W 2l NEVY YA GLeasl) ¥ oylods (FQ ole cion ) duzxo g ol o (ot 9 220

A

ﬂadl&.& 05’95 ‘s.w); )|9.3..> ‘5|o)’).| é).il.o.c )y

vr:..\.'é_c Aéjru La]”..\a.c 9 Yoo‘)’sz.é Qoo “’fl))s QBM

oy oRa3ls oyl yas pwadige 0aSiils Lol !
P9 el olRasls wl&ails o0 Y

3l i 5 sledal il Mallon olimgsy ol (Mollis oaSitaghy JLotils ™

oS Sl i Slgl 2 soue 5 (alRilesl Slallas wilioo (IR 595 4 59, U35 plp ) pglie laojle (slos ) (b 4 sl aS ek les

QONVIYS DT 125 ABIVIY 13 iy QAFNNY il o)

oS>

"

olisS g atly (o5 Sl )lgd s 50 4y (2o 4 el G 4y 4z i b (i (S Lol 0 0dy oo plol Wojl g5 (al (s ed Gl 051 g
by oY ) 5SS (solasd i L olisS (i slalns 5 e Biee b, 1Y 5l 555 sl S b ol (o5 (sl s go
oo g a8 )8 (18 w5 8,50 ATENA 3D _las & sgamme yloll asli s SoS ay ca | 5 0ligS™ 23 sl laas JLi8, allie (il joaiyls ooy Boee
00l i 09 oo aalllas olisS (o5 (sla)lsns L5, (53, 2 ol o BE el Sl oy 5 o By Cenglin 5 (KienS £ )

S (oo Iy Rl srss BB jlade 4 Jue (6 IS8 ¢l aBsS Con 4y SIS (o5 L gl o

S b 5la)l9a0 g Wigh oo opal (dad Dy lalgeo
odels olsS slojlgss o ails Loy Lowee L8, o5 (golal
Siboo (B (KPS 0lisS o)l CnSh v Nigd o
T S ol G pasd polie )0 5 05 Djse 4 S
Cod by milodSs coli b les o pdy G iulidl s e
Ol 2 odle wgai vl SaS 03l g 0, 8hos 4 ()] Sy
SFpS S o slade il 18, ulps Pl L (o
wgei ylate o) (b o 1,

By ewsp skt 4 (Lo o2 daste Slilae
o)l b g 195y cali¥l la )l il co oligS (o slalseo
Wood «(YAA+) Synge jo>  laizs alwg 4 (glas >
Hwang «(Y94A) Hsu «Y - - Y) Hirose 5 Palermo ¢(144-)
s Werasak «(Y-+A) o 5en 4 Sanada «Y--\) Lee
Sl 00l 5,155 4 pleil (V¢ + ) Mange

g Jiang lawg aily bOs oy sbelgs o Slee
Wu 5 Lu «)94Y) |, g Hwang «¥--Y) Ken
5 S Dyee 4 (V499) ) Kes 3 Hwang «V445)
O hen 5 3 ols 28,5 18 asdllas 5,50 Ludos

sy Ceaglin OIS Hlgas wdgaze yladl 0ligS by lsrs doslgunds

doudo —)
5 B ol (555 b ablin g Ligae (80 (sla s
35 5 sy Mie )3 )l b 5 sl bl s o
Coglin y odle blsss oyl g o 00,1 IS 4 sblio b
Jol> 5L 51 6 @l 55,0 5l s lake (il log s il o
el e oo 5 1y i 00l sla)l 5 ezl 321 5|
Corko ulEl G0n sbjlns ol i L5 ek
1545 wile 00)ly glagys lie o i glaplasle
Oh9y orraReS olpie 4 celie (b 5 BT & g0
Oed 539,00 sled 4 (S lagleiSle pllovinl (il
g ik (oo (il B s SRl Crge la)lps 3929
olitle slosle e glacl o o5 obxl 5l (6,55l
4>l oly Jlgas ol grally ol b gble jo 00,5 0
s Gl 1 il s g S o 335 bl L5,
S S (B lajles L3, 5o She slayielly 5l (S
i b bt o Wil & e il oS
S b (B Gla)les Bl oo cenliie s Jobo 4 glis)|
5 03903 Joo cied Do 4 S5 Jsb 4 gl sl

SAVEYNY - PPE - uled o)l ¢ Jgis odian s

(paie 38 1 &) moghadam@iiees.ac.ir «(oslj & .¢) ghanizadeh.md@gmail.com «(pl;,8 .) mafarzam@tabrizu.ac.ir : J.; u‘PT


mailto:moghadam@iiees.ac.ir

N1V (YA HLeasl) ¥ ooylods (FR oo o ) b g oyl s (oo 49 3l | (550 g o558 .0 (YN

Vool laglpe Jb e (2 45 (gom 50 ladae (F
Lld i g0 99 Jow 43 Cond 093 00l 03] (eSS o oo
3 e 95l e ses YAA) b oy plad 09,5
Sged a1 Lol

S @il dd ;0 0ad 035 (et (> (S (F
O3S (il (S aline (00,5 e 1) lens (ygemlaisd
Joe Jlgs gamlaigh Loyl Jo a5 05y ola s jlwdnnd sod 00
Sgr 0

