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ABSTRACT: Experimental and numerical studies of Steel Plate Shear Wall (SPSW) and its successful
performance under past earthquakes have introduced this system as a lateral bearing system. There is a
lot of unknown information about SPSW despite reported numerous studies. The effect of crack on the
SPSW behavior is one of the unknown aspects of SPSW. Although crack had affected some experimental
tests, its effect on the SPSW behavior has not been investigated comprehensively. Even in numerical
studies, due to the complicity of the crack in modeling and analyzing especially in nonlinear studies,
it has not been evaluated comprehensively. Because of the thin steel plate and inherent welding, the
emerging of the crack in SPSW is deniable. Therefore, in this paper, the effect of central and edge cracks
on the behavior of SPSW was studied numerically and parametrically. Numerical results indicated that
the central crack is more destructive than edge cracks in case of fracture, ultimate strength, and energy
absorption. Although small cracks do not have a considerable effect on the behavior of SPSW, the central
crack with a long length leads the SPSW to fracture in the elastic zone. Moreover, although long edge
crack reduces ultimate strength and energy absorption, it does not lead the SPSW to fracture. Due to the
difficulty of crack modeling and crack analysis in SPSW, the necessary relations were proposed to obtain
a pushover diagram without needing to modeling. The proposed relation estimates the pushover diagram
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of the system in good agreement with FE results.

1. Introduction

Steel Plate Shear Walls (SPSWs) are capable systems
against lateral loading [1]. This system enjoys high stiffness
and strength as well as considerable ductility [2]. This system
had shown ductile behavior in past earthquakes [3]. These
advantages pursued designers to use them in their projects.
Also, some strategic building has been built using SPSW.
Generally, in small-scale and full-scale laboratory studies, a
continuous infill steel plate is used [2-6] that is dissimilar with
real projects condition. Due to the limitation of steel plates
in the case of practical dimensions and SPSWs technical
construction, the constructor utilizes two plates for infill
plates. The two plates are welded together at mid-height of
the infill plate that is susceptible to crack.

Since it is used thin plates for infill plates of SPSWs
systems and due to the nature of the crack, existing of the crack
in the infill plate is undeniable. Also, in some experimental
studies [7,8], the emerging of crack was reported although
the main feature of those studies was not to study crack in
SPSW. Therefore, there is a gap in knowledge in this field.
In so doing, in this study, the effect of crack on the SPSW is
investigated numerically and parametrically.

*Corresponding author’s email: aghamari@alumni.iust.ac.ir

2. Methodology

Numerical studies are carried out using the Finite Element
(FE) method. In so doing, the capacities of ANSYS and
ABAQUS software are used. The crack initiation is obtained
by ABAQUS and then the crack propagation is modeled by
ANSYS. This technic is because of the limitations of the
mentioned software and their capabilities in modeling and
analyzing.

The geometrical properties and crack location at mid-
height of infill plate in FE models are shown in Fig. 1. The
infill plate equals 4mm was designed for all models. The
boundary frame was designed to resist the post-bucking
behavior of the infill plate. For each model, a specific name
was selected that contains two parts. The first part, EF or CF
represents edge or central crack, respectively. The second
part shows the crack length in mm. Models with the crack
length of 4, 8, 16, 32, 64, 128, 256, 512, and 1024 mm were
modeled.

3. Results and discussion
4. Load-displacement curve

The load-displacement curves of FE models are shown in
Fig. 2 Based on the figure, edge crack leads the curve down
but it is not causing to sudden fracture of SPSW. Leading
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Fig. 2. Load-displacement curve of FE models

the curve down represents reducing in ultimate strength and
energy absorption. But, walls with a central crack length
greater than 3.2% of infill plate are fractured suddenly.
Moreover, central crack length greater than 12.8% of infill
plate cause fracture of the wall in the elastic zone. It is
concluded that walls with a central crack length great than
12.8% should not be used as seismic zones.

4.1. Stress in SPSW

Fig. 3 shows the yielded state of SPSW for edge and
central crack at ultimate drift. As shown in this figure,
long crack length prevents forming of stress tension field
action in the infill plate. Also, a crack with a small length
does a considerable effect on the tension stress field action.
Moreover, in-wall with long central crack, yielding is
concentrated at two ends of the crack. In the other words, the
infill plate dosed participate in energy-absorbing because of
fracturing of the infill plate in the elastic zone. But, in-wall
with a long central crack, a considerable area of infill plate
is yielded however the tension field action is not completed.

