[ Downloaded from mcej.modares.ac.ir on 2025-07-19 |

[ DOI: 10.22034/25.1.71 ]

\Fo¥ JL.» ) D)Looj-' N0 092

A B VY Slan

s — ¥ oS csiu Hl el b ooV g amio 5 sl HUE, s e g 2L

Y’L'J,:.E;u J@” —ala) L5L° oo ‘»:55\‘ ;<.LA Jo| 4\3’\-19 Lﬁ)J LS.)LA

lye dly Ol 3T o8l sl (2l S Ol jes wdige (81,55 (g ammisls )
e dly bl 13T o8l O jas wdige 05,5 Lsliwd LY
ﬂjﬁ e@\) gQ\Ja.G L;w.’v.@ﬂ oSS ls 40‘;@.& w.h.@,a a}Jf ol ¥

A.maleki@iau-maragheh.ac.ir :J gs saes 6 bl

VETIAN S 5y g0l = VETT/YA (il s

oS>

C,._:L;B A_A)lx: t}_: uﬁ‘ °5—i} LSJJj .,\_;lef)‘f; mu:..w\:J}A L;ak> LSLA)L’J-’\J-’)3 r}b&wdl,&@%ﬁdhdbj}b)b LSJY}A g;.:«).: du)lﬁj
FLatlesgdme 53 (LS Slars oyt ol awdis Cde (6355 L3 Hles oS 5 el 5L 6550 SVl ua8 5 VL el s il 6y IS
WS i 5l o5 S e b s 5 sbaediSsen leslial 3505 55 s ST Joly 55 3Vsh 5 slaslgs 5 a¥sE Bos BleS S s sl s s
— Vb s S e d o slalss oy ) s Sas s sskie 4 Kl &l 4 ol Gass 5 gwb\w\ﬂ.zﬁ‘f&@‘_;fy}édjjguﬁﬁiﬁ&)’)l
Q;u),_s;,ﬁwﬂdm,;dm,u&mwmow,;i;_;.Uﬂ@‘ABAQUS)nJ-;\D;&QsMUmou\u;ﬂ)muup.w\,,uu}\;ﬁ_&
)_ilwti:ﬁuj@updmdm@ujd—“ﬂ)g,&g—@v};dﬁ,ﬁs&;ﬂ)\ﬁswukmyﬂ.;Mnm«;suﬁ@;—‘53\1,;;,{);4,&&%)%
(5 SOl (6 K8 (S e o s ol b b i (s (S S 5 s (Bl (83 5ae Jold Dledr g dredis o sl Lile ol )y
);‘uL@Tow_ﬁjq}j%,JL:T@v}_aduu_;;s;,m;mu;_wn,\_Mv_‘gumﬁ\@u.wnQuw)ﬂ&tﬁéuuu,u;;;@;,;
Lo YO Uy ea¥ys 5 slajlps cod b ose glaedSoonn jleslanal a)ls o= o3V CojpalS 3 laslas ol od b s (glabad |6
Eel (3Y 58 oS e O3 S 350elS L leed 4 Cmad S iselS L slasles 53 oV ISa T (g kb (slaediS e Sl eslinal das o il
YA VYT Y2 )JDK_A_:;J;4_!(55)_)\&5%6—“‘)\:n_ﬁjkid"LeLwD.&_ﬁj&‘éﬁv\i‘)gw%ﬂm\f‘ubw}fﬁuwwi))&ws
.J}J@M}J

S gde QLJ. ui:)) “_5:’2’. s S Csews LJKMT ‘53‘51)3 o LS S L&:Ai)}:ﬂls L;.'Zﬁ)lﬁa ‘5.&3\5 oS

wb@ﬂjwuewwu‘ym_}bﬁww

= gy leslaal U s s e eslinad (63Y 58 S lss

dode —\

) 53 palde Glosle Glagic 51 (S 3V 58 55 slaslss

Lg aS il o lUeb an ol doys b antla i . , . .
A o= S ol SIS Gl 55 nl o Sl il slas )

£ 0 B olss B s Jeaie 3V Bos 4 S

DL ol Lol i Ol ShalS sl S e a4 g2V b

Cel g Cnl Hlo,y s (losm s Caaal 6-’&9—:’ B 4t
Jlis an 553 0 o5V g amin j5 (g ks (S bl sl

olisl e sy U Ll el e ol
[ P o o P g P i . N P . N - o (s
Wf“”ﬁv'ﬁﬁjl"‘l’fbdﬁlfwb&@)fjw\y‘

