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ABSTRACT

Nowadays, the use of corrugated steel shear walls with sinusoidal,
triangular, and trapezoidal waveforms, which are a type of corrugated
steel wall without the use of stiffeners, is recommended for delaying the
premature occurrence of buckling in the plate. The arrangement of
corrugated plates in the structural frame alters seismic parameters;
therefore, this research focuses on investigating various arrangements of
inclined corrugated plates. To achieve this, experimental specimens are
first validated under cyclic quasi-static loading using ABAQUS finite
element software. Subsequently, the design of four different arrangements
of inclined corrugated sheets with three types of trapezoidal, sinusoidal,
and triangular waveforms, each with three different thicknesses, is
conducted and compared with vertical and horizontal arrangements.
Finally, an optimized model is introduced. Based on the obtained results,
the triangular waveform demonstrated better seismic performance in
terms of energy absorption, initial stiffness, and ultimate strength. As for
thickness, increasing the wall thickness improved its seismic behavior.
Additionally, the arrangement with the highest energy absorption and
ultimate strength was found in the first arrangement; however, its
behavior in the cyclic curve was asymmetric. Therefore, by implementing
the triangular waveform in arrangement number 1 in a double
configuration, this issue has been addressed in the optimized model.
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Young’s Yield stress Uliilzl;te Percent
Type modulus E fy f fy/fu elongation
(GPa) (MPa) (Mlﬁa) (%)
Plate 210 207 290 0.71 41
Column 210 300 443 0.67 33
Beam 210 288 456 0.63 37
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Flat plate
Arrangement No. 1 Arrangement No. 2 Arrangement No. 3

Arrangement No. 4 Arrangement No. 5 Arrangement No. 6

Sl 3,5 5 Si5s3 log e Big slaghl,l v K

Arrangement No. 1 Arrangement No. 2 Arrangement No. 3
Arrangement No. 4 Arrangement No. 5§ Arrangement No. 6

e T G sl A S

Arrangement No. 1 Arrangement No. 2 Arrangement No. 3
Arrangement No. 4 Arrangement No. 5 Arrangement No. 6
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Model arrangement Plate ¢ Plate thickness
name No. ate type (mm)
flat-1.25 - Flat 1.25
2-tri-1.25 2 triangularly 1.25
S-trap-1.25 5 trapezoidally 1.25
3-sin-1.75 3 sinusoidally 1.75
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flat-1.25
600
400
= 200
—
8 0
8 -200
-400
-600
-100-75 -50-25 O 25 50 75 100
Displacement (mm)
1-trap-1.25 2-trap-1.25 3-trap-1.25
600 600 600
450 i ZA 450 450
= 300 /! " 2 __ 300 . ‘68
= ’ = =
= 150 //////}/) = 130 = 150
g o 7 1)/ g 0 g o
K 7)), ’//// 5 -150 5 -150
150 oz -300 300
-300 S -450 450
-450 -600 -600
-100-75 -50-25 0 25 50 75 100 -100-75 -50 -25 O 25 50 75 100 -100-75 -50 -25 O 25 50 75 100
Displacement (mm) Displacement (mm) Displacement (mm)
4-trap-1.25 S5-trap-1.25 6-trap-1.25
600 600 600
450 450 450
— 300 _. 300 — 300
§ 150 Z 150 £ 150
3 0 8 0 g o
é -150 3 -150 E -150
300 “ 300 -300
-450 -450 -450
-600 -600 -600
-100-75 -50 -25 0 25 50 75 100 -100-75 -50-25 0O 25 50 75 100 -100-75 -50-25 0 25 50 75 100
Displacement (mm) Displacement (mm) Displacement (mm)
Sl s VL sla53 Jlap s g 5 Slo Bog S 90 e fep Glaolaged 1V JSO
1-sin-1.25 2-sin-1.25 3-sin-1.25
750 600 600
6(5)(0) 450 450
4
_— . 300 — 300
g 300 Z 150 Z 150
= 150 = —;
8 o g 0 g O
S -150 5 -150 £ 150
-300 -300 300
-450 -450 -450
-600 -600 600
-100-75 -50-25 0 25 50 75 100 -100-75 -50-25 0 25 50 75 100 -100-75 -50-25 0 25 S50 75 100
Displacement (mm) Displacement (mm) Displacement (mm)
4-sin-1.25 5-sin-1.25 6-sin-1.25
600 600 600
450 450 450
. 300 _ 300 = 300
£ 1% £ 150 = 150
g 0 8 o] § 0
S -150 S -150 2
= 300 < 300 < -150
-450 450 -300
-600 -600 -450
-100-75 -50 -25 0 25 50 75 100 -100-75 -50 25 0 25 50 75 100 -100-75 -50 -25 0 25 50 75 100
Displacement (mm) Displacement (mm) Displacement (mm)
R ES NV g oz 8 Goy e et Ll 03 VY IS
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I-tri-1.25 3-tri-1.25
750 600
600 150
450 300
—~ 300 )
g 150 2 Z 150
il z S .o
o a o = -150
-300
-450 -300 /
-600 450
-750
-100-80 -60 -40 -20 0 20 40 60 80 100 600
= = -100 -80 -60 -40 20 0 20 40 60 80 100 -100 -80 -60 -40 20 0 20 40 60 80 100
Displacement (mm) Displacement (mm) Displacement (mm)
4-tri-1.25 5-tri-1.25 6-tri-1.25
600 600 600
450 450 450
300 300 100
Z 150 o 150 o
g Z Z 150
g 0 3 0 2
2 z g 0
&= -150 & 150 =
-150
300 -300
-450 % -300
-600 600 -450 ;
-100-80 -60 -40 -20 0 20 40 60 80 100 -100 -80 -60 -40 20 0 20 40 60 80 100 -100-80 -60 -40 -20 0 20 40 60 80 100
Displacement (mnm) Displacement (mm) Displacement (mm)
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Ultimate Strength (kN)