Jelo alrwg 4 00 035 (peS JiSTa (oD Caaglia (O
0dds (6 Sl polae Wl VD /PO o dgaome L]l
el Casd 4 o2

el fSlas (b Cuglia )0 (e st (e (7
Coglie 13 S yeais pyolia s VAD Be/Y0 oy el
Aol Caws 4y Loy

1 lodas Sslis Sligs S5 b g culi 5 cgla o (V
sl ol

O sloojle )3 (b JEI el (092 oz s 4
Y sla s oo 1 S 55 sle s oo ]
S S ote S DY (o) ) (5 3,k o (eires o]
4 e g i obsS (B slajlnd 5o s e i 9>
by 3929 willioe gy K0Sy 4 SWES &)j50
w05 by opge (S 0B Sel Sl (Sen (SDp
Sy SoS 5 3)lge (phn ;0 Guizmed 005 090 ()L0S
3,5 oo dboml Sl JSs yoss 31 o Al gL o
IR @lo (053 2008 oo (B3 (b CnSh i ga
O bt el o Gl ple 00,8 el il iy
bbb dapl losyl 8, (i sshie 4 dajlss
@ arsi by ool 5l og walss azlee s tin oty
S8y 5 Jelod slaavir (S o Sl e @ S G5
a4 ol Baa b wad o (wlasl oligS by sl jles
g )lms aigSonl o Shee ulul 2 o sl sl 5513
S les Gloj o, Shee 2 jlens 5o BKL Sl (o) 2 eizren
o aizls y Risle;l dged Judov g (g3l e 4y coligS

ool omawios -

Sgaze lell (s e Jlos Jlle s Sl Jlos sl
e l5le 5 cnl el ool ssliiul (12 +) ATENA 3D
il ao)list slooilo (s i il

(gose s sl NUPEC allisle;l diged lgoo
OB Jleed Sus JUlses g9 o Jls Bl 59) Bl @y 5l JSeace
(V) S5 0 a5 sbplen aibise b Jlasl axio 5o 4
VEe g o e ¥ dsb e ¥ VL s el e cnnline

Gl I ol g Jloflem oSy ooy slalgs o, Slee
H0ged (gu) p (Sl2S P9

sl S (Sl L3, ((124Y) ), Sen g Ueda
Jolis a5 Jas sl oolainl b g (g0 Ojg0 4], S s
§ 03505 (& jlwdunds gy (G g (Slwgy (Gumgd sl Lol
sloialesl bl b awslio L1y o Jow opl o9 oleel LB
SBs8 sl ls syl a5 al ools lis .a5s,S Gudod oy
i anlis poren il o aa>de LBl (L3,
ML bl o slogtlesl @l b goue Sl
o dlas sl 4 )5 4 sbJow coro (Sloj azsu )b
3503 356 1 Jlgs sloj ) (g 3lwanes

IS s Ca8 )b g Ceaglin oY+ + 0) ) Son ¢ Lestuzzi
b slos) NS sln o8 obsS (S (b slajlns
B o ayless a3 nl (sloy ) Jld,) 250,81y ailoais
R D)5 edew j3iS 53 ez ee slaosle loj ) L)l
Gz 6L L lagiles] 5l g w siz mbs 285 I8
23,5 auslio b g,95 5l ol Caws 4 slmosls b o Sl
N ol Cans L aVsd oS Lo e e Jels b ole;]
(5970 (§9 0 S céﬁ‘ 6bo)§l¢a SHlade ‘L:bQT 0 daS 0g )
3 (S (FFeaS 4z 5 2o Solte (7 ()La3 Cueglia
(5&)’3 6L®)‘5..v.o aS 0 edwlie ‘A...';';‘sn (S Lnbc\.sj.o.v 6‘;3
asls glabasMe B JSo s Cod b algs co 0Yed oS

(1 299) (s 03l sloolE g s gwdige (rozx) NUPEC
GRS L cou ol petes slaylans Fuly dslllas jglate 4
S5l eslannl b 1) sovnie alisle;] sladiges o Sealis
Sl 13 G AL co cuSs g489 U alyly sleans
Slhd 09, 8 g b le o ol sou e glwad
Seismic Shear Wall International Standard SSWISP
A pll 0gy 00y 25 ylo 3l NUPEC alewgy 4y 45 Problem
Oyge 03d Gilwand sladas 59 oo Jolos Y
dgazme Glodl Judow diged VY Juls b Ll ol 288
Lo Jedos 7 g oals ool o Joe b Jdow Ve (s
Jedoss o oolaswl 0,90 4 Jow .aidgs 35 jeie p 2 o Joe
S ot Oldie g cdd iy S5 ogg 3l oo el
Sl oals 5,155 (1441) OECD/NEA/CSNI o ouls ploul
olad OECD 5,155 ;o 9920 Sgame ol Jdow ol
@S a2 oo

39 R iiS (Swighisun slade jo s 56 ()

&MYI 6».79» 6')" 0 o) u,».o.‘)r.’i )JQLGA ;,J.C‘ (Y
ausle glas (_,’_ali;;;ﬁl.nﬂ polie b as,0 10 sq0



1.4 N1V (OIFAA HLeasl) ¥ oo)louds (FR oo o b g oyl pos (oo 49 3l | (550 g o558 .0

“
<
fi' Leon Gt
Efi
&y & C(sflW i
! <O & & &
= ()
N\ 4
Es E/
/.
/
................. fz’