G5 8 RS Ols (22 s o) s il e

= gy Sl ol Ll 63V g asis LS s

e)ﬁijagdw JWLCA,:.%JJ& u—il)‘ oslazl JuLsJA S 4
63V Bus aaS (3 slaaa 3l eslaal cl L0l IS

v


mailto:A.maleki@iau-maragheh.ac.ir
http://dx.doi.org/10.22034/25.1.71
https://mcej.modares.ac.ir/article-16-74137-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-19 |

[ DOI: 10.22034/25.1.71 ]

ﬂd@\biw&bwmﬂxwlcw;ﬂ)jé:

e gaeiS Eann Gl eslinal b ooV g amin o3 slaslss Uy s s ol

O S 5 el p o se ol 6 A el Bl IS
3-8 eV Gus laeS cle L 5 S O s
V/0-0 350> 3 550 S oz (plpls s g s uaslie
sodls S a5 cnl Wl g Pl BB s e sl
2 e b ool Al 4y Ol il Lal,8 b
@ 2 A O 5 SRS Rl ke s 5 Ses
Sy an by Sllas ol Skl 5 15 [4, 6] cils dal
5 ol Gl Slas 1 DL, oy o 5 Sl
= Ay Sy 4S sl Ol e Gi\;; L77 Lsls CL?:.;‘ S e
ol fate o p b aS 63V 55 2 Slss ;_éjlagﬁiﬁcl.wa
2 (e A8 e (55 sl (63¥ 58 Gy SRS Sl e
Jol= SOl oLy (am a5 B e ) aed s
Sladllas Gob o sd e 35l a4 S eS wn] 5 el
b b ol s b glasly, K [T ol sl 5 515
23 e ol 0SS Ol 58] 551 5 5 el (5o
55 eilises Sl 9] 1K ol (glos ) | b asl -l AISC
NGSEVY I W fL?L}\ S o s Sl il slaais 5 5
GRS S PR VN VPV WS R NV STV PN { P
Lcdl 53 53 oS e (i glaslns o G Ry Culs
i ol o gl [10] ixstls eSOl 5 oS Cdne
gy et b S el (0 Seaslis S Lk
3513 (S e WS G bl b e S
e ob el s aS W) 4t ol 4 0L 5 plis
o 03 b Sooslie 5 (B S b et U s
SLaBos b ol b 53 5 5 lMS o S e a0 sl
o e OO 5oy [11] cal e jls (o2Y b
o ol g Ly S e ol e (il (e
= Db Bk sy oV I, s &S s 53 &S Ll
So s ¢V Gy a8 el A Sl il e 5,8 18
S s Ses OLKes 5 K3 [12] 5,8 15 oo bL S b
Sao s i S iy 05,5 WL 63V sl L5
i Lol 8 addlae 550 0iS 5y 0V 8 Dlis
Sl 3l i st gl i g ol Slidss
3oy L 18] ail e Wl cns St s (3Y 58
S b gl el )b 3 sl (gl o S Slidow

\A)

G ol (Rl (s (Rl oS e o s (e
N ol [Tl e Sl o o, S
Gos S 3l ISk 5 lr 0l s et SO 258
ST S ol S el sl G iy el es 0 Y5
.wlauw@uﬁfu:ﬁbjdwjgﬁgw
035 e b mlene o Rl (CupamlS (62Y58 L s o
S yb il el OF LS Sl 6,8 il 5 oY B
g3 03 21358 hp el A B 3V (B Sl
&V 55 Coy S Ol Jos b adl 3y co3¥ 58
s 53 Lal 35 i Jamd (6,3 JLid 51 3 LS 1 ey
Ao |y 63¥ 55 Gy aasliin (il (ZaamlS 6oV Sy
S o amiio |51 (2 s 51 13 OF S 51 5038
oo B ks L1y Akl 5 63V 5 By i 3 S e
B o3l a4 Ll g e 3V 8 B et bl o
03 ebed 51 AU B b allie s Ol &b 5l iy 5
CiselS V5 sl Bl Al (g kd AiS Ols
Ao B eeslie (e 8y BB LI e
A3 5 5Ll s (85 m i1 (S22 e e el e
35 i3 O L Y0 51 hey 2alS sl esls il )l
18] 355 n 4o A 5 Oln sLaoletl 3 5Y 5 6 e
St JSd YU caglie e [ 4 Slss g ol 208
S il a4 s sl ) slasl e 55 ilia 5 5 Jle
BT e I D P e Ry e &)
oS S 5 (65¥ 58 Sl e el VL] 31 sl
3ol Fasdme 53V Sl i Sl polt ileS (o
3,8es 5 L o2 oS 5 b b oa oV 8 el
(e 93 B 53 2 Bls 53 b e 3 s DA 4 a3 )
L dls dalgt sy LS ooy OS5 60V 58 (S Jlss
S Do LS (VB L Dl s S sl
esle il (V48 G5y Cla.ﬂ)'\ 839 a-U Cuoglis 51 5 ol
S DI Sl RS oS e ol 00 8 J 50 550
RSl (i Sl S e 5 350 S e &
a Joate S50 el s b s pd e eolinal 65V 8 laamio
S o ol Gl el sl e S i 5 o L

