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Abstract: To study the hysteretic performance of double-corrugated steel plate shear wall, the
finite element models of single corrugated steel plate shear wall and double-corrugated steel plate
shear wall were established by using the finite element software ABAQUS. The stress
mechanism and hysteretic performance of the two kinds of corrugated steel plate shear walls
under low cyclic loads were compared and analyzed. The influence of the design parameters of the
embedded corrugated steel plate on the hysteretic performance of the double-corrugated steel plate
shear wall was studied, and the recommended values for the design parameters of the corrugated
steel plate were given. The results show that the lateral stiffness, bearing capacity and energy

dissipation capacity of double-corrugated steel plate shear walls are improved, but the ductility
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decreases to a certain extent compared to single corrugated steel plate shear wall. The thickness
of corrugated steel plate and geometric parameters of corrugation are key parameters that affect
the hysteretic performance of double-corrugated steel plate shear wall. With the increase of
thickness of corrugated steel plate, the lateral stiffness, bearing capacity, ductility and energy
dissipation capacity are all improved. With the increase of length of trapezoidal corrugation, the
lateral stiffness of the double-corrugated steel plate shear wall is improved, and its bearing
capacity and energy dissipation capacity decrease. As the amplitude of corrugation increases, the
lateral stiffness of the double-corrugated steel plate shear wall decreases while its bearing capacity
and energy dissipation capacity are both improved.

Key words: trapezoidal corrugation; double-corrugated steel plate shear wall; hysteretic perform-

ance; low cyclic load
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Table 1 Geometrical Dimensions of Models
B/mm H/mm q/mm a/mm t/mm B A
M-1 2 400 3 000 205 40 2.0 0.8 1 500
M-2 2 100 3 000 205 40 2.0 0.7 1 500
M-3 3 000 3 000 205 40 2.0 1.0 1 500
M-4 3 600 3 000 205 40 2.0 1.2 1 500
M-5 2 400 3 000 205 40 2.5 0.8 1 200
M-6 2 400 3 000 205 40 3.0 0.8 1 000
D-CSPSW M-7 2 400 3 000 205 40 4.0 0.8 750
M-8 2 400 3 000 100 40 2.0 0.8 1 500
M-9 2 400 3 000 310 40 2.0 0.8 1 500
M-10 2 400 3 000 410 40 2.0 0.8 1 500
M-11 2 400 3 000 205 30 2.0 0.8 1 500
M-12 2 400 3 000 205 50 2.0 0.8 1 500
M-13 2 400 3 000 205 60 2.0 0.8 1 500
S-CSPSW M-14 2 400 3 000 240 40 4.0 0.8 750
I.=>—k) i (D 2
Iin=0.003 12, H! /L, (2) Table 2 Design Parameters of Edge Elements
1, 5 L min /cem? /em!
; H(‘ ;Lb sty HW400X400X13X21 218.7 66 600
- . HM400X300X10X16 133.3 37 900
, b,=150 mm,
(3).(4) . £,=16 mm.
[, =1 3 2
Ipmin=0.003 1z, Li/H. 4)
1, 3 L ormin 2.1
i “ ”» [13] s
Q3458 s Q2358 ,
_ R E=
, 2 . , << yed 206 000 MPa, E =0.01E, v=

0.3,

345,235 MPa,
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Table 3 Characteristic Parameters and Displacement Ductility Coefficient of Models 1
K./(kN + mm 1) P,/kN A,/mm P./kN Ay/mm P
219. 45 1979. 20 17.87 2 286.90 90.01 5.04
v 217.57 1923. 64 16.93 2 272.50 90. 69 5.36
206.95 1 678.40 16. 40 1924.60 149.78 9.13
M-14
204.01 1 670.09 19.10 1 984. 20 147.76 7.74
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4 2
Table 4 Characteristic Parameters and Displacement Ductility Coefficient of Models 2
K./(kKN ¢« mm™ ') P,/kN Ay/mm P../kN A,/mm P
219.45 1979. 20 17.87 2 286.90 90.01 5. 04
v 217.57 1923.64 16.93 2 272.50 90. 69 5. 36
207.00 1 883.96 16.97 2 193.70 97.29 5.73
v 204. 21 1 899. 25 17.76 2 237.90 91. 56 5.16
) 264. 60 2 185.13 13.07 2 385.91 111.18 8.51
v 261. 39 2 204.75 13.05 2 437.96 89. 93 6. 89
300. 24 2 348. 26 12.14 2 502.19 108. 61 8.95
v 296. 79 2 428. 31 10. 54 2 535. 60 85.43 8.10
, , 3. M4 . ,
o s
S . M-2 s o
M-4 14% .64%, 5.2 A
3, s
M4 1 M-1.M-5,
M-2 45%. M-6 . M-7, A 1 500,
s 1200.1 000,750,
o s 14 ,
. 5 .
, 14, 5 )
o ) o S
s o s N
o , . M-7
, . M-1 A7%,
sM-1.M-2 M- 58%0.42%,
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Table S5 Characteristic Parameters and Displacement Ductility Coefficient of Models 3