(VAY+) ATENA 3D (s 5 5505 4555 — i -V JSis

:6)L.i‘..§ (§Ogro yusu

ef __

g (Eq/E)el &) —(e]&)?
© O 1+[(Ey/EQ)-2(s/ &) M

E.=f /g,

e o)l Coglie i o f5e (g Lad (5 OF o] 0 &S
O S Jaoe Eees,Lid (o adgl ol Joue Eo o
Sdboe qmal s lad i o 1,5 g gl (RS )0

b slad Jop i

(2 )

& =& +V%, w, =0.5mm ™

d
38 et ey wa Wi 4 LS e 15,5 & o) e A
30 Sz Wil Job La «g)lad Sos a5 Jove sl
bl e oLt

Ls,a> ‘M EOgro Sy

E, =" /g ™)

OB )0 S G o fre oS Cuglie fif (T j0 a8
bl o gyl (1S
(S (Joy e
G
W, =5.141 ®
t
(oS 25 el o ol pis 0 S5 s e we oyl o a8
Aib e (Nmm/mm2) o CalSs (65,50 G
. SL.;M: w]@

(22 o)

¢, =0.4 ()

Voot g 0ose e B sb yo B (gl Jlo s o e
SUL S S NAETIL L PP Ry NI I
Frogskee YAA b slajlgss cwlies o doo VO 5 gl )| ye
il Cwlbs e doo Voo g glanyl e Lo YoV (Job
- ohia Y35 D29 5 Shoo 51 sl iomly JIo (sloo Koo
3 lass YL s los Ko <] ol 5 YU 5o (e
I b s ol slalns 5 Giaghe YO ) D25 oSk
Wged pdlas Olasin .ail o (V) JSo 3o D6 sloos Sl
ok (V) Jeaz 50 qgdae Judow (5l NUPEC ‘S:alid,.il.oﬂ
Ll 00 o0lo

O% 123D Nonlinear Cementitious 2” zllas Jos
Wbl e (§ e~ Joe G e () 0gd oo oolaiu]
oS e (fracture) Céls aasein o Jows 5l oS 5 sim
“py 4>l (Jow ol o ail oo lad yo (plastic) s ez g
Al S5 oy g OS5 et b S (S
@led 5 e b s ol by )lad b g 09 oo iy 5
Brick G yial)ly o) (2,5 cuin slaledl 0gd oo Lasive
Lol 00 05 )54y 0, Xhe (glys slabe slaladl 5 0 (sl
oals ools ylad (V) UKo [0 (658500 ST 43,5 - il (Sovie
iiles 5 Oyse 4 ol by 5 col

00— 00—
7 To
. ) 3
-, :
. |
- g X
oo~} 100 =t S R Tt
. : hl
1
! |
'8
=
— 2900 —— P 2080 |
M 5000 - M 5000 -

Sl ol -y SO

el Dé @175 V.E.F

— D6 @70 H.E.F

_~ D6 @70 H.E.F.
1 o - D6 @70 V.E.F
i >
™ D& @70 V.EF
o
~

100

6105 595k, (slos Y i

o clasin - Jou
(kg/mm?) -5 Slasie (kg/mm?) s KL Slaseio

fle E v fo | f E fu
YAY YYF o000 oYY | YA 188x10°  FA0




NE-VeY (VFAA ul.u.mb) Y o)lm'b fa ..\.1’ S ) M 9 db.n.: @m.\.‘.e,o ‘U)..';u / oblf-o.b 9 ,al),.e e 1Y

2955, yoome 5 005 Zull gz (] (615 )L dslol b ogd o
Sl o @Parl PR S 4 wes e L ) dlas
ebie oy 03,55 55 o 3 ol (sl S 5 o
ez g el Bl ez (Shes S Jee o el
Sl s po b lajed o e Lol slo 23,5
O S Wlgiee )5 S o Ghes 8 S S Cur Lo
o 3l (e85 S 5 ¢ oS Cuaglie I (S a5 b oS
L suste sl oot o s coll S5 Jaw 4y Jlyeo S
Ceoglile dy (LtelS S Cond) Sob S5 g o glaie yyolie
oy lis (Cull Sy 4y i Sy 5l sy alasd o ans
Gl B o Cawd 4 (i bl Wb Sals S5 Joe oS
oolaiwl olS' (g e - clowi )l azgs Jowo 3l oo Sl
CEB-FIP Model code 90 333) — St Joo 355 oo
Sgdse 485 S50 (2 4 0 She (St sl

oals ooly las () JSo o o¥ed i, S - A Jove
ool oolatwl gl v ago Juw s Kl (gl !
0 438,515 5 el ot ploliny 5, a3 LS s
bl 9o Glp o S35 oM sers 4 Az b ol
3 el Joe gai e ol oal a8, b s bao Sl
Sl 00l oaly ylis (7)) Ui

S95 o 8 Jloel Slakad (59 461051 Jol @08 )0
JIS @YU gl 2 oanl 8l Sigigige &g 4 (LSl (5597
20,5 Jleel SlEg8

fu
fy

» £

Y &y
Vg i, - G (gionie —0 S

GrSo3lul g 5L Jlas! Joro o ki Joo gy o —F S5
Sl Oy

%2

fo @

I

tensile
failure

—————— compressive
o !
fe failure

0§97 99 (Kt 2l -F S

olis (F) S5 50 o 597w 99 (Sisund @i giont
u\...ul)c;o )_,) u)a_‘a:\;ui _L:_.u‘j)jk:u.u‘ ol ob‘o

