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Abstract

Traditional steel shear walls (SSWs) with flat infill plates have been widely used in regions of high seismic hazard
due to their high strength and energy dissipation capacity. However, premature buckling of flat plates reduces
their structural performance, motivating the development of trapezoidal corrugated steel shear walls (CSSWs).
To further address the limitations of single corrugated walls, double corrugated steel shear walls (DCSSWs) were
introduced, followed by hybrid flat-corrugated steel shear walls (FCSSWs), which combine a flat plate with a
trapezoidal corrugated plate. This study numerically investigates the lateral behavior of three SSW systems:
single CSSWs, DCSSWs, and hybrid FCSSWs. Finite element models are developed using ABAQUS and analyzed
under lateral loading. The effects of geometric parameters are examined by considering aspect ratios (L/h)
ranging from 0.67 to 2 and corrugation angles of 30°, 45°, and 60°. The results indicate that dual-layer systems
(DCSSW and FCSSW) significantly improve structural stability compared with single-layer CSSWs. Among the
examined systems, the FCSSW exhibits the most stable nonlinear response, showing no strength degradation up
to a 2% story drift. In contrast, the CSSW and the DCSSW with a 30° corrugation angle experience noticeable
strength degradation. In terms of peak strength, the FCSSW consistently outperforms the CSSW, with the
maximum increase (approximately 15.1%) observed at lower aspect ratios. The DCSSW achieves the highest
ultimate strength, exceeding that of the FCSSW by 1.6-4.3% and the CSSW by 3.4-12.3%. Initial lateral stiffness

is comparable among all systems, with only minor differences observed.
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1. Introduction

In contemporary times, the increasing population and expansion of
urbanization have rendered the construction of high-rise structures
capable of resisting lateral forces, particularly in seismically active
regions, a principal challenge within civil engineering. Among the various
structural systems, lateral load-resisting systems play a pivotal role in
ensuring structural safety, stability, and optimal performance. Among
these systems, steel shear walls (SSWs) have attracted considerable
attention in both research and practical applications due to their
significant advantages, including excellent ductile behavior, high energy
dissipation capacity, superior strength-to-weight ratio, and rapid
construction speed (Abdul Ghafar et al, 2022; He et al, 2025;
Hosseinzadeh & Seddighi, 2024).

A conventional SSW system comprises a thin steel plate (serving as the
primary shear-resisting element), horizontal boundary elements (beams),
and vertical boundary elements (columns). The seismic behavior of this
system is predominantly influenced by the shear buckling phenomenon of
the infill plate (Driver, 1997; Habashi & Alinia, 2010). In unstiffened
configurations, the plate, upon buckling, develops a diagonal tension field
along its corners, which constitutes the primary source of the system's
resistance and ductility. Although this post-buckling behavior is desirable,
premature buckling can lead to a reduction in initial stiffness and pose
serviceability concerns (Astaneh-Asl et al, 2019). To mitigate this
challenge, various strategies have been proposed, including the use of
stiffened plates with additional components (Alavi & Nateghi, 2013; Liu et
al,, 2024; Zhao et al., 2025) or the implementation of composite walls
(Astaneh-Asl, 2002; Cheng et al.,, 2024; Pan et al., 2024). In this context, an
innovative and effective solution involves the use of corrugated steel
plates in lieu of flat plates (Dou et al., 2021, 2025). In this system, the steel
plate is fabricated with a corrugated profile, typically sinusoidal or
trapezoidal. This specific geometry significantly enhances the out-of-plane
shear resistance of the plate, thereby effectively suppressing shear
buckling at lower stress levels. The Corrugated Steel Shear Wall (CSSW)
benefits from the key advantage of providing substantially higher initial
stiffness (Emami et al,, 2013; Qiu et al,, 2018) and delaying the formation
of the tension field without the need for intermediate stiffeners, which
themselves increase construction complexity and cost. The conducted
studies on the laboratory behavior of corrugated steel shear walls indicate

