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Introduction

Research on flat-plate steel shear walls as a lateral-resisting system began in 1970, and
experimental and numerical results indicate that this lateral-resisting system is a very
suitable system in terms of economy and performance. Also, this lateral-resisting system has
performed well in past earthquakes, and for this reason, the use of steel shear walls as an
efficient system was used in various countries [1-2].

Initial research on the elastic buckling of corrugated plates was carried out by Elsi et al.,
which included plates with simple supports and without considering geometrical defects.
Bahraber et al. investigated the effect of thickness, shape, plate angle, and opening size on
the parameters of buckling and energy absorption under cyclic loading on a corrugated shear
wall [3]. They investigated the shear wall of the corrugated shear wall in the reinforced
concrete frame in a laboratory and observed that the corrugated shear wall has a high
seismic performance [4]. Gholizadeh and Yadalehi investigated the seismic parameters of
ductility and shear capacity of corrugated corrugated walls as well as walls with curved
waves and subjected to cyclic loads by numerically using different models and investigated
the parameters of hardness and energy absorption and ultimate strength [5-6].

In another study, Tang proposed to prevent buckling of corrugated walls by using two
stiffeners on the sides of the wall and proposed the relationships between buckling and shear
strength [16]. Kao et al. conducted a two-story, single-span frame in the laboratory and
found that the shear wall with corrugated sheets has high capacity, ductility, energy
absorption, and high initial stiffness [17]. Recently, the use of double corrugated walls has
been considered, which was proposed by Tang et al. [18]. The results of numerical and
laboratory studies showed that by reducing the length-to-height ratio of the sheet, its
performance improves. Although the studies of this researcher showed that the use of double
sheets improves the stiffness and ultimate strength of the wall, this wall suffers a sudden
drop in small displacement and results in low ductility [19].

In another study, it was proposed to use two flat sheets on the sides of the double corrugated
wall to compensate for the decrease in strength and increase ductility. The results showed
that the use of flat sheets around double corrugated sheets improves the stiffness and
ultimate strength of the shear wall[20-21].

The aim of this paper is to investigate the effects of bolt rows on the seismic behavior of flat
and double corrugated shear walls and their combination using the finite element method.
For this purpose, models with different aspect ratios and sheet thicknesses have been
analyzed under pushover analysis.

Method

In this research, a series of single-story, single-bay steel shear wall models with varying
width-to-height ratios, incorporating double-corrugated infill plates, as well as a novel
configuration comprising double-corrugated plates encased by flat plates, are investigated.
The design of the steel shear wall models is based on capacity design principles in
accordance with the American seismic design provisions for steel structures (AISC 341-05)
and its accompanying guide (AISC User Note 20). The models are analyzed using a
nonlinear static analysis method (pushover) employing the finite element method via the
Abaqus software. The seismic behavior of the double-corrugated steel shear wall will be
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compared with that of the proposed wall configuration. It is anticipated that the combination
of the two plate types will enhance the seismic performance of the shear wall compared to
the double-corrugated walls. The total thickness of the infill plates in the corresponding
models is identical; therefore, all models utilize the same volume of material. To investigate
the effect of plate thickness on wall behavior, models with thicknesses of t = 6 mm, 8 mm,
and 10 mm will be analyzed.

Results

In this study, the seismic behavior of two steel shear wall systems—namely, a double-
corrugated type and a proposed configuration comprising a double-corrugated plate encased
in flat plates—was investigated through nonlinear static analysis. The considered variables
included plate thickness, aspect ratio of the boundary elements, and the number of bolt rows.