:()L..i;é —)L..‘Z.é) 6)L.i'.5 ;W" S

of :1+3-65(0c1/0c2)f ®)
¢ [1+(O-cllo—cz)]2 ¢

gz 40 ol i o d gz o ol ol ye aS

:)Li'.é —um..f

f& =f.r
c clec )
r, =@+ 5.3278%) 1.0>r, >09

c

Bl or ( PAAS Cunglie 1l o pb et ] 50 &5
(Led - maS) asS KiseS

ftef :ftret! ret 21_08% (A)

c

fof=f, )

Ceaglie il g0 ¢y (6,570SS ddS Coaglie fi oyl yo oS
S & Glojl 1T (el )] Jome 5 o (285 g 55l
:%—IGA Cewd dy g dbal ) 51 GE ey S8l (65,1 ..\.;.,,,'ILSA

G, =0.025(f, /10)°7 )

4555 9o L (smeared) o5y S5 Jawe 3l ATENA 3D

59 S o oolainl Jles S Jaw g 2ol S5 Jow walize
WS (o0 59l (2S5 Cenglia Sl ol A (B Joe 50 2
dlas p S5 5 oS 5 05000 (558 e 097 4 S
A bocelly Gl el @iy CSlES Sjge a
ol S Jae 0 058 00 el aaie Joe 0 09585
patie S Ll abnd o (Lol 5 cr b S5 cee



"m N1V (OIFAA HLeasl) ¥ oo)louds (FR oo o b g oyl pos (oo 49 3l | (550 g o558 .0

Moty sheis i s 31 Jie wisS slaplezile
o e 49,8 oo B GJlE g 9y 2 &S Sl oad
Soedt e 9 Wl aigSnl LS, ke ezl
el ¥ s 0 1550 slaadl )l eolarul b dapyl o, Slee
oaiyli8l sl (8L cow g ouds gous (gilw o s
Jpd O sl S (o )13 (e (Sstial Llow)
) U5 5 ol haite 5 (il slad 5 () S o solgiin
6180 Rl g (B pao pllas Clasin el oals ool las
Sl 00l oals Las (F) 9 (F) Jgloz ;o Sle0
150 5 (F) «(F) ela s wiilen o¥sd g % slo Jos
a il kol saniie s il g Sl g 0l b S L
Ol el oSy Sl by e e J5S &g
S s JS8 & Jelo ) Jols e s Ll
Glogad a4y azgi el ool ools las (V) USSG jo plxl>
4 o oo Vo/F Slule o VEFFRN &5 Cooglio ,iSTas>

] o;&n] Cawd

S.00
3.50

o
I 1 & O_I

m) g5 S -A JSo

S.00

(m) ylgs ahado 9 Sl glos -1 JSC&

2000 -
1500 -
1000 -
z
=
®
S s00 — e = bl S L e U5k
0 : : )
0 Displaclr%ent (mm)15 20

el Joo (2l )b loges Ve YSB

VYY-RN plp o SBs8 o 5 Jleel (5597 )b gg0e
b ol anils a5 2ol b Jlesl (gan slapad jo 4 ail o
(58 JIs 350 15 0zl (e ks J SIS & 90 4 il
20,8 Jlesl o5l @

SYolre Jo ool g, ATENA 3D ,l38le 5 Koo o
8 GBSk e g game Ll g alanly 4y Jas 5ol
Yolee > sl 5138005 cnl jo (alise glahg, ol oo o]
s e Yol pis Jo Glp 0l 092 das e
olyer (it sortar (B9 b oS5 0 Hodl) ~(Fe )
Sgd g0 oolainl B8 ya o S Gwle 9,5 5, 4 L
)Q RN 9'/’ Y )ij HAﬂjjs LY dglza JJLQ*~1 9 JJLQ*Mi LgLDLLu$
w85 i 50 )85 ez ST o8 o 0 i oo a8 5 s
P9

oals osls ylas (V) JSKo o slas > slo pove hgy
5o o &l slausly 4 oy Soel) awslie gly) ol
(Wlosds Joos Gralesl molis

byl age alie lds Jlos! glaciy,s JSew
A s ity (Ghp Cueglie () Jgur Gob ail oo
0,8 Azl e e VoIFY Gleals o APYARN (s
5 2Eislel s 5 oael s 4 slo e awslie b
2 simleyl g goae Jdow adgl e saslive o Lo
(Ooid gl am el o bl basls gal S oglas
)117i3 9 )jif‘~ks- )lg )‘.Xﬁ.o szﬁ o ):.ﬁ~${ (:;)hké (0 9o s:;5L§3
S 08 4 003 Hlewn abati ] o K

2000 +

1600 -

1200 -

@
=}
S

Experimental

Numerical

Load (kN)

0 5 10 15

Displacment (mm)

NUPEC diga -V S

Silwpglio 5o Jglwio oligS slaylgss -¥
sl booysdn )0 goite lad Sty (g Soa L
(Sl 53,215 Jall s cciliin s gl 4o Lol
it 9 by (ol oiagsy bwss (loj))
Silwpslie sl cwl 0w g (WWA) A3l