that this system functions as a lateral load-resisting system with
prominent mechanical properties, including high strength and stiffness, as
well as high energy absorption capacity (E.-F. Deng et al,, 2020; Feng et al.,
2025; Li & Liu, 2025; Wen et al.,, 2025; Xie et al,, 2024; Yu et al,, 2022; X.
Zhang et al.,, 2023). A corrugated steel plate is limited to a thickness of 8
mm (Wen et al,, 2024) and, fundamentally, may not be suitable for use in
tall structures subject to high shear forces. Furthermore, a single
corrugated steel shear wall typically experiences a degradation in load-
bearing capacity following out-of-plane buckling, resulting in a reduction
in energy dissipation capability and ductility (Dou et al., 2018; Qiu et al,,
2022). To overcome this issue, a double corrugated steel shear wall
(DCSSW) system has been proposed (Tong et al,, 2018; Tong, Guo, & Pan,
2020; Tong, Guo, Zuo, et al,, 2020). This system consists of two identical
trapezoidal corrugated steel plates connected using high-strength bolts.
Deng et al. (R. Deng et al., 2022) conducted an experimental investigation
on vertical DCSSWs and single CSSWs and concluded that the double-
corrugated plate has a better shear stiffness and stable energy dissipation
than the single-corrugated plate. Ghodratian-Kashan and Maleki
(Ghodratian-Kashan & Maleki, 2022) conducted cyclic analysis on vertical
DCSSWs and observed that DCSSWs had a spindle-shaped hysteresis curve
with good cyclic performance. Corrugated plates can be installed vertically
and horizontally inside the frame boundary element in corrugated walls.
Recentresearch has proven that the seismic performance of the shear wall
is optimal when the corrugation is placed vertically (R. Deng et al.,, 2023;
Ghodratian-Kashan & Maleki, 2021; Zheng et al., 2022).

Recent developments have introduced innovative combined steel
plate shear wall systems that integrate flat and corrugated steel plates to
address the limitations of traditional configurations. These systems,
known as flat-corrugated steel shear walls (FCSSWs), couple the plates to
ensure combined action, resulting in several structural typologies: a four-
layer assembly with a double-corrugated core between flat plates
(Abbaszadeh et al.,, 2023; Broujerdian et al., 2021; Nayel et al,, 2022; S.
Zhang, 2025); a three-layer sandwich panel with a trapezoidal corrugated
core (Dou et al, 2023); a two-layer wall combining flat and corrugated
plates (Guan & Zhang, 2025; Lv, 2024, 2025). Lv introduced a two-layer
steel shear wall consisting of one flat plate and one trapezoidal vertical
corrugated plate with an aspect ratio of b/h = 1.56 (Fig. 1). They conducted
cyclic loading tests on the numerical models using ABAQUS software. They
found that the proposed systems enhanced the lateral behavior of the steel
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shear wall system compared to traditional flat and single-corrugated steel
shear walls. Guan (Guan & Zhang, 2025) investigated the cyclic
performance of vertically- and horizontally placed two-layer steel shear
walls with full, beam, and column-connected configurations with aspect
ratio b/h=1. His exploration revealed that flat-corrugated configuration
yields enhanced lateral performance compared to conventional flat and
single-corrugated steel shear walls. Lv (Lv, 2025) found that the lateral
resistance and energy dissipation of two-layer flat-corrugated steel shear
walls with square openings are more than that of conventional steel shear
walls.

Flat plate Corrugated

plate

Combined
plate

Fig. 1 The two-layer flat-corrugated plate (Lv, 2024).

Despite the demonstrated advantages of dual-layer steel shear walls,
existing research has largely focused on either double-corrugated
(DCSSW) or flat-corrugated (FCSSW) systems in isolation, often under
limited geometric conditions. A critical gap remains in the direct
comparative assessment of their lateral performance under consistent
parameters, particularly regarding the coupled effects of varying aspect
ratios and corrugation angles. Therefore, this study necessitates a
systematic numerical investigation to compare the nonlinear behavior,
strength degradation, and stiffness characteristics of CSSW, DCSSW, and
FCSSW systems. The findings will provide essential guidance for selecting
optimal dual-layer configurations for seismic-resistant design.

2. Method
2.1 Details of the Models

This study was conducted with the design of a single-bay and single-
story CPSSW system according to the guidelines from the references
(Farzampour et al., 2018; Yi et al, 2008). An infill plate with 8 mm
thickness was selected. A W14x176 section and a W14x257 section was
utilized for the frame beams and columns, respectively. Connections from
beam to column are moment-resisting (rigid type). In this work, five aspect
ratios (L/h) were considered, namely 0.67, 1, 1.33, 1.67, and 2 (see Fig. 2).
The height for the infill plates (H) remains constant at 3000 mm in every
model. Widths (L) of the infill plates with ratio L/h = 0.67, 1, 1.33, 1.67,
and also 2 are given by: respectively, 2000; 3000; 4000; 5000; 6000 mm.
This study gives an opportunity to evaluate the impact of the trapezoidal
corrugation geometry parameters. The geometric specification for plates
that are being investigated is demonstrated in Fig. 3. A value of 100 mm is
decided for the width in both horizontal and diagonal flanges. For the
corrugation angle, three different ones are analyzed, which are 30, 45, and
60 degrees.