700.00
600.00
500.00

400.00
300.00
200.00
100.00

0.00

Arrang = Arrang Arrang Arrang Arrang @ Arrang
ement ement ement ement ement ement
No .1 No. 2 No.3 No. 4 No.5 No. 6

Flat
plate

B flat plate  520.81

Htrap 457.08  425.24 | 428.33 445.27 451.20  446.84
sin 531.53 | 433.63 42352 42227 | 41844 37747
tri 603.03 | 478.18 491.19 472.17 | 43857 407.60

H flat plate ®trap ®sin M tri
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Initial Stiffness (kN/mm)

80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00
Arrange Arrange Arrange Arrange Arrange Arrange

ment ment ment ment ment ment
No.1 No. 2 No. 3 No. 4 No.5 No. 6

Flat
plate

H flat plate  55.14

trap 50.96 38.09 37.97 42.60 50.60 38.37
sin 69.48 54.22 49.50 55.44 66.63 64.05
tri 73.86 57.55 51.33 58.11 67.34 64.17

H flat plate ®trap Hsin B tri
o 1.Y0 Colies b tlte g ow g (51455 5303l sG55 JS& 4yl e anglia gla,ls i VE JSJ

Energy Absorption (kN.m)

1000
500

Flat plate Arrangem Arrangem Arrangem Arrangem Arrangem Arrangem

entNo.1 entNo.2 entNo.3 entNo.4 entNo.5 entNo.6
H flat plate 1246

trap 1816 1703 1685 1715 1824 1759
sin 2481 2126 1998 2028 1987 1843
tri 2696 2295 2185 2106 2024 1841

Hflat plate Wtrap Msin W tri

S e VY0 Calieds b Hin 5 g s 43 g3eBlos LG58 S (6551 ol amslin slayls 55 110 IS
1-sin-1.25 sb b Jow jo o5 Jade ()5 s (owain adigad ;o 0l o 0+/4% KN/mm jlage Y o,lels Uiyl 1-trap-1.25
Ol b 1= tri-1.25 Jow 4 by pe (Buw ladie (5 i 5 Glie sladiges jo 0l o #AFAKN/mMm  Jade bV o)leds 2ol L
51.«.@ 9 (WG ¢ 6‘40.3)50 ¢ lo 6“(_5)3 J&w O W 6‘)& 4.35.0.’ ‘_}.’)M ML’(SA YY/A# kKN/mm )‘.\.G.c La \ o)Lo.»:B
flat- glaaigai b B! o yo a5 wil o VYA KN/mMm jlase 5 e 55 SO LY o)l J*-.'.‘)T L 1-tri-1.25 Jowe @ bgijpe
Db e LOAY o LYY (L YOINY ply o5 5 4 1-sin-1.25 4 1-trap-1.25 < 1.25