K./(kKN ¢« mm™ ') P,/kN Ay/mm P../kN Ay/mm P
219. 45 1979. 20 17.87 2 286.90 90.01 5.04
v 217.57 1 923. 64 16.93 2 272.50 90. 69 5. 36
249,92 2 298.01 15.09 2 594.70 90. 69 6.01
Ve 247. 86 2 316. 65 15. 66 2 639.10 82.78 5.29
276.77 2 636. 20 14.61 2 952.50 95.09 6.51
M 274. 66 2 601. 81 14.69 2 920. 90 96. 21 6. 54
~ 321.62 3 314. 66 13. 89 3 619.60 98.51 7.09
v 319.13 3 302.08 13.45 3 589.50 103. 22 7.67
o 6 o
. , 15, 6
b o ’
s s » M-9,M-10
, , M-1.M-8 .
. s M-9 . M-10
,M-7 \ M-1.M-8
5.3 q . M-10 M-8
1 23%, 3,
M-1.M-8. M-9, M-10, . , M-10
205.100,310.,410 mm., M-8 21%.
. ,M-1,M-8
15 ,

Fig. 15

Comparison of Results of Models with Different Lengths of Trapezoidal Corrugation
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Table 6 Characteristic Parameters and Displacement Ductility Coefficient of Models 4
K./(kKN ¢« mm™ ') P,/kN Ay/mm P../kN Ay/mm P
219. 45 1.979. 20 17.87 2 286. 90 90. 01 5.04
v 217.57 1923.64 16.93 2 272.50 90. 69 5.36
194. 65 2 027.78 17. 60 2 345.50 119. 47 6.79
v 191.91 2 055.70 18. 44 2 393.00 119. 80 6.50
234. 84 1799.55 14.05 1 877.60 118. 89 8. 46
M 231. 74 1743.86 14. 74 1 887. 30 118. 09 8.01
235.81 1527. 20 21.18 1 .920. 00 120. 00 5.67
VIO 232.74 1 604.92 18.79 1 924. 80 119.78 6.37
M-9,M-10 . , M-11 20. 8%,
s M-9.M-10
o , , M-11 s
s M-1, s 0
M-8 o » M-8
s , M-13
. M-11 11.2%.,
5.4 a )
1 s
M-1.M-11.M-12 ,M-13, 0
40,30.,50,60 mm, 6
16 s
7 o (D
16, 7
o S
. .M-13 6%, 17%.

16

Fig. 16 Comparison of Results of Models with Different Amplitudes
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Table 7 Characteristic Parameters and Displacement Ductility Coefficient of Models 5
K./(kN » mm 1) P,/kN A,/mm P,./kN A./mm B
219.45 1979. 20 17.87 2 286.90 90.01 5.04
v 217.57 1923.64 16.93 2 272.50 90. 69 5.36
233.29 1 860. 37 13.90 2 092.00 119.71 8.61
Ve 230. 32 1 846. 63 14.14 2 099. 30 117.98 8.34
217.59 2 019.55 14.32 2 381.80 96. 65 6.75
M-12
214.57 2 073.44 18.59 2 452. 60 95. 36 5.13
209.97 2104.02 20. 31 2 499. 60 107. 81 5.31
Ve 206.98 2 140. 24 21.56 2 564. 20 108. 28 5.02
(2) s nal of Solids and Structures, 2016, 13 (15); 2802~
. , 2814.
: 0.8~1.0, L6 ’ ’
(3) , Lyl ,2010,43
(10) :45-52.
’ ' ’ GUO Yanlin. ZHANG Qing-lin, WANG Xiao-an. A
Theoretical and Experimental Study of the Shear
’ 2.5~3 mm, Strength of H-shaped Members with Sinusoidal Cor-
Y ’ rugated Webs[J]. China Civil Engineering Journal,
P s N 2010,43(10) :45-52.
s [7] ) s )
, 200 ~ Ll ,2007,22(8) :64-69.
300 mm, YU An-dong, ZHAO Jia-kang. JIANG Atru. et al.
(5) , Ductility Steel Folded Plate Shear Wall[ ] ]. Steel Con-
, i struction, 2007,22(8) :64-69.
40~60 mm, L8] ’ ’ ’
. .2018,39(5) : 36-44.
WANG Wei, ZHANG Long-xu, SU San-qging, et al.
References: Experimental Research on Seismic Behavior of Corru-
(1] TONG J Z.GUO Y L. Shear Resistance of Stiffened gated Steel Plate Shear Wall[J]. Journal of Building
Steel Corrugated Shear Walls[ J]. Thin-walled Struc- Structures,2018,39(5) : 36-44.
tures. 2018, 127,76-89. [9] ’ ‘ LJJ.
[2] ) ) [Jl. ,2009,26(3) :1-13.
,2001.22(6) : 49-54. GUO Yanrlin, ZHOU Ming. Categorization and Per-
LI Shi,GUO Yanrlin. Study on Shearing Resistance of formance of Steel Plate Shear Wall[J]. Journal of Ar-
Beams with Trapezoidally Corrugated Webs[J]. Jour- chitecture and Civil Engineering,2009,26(3) :1-13.
nal of Building Structures,2001,22(6) :49-54. [10] ’ , .
[ 3] TIMOSHENKO S P,WOINOWSKY-KRIEGER S P. L.
The Theory of Plates and Shells[ M]. New York: »2020,37(4) - 14-22.
McGraw-hill,1959. WANG Yuhang, YANG Jun-de, LIANG Yan-lai,
[47] EMAMI F, MOFID M, VAFAI A. Experimental Study et al. Elastic-plastic Buckling Behavior of Double-cor-
on Cyclic Behavior of Trapezoidally Corrugated Steel rugated Thin Steel Plate Under Cyclic Shear Load
Shear Walls [ J |. Engineering Structures, 2013, 48: [J1. Journal of Architecture and Civil Engineering,
750-762. 2020,37(4) :14-22.
[5] KALALI H,GHAZIJAHANI G,HAJSADEGHI M, [11] :JGJ/T 380—2015[S].