Beam L Column

(a) (b) (c)

(d) (e)

Fig. 2 The schematic shape of CSSWs with varing width-to-heigth
L/h ratios, (a) L/h=0.67, (b) L/h=1, (c) L/h=1.33, (d) L/h=1.67, (e)
L/h=2

In this paper, alongside the conventional vertical CSSW, a vertical
DCSSW was considered as a control model. In this system, two vertically
corrugated plates are utilized. The total thickness of both plates matches
the 8 mm thickness found in the reference specimen, which gives a 4 mm
thickness for each corrugated plate present in this dual-plate assembly.

Additionally, a one FCSSW configuration that includes a flat plate
combined with a trapezoidal corrugated plate is examined. The total
thickness for plates in this setup remains at 8 mm. Each plate itself is 4 mm
thick, so they measure this. Worth mentioning, characteristics for
boundary frame members, such as beams together with columns, are
being kept unchanged throughout all three systems under investigation.
Some of these are single corrugated walls, double corrugated walls are
included, and one is a type called flat corrugated walls.

o N T,

! 300 ‘

Fig. 3 The geometric properties of the trapezoidal corrugated
plates

2.2 Finite Element Model

This part explains the establishment process for the computer model
that uses the ABAQUS/Explicit software. The steel components were made
with S4R shell elements with a mesh size of 25 mm according to mesh
sensitivity analysis results, which contain four nodes, and use a reduced
integration (Dou et al, 2023; Wu & Tong, 2025). The infill plates are
connected to frame members by employing tie constraints (Dou et al,,
2023; Feng et al, 2024). Connecting bolts, which connect the double-
corrugated plates together with flat and corrugated plates, were not
simulated directly in the ABAQUS software. Instead, the mentioned infill
plates were coupled in the bolt locations in the FCSSW system. This is an
established approach utilized in authoritative international references (R.
Dengetal, 2022,2023; Douetal, 2023; Tongetal., 2018, 2023; Tong, Guo,
& Pan, 2020; Tong, Guo, Zuo et al,, 2020; Wen et al.,, 2024). To reflect the
real-world construction imperfections, small initial deformations (h/750,
where h is the plate height) give an opportunity to represent reality (Tong
et al,, 2023). The model relied on Q235 steel with a yield strength of 235
MPa. The stiffness value (E) selected is 206 GPa, and around 350 MPa for
ultimate tensile strength. Steel acted in a bilinear manner and was
considered for kinematic hardening. The Poisson ratio (v) given to itis 0.3.
Hardening modulus was set to be E/100, like in (Dou et al., 2023).

In Fig. 4, it can be seen that columns were fixed at the bottom part,
while the top ends of the two side columns could not move in the sideways
direction. At the upper beam, the horizontal load increased gradually until
the structure reached two percent drift. The dynamic/implicit method was
used to analyze the behavior of the studied models under lateral loads.

z

Fig. 4 Numerical model bondary constraints and lateral load
arrangement

X
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3. Validation of Numerical Models
3.1 Single-corrugated SSW

A vertical CSSW examined in the study by Emami et al. (Emami et al.,
2013) was adopted for validation purposes in the present research. This
specimen was subjected to cyclic loading using Abaqus software. Fig. 5
illustrates a comparison between the hysteresis curve derived from the
experimental test and that obtained from the numerical analysis
conducted in Abaqus. The comparison demonstrates strong alignment
between the experimental results and the finite element model. Table 1
presents both the test and finite element (FE) outcomes. The discrepancies
between the test and FE predictions for initial stiffness, peak resistance,
and dissipated energy are 5.1%, 5.2%, and 3.2%, respectively.
Furthermore, Fig. 6 compares the deformation patterns from the empirical
and numerical models. Consistent with the experimental observations,
plastic hinges formed at the column bases, a behavior accurately captured
by the finite element model. Overall, the findings suggest that Abaqus
software holds considerable promise for predicting the performance of
CSSWs.

