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ABSTRACT: Steel shear wall is one of the most common systems which are suitable to provide
strength and stability against seismic lateral loads. In this system, vertical boundary elements around the
shear wall, in addition to being part of the lateral load-resisting system, are responsible for bearing the
weight of the structure during and after the earthquake. Therefore, in designing this system the boundary
elements are desired to remain elastic after the complete yield of the web plate. Also, to provide uniform
stress along the length and height of the wall, vertical and horizontal boundary elements must have
high flexural stiffness. To reach this goal, the code provisions sometimes lead to the selection of non-
economic sections for the beams and columns attached to the wall. In this study, To reduce the demand
for vertical boundary elements attached to the wall and to make the design economical, vertical and
inclined stiffeners are predicted inside the wall. These stiffeners redirect the plastic deformations mainly
into the wall and away from the columns. To evaluate and compare the behavior of the proposed model,
30 finite element models were studied under lateral monotonic and cyclic loading. The results show  tion
that the addition of stiffeners, in addition to increasing the stiffness and lateral resistance of the system,
increases the ductility of the lateral load resisting system and reduces the required flexural stiffness of
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1- Introduction

Steel plate shear walls are among the lateral load- resisting
systems, which are formed of a steel plate and surrounding
frames [1]. The behavior of this type of system is such that
the tensile fields are formed in the middle parts of the steel
sheet first, then the plate panel- enters the nonlinear region,
along with the plasticization of the plate [2], which will
consequently spread throughout the plate and results in stress
concentration at the wall corners.

In 2020, Farzampour and his colleagues [3] studied the
effects of boundary conditions of the infill plate on the overall
performance of steel shear walls with circular openings. And
they concluded that any increase in dimensions leads to
a decrease in final strength, stiffness, ductility, and energy
absorption compared to the effective height of the wall.

In 2022, Y. Du, Y. Shao et al.[4] presented a method
for strengthening damaged shear walls, in which diagonal
stiffeners are used to strengthen the damaged shear wall.
Experimental tests showed that the remaining deformation
of the midframe steel sheets can be removed by installing
additional ribs along with increasing the tension of the steel
sheet.

In this research, the behavior of steel shear wall with
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a special arrangement of vertical and inclined stiffeners
has been investigated. To compare the performance of the
proposed system, the seismic behavior of structures including
3-story and 5-story structures with conventional samples have
been compared. For this purpose, two separate models were
modeled with and without stiffeners. In the proposed model,
inclined and vertical stiffeners are added to the shear wall
so that the stiffeners of the first floor are modeled obliquely
and the stiffeners of the second and third floors are modeled
vertically.

2- Methodology

To investigate the behavior of the steel shear wall with the
proposed stiffeners, finite element models have been used for
analysis and investigation.

2- 1- Specifications of the proposed model

In this research, vertical and inclined stiffeners have been
used to improve the seismic behavior of the shear wall. In the
proposed steel shear wall, it is expected that the addition of
the stiffeners, shown in Figure 1, will affect the orientation
of the tensile fields resulting from out-of-plane buckling of
the wall sheet and reduce the amount of plastic strains at the
beam-to-column junction. affect the demand created in the

Copyrights for this article are retained by the author(s) with publishing rights granted to Amirkabir University Press. The content of this article
o NG is subject to the terms and conditions of the Creative Commons Attribution 4.0 International (CC-BY-NC 4.0) License. For more information,

please visit https://www.creativecommons.org/licenses/by-nc/4.0/legalcode.

295



F. Taleshi Milani and M. Hoseinzadeh Asl, Amirkabir J. Civil. Eng., 55(7) (2023) 295-298, DOI: 10.22060/ceej.2023.21557.7761

Top HBE 206 mm

5000 mm

&
3
E]

3600 mm,
N
Y
&
(el
5 mm
=] ﬂ
=]
]
®
8
2 “_m“ mm _]

| 3000 mm_|

T
Z,

Stiffener

I

20 mp

| pBE £y 1

3000 mm,

2 i
' VBE (Column)

b

3000 mm 3G00 mm,

3000 mm,

Top HBE 260 mm

5000 mm

‘ i
g
i 15 mp £
RS
3
&r ”"
HBE & —
F — 21 HBE (Beam)
200 mm
VBE
HBE -
X = 3
B
20 mpll o
B
HBE £y
1 £ sl
VBE (Column)

a

Fig. 1. Steel plate shear wall a) Shear wall sample without stiffener b) Shear wall sample with the
proposed stiffener
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Fig. 2. Plastic strain values in two models with stiffener (3S-t2) and without stiffener
(BNS-t2) in 5% drift

columns.