oleS slanl el (g kb ) s 4 L8 la i 51 ab


http://dx.doi.org/10.22034/25.1.71
https://mcej.modares.ac.ir/article-16-74137-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-19 |

[ DOI: 10.22034/25.1.71 ]

VECE Jle o) ol YO 6,85 oo Olas plige ola s — pele alas

2B b slamlie 1 e 5 mls dul sl s ol sds 3l s b oV amio D el o Ses a5 5 L))
5 el 4 S e AT ek sei 3 edsl s Ol (JSa T ooV 5 o slaed S e Olojens
Csas S e Skl s 5 gslldie Sl sl g o 48 S 0ol &S age Sl 51 SOl 03V (6 ri
e 3 0 S5 dde sl zuys jskie 4 A& LT s V5 amio 5 s 5 ediS Coew I g ealizd

g g sy G ol ) andllas 3550 Slaslgs Lo 4 @V pd gladsS o )l Ok (SyjselS 35 1)

_ B _ jgugflﬁ'))l}w‘)jM‘Hb—duﬂ).}¢u~l~u‘w‘j&;.w‘
ARG L U gbo)l guys g g3k 55l oo =Y

s e 4 [7] ool sl 5 515 A&Qalsl o slps

Vb amio B les oy ST 63V glass s
d‘ﬂ J).J:Jaé\.??-\.:ﬂ S gdoee QL«.“ d:))@w:;owwb

N T Ledds SOles b s g ad gl 5 gdsee Ol .
I 6 TS e IS el 5 slwdde sdS e v Ol 5 b gy gelS (65N 0

}Hkﬂ M}«u Q‘)_&MQJ\_MSC,\MJ_;UM}N @L‘b J_}Jdn
() Uz o ol Sl 5 Las aS [3] el eslin ol G55

ol ol a3 S L s eSSyl (lad sad b (glans i
el b0l A BAQUS 5 s L S5l 5 3l eslizd b s3de sls e
5 b m kol 038 Bd b cp s doliie o 2S5, b 3V S e o8 5ls adis (©) S e B Sl AKSLT S aed () N S
[7] =V 58 oS o o5 s il Gl () sz 2050 S50 SLaOL

.~ Precast Conc.

7 wall 0.95m _J-Lj

Reinforcement ! Boundary Beam |
ey rebars Gee e | ile
/ 24m [ Ef | Steel Piate Wall | E
il RC Wall T gots % l* —v'! g
Steel Shea - ‘53 ! ch-sd_a-;I;eam ‘ E
- rocast Conc. 2 | 1]

wall S5 |

A m .

I\ ! Steel Plate Wall l

] _—~— No Gap | i

: .95 | I Boundary Beam ' i

T e ~ oia

@ (&) (<

Fig. 1. (a) Laboratory sample of composite shear wall; (b) Geometry of steel composite shear wall with conventional and modern concrete
coating, taking into account the distance between the concrete coating and the investigated boundary elements (c) Different components of a
steel-concrete composite shear wall [7].
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. Pre-cast R/C wall . . .
Steel Plate Thickness Thickness of Conc. Wall _Rebar Dia, _Rebar Spacing Wall Bolts Dia. Beam Section Column Section

4.8 76 10 100 13 W12x26 W12x120

Table 1. Dimensions of laboratory composite [7] shear wall components (mm)
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Poisson's ratio  Elastic modulus (MPa)

Tensile strength (MPa)

compressive strength (MPa)

0.17 24.900

2.6 28

Table 2. Characteristics of concrete used [7]