NE-1Y (PN L) ¥ oojlouds (FR alo iy ) baamo g oyl o (i 9 i | ], g 01355 .0 "y

Sy alalls 0 20 Cooglio g Ko juudd' (w92 -T Jou

ges ol e ool S siges
Agol &N) Vy num. &N) Viy gxp. (kN YU Num. o5 o ST (mm)idum e
VU Exp. mm) Ll (mm) a5l pilejl Lgas ol
NUPEC Ve VPEY NTEV Vo/EY Vo /A -190
51920 9 plaw wlasin -V Jous
s L s H Iy £ v fe E ¢ Ey &
o9 omeliwem - RwEm (kg/mm?)  (kg/mm?)  (kg/mm?)  (kg/em®)  (kg/em?) s Sla
i i v .Y “IYA vee - £ Alll
OgewlNigh g (5,195 595k ,T Wlasive -F Jguor
S - BERNCT- P e iy . ; =25kl
Js15 w38 (5,135 g3l ] I (M) glaiod ghade (M) liisd Jsb Goelaish (Jsbsils)] . l) )
Sl Ogelig?
$20@25 316@25 1x1 9 7 925 320@20
— s e il e 59 oo oanlie (V+) UK o 4 aisles
TR -4,500E401 =z
R b Cuoglie 5 005 gyl abadi 5l am SWSL CdI L dp Boes
[ b s & o - .- - i .
:-’c‘::‘;: s OY) IS il oo Cuoglin piSTas ao 0 VF Lo ey aslewy
. . 22308402 Ers - - - gl . o .o
e o 20e02 S gl (V) S35 Sl ol sloiyS a8
wpubol S - 3.150E402
ki SRS E i) o Ok ) bS5 aly 5 Cuar o9l atise b onibe Sl

35bso 53 2l i @i I IS

920 )8y » W SIS ol 5T ¥

Olose Hlead ;o W G BISs sloul b aS v oo Jai o
b ol @i dSs (il b coudyb ibleaSs cols oo
2 L 5 b e slp g saie o ols i3l
sosl & S OF) JSE b (L sla i ae
abeS g0 4o 0.02m (o,e) X 1.5m (glis,) X 0.2m ((30c)
ools Las = pall b BISs i oo 35,5 o0 Syl Joe
IV e el Wiged Bl T e g oe
p3Y g oo 413 )T JLai )3 o /Be g [0 /YO /¥ /YO
S i [0 s SIS alols b diged o el S5 4
3,10 0429 Jawg ,o SIS

ﬂéd&w )‘94& élﬂ‘ -\f JS-«:#

L diges g co alamdlo (V) JSo ;0 aS i Lo .ais oo
3ol a5 Cuglie )0 mupw EalS Lozl adadi 4 o,
Ao sk & Spo5 5 8 Loy o 55 08 g0 caalie
o ool lid los Kl paeiS a5 (VF) JSo [0 0)ls 1,3
4>y BB sloo Ko 058 o0 cdnline a5 job les ol
Sl Sl 23 plle 4 (pope 0 Ko aY (gl 5 o228

sloads

2819609
3.5006-02
7.000E-02
1.0506-01
1,400€-01
1.7506-01
2.100E-01
2,450€-01
2,800E-01
3.1506-01
3.500E-01
3.8506-01
3.887E-01

2.036E-03
2.000E-01
4.000E-01
6.000E-01
8.000E-01
1.000E+00
1.200E+00
1,400E+00
1.600E+00
1,800E+00
2.000E +00
2.036E+00

sl 55 g (oS Cuoglilo 29598 IV S



"y W&oy ‘(“vﬂ/\ ulﬁm}b) Y O)Lm.';’a Fa -\.1> ‘u.m..a) Ja.;.z.o 9 C)‘J““‘c ‘;m..b.e,c 4.’).&.’ / Q‘)&M 9 .eb)s L

1600 -
1200
800
z
3
=3
g 400 T s Bl el e
- ----a/L=025
0 T T T T ]
0 5 10 15 20 25

Displacment(mm)

a/L=O.25 5)‘6&5&& )‘9?6 ‘sgl’.‘ﬁ.?l? )Lj )‘éj&d‘ -\v N

1600
P S
1200 - - -
4 \
4
, \
’ \
— 800 - i \
2 3 \
=3 4 .
k] ’
3 400 ) — s Ly s Ll Jaw
-=-=--12a/L=0.30
0 : : : . ,
0 5 10 15 20 25

Displacment(mm)

a/L=0.30 a)'&dm )‘9.1\5 ‘sjlqdéb. )L? )'O’-O.; -\A J&ﬂ}

1600 -

1200 -

800 -
z
=3
o ) X
8 400 ke G s (s Joe
—

----2a/L=035
0 . .

0 5 10 15 20 25
Displacment(mm)

a/L=0.35 a)'OL—éw )‘9{0 ‘j.b.‘\.}l? )lg )‘\59&3 -4 J&w’)

1600 -
1200 - s\
/7 N
4
»,
4
800 - ‘
4
’
A
E‘ v
= g PR . . .
;400 it i s Lo o
3
3 —---a/L=045
0
0 25