3- Results and Discussion

According to AISC-341[5], To create a uniform stress
in the entire plate and also its uniform yield, the moment of
inertia of the beam and column should be selected so that
equations 1 and 2 are satisfied. In these equations, L is the
center-to-center distance between the two columns. According
to equation 2, the value of the moment of inertia required for
the beam has a direct relationship with the fourth power of L,
and with the increase of the length of the span, the moment
of inertia increases significantly. In some cases, this issue
may make the project uneconomical. In the proposed model,
by placing vertical stiffeners, the free length of the beam is
reduced, and instead of the distance between the columns, the
distance between the stiffeners can be replaced by the length
of the beam in relations 1 and 2. In this way, the moment of
inertia required for the beam is significantly reduced.
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Figure 2 shows the Von-Mises plastic strain in models
3NS-t2 (without stiffener) and 3S-t2 (with stiffener) under 5%
drift. In models with stiffeners, if the variable L in equation
2 is replaced with the distance between the stiffeners, this
equation is satisfied.

4- Conclusion

In this research, To reduce the minimum required moment
of inertia for beams in steel shear walls, vertical and oblique
stiffeners have been used. So by placing the suggested
stiffeners, the minimum moment of inertia required for the
beams is reduced.
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In steel shear walls, To create uniform tension in the entire
sheet and also its uniform yielding, limits for the moment of
inertia of beams and columns have been placed in various
regulations, including AISC, and this sometimes causes the
design to become

uneconomical. so that relatively large sections are
required for beams and columns. In the proposed model, due
to the placement of stiffeners, the effective length of the beam
is reduced, so the results show that To calculate the minimum
moment of inertia required for the beam, instead of the total
span length, the free length between the stiffeners can be
used in the relationships. should be used, in which case the
required moment of inertia for the beams is reduced.
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Fig. 2. Model made in ANSYS software[19]
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Fig. 3. Distribution of plastic strain and deformation in laboratory and numerical samples[19]
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Fig. 4. Comparing the force-displacement diagram of the ML-SPSW3 laboratory specimen with the
diagram obtained from finite element analysis [19]
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Fig. 5. Steel plate shear wall a) Shear wall sample without stiffener b) Shear wall sample with the
proposed stiffener
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Fig. 6. Schematic deformation of shear wall under lateral load a) proposed model with stiffener b) con-
ventional shear wall model
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Table 1. The models that have been examined in the parametric study