@l Seglia

I- ab b Jow o oles Coglin jlaka o 5 i (cwgiom Gladiges ;o 0l oo FOV/+A KN jlade L) o)l (ol,] 1-trap-1.25 Jow
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Average Average Average
Plat. initial Percentage ultimate Percentage energy Percentage
ate type stiffness difference strength difference absorption difference
kN/mm (kN) (kN.m)
Trapezoidally 43.10 30.55 % 442.33 8.19 % 1750 20.12 %
Sinusoidally 59.89 3.49 % A434.48 9.81 % 2077 5.20 %
Triangularly 62.06 -— 481.79 - 2191 -
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Force (kN)

Force (kN)

450
300
150
0
-150
-300
-450

1-tri-0.75 2-tri-0.75 3-tri-0.75
450
300
150

0
-150
-300

Force (kN)

-450

-100-75-50-25 0 25 50 75100 10-75 -50 -25 0 25 50 75 100 -100-75 -50-25 0 25 50 75 100
Displacement (mm) Displacement (mm) Displacement (mm)
4-tri-0.75 5-tri-0.75 6-tri-0.75

450 450

300 300

Z 150 Z 150

= =

o] 0 § 0

2 -150 £ -150

-300 -300

! -450 ! -450
-100-75 -50-25 0 25 50 75 100 -100-75 -50-25 0 25 50 75 100 -100-75 -50-25 0 25 50 75 100

Force (kN)

(kN)

Displacement (mm) Displacement (mm) Displacement (mm)
J;ﬂ‘;\:ﬁ VO Cwles lg ‘;;\h ch‘,‘ é)} R et ‘5‘.&)‘5‘,& A Jﬁ

1-tri-1.75 2-tri-1.75 3-tri-1.75

-150 il /y
id iy

450 U\ il

-600 T,

-750

-100-75 -50-25 0 25 50 75 100 -100-75-50-25 0 25 50 75 100 -100-75 -50-25 0 25 50 75 100
Displacemen t (mm) Displacemen t (mm) Displacemen t (mm)
4-tri-1.75 5-tri-1.75 6-tri-1.75

-100-75 -50-25 O 25 50 75 100 -100-75 -50 -25 O 25 50 75 100 -100-75 -50-25 0 25 50 75 100

Displacement (mm) Displacemen t (mm) Displacemen t(mm)
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Ultimate Strength (kN)

800.00
700.00
600.00

500.00
400.00
300.00
200.00
100.00

0.00
Arran Arran Arran Arran Arran Arran
geme geme geme geme geme geme
nt No nt No. nt No. nt No. nt No. nt No.
1 2 3 4 5 6

M thickness 0.75| 465.47 = 36897 & 379.45 369.34 33207 33196

M thickness 1.25 603.03 | 478.18 49119 @ 47217 43857 407.60

M thickness 1.75  708.17 = 588.80 @ 590.62 = 589.03 @ 584.55 | 54577
M thickness 0.75 M thickness 1.25 ™ thickness 1.75

Sagke VVO 51.Y0 (0/V0 slacabis b e Gy Kb olg Conglie amylin (slals ged A S

Initial Stiffness (kKN/mm)

100.00
90.00
80.00
70.00

60.00
50.00
40.00
30.00
20.00
10.00

0.00
Arrange Arrange Arrange Arrange Arrange Arrange
ment ment ment ment ment ment
No.1 No. 2 No. 3 No. 4 No.5 No. 6

M thickness 0.75 = 50.57 35.57 34.90 40.26 40.67 37.68
M thickness 1.25  73.86 57.55 51.33 58.11 67.34 64.17

M thickness 1.75 89.82 = 76.76 = 62.93 @ 77.15  86.81 | 85.06
W thickness 0.75 M thickness 1.25 M thickness 1.75

S VY0 5 1.Y0 (V0 glacslis b e 3,9 JSKS 4l e anglie sla yls pes N IS

Energy Absorption (kN.m)
4000

3500
3000
2500

2000

1500

1000
5

0
Arrange = Arrange Arrange Arrange Arrange @ Arrange
ment No ment No. ment No. ment No. ment No. ment No.
1 2 3 4 5 6

M thickness 0.75 2017 1765 1746 1731 1554 1494
M thickness 1.25 2696 2295 2185 2106 2024 1841

o
o

W thickness 1.75 3513 2962 2677 2544 2604 2303

M thickness 0.75 M thickness 1.25 M thickness 1.75

o YVO 9 1.Y0 (V0 glacslies b dlte 8,y JKS (5551 Ol analie slayls g 1Y S
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;::6 900 —— 4-tri-1.25-ST12
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0
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