5. Parametric model

Modeling of SPSW is complicated even without
accounting cracks. Considering the crack effect, the
complexity of modeling is further enhanced. To overcome
this problem a parametric model is proposed for cracked
SPSW. For this meaning, displacement and strength of infill
plate and mainframe are calculated separately. To archive the
pushover curve of cracked SPSW, the obtained curves are
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combined together. Shear displacement of infill plate, Awp,
without taking into account of crack effect is obtained from

Eq. (1).

0.650, 3 +sin?2a
p= E

)

sinZ2a

Where E is the Yang modulus, ot is the tension yield
strength, d is the frame height, and a is the tension field action.

It is assumed that ultimate strength, Ff, and ultimate elastic
displacement, Af, of the mainframe are calculated when two
hinges are formed at the two ends of columns.

M, d?
__F
A= ok I. 2)
4M 3
Ff:Tp 3)

Where Ic and Mp are the moment of inertia and plastic
moments of the column. The load-displacement of uncracked
SPSW is drawn using the Eq. (1) to (3) inelastic zone. To tack
into account of crack, the infill plate length, b, is modified. If it
is assumed that b2 be cracked infill and cracked equal to, and
crack propagated length be bl therefore the modified infill
plate length accounting cracking is equal to b, =b — b,
. Therefore, the shear strength of the cracked infill plate is
calculated by Eq. (4).

Fu2 = (te + 0.5 0; sin2a) b,.t “)
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Fig. 4. Comparing of proposed method with FE results

5.1. Verification of parametric method

In Fig. 4, the FE results are compared with the proposed
method to evaluate the accuracy of results. As seen in the
figure, the proposed method shows a good agreement with
FE results. Its error in elastic zone is around 2% in calculating
stiffness. In addition, it calculates the ultimate strength 5%
lower than FE results.
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6. Conclusions

In this paper, the effect of crack on the behavior of SPSW
was studying numerically and parametrically. The results are
summarized as follows:

- Crack with small length does not considerable effect on
the behavior of SPSW.

- Both long edge and central cracks in infill plate reduce
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the ultimate strength and energy absorption of SPSW. But,
central crakes are more critical than edge crakes.

- In central crake length greater than 3.2% of infill plate
length, it causes to suddenly fracture of SPSW in the inelastic
zone. Moreover, the wall with central crake length greater
than 3.2% of infill plate length, fractured in the elastic zone
with significantly low energy absorption.

- Central long crack prevents forming the yielding of
diagonal infill plate whereas edge crack does not considerably
impact on it.

- The proposed parametric model is in good agreement
with FE results in the case of predicting the pushover curve.

References

[1]M. Gholipour, M.M. Alinia, Behavior of multi-story
code-designed steel plate shear wall structures regarding
bay width. Journal of Constructional Steel Research, 122
(2016) pp. 40-56.

[2] R.G. Driver, G.L. Kulak, D.J.L. Kennedy, A.E. Elwi,
Cyclic tests of four-story steel plate shear wall. Journal of
Structural Engineering. 124 (1998) pp.112-20.

[3] S. Sabouri. C. Ventura. M. Kharrazi, Shear Analysis and

Design of Ductile Steel Plate Walls. Journal of Structural
Engineering-ASCE, 12 (2005) pp. 878-889.

[4]J. Jonah J. Shishkin. Robert Driver. Gilbert Driver.
Analysis of Steel Plate Shear Walls Using the Modified
Strip Model. Structural Engineering Report No. 261.
University of Alberta, (2013).

[5] A.R. Rahai. M. Alipour, Behavior and Characteristics of
Innovative Composite Plate Shear Walls. The Twelfth
East Asia-Pacific Conference on Structural Engineering
and Construction. Procedia Engineering, 14 (2011) pp.
3205-3212

[6] D. Dubina, F. Dinu, Experimental evaluation of dual
frame structures with thin-walled steel panels. Thin-
Walled Structures, 78 (2014) pp. 57-69.

