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ABSTRACT

Background: To improve seismic performance and control the lateral
displacements of structures, this research introduces a novel steel shear wall
system. The primary objective of this study is to realistically evaluate the
effectiveness of this system in enhancing lateral resistance and preventing
structural collapse under severe earthquakes.

Methods: In this study, the behavior of three types of steel shear walls, including:
Flat Steel Plate Shear Wall (FSPSW), Vertically Single-layer Corrugated Steel Plate
Shear Wall (VCSPSW), and the hybrid system (VDCFSPSW) under cyclic loading
following the SAC loading protocol, was analyzed using numerical models in Finite
Element software. The results obtained from the numerical modeling showed
significant agreement with experimental results, demonstrating the validity of the
work. In the subsequent stage, parametric studies were conducted on the Vertically
Double Corrugated-Flat Steel Plates Shear Wall (VDCFSPSW) featuring double
vertical corrugated plates, which included investigating dimensional ratios b/h
from 0.5 to 2.5, corrugation angles of 30, 45, 60 and the ratio of the double
corrugated plate width to the opening width 25%, 50%, 75% in the hybrid model.

Results: Numerical analyses results indicate that the VDCFSPSW-30-50% hybrid
model exhibits a significant improvement in maximum strength (ranging from
4.42% to 13.80%) compared to the VCSPSW-30 model at b/h dimensional ratios
between 0.5 and 1.5 Additionally, ata b/h ratio of 2.5 this model shows comparable
strength to the FSPSW model, confirming the system’s desirable performance.
Furthermore, the average ductility factor of the VDCFSPSW hybrid systems shows
a marked superiority over flat shear walls, while its average response modification
factor significantly outperforms single-layer corrugated shear walls, double-
corrugated shear walls, and the hybrid HDCFSPSW systems, demonstrating the
enhanced seismic performance of these hybrid systems.

Conclusion: The hybrid VDCFSPSW model outperforms various configurations by
combining superior ductility, higher strength, and an improved response
modification factor. Its efficient force redistribution and suitable inelastic behavior
make it a highly effective and economical alternative to conventional steel shear
walls.
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Introduction

xtensive research conducted
over recent decades on steel
shear walls, focusing on
ultimate strength and seismic
coefficients for both flat and
corrugated shear walls, reveals
that each system possesses
distinct  advantages  and
limitations. Therefore, this study introduces a
novel steel shear wall system that combines
double-layered flat and corrugated plates. This
integrated approach aims to address the
weaknesses of previously studied flat and
corrugated steel shear wall systems while
capitalizing on their strengths. Consequently,
by enhancing the steel shear wall system, this
research evaluates a new hybrid system
incorporating the characteristics of both flat
and corrugated walls. This parametric study,
utilizing 125 numerical models, thoroughly
assesses the seismic performance of the hybrid
steel shear wall system by examining
maximum strength, seismic coefficients, and
response modification factor, overstrength,
and ductility factors. The ultimate goal is to
achieve an optimized system with favorable
seismic performance.

Methods

In this study, three experimental specimens
comprising a Flat Steel Plate Shear Wall
(FSPSW), a Vertically Corrugated Steel Plate
Shear Wall (VCSPSW), and a composed
Vertically Double Corrugated-Flat Steel
Plates Shear Wall (VDCFSPSW). were
evaluated and validated through both
physical testing and Finite Element (FE)
numerical modeling using Abaqus. The
numerical analyses were performed using an
implicit dynamic solver in Abaqus,
incorporating material nonlinearity.
Subsequently, a parametric study was
conducted using Abaqus to investigate
various aspect ratios b/h ranging from 0.5 to
2.5 and corrugation angles of 30, 45 and 60
For the combined model VDCFSPSW
featuring double vertical corrugated plates,
the parametric study considered aspect
ratios (b/h) from 0.5 to 2.5, as well as the
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ratio of the double-corrugated-plate width to
the span width, examined at three levels:
25%, 50%, and 75%. Through the analysis of
125 distinct models, these configurations
were systematically compared in terms of
ultimate strength and seismic coefficients.