3 Displ%nocmengt?mm)20

a/L=0.45 IsBILs g0 lrals Hb yloges Yo JSCi

1600 -

1200

800 -

(Load (kN

400

-20 -15 -10 5 10 15 20

Displacment(mm)
-800 -
---- Pushov

-1200 A
er

-1600 -

J° a/L=035 L' )‘éd&w )‘540 )Ld) AMUM =10 J&w
C15iSy oaigljh 3 145 7 55145,k

sl @ )lge (G5 g Cuaglia GualS (o jslate 4

oanl ¥ S,k Sl b o] alie 5 glas iz sl
£5 90 ol b a/L=035 cos b o GG lg0 oS leis
S5 (10) US55 ulis o aps,8 b il ol
Sg o odlive (VO) K& j0 a5 458 led .l 00l o0ld
SISL g b szl BT (las 2 slapmis (hg
O do o 7y 3 55 5STas L) o)l e eiS eany Al
6L, b anlic ¢ S5 el gl 13 (aws o0 ylis
L sl dss 5l Lad dacdlsls calisee slacaadgs b sla e
Llgs obuls - )b laloges .ol eolitwl sas bl (g 135 L
BICs g Jaeo b gead ools Las (YY) B (VF) sl IS 4o
ol ooly Hlas b S ol )0 aS 455 les Sloaud dulie
FS605 b a/L=0.15 asdllas o500 o odgazs ;o ol
ole ol Ty L ol el slaad & ISH o
Srpiedzr 975 4 Jlps GplJSO (Sl Gl Sudib
Olid yed Hlges Jawg Ho BIKE ST L Jaw b oo il

Q0> 5l g0, ld) iSlas Cuglie jo ralS i ole

1600 -
)
1200 - \
|
\
\
— 800 !
2 |
= 1
= .
S 400 | T ke (Bl LS Jae
-=-=--12a/L=0.15
0 r r r : : \
0 5 10 15 20 25 30
Displacment(mm)

a/L=0.15 HlsBLLs g0 alrals Hb Hlogei 17 JSCi



NE-1Y (PN L) ¥ oojlouds (FR alo iy ) baamo g oyl o (i 9 i | ], g 01355 .0 ¥

2.036E-03
2,900E-01
4,000E-01

6.000E-01

B8.000E-01

1.000E400
1.200E+00
1.400E+00
1,600E+00
1.800E+00
2.000E+00
2.036E+00

AL Hlg o ol Sy g (Al Caoglio -TF ST
a/L=0.15

2.036E-03
2.000E-0L
4.000E-01L
6.000-0L
8.0002-01L
1.000€ +00
1.200€ +00
1,400€ +00
1.600€ +00
1.300€ +00
2.000€ +00
2.036E +00

Sl Hlg0 o led Sy g (bl Conglio -TO JSCi
a/L=0.25

GBS Hlg0 S ld Sy 9 (Al Caoglio -YF SO

a/L=0.30

SIS Hlgd ol Sy g (ilS Caoglio -TY S0
a/L=0.35

1600 -
4
T
1200 - , \
4 1
/
” \
’ \
800 fr \
2 [ .
~3 7
= g
e q
S 400 e = SO JER YRR WES S KV
=
-=-=--12a/L=0.50
0 : : : : )
0 5 10 15 20 25
Displacment(mm)

a/L=0.50 ‘)I‘)dm )‘9}3 ‘s"L?E.gl’. )L? )‘Q’-Q-; -\ N

95 ;o 1y o Koo canS 15 (YY) 5 (YY) slo IS

oo am3 e GLas 00 g /N0 BILE o kols b Joe
slasy aS oad el BIG olxyl wad go onys a5 5b
3 g il (gl e (g iy B3l g W1 glao Kl
oS Sl oSB sloo Ko /00 i SIS alold b aigos
2 )lga 8l ply wiloads (gl aijls I8 SIS 4 Soo 3
Gl il e e AT g0 i L, ad Lo,E e

Lol 51 e St oL 5 it (B (gl Ko
adlor g (Sl (B p Sedib e 3

~2.931E402
-2.900E+02
-1.800E+02
-1.200E+02
-6.000E+01
0.000E+00
6.000E+01
1.200E+H02
1.900E+02
2.400E+02
3.000E+02
3.600E+02
[ 3.751E402

_E?
-
I
i
111

-

M |

——

e o

-
1

[T s

OIS Hlg0 50 o Koo el i -YY ST

a/L=0.15

-5.549E+01
-8.000E+01
-6.000E401
-4.000E+01
-2.000E+01
0.000E-+00
2.000E-+01
4.000E+H01
6.000E+01
8.000E-+01
1.000E+02
1.169E+02

|| ||.‘

5)‘«)&.5&;3 )‘ﬁé ) o ,S.la.o’ - ;MMMS w -Yy LS-M#
a/L=0.50



No N1V (OIFAA HLeasl) ¥ oo)louds (FR oo o b g oyl pos (oo 49 3l | (550 g o558 .0

SIS 515 sl 2 Joto ol oladiiia -0 Jyur

Silowy Cenglin
(KN) oled ooy Zenglin mm) el (N) o ) ol
adsl Joe VFEE Ve/f FYVIY VoIt
a/L=0.15 VROV Y¥/A OOT/A YeIv
a/L=0.25 VYYD VIV 0OF/A YYIO
a/L=0.30 AAREY Vo4 OOf/A ARYAY
a/L=0.35 YYYA VE/E 0OF/A V4
a/L=0.45 \YYY \Y/AQ A A \¥ig
a/L=0.50 \YYA VY /A OOT/A VAl
@/L=0.15) / aJsl Jos V/eea YIYA -IAQ VIVY
@/L=0.25) | adgl Joe </a¥ VIV +/1AQ \/f7
@/L=0.30) / aJsl Jowo LY VIOY “IAQ VY
@/L=0.35)/ adsl Jow BATA VIYA +IAQ VIYY
@/L=0.45) | aJs| Joe < IAA VIVE -IAQ -Af
@/L=0.50) / aJgl Jow -130 VYE -IAQ -1