Conclusions

The results indicated that an increase in the number of bolt rows enhanced energy
dissipation capacity (13%) and ultimate strength (14%), while having no significant effect
on elastic stiffness. As plate thickness increased, the over strength factor and displacement
amplification factor in the double-corrugated system rose by 11% and 16%, respectively. In
the proposed system, the over strength factor increased by 13%, whereas the displacement
amplification factor remained nearly unchanged. The four-plate system exhibited superior
performance compared to the double-corrugated system, with increases of up to 42% in over
strength, 18% in displacement amplification, and 31% in the response modification factor.
The proposed ductility and over strength factors for the four-plate system are 4.55 and 4.8,
respectively. Furthermore, increasing the corrugation angle up to 51.8 degrees improved
seismic performance; however, angles beyond this threshold had no considerable effect on
shear capacity and led to increased stress concentration in the boundary elements.
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Model k(k—N) Energy Ry % o, E(1.75-10—N) Q, (1.75—10 — N)

mm ) E(1.75-10-1) 0,(1.75—-10-1)
F-1.75-10-1 1050.88 207641.51 4.63 4.30 1.00 1.00
F-1.75-10-2 1050.92 218769.95 4.61 4.44 1.05 1.03
F-1.75-10-3 1051.59 223907.58 4.55 4.54 1.08 1.06
F-1.75-10-4 105122 229811.57 4.52 4.64 1.11 1.08
F-1.75-10-5 1051.30 235579.63 4.56 4.23 1.13 0.98
D-1.75-10-1 1091.20 211943.94 4.38 1.29 1.00 1.00
D-1.75-10-2 1091.50 222558.83 4.18 1.61 1.05 1.25
D-1.75-10-3 1091.40 227891.51 4.23 1.46 1.08 1.14
D-1.75-10-4 1091.80 238478.02 4.05 1.72 1.13 1.34
D-1.75-10-5 1091.80 244350.46 3.97 1.78 1.15 1.38

WY ez Joe ;0 loj ) sl al)ly 5 555 @iz 9 KD Anlie F Jgur
v

. E(i—-t-N) Vy(i-t—N Vu(i—t-N k(i—t-N
Model k{:._fnj Energy  Ro=y Vv E{[i —t- a; V: Ei —t- oi Vy {uofas —3 —)o) k (a.[es n —}u]
F-0.85-4-0 329 77330.26 4.64 1698.96 1.00 1.00 1.00 1.00
F-0.85-4-1 329 80462.712 4.72 1824.83 1.04 107 1.00 1.07
F-0.85-4-2 329 82166.906 4.58 1849.79 1.06 1.09 1.00 1.09
F-0.85-4-3 329 82166.906 4.38 1849.79 1.06 1.09 1,00 1.00
F-0.856.0 424 99421 31 446 2139.155 1.00 1.00 1.29 126
F.0.85-6-1 423 101577.43 4.36 2196.65 1.02 1.03 1.29 129
F-0.85-6-2 424 102953.25 4.43 2234.71 1.04 1.04 129 132
F-0.85-6-3 424 103349.55 440 224344 1.04 1.05 1.29 132
F-125-6-1 572 125478.72 4.81 2697.46 1.00 1.00 1.74 159
F-1.25-6-2 372 124939.04 4.74 27258 1.00 1.01 1.74 1.60
F-1.25-6-3 572 128080.83 4.78 2759.97 102 1.02 1.74 1.62
F-125-8-0 692 14466282 6.6 2984304 1.00 1.00 210 1.76
F-1.25-8-1 692 155379.17 4.61 327821 1.07 1.10 210 193
F-125-8-2 692 157554.86 434 332956 1.09 112 210 196
F-1.25-8-3 692 157756.49 4.50 3305.97 1.09 111 210 195
F-1.75-6-0 744 140391.87 3.20 207772 1.00 1.00 226 175
F-1.75-6-1 744 14713413 04 31321 1.05 1.05 226 184
F-1.75-6-2 744 153246.05 4.93 327748 1.09 1.10 226 193
F-1.75-6-3 144 15372069 4.86 3287.83 1.09 1.10 2.26 1.94
F-1.75-10-0 1050 20764151 4.63 4114.03 1.00 1.00 319 242
F-1.75-10-1 1050 218769.95 461 4607 1.05 112 310 27
F-1.75-10-2 1051 223907.58 4.55 462637 1.08 112 3.20 272
F-1.75-10-3 1051 229811.57 4.52 4689.18 111 114 320 276

F-1.75-104 1051 235579.63 4.65 4689.18 L13 L14 3.20 276
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