

YF GOA azmio AFRA Jlu (F0 3539 0 slous (7 0,98 (ol g 0w (cwikigo g 3 — (ol &) g



O 21 03w (wckigo o2l Jeleolo

PEEQ PEEQ
SNEG, (fraction = -1.0) SNEG, (fraction = -1
(Avg: 75%) (Avg: 75%)

+3.45864+00 o | O O O Oy s
+3.17064+0 R
+2.882e+00 +2.150e+00
+2.594e+00 +1,9352+00
+2.3056+00 +1.7206+00
+2.01764+00 +15052+00
+1.72%+00 +1.290e4+00
Hladle+00 +1.0758+00
+111536+00 +85598-01
+8.645e-01 +6.449¢-01
+5.764e-01 +4.300e-01
+2.8820-01 +2.1508-01
+0.0008+00 +0.0008+00

PBw5t2 PBw15t2

B9 Py yad P15 S0 ol gla Jow 50 euds JaSld Sedy i 5 gV JSh

39> & 555 4>l §3)9 (e GRIPBIL ol (pl a5l (oo BT (25 )00 359 sl 4l o Sl 5SVF JSS o
2S5 (o0 lpd 4S50

U, Magnitude
+6.396e+00
+5.826e+00
+5.207e+00 U, Magnitude

+7.015+00

et T
3.708e+00 +5.8466400
T3176er00] +5.2616+00
+2.5458+00
+2.119e+00
+1.58%9e+00
+1.059e+00
+3.297e-01
+0.000e+00

+0.000e+00

¥ QDE: ai

PBw10t2

U, Magnitude U, Magnitude

+7.137e+00 +1.4

+6.542e+00 +1

+5.947e+00 +1.203e+0]1 |

+5.353e+00 +1.08

+4.758e+00 +9.627¢+00

+4.163e+00 +8.424¢+00

+3.568e+00 7.

+2.974e+00

+2.379e+00

+1.784e+00 +3.6106+00

+1.18%e+00 +2.407e+00

+5.947e-01 +1.203e+00

+0.000e+00 +0.000e+00

PBw5t2 PBw15t2

B9 P g 1 50 SGpelyly sl Joe &9 iileS g (A ol el Y Sl

\Al YF GOA amio AFRA Jlo ¥ 0339 0 5low ¢ 090 ol 90 jlw (wiigo (i g 3 — (oke &9 gt



Ol 21 0 3lw qwigo oot sbeleolo

sbh o 5 S5 S (2lmlr Glagils g oad eS 59 0 LleS ISl (5000 §y9 Loy GBI VY USS 4 axgi b
la JS B y0 0al sl b liee 9 (iS5 0 g 28, lajl oy p 6l Bl (o0 g9V (b e (B Gl s @ cnl
i (oo GLiS (s a1y OB I3, a5 anil sl (oo 2l (295 (5 mre e Sl ) e

1000

100 60

~-1000
Horizental displacement (mm) 1000
HorizentanlspIacement (mm)

PB PBw10t2

60

HorizentaP8%placement (mm)

Horizenfépa%placement (mm)
PBw5t2 PBw15t2
SN pd B9 Py Fobly i o ilizo 1o Joo (sl (2lomla— 5l ey A S
Ol pbmlz Jb gyt S0 (25 1520 (69Y98 (5,9 (o (50 By9 2 Llimetd oS il slo o sl VA S8 o

o Jae sl V4 USh o 45 dgm ey |y cilie gl e gl sy UKD ol gn ympiomsd S5 5| oalil b el o ol
Lol 00 s0ls uL*” aliseo

1000
500
g —e—PB
= 0 —e— PBw10t2
§100 -50 50 100 o— PEW15t2
‘ —e— PBwWS5t2

-1000
Lateral displacement (mm)

.

GV oy Jl910 )N pd B3 P8yt S el sl rlmiler — 3l sl hgy NS

YF GOA azmio AFRA Jlu (F0 3539 0 slous (7 0,98 (ol g 0w (cwikigo g 3 — (ol &) g



O 21 03w (wckigo o2l Jeleolo

el CB ol Cuglia Sl g0 p0 )3 45 09d (oo osmlive (D (3V98 Jl90 Sl Gy S B9 2ye ALy SIHI L
oS Sl g Caglie falS el cadaiie J5' syl Oloe 20l ped Sl )3 5 (608 35 68 SRl sl Sl ol o
AL oo i PWIS Jow gl juolS (o e pl Gaizred 04l o0

2ol G 0905 el b B e opl el ool sols las 6 IASL Job o QB e lgy SO Ve JSSS o
.%T@MQA{&L’?L}[};

400
350
g 300
= 250 —e—PB
= 200 PBw10t2
wv
£ 150 —e—PBW15t2
=
b —@— PBw5t2

N

0

-60 -40 -20 0 20 40 60
Displacement (mm)