[7] C. Lin. K. Tsai, Y. Lin. K. Wang, B. Qu. M. Bruneau, Full
Scale Steel Plate Shear Wall: NCREE/MCEER Phase
I Tests, Proceeding of the 9th Canadian Conference on
Earthquake Engineering. Ottawa. Canada. (2007).

[8] M. Guendel. B. Hoffmeister, M. Feldmann, Experimental
and numerical investigations on Steel Shear Walls for
seismic Retrofitting”. Proceedings of the 8th International
Conference on Structural Dynamics. EURODYN. (2011).

HOW TO CITE THIS ARTICLE:

DOI: 10.22060/ceej.2020.16928.6396

A. Ghamari, V. Broujerdian, Influence of Crack on the Behavior of Steel Plate Shear
Wall Under Lateral Loading, Amirkabir J. Civil Eng., 53(4) (2021): 321-324.

324



785 500 ()] yo (o kien & i

VY B VF-Y Glorio OF e Sl oF 0)led OF 0,93 ¢5ueS puol o (susige 4y pii
DOI: 10.22060/ceej.2020.16928.6396

Sl Hb e ooVed g Hleo L8y w5 Wl oy

ol yzen a8 e

Ol ey 0, ¢ sadl! al)'—\ olBisls s 0)0 axlg —)
Olnl el olp! Cais g ple olBiils (ol jas cwaige caSiils =Y

(Ga9ls Az,
YYAA-BIYE sl o
VRN AIYY 1 S5k
VAN <1V 2y

\WAANYNY u.:)u &l

PRWLICN

SV b lpo

il o ol 3390 0 Slas (reizman 5 oVd LBy 90 (55) 2 oo plwl (so0e g (AR Le3T Slalllas oM
sty Olalllae iz o .l 00,5 8 re bl sl ol 0 T piens G lsie @ ) picen () @lndS
Obzred Lol ecenlonds plonil w02l (555 2 (63Y58 (B L3 JL3) S5 36 (ogas ;o Cldllas 3> a)
ryaz o LaB il ol (S oo¥s8 (LB Jlss L3, S I SIS 352y s ()l (pgaS o leasliil
byl el eslinal b (o O 58 5 S5 (s ed Sl sl Sz el 4 a8 ool (60¥58 (L3 e
Saple 5 6V §)9 05 Culnd azgi b (Byb jlicenl a55 13 (o) Som 3590 galr pobo s guze (L]

S5
sl s,

Sl oS 5 a5 amo o (lid bl ol A8 )5 )18 )1 0550 (5Y58 (b e (sl ) (LS, LGR" Oy g

s 45 995 o0 el b3 Jobo b (Sloe (slocS 5 9925 00 ()LST SLS 5 4 e (65 050 Sl 60Y 58 (59 0
RO | =SV SV R TR JLIN U IV-SRIN P LE TR S W00 PUES TP SPYIE 3 [RE 3] JO- -

ol st BB YL s @80 b piiacen (3 gz lall (g 5le Joe 4y 5Ls yaas a5 Celoals

ooliiie S8 alKiglojl lalllas ,o [¥] conl Sljee slooss
ot plol Luldie ales & jpo 4 alKisles] Slallhas 25T >
L aS Colonds oslinwl ax LSS slag,s 5l [F-Y] ane; cnl jo
ol Gglaie olizl g e loojgy 10 39250 Cundg
Oed 5 d97se Gy Py 9 Ak gl 4 axg L
LS By 5l Oleed Cundly o y&‘*—‘“’ (el sl sSuss
33951 S s b g 0ged oolitul (go¥9d byl =l sl
Clil (go¥g8 )5 50 alog 052y ol solatul 4zl G (oY
ol 1y Gloassl >t goV¥s8 Loy Jlens 5l ples V JSo .l &L

o 4 (e dlwg g ond S5 ime (§)9 90 5l 45 was e

doddo —)
Gyl ;0 a8 Conl (il )l e S (358 (LDl
5 St sl pdy JSE L8, edle jsSie e V]
Sy lsie A pies (nl 00l 0350l sblse & azgs b (Y]
S8 oolaiul 0590 Lis jo (gousin slaojle o il b e
e U 3,30 5 canlin slansS ol Jlo o 5 ol 438 5