[V] b s 5V 55 Dlasein ¥ g

Poisson’s ratio Modulus of elasticity (MPa) Yielding stress (MPa) Ultimate stress (MPa) components
0.3 200000 345 500 Beams and columns
0.3 140000 248 370 Steel Plates and stiffeners Rebars
0.3 200000 623 823 Bolts

Table 3. Characteristics of used steel [7]
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Fig. 2. (a) Geometric specifications, boundary conditions, and applied
loading on the steel frame with steel stiffeners; (b) An example of the
meshed model of the steel frame without stiffeners equipped with a
new composite shear wall provided by the researcher
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Fig. 5. (@) Comparison of the hysteresis curve obtained from the
present research and laboratory tests (b) Absorbed energy curve
obtained from the present research and laboratory tests [7]
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Fig. 6. Comparison of the failure mechanism (a) and (b) obtained
from the present research and (c) laboratory test by Zhao et al [7]
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Fig. 3. Cyclic loading protocol applied to steel frames equipped
with composite shear walls under investigation [7, 17]
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Fig. 4. Geometry specifications of steel and concrete stiffeners
used in this research
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Strategies Models Type and number of stiffeners Max Load (kN) Improve (%)
- CSPSW-NS - - - 2810 Basic Model

CSPSW-0V1H 1 - 2924 4.01
()] CSPSW-0V2H 2 - - 2974 5.84
CSPSW-0V3H 3 - - 3004 6.90
CSPSW-1VOH - 1 - 2898 3.13

(U)) CSPSW-2VOH - 2 - 2954 5.12
CSPSW-3VOH - 3 - 2978 5.98
CSPSW-1V1H 1 1 - 2970 5.70
CSPSW-1V2H 2 1 - 3023 7.58
CSPSW-1V3H 3 1 - 3059 8.86
CSPSW-2V1H 1 2 - 3026 7.69

mn CSPSW-2V2H 2 2 - 3091 10
CSPSW-2V3H 3 2 - 3059 8.86
CSPSW-3V1H 1 3 - 3067 9.14
CSPSW-3V2H 2 3 - 3142 11.81
CSPSW-3V3H 3 3 - 3188 13.45
CSPSW-1D - - 1 3336 18.71
v CSPSW-2D - - 2 3297 17.33
CSPSW-3D - - 3 3516 25.12
(V) CSPSW-1D1V1H 1 1 1 3426 21.92

Table 4. Geometric parameters and maximum load capacity of parametric models
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Fig. 7. Geometric characteristics of a number of studied frames
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Strategies Models Yielding Ultimate Ductility Over strength
Py (KN) Ay (mm) Ppa (KN)  Apax (Mm) M Aggs Q

- CSPSW-0VOH 14715 33.25 2810 210.45 281.74 8.47 1.90
CSPSW-0V1H 1685.6 32.08 2924 210.02 281.16 8.76 1.73
0] CSPSW-0V2H 2018.2 35.92 2974 181.32 242.74  6.75 1.47
CSPSW-0V3H 1820.1 33.73 3004 230.1 265.00 7.85 1.65
CSPSW-1VOH 1955.3 40.04 2989 139.9 157.01 3.89 1.53
) CSPSW-2VOH 2107.6 25.61 2954 137.7 152.07 5.94 1.40
CSPSW-3VOH 2100.4 25.89 2978 141.9 161.05 6.22 1.42
CSPSW-1V1H 920.3 33.86 2970 200.6 25110 741 3.22
CSPSW-1V2H 924.7 32.78 3023 198.9 24750 7.55 3.27
CSPSW-1V3H 929.4 37.07 3059 198.9 238.00 6.42 3.29
CSPSW-2V1H 1667.8 21.71 3026 148.00 185.14 8.53 1.81
(n CSPSW-2V2H 1685.3 31.54 3091 180.65 235.13 7.5 1.83
CSPSW-2V3H 1857.6 20.33 3059 110.57 16340 8.04 1.65
CSPSW-3V1H 1990.3 30.25 3067 107.56 188.90 6.24 1.54
CSPSW-3V2H 1371.2 20.78 3142 115.13 151.70 7.30 2.29
CSPSW-3V3H 1476.3 25.64 3188 135.03 177.10 6.90 2.16
CSPSW-1D 1598.4 18.05 3336 120.29 160.00 8.86 2.09
(1v) CSPSW-2D 1478.2 29.41 3297 211.76 249.54 8.48 2.30
CSPSW-3D 14435 24.68 3516 217.63 264.27 10.70 244
V) CSPSW-1D1V1H 806.8 31.04 3426 210.16 290.01 9.34 4.25