SIS 5 Jab 30 (gynp sV g8 Byg (P8 et S Jo (SR Jlg) Ve SIS
oIR8l sy pe By9 6 Y Wuls 4 oy Cond Rl 4 dzgi Ly sle By oy GRIBIL Y SO @ azg L
($,8Y S JhalS g Culbrs 4 oye Cond el 4 azg b xS oye b (Jg il (oo EalS OB Cglie g see Al s Sl
. w‘ ‘5,..7:.4.» w‘;B‘ 0D UL&.AA.’ as ‘Mb L)M.{bls g5’l'ef 9 W...J.uu (5’l2')l>

=L-¥

W aloy, [1] Gmli;:..iuﬂ Joe b go¥sd ol goue Joo i Come 4 lail goue gilwJde 1 e Buios ol (o
2 9 ald Gla el )l S (w035 Siledae Vo i g ¥ Cklis 4 (yhps Bi b 3V (B lnd S e
08 Jol> bS mls gy )9
30 &5, AW ey OB s (e (SB ¢(g y Ceoglio O DS-PSW Jow sl Jol> C"L"’ LazglL e
P98 BB o> ,0 a5 il oo o3 0,055 YYV 9 VV,0V P Ci g a aBislel Jae g so0e o o OB
Sl ol g (e o Rl (g op (o V) (o0 lpnd QB Sueglie 39 Culis (s e e So ISl 0
By Sl 5l (go¥ed slo 5,9 Cwlrs Wl (6oYed 5,9 (10,5 wlol 1o A0 el oo Ceoglie Byl yLalS
Gl &5 Ceul (o 5o onlas Ol (o0 S8 yo 1yl B Oliee G e (LB sla B9 Culs GlEIL e
A2 oo S Dol @ s al S Culxs

YF GOA amio AFRA Jlo ¥ 0339 0 5low ¢ 090 ol 90 jlw (wiigo (i g 3 — (oke &9 gt



O 21 03w (wckigo o2l Jeleolo

Gl 5 rS y9 5 2Y T telrd uile Sl S 4 090 o0 St g0 Syl pnpS By 2 85 Sley
DR pizmad. 09l (oo yidon (Y58 (3,9 JS )0 Al )0 g (50 ()9 093 0 LRleS Jlaiml Az o g a8l
-Gl 0005 ol 5 Cunglie Lol 4 pmie o 0ul phale qu bl (les LRl el 5y000 By9 B0
@l 4o a5 s S (6,E8Y Cand GialS 5 Culs 4 5y Cond el 4 mie S0 Gl uizes
el e il oaims Glas ol a8 el aily 2alS le g peles

&L

[1] Sabouri-Ghomi, S., Sajjadi, S.R.A.(2012)." Experimental and theoretical studies of steel shear
walls with and without stiffeners”. Journal of Constructional Steel Research. 75,p. 152-159.
[2]Caccese, V., Elgaaly, M., , Du,C.(1993). "Postbuckling behavior of steel-plate shear walls under

cyclic loads"., Journal of Structural Engineering. 119(2), p. 588-605.

[3]Berman, J., Bruneau,M.(2003)." Plastic analysis and design of steel plate shear walls". Journal of
Structural Engineering”. 129(11), p. 1448-1456.

[4]Deylami, A. , Daftari, H.(2000). "Non-linear Behaviour of steel plate shear wall with large
rectangular opening”., in Proceedings of the 12th World Conference on Earthquake.

[5]Bruneau, M., Bhagwagar,T.(2002). "Seismic retrofit of flexible steel frames using thin infill panels”.
Engineering Structures. 24(4), p. 443-453.

[6]Kharrazi, M. H., Ventura, C. E., Prion, H. G., & Sabouri-Ghomi, S. (2004, August). "Bending and
shear analysis and design of ductile steel plate walls". In 13th World Conference on Earthquake
Engineering, Vancouver, BC, Canada, paper (No. 77).

[7] Zhao, Q., Astaneh-Asl,A.(2004)." Cyclic behavior of traditional and innovative composite
shear walls". Journal of Structural Engineering. 130(2), p. 271-284.

[8] Ryu HK, Chang SP, Kim YJ, Kim BS.(2005). "Crack control of a steel and concrete composite
plate girder with prefabricated slabs under hogging moments".Engineering Structures,(27):1613_24.

[9] De Matteis G, Landolfo R, Mazzolani FM.(2003). "Seismic Response of MR steel frames with low-
yield steel shear panels™. Journal of Engineering Structures,25 (2):155_68.

[10] Bruneau M, Bhagwagar T.(2002). " Seismic retrofit of flexible steel frames using thin infill
panels”. Journal of Engineering Structures, 24(4):443 53.

[11] Berman JW, Bruneau M.(2004). " Steel plate shear walls are not plate girders"”. AISC
Engineering Journal, Third quarter-95.

[12] American Institute of Steel Construction (AISC) (2005). "Seismic provisions for structural steel
buildings". (ANSI/AISC 341-05). Chicago, IL., USA.

YF GOA azmio AFRA Jlu (F0 3539 0 slous (7 0,98 (ol g 0w (cwikigo g 3 — (ol &) g