Wall

Wall

Wall

Model . . Beam(No.2) Column Stiffener
(SPSW) I?;‘i‘;t L(f::it)h théfnkr‘:gss by X t; X hx L, b X t, X h X t, by X t,
S-tl 3000 5000 1 200 x 15x300x 15 200 x 15 x 300 x 15 200 x 20
S-t2 3000 5000 2 200 x 15 x 300 x 15 200 x 15 x 300 x 15 200 x 20
3S-t2 3000 5000 2 200 x 15x300x 15 200 x 15 x 300 x 15 200 x 20
5S-t2 3000 5000 1 200 x 15 x 300 x 15 200 x 15 x 300 x 15 200 x 20
S-t3 3000 5000 3 200 x 15x300x 15 200 x 15 x 300 x 15 200 x 20
NS-tl 3000 5000 1 200 x 15 x 300 x 15 200 x 15 x 300 x 15 -
NS-t2 3000 5000 2 200 x 15x300x 15 200 x 15 % 300 x 15 -
3NS-t2 3000 5000 2 200 x 15 x 300 x 15 200 x 15 x 300 x 15 -
SNS-t2 3000 5000 1 200 x15x300x 15 200 x 15 x 300 x 15 -
NS-t3 3000 5000 3 200 x 15 x 300 x 15 200 x 15 x 300 x 15 -
SS1-tl 3000 5000 1 200 x 15x300x 15 200 x 15 x 300 x 15 200 x 15
SS2-t1 3000 5000 1 200 x 15 x 300 x 15 200 x 15 x 300 x 15 200 x 20
SS3-t1 3000 5000 1 200 x15x300%x 15 200 x 15 x 300 x 15 200 x 25
SS1-t2 3000 5000 2 200 x 15 x 300 x 15 200 X 20 X 400 x 20 200 x 15
SS2-t2 3000 5000 2 200 x 15x300x 15 200 x 20 x 400 x 20 200 x 20
SS3-t2 3000 5000 2 200 x 15 x 300 x 15 200 X 20 X 400 x 20 200 x 25
SS1-t3 3000 5000 3 200 x 15x300x 15 200 x 20 x 400 x 20 200 x 15
SS2-t3 3000 5000 3 200 x 15 x 300 x 15 200 X 20 x 400 x 20 200 x 20
SS3-t3 3000 5000 3 200 x 15 x 300 x 15 200 X 20 X 400 x 20 200 x 25
RSS2-t2 3000 5000 2 300 x 15x300x 15 300 x 20 X 400 x 20 200 x 20
S-t2-I7.5 3000 5000 2 400 x 20 X 500 x 20 400 x 20 X 650 x 20 200 x 20
S-t2-1 3000 5000 3 200 x15x300x 15 200 x 20 x 400 x 20 200 x 20
S-t2-Io.65 3000 5000 2 200 x 15x 240 x 10 200 x 20 x 400 x 20 200 x 20
S-t2-Io.s 3000 5000 2 200 x20x 200 x 15 200 x 20 x 400 x 20 200 x 20
S-t2-Io.3 3000 5000 2 200 x 15x 160 x 10 200 x 20 x 400 x 20 200 x 20
S-t2-To.13 3000 5000 2 200x10x 130 x 10 200 x 20 x 400 x 20 200 x 20
NS-t2-I75 3000 5000 2 400 x 20 X 500 x 20 400 x 20 x 650 x 20 -
NS-t3-1 3000 5000 3 200 x15x300x 15 200 x 20 x 400 x 20 -
NS-t2-To.65 3000 5000 2 200 x 15x 240 x 10 200 x 20 x 400 x 20 -
NS-t2-Tos 3000 5000 2 200 x 20 x 200 x 15 200 x 20 x 400 x 20 -
NS-t2-To.3 3000 5000 2 200 x 15x 160 x 10 200 x 20 x 400 x 20 -
NS-t2-To.13 3000 5000 2 200x10x 130 x 10 200 x 20 x 400 x 20 -
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Fig. 7. Plastic strain values in two models with stiffener (3S-t2) and without stiffener (3NS-t2) in 5% drift
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Fig. 8. Plastic strain values in two models with stiffener (5S-t2) and without stiffener (SNS-t2) in 4% drift
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Fig. 9. Stress distribution in samples in triangular displacement

Ceomd ol )3 0d plodl slacgiludie 4 a9 b Can (o 4 b o
0dygl V Jodo )3 ol G g ol G Jde 93 b Glasuie oS
S-12-1 o« S-t2-1 . S-t2-1 . S-12-1
lib 3 ond Jlasl alie obuls ©jg0 4 o5 (S-2-1 0 S-12 .

oiz) e sl on
gy oaiS Cows gk slaJde wied g 0dg (odloidn (slaJde
3 NS't2'10.65‘ NS'tZ'IO.ScNS'tz'IO.3 ¢NS't2'I Juo‘.w c\;
i 53 0a5 Jlos) Ltlte ol g & (NS-2-1 | NS-12

0.13)

Ol eyl los ciond Cpl 53 bl o 00iS Core (ol sla e
sl Olos (2 VID 750 Jae ¥ V) o 4y BBl sy
ABb ool 0dd (548 yio dw Jde oyl 43 p5 Jgbo a5 S-12 Jse
Jogad 9 U5 @ig BIeSe oy lis a5 4SS & argi b
Gl 1) 55 Job (B o 258 0> ddloe adiges (e yuss
s 4 JolS ©jg0 4y g CEIESH 6ygb 4 (3Y98 ()9 D o0
$Vgh 5,9 WYIAISC-341 aiS & L & ()50 ) chusy b
Olipe 38 (yp sobale & 298 wabud Jolf g0 4 b
25 (S9dp g Al dw D a5 e & S5 i (Blei