5 eslail (sl 3850 (il b pien S Olse @ b

aghamari@alumni.iust.ac.ir :olsise lsoage sarmms *

(Creative Commons License) s, Soii 31 juilucd cod i ol .ol 0ais 00ls 108 ol olSisls il jLicil 40 50 358> g B oian g5 4 (uilie 3oh>
Auley® oo hittps://www.creativecommons.org/licenses/by-nc/4.0/legalcode o1 5l uilacd cpl Slssa sly ol a8 5 18 ety o i 5o BY NG

AEZA N



VEVE B AFY oo VF v Jlo o ojlod @Y 090 ¢S yuol (ylpas wiine &yl

GV Sy )l 2l diged ) JSS
Fig. 1. Scematic constucion of steel plate shear wall

ElesT s S Lol s o 48 il olgise Slalllas
Caxdg opl 2 szl Ll o s Wl e 0929 4 S 5 oa
o Slply 2Ealel slces Lin og wslss 5ress b
o sloj ) sla by (SSbiwl 5 (Seolins (5,135,L g4 36
30 6Yed Ly lgs ol las gl vl sls plol (goV¥gd iy
olas (Seolns (6,108 L 5l oy adgl sBew (Sl 5,85
2V IS Billas Jol asds 1o SLSU S 5 5 S Ll ol walgs>

ol ol plos talesT ol

, =g\
99 69Y99 (o2 g AlosT Juko yo 5 by ¥ S
[7] aib
Fig. 2. Crack propagation in two-story experimental test

(7]

oz Sl g ez onl ol oM 4 dz g bl fate
9 ole Jhs2 0929 b (Jo i aalys ploxl 2] oo 50 (Shs2
Ui ol 1, sl wcetls anlgio omslio CokS eamlio oyl
3o Gl a4z g b Lol ogas osltul 1 (o JLasl 3l Ol o0
153 ool yos 50 Ygomo 9 83505 (2 alog 0 (hled b yme el
plxl (p2 JLS 50 Jles B9 99 (B92) (B9 Dy 4 dlog ()l
@l DM 5 (VB slag)s pS Sl @ azsi b ogd o
WS 5 o5y el i Al sl aioms S 5 Sg3g ¢ 0 S
g 086 (692 (FO)93 (8T g 28, la)h Sl o L‘?—"-"
3979 b A (St Gl (o] (7S L 4T ol (e 0925 4
g yaand g ools asis 15 ol S5 8T e cdls aalys
A S 5 0929 a5 05 o) p b W s plosl LB o) o
4l az )0 S5 pizmen ool peend JB L ledl OB s>
Soged g Cudls walys ) (slos ) L8, 230 (p i lges 5
Sl alis ol 50 10 el s LB aisSa o3l oo el
3550 03k 551 sy Jlogad 2 ol 53U 5 G9Vs8 (39 10 S o5z
235 aleS 5 o
sl 9y o el (aRlesT lalllas (6 ks 5o
o e iolesl cpl o caloads 5,155 T o, g S 5 ol (goYgs
Sl 03555 1 (35S 5 S 5 e Sgz 2yl O SR Bae iz
Iy (S 5 09500 Sbml atulgsl o b9z Coale 4y azgi L Lol

V€8



VFYYF B VFY dabwo NFe . JL\» A o)l‘w: HY 0,93 ‘)A.Ag)ﬁ.ﬁl u])o.c w»..\..e(o du).a.m

[A] oY g5 339 30 5 35 b yiumS ¥ S
Fig. 3. Crack propogation in infill plate [8]

Y b slles epat 0 lgiee sy e
Solie 0o b jlows o] ileS o L8, Wiz j2 9505 oslaiul

SFshile @y9 58, -

Sleaien) 5503 50 S50 o sleajle ol ree (owsites 2 0o
Sl SlSe iz 5 sl (18S Lblsn Jod 5l piige
Seyl osgaze jo SHL s sla bl s mwg 08
S (oo Jooi | GLSs g)lad g oaaS Lol slais e
leS ,Lad la i pl cod (o Jb (b p 5 IRl
e se ol (658 Cuz yd axio ) @) JSA s 5 0ges
Ly izmen 5 LS 18, » 2l sl ol 5 S5 b
A5 (b dg) g oy Wb SHL Sl gla Jb 60k
RO IR EP IS C I SN NISC I AV § IS APCER o
a3l oo B9 (LeS wosle 13, e e 15 lge