& 325 4 -0

S b et alaiio b olisS (oD Jlges 3o ol )
sloosl s3lopslin j5bite & o (Sl Job & lis | sole
it 9 (obddily (Ml oiags bwg eli)l oS
@ 285 I8 pwyp 290 g 4S5 addlae 590 a5
oS 0 @SB GBS ey ol - )b [U8; Sene late
alllas )50 (G085 4y 5 0 T Sleiiny Al Cuadge
SL g Jlees [, L lajlees (nl 8, anslie (85 13
100,85 b bt 4 e

59 o3l IS O g0 4 @SB GBI g0 gl sla Jow -
sl Jlis a1y s g pdyss

Gl 53z Sl Sl GBS g0 b g G gz -V
A5l olieS (sl lgss ol (5 ,m,L e b

bl les Sl slaad 4 SKG as Sop L =Y
Sige & piSs Jy wale ool Loys ol pb
S oo Ty I8l S et

5 ond Lo Sl 4S5 diz 4 diged SIS ologl L ¥
P S5 Sl 4 daS 5 g 09h oo b A saze @iy Sl
Azl i pd Ngdge Gl ples ol S
Sy il gllas (S cd

o 3l s SidenS do qoild GBI jl oalizusl L -0
2980 b (ohp e S a4 (Shp S

w3 s Jsb sl o110 alold o OIS byl L -8
s G TATA Ly 5o s ol

QIS Hlgd ol Sy g (S Caoglio —TA IS

a/L=0.45

2.036E-03
2,000E-01
4.000E-01

6.000E-01
8.000E-01
1,000E+00
1.200E+00
1, 400E+00
1.600E+00
1.800E+00
2.000E+00
2.036E+00

ISGIE Hlg98 ol 5 5 5 HAhS Conglio ~YR JSS
a/L=0.50

@las 3 oule Bl 28 Canglia (Y) 5 (VF) sl IS
1) oo oo oGBS ol lgys 1o S )5 i 0356 b ol yo
A Suo 5 BIKE 5925 w0l oo 03 4S 45T yles e o L
plas yo Sy Loy a5 cul oad el g Sl sload
osliiul wlas | o3 ay Wgd @je8 e (o 5 L)
4ol o (F0,3 S5 35 ,e5 5l el Jee 4 g camlie
B SRS olr pae ) gogue

Jsaz 0 ol 4 dily olml> 5 Sl )b cud )b polie
Sl ol oole Las (B)



N1V (YA HLeasl) ¥ ooylods (FR oo o ) b g oyl s (oo 49 3l | (550 g o558 .0 ¢

Werasak R, Mange ], “Analysis modeling of seismic
behavior of lightweight concrete shear walls”,
Proceedings of the International Multi Conference
of Engineers and Computer Scientists, 2009, Vol. II,
IMECS, March 18-20, 978-988, 17012-7-5.

Wood SL, “Shear Strength of Low-Rise Reinforced
Concrete Walls”, ACI Structural, Jan-Feb., 1990,
Journal, 87 (1), 99-107.

&2l

Josdlygiws il cwasge g lidsalyly (alliye oSings
@l ol g (8 olasin wsloj)) (il 025
YYFF YA (S e s, &

sloylgo slaj ) s, anlllas” b alle g (5)9m0 o Boled
S eal alzms AYA00 IS8 Algs 18, L
(O) By

Hsu TTC, “Behavior and analysis of 100m pa concrete
membrane elements”, Journal of Structural
Engineering, ASC, 1998, 124 (1), 24-34.

Hwang SJ, Lee HJ, “Analytical model for predicting shear
strengths of reinforced concrete beam-column
joints for seismic resistance”, 2001, ACI Structures
Journal, 97 (1), 35-44.

Jiang H, Lu X, Kwan AKH, Cheung YK, “Study on seismic
slit shear wall with cyclic experiment and macro-
model analysis”, Structural Engineering and
Mechanics, 2003, 16 (4), 371-390.

Kwan AKH, Dai H, Cheimg YK, “Non- linear seismic
response of reinforced concrete slit Shear walls”,
Journal of Sound and Vibration, 1999, 226 (4), 701-
718.

Kwan AKH, Lu XL, Cheung YK, “Elastic analysis of slit
shear walls”, International Journal of Structures,
1993, 13 (2), 75-92.

Lestuzzi P, Greifenhagen C, “Static cyclic tests on lightly
reinforced concrete shear walls”, Engineering
Structures 27, 2005, 1703-1712.

Lu XL, Wu XH, “Shaking table test and analysis of a new
type of shear wall with seismic control device”, 11th
World Conference on Earthquake Engineering,
1996, Paper No. 10.

Nuclear Power Engineering Corporation of Japan
(NUPEC), “Comparison Report, Seismic Shear Wall
ISP, NUPEC'’s Seismic Ultimate Dynamic Response
Test”, 1996, Report No. NU-SSWISP- D014,
Organization for Economic Co-Operation and
Development, Paris, 407.

OECD/NEA/CSNI, “Shear Wall ISP NUPEC's Seismic
Ultimate Dynamic Response Test Comparison
Report Issy Les Moulineaux”, France, 1991, Report
No. OCDE/GD (96) 188, Committee on the Safety of
Nuclear Installations OECD Nuclear Energy Agency,
412.