YA

dop b o,y cov (oanS cow L) 5S2 ¢ (oS e ygh)
S alals 31 aibs 15 0aiiS co e sl Jde p dmd o lis
g J12y98 0 (B (s | g WS o5 i) (V) (] loe
s a Y daly p &S S 0 edsS Cow b sl p &S Jb
Db (oo ool dlasly cpl g 031> )8 lnosiS s o aloll L paie
oxd Jloel (e @i b (abmle A 5V S8 illas Je 93 2

aS) Bl aib 3 oaiS Cowe g Jhe A Y US4 asg b el
55 e g 0395 SIS I 85,8 (Cul 03,55 (i |y ol oyl bslsis 5
S Jb 3l g BB Ggie (S35 )3 58 Sdly lats S
oials b ygiw (S5 50 Siwdly sla i3 )S 00iiS o b Jde jo
osle Jdo cpl 0 sl sl mie7 Hlen Sl slo Caond 3 g aiBly
Sy GBS BT il 13 Sty sl 15,8 @595 osisS o

25 058 Cu el Jde 4 G

bl 518y 0 5 gyl low SEBLST 3l Y Y
‘)'3)"9)"4)] Lsﬁls°l§4‘-§-’wﬁbf..\.c5h)uw)“| uwu@lfb

Ol adeS > AT S s g Al halS led > i B 1eSS



WAA B VYVA doio VFY Lo oY oyl D )93 «pusS pual 3 yas (wvbites &yt

4000000

3500000

3000000

~— 2500000

(N

3 2000000

or

R 1500000

el e oo o B e e

AT
1000000 (.f-'.r-r|r...il.......I...
)

500000
0
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
Displacement(m)
—(2-1 7.5 e §-12- 1 w—-(2- 1 0.65 S-12-10.5 — -12-10.3 e §-£2- 10,13
eeeeNS2-175 e oo o NS£2-1 ® o0 o NS-2-10.65 NS-t2-10.5 o0 e NS-12-10.3 ® oo o NS-12-10.13

Mo )d £ Sy > 13 (SNS-12) 0uiS S (g9 9 (5S-12)0058 e b Juio 90 45 Siiwdly i )5 pdlie e JSWG

Fig. 10. Plastic strain values in two models with stiffener (5S-t2) and without stiffener (SNS-t2) in 4% drift
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Fig. 11. The beam used in steel plate shear wall floors in conventional models
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Fig. 12. Beams used in steel shear wall floors in RSS2-t2 model
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Fig. 13. Distribution of plastic strain without magnification and with 5 times magnification under a displace-
ment of 47 cm at the level of the roof floor a) NS-t1 model b) NS-t2 model ¢) NS-t3 model
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Fig. 14. Distribution of plastic strain without magnification and with S times magnification under a displace-
ment of 47 cm in the roof floor a) Model S-t1 b) Model S-t2 ¢) Model S-t3
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Fig. 15. Lateral load diagram of the entire structure - displacement of the roof floor
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Fig. 16. Plastic strain distribution of the studied samples without magnification and with 5 times magnifica-
tion under displacement of 47 cm roof floor a) sheet thickness 1 mm b) sheet thickness 2 mm c) sheet thick-
ness 3 mm
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Fig. 17. Lateral load diagram of the entire structure - displacement of the roof floor
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Table 2. Investigating the amount of resistance increase in all types of samples in 3.7% drift

Model Lateral Strength (kN)  Increase after the addition of stiffener(%)

NS-tl 939.4863 -

SS1-tl 1049.994 +11.76%
SS2-t1 1062.664 +13.1%
$S3-t1 1067.076 +13.5%
NS-2 1491.118 -

ss1-2 1639.854 +9.97%
$S2-2 1657.621 +11.1%
$$3-2 1661.354 +11.4%
NS-3 1968.090 -

Ss1-83 2171477 %10.33
$$2-3 2186.688 +11.1%
$S3-3 2202.775 +11.9%
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Fig. 18. Load applied on samples
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Fig. 19. Cyclic behavior of samples
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