Results

This study investigates the seismic
performance of a novel Vertical Double-
Corrugated Steel Plate Shear Wall
(VDCFSPSW)  system, comprising a
combination of flat plates and double-
trapezoidal corrugated plates, through
advanced numerical analyses and a
comparative study with conventional
(SPSW) systems. The numerical results
reveal that the peak strength of the
specimens is directly dependent on the
aspect ratio b/h, the corrugation angle, and
the orientation of the plates. Specifically,
increasing both the aspect ratio and the
corrugation angle leads to an enhancement
in ultimate strength, a trend that is
particularly pronounced in single- and
double-layer corrugated walls. Furthermore,
for the VDCFSPSW models with vertical
double-corrugation, the width ratio of the
double-corrugated plates relative to the
opening width (investigated at 25%, 50%,
and 75%) significantly influences the
strength capacity across aspect ratios
ranging from 0.5 to 2.5. Overall, the
VDCFSPSW system outperforms flat, single-
layer, and double-layer corrugated models.
This superiority is demonstrated by higher
ultimate strength across a wide range of
aspect ratios, more stable hysteretic
behavior, delayed strength degradation, and
a substantial reduction in the pinching effect
compared to the flat plate models. Most
importantly, the combined system offers
significant advantages in terms of ductility
and Response Modification factors.
Consequently, the VDCFSPSW system is
proposed as an efficient and highly reliable
seismic solution to mitigate buckling and
enhance the seismic performance of steel
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shear walls, particularly in high-seismicity
regions where high ductility is critical.
Conclusion

This study demonstrates the effectiveness of
VDCFSPSW systems in enhancing seismic
performance. By examining aspect ratios b/h
from 0.5 to 2.5, corrugation angles,
orientation, and double-corrugated plate
width ratios (25%, 50%, and 75%), an
optimal shear wall system for lateral
resistance was identified. Numerical results
indicate that the VDCFSPSW model with a 30
corrugated angle and 50% width ratio
achieves maximum peak strength. Compared
to the single-layer VCSPSW 30, peak strength
increases by 4.42%, 13.80%, and 8.52% for
b/h ratios between 0.5 and 1.0, respectively.
at b/h of 2.5 its peak strength matches that
of a conventional FSPSW. Additionally, the
average maximum strength of combined
VDCFSPSW  models exceeds that of
HDCFSPSW models. Analysis of seismic
parameters shows that the average
Response Modification factors for flat, single-
layer (horizontal and vertical), and double-
layer (horizontal and vertical) walls are 5.88,
5.45, 5.44, 5.33, and 5.333, respectively. In
contrast, VDCFSPSW models with 25%, 50%,
and 75% width ratios, alongside the
HDCFSPSW model, yield factors of 5.62, 5.38,
5.27, and 5.52. Thus, VDCFSPSW systems
offer higher average Response Modification
factors than other double-corrugated
configurations. Similarly, average ductility
factors for flat, single-layer, and double-layer
walls are 9.98,11.86,12.35,12.50,and 12.60,
respectively, while VDCFSPSW models (25%,
50%, 75%) and HDCFSPSW show 11.25,
12.21, 12.82, and 11.89. Ultimately,
combined VDCFSPSW systems exhibit
superior ductility and the ability to sustain
significant inelastic deformations prior to
failure.
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  R =     V  e u    V  s =     V  e u    V  y ×     V  y    V  s =   R  𝜇   𝛺 °  


  𝜇 =     𝛥  m a x    𝛥  y  


    𝛺 ° =     V  y    V  s      


   {            R  𝜇 =  2 𝜇 − 1       ,                         0 . 12 ≤   T ≤ 0 . 5 s         R  𝜇 = 𝜇               ,                                         T ≥ 1 s                