S, Mises

SNEG, (fraction = -1.0)

(Avg: 75%)
+3.178e+03
+2.914e+03
+2.649e+03
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Fig. 6 Comparison of the failure mode of the test, and Von Mises
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3.2 Double-corrugated SSW

In this section, a double-corrugated SSW tested by Ghodratian-Kashan
and Maleki (Ghodratian-Kashan & Maleki, 2022) was simulated in
ABAQUS software. The specimen configuration is illustrated in Fig. 7. This
experimental unit contained a single-bay one-story framework. It is
characterized by having a width measurement of 2.0 m as well as a vertical
height equal to 1.72 m. The boundary frame consisted of an IPE200 top
beam and IPB180 side columns, all of which were fixed to a plate girder
base beam anchored to the strong floor. Moment-resisting welded and
unreinforced flange connections are being used in junctures between the
beam and column. The infill shear wall was constructed by employing two
identical trapezoidal corrugated plates of thickness 0.5 mm, with overall
measurements of 1490 x 1990 mm. The corrugation profile has been
defined by an angle of 30 degrees. The sub-plate width can be flat or
inclined, measuring 70 mm. Infill plates were systematically
interconnected and fixed to the boundary frame with fishplates and some
high-strength M14 (10.9) bolts distributed at regular intervals. The
characteristics of the material for these components are given in Table 2.

Table 2. Material features of the test elements (Ghodratian-
Kashan & Maleki, 2022).

Element Ultimate stress  Yield stress Percent
E, (MPa) F, (MPa) elongation (%)
Column 455.7 277.8 28.6
Beam 461.9 330.1 30.4
plate 383.5 328.2 39.6

Fig. 8 shows how highly the computer model corresponds to the real
experiment when monotonic loading is applied. The hysteresis curves
from both the test and FE analysis are in close agreement. As per Table 1,
the difference between initial stiffness, peak resistance, and dissipated
energy of the test and FE models is 3.7%, 4.9%, and 6.5%, respectively. The
deformed shape that ABAQUS predicts also matches what was detected in
the actual test specimen after the loading process. Such comparisons give
evidence that ABAQUS can successfully predict how the system of DCSSW
behaves under lateral loads.

400

300 ~
200 ~
100 -

0 -

-100 -

-200 A

Horizontal shear load (kN)

— Experiment
--- FE (Cyclic)
= FE (Pushover)

-300 -
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Displacement (mm)
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Fig. 8 Comparison of the experimental and FE results.

It should be noted that, since the mesh size has a significant effect on
the results, a mesh sensitivity analysis was performed on the two
specimens considered for calibration. The results of this analysis are
presented in Fig. 9. As the maximum strength did not change for mesh
sizes smaller than 25 mm, a mesh size of 25 mm was adopted in this study
for modeling the specimens under investigation.

700
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500 e

e
4001 g.g---00

Peak Resistance (kN)
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Mesh size (mm)

€)

700 {

600 | PR °

500 1 -
o-0---0"

400
300 -

200

Peak Resistance (kN)

100 4

50 75 100 125 150 175 200
Mesh size (mm)
(b)
Fig. 9 The results of mesh sensitivity analysis for test models of
(a) Emami et al. (Emami et al., 2013) and (b) Ghodratian-Kashan
and Maleki(Ghodratian-Kashan & Maleki, 2022).

4. Results and Discussion

4.1 Pushover Curves

The pushover curves and numerical samples for various aspect ratios
are presented in Fig. 10. It should be noted that the vertical axis of the

pushover curves is presented as VL, where V is the shear load applied to the
y

models, and V, is the full-section shear yield strength (Dou et al,, 2023).V;,
is expressed as V, = thy/\/§, where t is the plate thickness, L is the bay
width, and f;, is the yield stress of the infill plates.

As observed, in single-corrugated walls, a degradation in the load-
displacement curve occurs, particularly when the corrugation angle is
small (here, 30 degrees). This degradation manifests with greater
intensity and steepness at higher aspect ratios. In contrast, double-
corrugated walls show strength degradation exclusive to specimens
having a corrugation angle of 30 degrees, and this effect gets more
noticeable when the aspect ratio is increased. A major aspect for the
comparison among load-displacement curves of both systems is that in
double-corrugated walls, there is a gradual occurrence of strength
degradation rather than it occurring faster, as seen in single-corrugated
walls. From this, it tells that in the nonlinear part, double-corrugated walls
are steadier and more ductile when compared to using single-corrugated
walls and also have better dissipation for energy. Meanwhile, flat-
corrugated walls exhibit no strength degradation, even at the final loading
stage (corresponding to a 2% drift). This demonstrates that a double-
layered flat-corrugated wall, composed of one flat and one trapezoidal
corrugated plate, exhibits more stable nonlinear behavior than both
single- and double-corrugated trapezoidal walls. Such high-quality
performance kind of helps explain strong suitability for those high-seismic
areas since more energy can be dissipated in those places.