sl atugy g b,y L8, sanm) o loo s Slides
Al en,55 S5 5 )18, (J g aew Cesload ploxl Jlos 5
0L (dizes (ol NSged (o p )LE8 5 (225 (5970 sla)b
ool 55 T MleS IS cud il oS Jsb (lE L ast il
o 1y 03,55 S 5 59 oiileS 18, Silea 5 gls VA Wb e
IO NOged (o p Sgaoe syl by SIS 4y (LALS (5950 S

90 IS L uizmen g e Ll S5 b Sl Giegh ol

1 Pre-Buckling

Vgv0

$lr Vg by Jlns Sy coyn Al SLIT iz
ils I8 sz 9550 slos (it 5o O ol L)
Gy > ¥ IS5 S5 S s a lagialesT onl 51 Sy
e oyl Glaal wiz o ol plad ol e pd IS (oY
as oy las ams Ll ogus ) oS 9 S bl by o
Sebion Spd JSB Wl pals sel S5 LS

e SB ey 5,9 Jlasl Vo0 Jlo o oK 5 Berman
9o Hladzoe oyl [a]wsols )3 axdllas 5,50 1, g3V g8 ol 0
oolitisl (ypizad g onSgy) 5l oobiil b lams Ll &y Jlasl g5
anils Slagyer o2 89y &ys sload ol ,o a5 LS e
wsle ae CB 4 ooV 55 alsS el eolitul by
sl ) o oleriy Jlasl Condg wsls J15 (o) p 090 B
8 ygliws ylaie oyl el )] canlin (ylais a5 0 ,Slee duge s
Joe &yl odle (5313 bl caws S5 J3S 6l (ol
VB &9 Jlail iged (so¥sd (Ll Jlps sl Ol il
ol s sloiy 55 S ) 5 Sslr sl one 18
8 Qe b)) opse T 5 e g 0s Sty w50 Aiged
B RS W PLER

LILGT 503Y olBiils g yuaS el olRiils ladzee Yo VO Jlo jo
wals all S5 o s Jlazge slagyg 59y 2 |y Slllas [VV]
S > S eyl o o amoe ol Sligkos ol gl
shlo Gys awain U uoren Glaize (pl o)l Sl S

D3dgel gwyp |y o Bl ee | (caileS g L8, Gl S



VFYF B VY dxbo MY e - Jl.u) Al b)Lo..m LY 0,93 s)....s).ml ul):..c L;m.,\...e(e d:)w

2 LFF] diagas ) y35 0 g, SaS 1, 0S5 (e L

G g E958 (o p yekaie 4 XFEM g, 5l 5 (teghy o0l
\39“,‘50 solawl J)J

XFEM _bs, Slo-Y-Y

D9 50

u=§Ni(X)[ui +H<x)ai+iFa<x)b?} M

oy Uy oS sagae S5 b Ni(X) wabal, cnl )
gazmacslizl o atwgy (iou 4y bgrye T peges (05 alralx
el 8 Sy gl o @S i @ by @UH(X)
S cibre SVl b F (X)) ¢ solyl @l o Jlop a0 by yo
&b og anlss Yol Sl e a4 bgye sl 5 b 5 S
e (1) ably &jg0 & H(X) oS5 mlaw o a8 oy

D9

1 if (x-x").n>0

H(x) = v
®) -1 otherwise @

95;‘55)ﬁ‘5\4hax*55w554h&439@&x‘Q\)QQ\S
S 50 F(X) S5 Sgcibne gy aib oo X alais 40 oo 3

e oo 48,8 Sl s (Makal; ©)90 4 SV 0 gl wllas

Fa(x):{x/;sing,«/;cosg,\/;sin

\p)