et al. Numerical Study on Steel Shear Walls with Si-

nusoidal Corrugated Plates[ ]J]. Latin American Jour-

,2016.
Technical Specification for Steel Plate Shear Walls:
75



2022

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

76

JGJ/T 380—2015[ S]. Beijing: China Architecture &
Building Press.2016.
:GB 50017—2003[ S].
,2003.
Code for Design of Steel Structures; GB 50017—2003
[S]. Beijing: China Planning Press,2003.
[Jl. (
),2016,49C 1):152-160.
ZHAO Qiu-hong, LI Nan, SUN Jun-hao. Analysis on
Lateral Performance of Sinusoidally Corrugated Steel
Plate Shear Walls[ J]. Journal of Tianjin University
(Science and Technology).2016.49(S1):152-160.
. ABAQUS 6. 14 [M].
,2016.
QI Wei. ABAQUS 6. 14 Learning Manual[ M ]. Beijing:
Posts & Telecom Press.2016.
[l (
)+2019,52(8) :876-888.
YANG Yu-qing, MU Zai-gen. Hysteretic Behavior of
Different Forms of Channel-stiffened Steel Plate
Shear Walls[ J]. Journal of Tianjin University (Sci-
ence and Technology) .2019,52(8) :876-888.
(1l ,2015,36(1) :68-77.
WANG Meng. YANG Wei~guo. Hysteretic Behaviors
Study of Thin Steel Plate Shear Wall Structures[]J].
Journal of Building Structures,2015,36(1) :68-77.

[D]. : ,2012.
LI Liang-jiao. Research on Behaviour and Design
Methods of Sinusoidal Steel Plate Wall[ D]. Beijing:
Tsinghua University,2012.
:JGJ/T 101—2015[S].

,2015.
Specification for Seismic Test of Buildings: JGJ/T
101-—2015[ S]. Beijing: China Architecture &. Build-
ing Press,2015.

(1. ,2018,39C  2):
112-120.
ZHAO Qiu-hong,QIU Jing,LLI Nan,et al. Experimen-

[20]

[21]

[22]

[23]

[24]

[25]

tal Study on Seismic Performance of Trapezoidally
Corrugated Steel Plate Shear Walls [J]. Journal of
Building Structures,2018,39(S2) :112-120.
DONG L, YIN F X. Analysis of Seismic Behavior of
Four-side Partially Connected Steel Plate Shear Wall
[J1. IOP Conference Series: Earth and Environmental
Science,2019,304(5) :052044.

(1. ,2018,39
(10) :75-84.
WANG Wei, ZHANG Long-xu, SU San-qging, et al.
Experimental Research on Seismic Behavior of Corru-
gated Steel Plate-concrete Composite Shear Walls[J].
Journal of Building Structures,2018,39(10) :75-84.

[D]. : .2017.
QIAO Xu-dong. Crease Steel Shear Wall Based on
Origami Patterns: Energy Dissipation Mechanism and
Seismic Performance[ D]. Nanjing ;: Southeast Univer—
sity,2017.

’ ’

[Jl. ,2012,33(7):133
139,172.
CHEN Yivyi,NING Yan-qi, JIANG Lu. Experimental
Study on Seismic Behavior of Frame-steel Plate Shear
Wall with Slits[ J]. Journal of Building Structures,
2012,33(7):133-139,172.

Lyl .
2022,43(1) :153-163.
WANG Wei, HOU Ming-yue, SONG Jiang-liang,
et al. Experimental Study on Earthquake Resilience of
Vertical Corrugated Steel Plate-concrete Composite
Shear Walls[ J]. Journal of Building Structures, 2022,
43(1):153-163.

[Jl.
,2013,30(1) . 38-48.

SUN Guo-hua,GU Qiang, HE Ruo-quan,et al. Analy-
sis of Hysteretic Behavior of Thin Steel Plate Shear
Wall Based on Equivalent Strip Model[J]. Journal of
Architecture and Civil Engineering, 2013,30(1); 38-
48.