Palermo D, Vecchio FJ, “Behavior and analysis of
reinforced concrete walls subjected to reversed
cyclic loading”, PhD. Thesis, Toronto University,
May 2002, 1-351.

Sanada Y, Hirose T, Yorkinov B, “Seismic testing of
reinforced concrete shear for detecting a structural
weak point”, International Conference on
Construction and Building Technology, ICCBT,
2008, C 20, 223-234.

Synge A], “Ductility of shear walls”, Research Report 80-
8, Department of Civil Engineering, University of
Canter Bury, Christchurch New Zealand, 1980, 141.

Ueda M, Seya H, Ohmiya Y, Taniguchi H, Kambayashi A,
“Nonlinear analysis on RC shear wall shaking table
test”, 14th International Conference on Structural
Mechanics in Reactor Technology (SMiRT14), Lyon,
France, August 1997, 17-22, 433-440.



s
Q Journal of Civil and Environmental Engineering
Volume 49 (2019), Issue 2 (Summer), 107-116

University of Tabriz

EXTENDED ABSTRACT

Seismic Performance of Low-Rise Slotted RC Shear Walls

Masood Farzam **, Mohammad Ghanizadeh ®, Abdolreza sarvghad mogadam ©

2 Faculty of Civil Engineering, University of Tabriz, 5166616471
b University instructor, University of Payame Noor, Tabriz
¢Structural Engineering Faculty, International Institute of Earthquake, Tehran

Received: 06 February 2016; Accepted: 16 October 2016

Keywords:
Low-rise shear wall, Finite element method, Slotted shear wall, Shear strength.

1. Introduction

This study focuses on an approach to improve the behavior of low-rise shear walls with a rectangular cross-
section and a height-to-length ratio of unity. The significance of this study lies within the need for a better
understanding of the complex shear mechanism, not to mention the shear-flexure interaction in low-rise shear
walls which results in different failure patterns under seismic loading. Shear forces may cause diagonal tensile
or compressive failures. Moreover, cracks at the foot of the wall during elastic deformation could cause the
shear slip failure which could limit the ductility of the wall. To this end, validation studies were conducted on
a shear wall specimen chosen from the literature (i.e., the specimen tested by the nuclear power engineering
corporation of Japan (NUPEC) (1996).

2. Methodology
2.1. Finite element modeling

Numerical analyses were initially carried out in a nonlinear finite element software specifically developed
for concrete structures, namely ATENA. “3D nonlinear cementitious 2” material, a fracture-plastic model that
combines models for fracture and plastic behavior was used. The classic orthotropic smeared crack formulation
and crack band model are used in this model. In this model, the tensile softening branch is defined by two
parameters, fracture energy, and the maximum crack width. Moreover, the post-peak branch of the
compressive behavior is characterized by the ultimate strain. Bi-linear strain hardening stress-strain curve was
used for reinforcements. Eight-node isoparametric brick elements and 2-node truss elements were used to
define concrete and reinforcements, respectively. The “Newton-Raphson” solution method with an updated
stiffness matrix in each iteration was used to solve the nonlinear system of equations.

In order to investigate the behavior of low-rise concrete shear walls, a short shear wall with dimensions of
0.2 m (thickness), 3.5 m (height), and 3.5 m (length) with a rectangular cross-section resting on a 9-m length
strip foundation proposed by the International Institute of Earthquake Engineering and Seismology was used.
To investigate the influential parameters governing the behavior of the wall, the so-called wall was numerically
modeled and was subjected to lateral increasing loads; details of the wall were according to ref liees (2011).
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3. Results and discussion

3.1. Validation studies

Comparison of experimental and numerical results in terms of shear strength and displacement values
showed that the values are in very good agreement with one another and therefore the methodology was

verified.
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Fig. 1. Comparison of experimental and numerical results for the NUPEC (1996) specimen

3.2. Effect of slots

Results obtained from the analysis for the specimen (as shown in Fig. 2) shows that the failure pattern of the
wall is mainly shear-dominant with a sudden decrease in shear strength value after the peak load.

As for the effect of openings, it can be observed in Fig. 3, when compared to the wall without slots, the post-
peak ductility of the wall increases noticeably which could act as a warning prior to its failure. Moreover,
according to Fig. 4, it can be seen that the tensile cracks have propagated throughout the height of the wall

which helps to avoid stress concentration and make efficient use of the tensile capacity of the concrete.
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Fig. 2. Numerical result for the shear wall in ref. liees (2011) Note: length of the foundation with a rigid support is 9 m
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Fig. 3. Load-displacement curve for the shear wall in ref. liees (2011) with no slots vs. slot with a/L=0.15. Note: Solid
curve shows the wall with no slots and the dashed curve shows the wall with slots
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Fig. 4. Tensile cracks for the shear wall in ref. liees (2011) with slots

4. Conclusions

Results showed that walls with slots have an overall improved ductility in comparison to models without
slot. Additionally, creating slot in the wall helps in the redistribution of internal forces, prevents stress
concentration. Furthermore, the presence of slots changes the failure pattern of the wall from shear-dominant
to shear-flexure dominant. Finally, for a wall with a slot ratio of 0.15, displacement corresponding to the peak
load increases by 138% compared to its counterpart with no slots.
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