S5 alols 5 GIL S5 sl g e T 5 0 ol o as

S5 Blbl s S5 s s obos 0= 0 ()] Lol s ool S5

9
Al 55 gl o (Krusapae S Jrsin 5 55

5  General nodal shape function
6  General nodal displacement
7  Product of the enriched degree of freedom vector

il gy SaS 4y Gl lSen g w80, LYo ] w0 S ) 2 0 p5one
Sk ATeed | 03,05 S 5 59 (WS g (LS )18, Sgume
o S S0 535 (Geod (nl s Billae Woged o) (22T
b ol () 45 00 5 5 S35 53 AT 5 508 i @ e S
loiagh ol sbiwly 5o IV Wl o (33l (S5 Jgbo il 38!
Joz Sl 2 S5 052y 8l oy 4 (sounte ligind
ST | RGP I AR & () IR [ ESC SR { CP S
lazsls  [YA-YY] (g g S 5l cow Jib o [YP-YY]
o 4 ol plxil Slidod gl oo ala>dle a5 jebilen
Lly cnl )3 wlails py (slojlo s 51zl 5 e 359 )3,
sloyially 5 0S5 By s soilu Jlb, S5 3929 3l
Rl 5o sbite (s Cusleass a8 L o ol gle)) (b
A6 55 iy b s3¥gh (b Jlps p0 S5 3929 Sl gk

S oo )E S e ol IS L3, ]

Sy S (gous (o) —T-)
s slaby, 50T 2S5 S gy pslate 4 05 el
Gezed 5 T Silme S by, ¢ Todinn 4>l e wiilo ad iy
g o oolarwl (XFEM)
G il S gy g oz a4l Jow I el i
Oogy LYO-YAl Wlesges ooliwl o)1 (5, § S5 oy okaie
adeS 5l S5 S ol ki silre S5 g edir 4l
2l ol o aS Sl wal3 | Sgamme slyx slagLell
&) sokie 4 09 walys ol S5 SS9 ol 4 (g5le Joe
l). as S ged 43‘)‘ ‘) XFEM &59) ULD.W ‘ua.a.: 9 Codgixe U"‘
D9 S g E9yh il o ColilB Sole 4y gy ol 5l eolaal
35 g0 e 1S 5 Sgi b sazme gl 4 5l g S
el LIS (6 S i by jsSde s, ) eolal [F1-1F]

P ;U'“"Mﬁ[f"] w‘)ls-o-ﬁjj.qlu-nls al.';....;‘) u_.\ 40
Siys 3, coyp lp XFEM g, 5 [$¥] il Kea

Tasl s ogame syl o,

S, e 5 Sy ¢ VoIV Lo 5o ainged colaiwl CujamlS

Cohesive Zone Model

Virtual Crack Closure Technique (VCCT)

Extended Finite Element Method (XFEM)

Along arbitrary, solution-dependent paths without re-
meshing crack-tip field

R R S R

V€7



VFYYF B VFY dabwo NFe . JL“’ A O)Lo..w HY 0)9 ‘)A.AS).:AI ul)o.c uw.\...e(c du).m.:

L Vgame )1 (2 mS ausl 5 5 5 €955 paeiedd yl38l 05 cl o Lo
5553 o)l 5l S o (nlply 09d oo axlse @bt 25T
P p g9 o Culil jlaS aites die; Gl )3 g 5 nd gl
lple ol colaiul o S5 go¥ed iy slayles Sl sl
4z 9 S5 gy Jome 5 0ad g5leJae ABAQUS o la Jas

B oo ools Jasl ANSYS o o Sigdco opans o] A,
5o zl 5l S5 agly bl 5 ol bbaze o (o e Jdos
.oo)f C‘)’L"“‘ m}! 6L®‘5’>5)> 9 0l ‘BlDU‘ ABAQUS )|)3‘ ‘a).»