Table 5. The effect of geometrical parameters on the plasticity factor and the added strength of the investigated models
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Strategies Models Energ;(/'gﬁl[.)r:%matlon Improve (%)
- CSPSW-NS 3550 Basic Model
CSPSW-0V1H 3784 6.6
() CSPSW-0V2H 3763 6
CSPSW-0V3H 3727 5
CSPSW-1V0OH 3798 7
() CSPSW-2V0OH 3852 8.5
CSPSW-3V0OH 3742 5.4
CSPSW-1V1H 3834 8
CSPSW-1V2H 3855 8.6
CSPSW-1V3H 3905 10
CSPSW-2V1H 3823 7.7
D) CSPSW-2V2H 3798 7
CSPSW-2V3H 3816 75
CSPSW-3V1H 3919 104
CSPSW-3V2H 3930 10.7
CSPSW-3V3H 3940 11
CSPSW-1D 4072 14.7
(v) CSPSW-2D 4082 15
CSPSW-3D 4189 18
V) CSPSW-1D1V1H 4047 14

Table 6. Percentage improvement of energy consumption of
numerical models compared to the base model
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Fig 14. Cyclic diagram of a number of numerical models
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Abstract

Steel shear walls have been used in various buildings as a system to resist lateral loads. The special advantage of this type
of wall is its good malleability, high initial hardness, and high energy consumption power. But due to its special geometry, the
steel shear wall undergoes buckling in the elastic range. To prevent steel sheet buckling in steel shear walls, there are two
general solutions: using metal stiffeners or using concrete cover that is connected to steel sheet through shears. Based on this
research, a solution has been proposed to improve the seismic performance of modern steel-concrete composite shear walls.
The composite steel shear wall is a modern lateral bearing system consisting of a steel sheet with a reinforced concrete cover,
which is connected to the sheet from one side or both sides by clips. In the composite steel shear wall, the reinforced concrete
cover, by restraining the steel sheet and preventing its buckling, increases the shear capacity of the steel shear wall to the point
of yielding in shearing inside the plate instead of tension in the direction of the tensile field. The composite steel shear wall,
while increasing the shear capacity of the system, increases the resistance of the panel against destructive factors such as
corrosion, fire, impact, explosion, and other cases and causes a reduction of more than 25 to 50 percent in the consumption of
steel in medium and large buildings. In the new composite steel shear wall system, a distance is created between the concrete
cover and the boundary beams and columns. Tests on conventional and modern composite steel shear walls show that the
modern system has little damage compared to the conventional system. From nonlinear static analysis using the finite element
method and with the help of ABAQUS software, the influence of the geometric characteristics of steel stiffeners on the seismic
performance of the modern steel-concrete composite shear wall has been investigated. After modeling the steel-concrete
composite shear wall and validating the numerical model with laboratory results, the effect of parameters such as the number
of stiffeners, the type of arrangement, including vertical, horizontal, diagonal, and combined, on the maximum bearing
capacity of the composite shear wall, ductility coefficient, additional strength, energy consumption, compressive damage of the
concrete hardener, and failure modes have been investigated. The results of this research show that the use of T-shaped steel
stiffeners and their arrangement have a significant effect on the bearing capacity of steel-concrete composite shear walls and
cause the overall buckling of the steel sheet to become local buckling between the stiffeners. The use of diagonal stiffeners
increases the capacity of steel shear walls by 25%. The ductility factor and added strength factor of the steel frame with
diagonal stiffeners are about 26 and 124% higher than the ductility factor and added strength factor of the base sample without
the use of stiffeners, respectively. The use of diagonal stiffeners in composite shear walls compared to composite shear walls
without steel stiffeners increases energy consumption by about 18%. The use of T-shaped steel diagonal stiffeners in
composite shear walls compared to composite shear walls without steel stiffeners causes a significant reduction in the damage
and failure of the concrete stiffener.

Keywords: composite shear wall, T-shaped steel stiffener, concrete stiffener, finite element method.

85


mailto:A.maleki@iau-maragheh.ac.ir
http://dx.doi.org/10.22034/25.1.71
https://mcej.modares.ac.ir/article-16-74137-en.html
http://www.tcpdf.org