Slae wlazin -f
2l IS sole SO Vaol g 00y oVgd L sole a5 L]
Joe ol p g ot Sjg0 4 S 5 13, el o0 Cgmne
Gy 5 Cwls 4 asg L [FO] ceslons s5Lu Jos Dugdale
555 o sasd ol 3 B ptin s d L5, 5 soYsd
5132 Sl S S 33 gy ol 2 Joles Solas 5 ol
gllas ot yd L8 ilead lp ol @85 158 A we
Von-Misses alos zhaw b JolS Seomaodb-SowVl s, |
e dow o il Jon 50 @ Gl opizen Cawloads oolawl
oolil ABAQUS 3 ANSYS 1331 65 g0 slocallB oS 5
oolawl L|) ABAQUS B ;5)4 u.u),..mf P U”‘)"L"’ Clodlds
» L SHELL &,50 4 gl sls ANSYS 1580 o5 50
EISN VNPT KRS JESCAC R et
oo, bl gl wgd o Juds 5 s3lwJoe ABAQUS I3l
Slaseine Bl )] (KBwnd Lyld ien 5 S5 (s ]
A0 bl as sgl blod o 4 oY cwdie 5SS
ool sl Y Ll ol o el alls 1, STl a8 S
20,5 By 138l a5 a4 oY Clasin dlas (Ko Jsol
loJow plas olaie 4 o1 51a8) STYY o¥gs SO Slasin
3 (SKeenS el Gl 8 3 o b (Casloads eolaiul goae

S (o0 S bl
oc=A+Be¢, )

Bonora S5 Jow el elsl 5 0 alal, slo ial)l

AE22%

tS KSS 65
t=1t r= K, 5, = K3
)
tt Ktt 8t

dws Jolds a5 009 ' pd sewl anly o tadal) cpl jo
O, 5 O « 8, bl slemlral> 5t 5t 1, aiie

N n

Irol el

ks ol o ¥

o 50 Y8 Dy e 18, S el Gl o
by g adss ;0 S5 eg U il slaie oy 285 salss )8
T @Y SYoleo G 0 dalgS (o) 2 (5)9 99 (e alog
1) ol il ogms 4 b e 51 el adlae
s sgae glizl g, 3l eolaiul b goue Sldllas 0l vales
5 S5 Esrs S et jslaie 4 Sgine bl XFEM) ity
sl S5 5 55 o 03lil ABAQUS 3l 5 51 o] b i
2 el Eard e plaie 4 S ol byd agh ol 5
Bl 55 S ol 5 Tl 5 el one oL
g e odlitl P gled (gl JLre ol (5351 lne

ol cabls ol ABAQUS [l 65 51 llie ol o
SLELB @ axgi L Lol 098 o oolisn] S oy 5 £9,80 s
ey opl il e asal> 0 uslsy (3 ANSYS 131 5 APDL
o i i ol asliial les ke sl ol oL 3
S5 b, 5 £ard a0 2Vl cubls ABAQUS 53
Ll 58 o dlone W ey B3 b 1, S5 0, aygly 5 o)l
Ll el 5 S5 Glogod 3529 b it yati= )l )l0903 o 5
3575 b e seeiim )l ylogad mem i (b 51l sgzg ol o
Col yusa 1, 4 ANSYS (o 152 ples 5 ¢0y] Ly oS 5

1 Nominal traction stress vector

2 Damage initiation criteria

3 Maximum principal stress damage (Maxps)

4  Damage evolution law

5 Energy-based damage evolution law based on a power
law criterion



Base shear (KN)

VY B VF-Y domin VFe o Lo o 0)las OF )53 S peel (o smsiieo 4y 3

ST37 s¥ed Suilso wlasine ) Jguo
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Table 3. Stiffness and strength of systems with edges and midle cracks

S CF EF
J(Jmm) sl Coglie S sl Srnglie (ST

(kN) (kKN/mm) (kN) (kN/mm)
4 5776 641.78 6769 752.11
8 5776 641.78 6769 752.11
16 5664 629.33 6682 742.44
32 5520 613.33 6676 741.78
64 5376 597.33 6535 726.11

128 5436 604 6525 725

256 4696 521.78 6418 713.11
512 3022-Elastic 335.78 6258 695.33
1204 2088-Elastic 232 5651 627.89
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Table 4. Energy absorption of systems with midle cracks
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Table 5. Comparison of walls with edge and midle cracks

P EF/CF
7 Jsb e 2l Ceeglie &5 e
4 1.18 1.18 1.15
8 1.18 1.18 1.16
16 1.18 1.18 1.17
32 1.21 1.21 1.25
64 1.22 1.22 1.25
128 1.20 1.20 2.89
256 1.37 1.37 13.09
512 2.07 2.07 46.11
1024 2.71 2.71 78.24
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Fig. 17. The load-displacement curve of moment frame
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