4.2 Peak Resistance

Fig. 11 presents a comparative analysis of the peak shear resistance
derived from the numerical models. The term peak resistance refers to the
ultimate bearing capacity exhibited by the structure during loading, from
zero drift up to the allowable drift of 2%. For a more effective comparison,
a pairwise analysis of the tests is presented in Fig. 12. Fig. 12a shows a
comparison of the strength between FCSSW and CSSW. Fig. 12b presents
a comparison of the strength between FCSSWs and DCSSWs. Fig. 12¢
reveals that the DCSSWs are compared with single-corrugated ones for
ultimate strength.

Fig. 12a shows that flat-corrugated walls consistently show better
performance than single-corrugated walls for strength, with a maximum
difference of up to 15.1%. The recorded average strength benefits are
5.2%, 6.8%, 3.8%, 1.3%, and also 0.1% for L/H ratios equal to 0.67, 1, 1.33,
1.67, and 2, respectively. The results indicate that higher aspect ratios give
an opportunity to access reduced differences in strength, which become

Electronic Journal of Structural Engineering, 2026, Vol 26, No. 2 91



almost insignificant at the L/H values of both 1.67 and at the level of 2. This
suggests that at a level of 2, strength gains are minimal.

With reference to Fig. 12b, which represents the strength ratio of the
FCSSW to the DCSSW, it is evident that the double-corrugated walls exhibit
higher ultimate strength than the flat-corrugated walls. However, the
distinction in the ultimate strength among these two systems is 1.6%,
4.3%, 3.6%, 2.3%, and also 3.2% when the aspect ratios are 0.67, 1, 1.33,
1.67, and also 2, respectively. Thus, with respect to strength, a significant
difference does not appear to exist between a DCSSW system and the
FCSSW system.
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=
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In relation to Fig. 12¢, which shows the strength proportion of double-
corrugated to single-CSSW, one can see that the DCSSWs have more
strength compared to ordinary single-corrugated wall structures. The
difference in ultimate strength between these two systems is 7.1%, 12.3%,
7.9%, 3.8%, and 3.4% for the respective aspect ratios. It is evident that the
strength differential between the two systems rises as the aspect ratio
rises from 0.67 to 1 and subsequently decreases. Beyond that, Fig. 12c
shows that an increase in the corrugation angle gives an opportunity to
access a reduction in the strength difference between the two systems.
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Fig. 10 Pushover load-displacement curve of the numerical models.
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4.3

Fig. 13 presents degradation curves for the lateral stiffness regarding
the specimens studied at various width-to-height ratios. As observed, the
lateral stiffness continuously decreases with increasing drift. This part
investigates initial stiffness (IS), which is the stiffness measured at the
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500
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elastic stage of the load-displacement curve. Fig. 14 shows a comparison
of the initial stiffness for all specimens, showing that only minor
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Fig. 13 The stiffness deterioration curve of the numerical models
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differences are present. Fig. 15 gives pairwise ratios of stiffness: flat-
corrugated to single-corrugated (Fig. 15a), flat-corrugated to double-
corrugated (Fig. 15b), and double-corrugated to single-corrugated (Fig.
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4.4 Residual Resistance

In this section, the residual strength of the studied specimens is
examined, as depicted in Fig. 16. Residual strength refers to the strength
corresponding to the ultimate drift of 2%. As observed, the residual
strength in double-corrugated and flat-corrugated walls is greater than
that in conventional single-corrugated walls. The residual strength in
double-corrugated walls is between 5.6% and 49.8% higher than that in
single-corrugated walls. Furthermore, the residual strength in flat-
corrugated walls is between 3.7% and 47.9% higher than that in single-
corrugated walls. Meanwhile, the difference in residual strength between
double-corrugated and flat-corrugated walls ranges from 8.6% to 16.4%
(mean value: 10.1%). These differences clearly indicate the higher
capacity of double-corrugated and flat-corrugated walls compared to
conventional single-corrugated steel shear walls in providing superior
energy dissipation capacity and ductility.
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Fig. 16 Comparative analysis of the residual resistance exhibited
by the numerical models.

4.5 Deformations

The current section shows deformation properties of the given
numerical models. Specifically, it examines out-of-plane displacement
allocation for cases that possess an aspect ratio of b/h=1 and a
corrugation angle equal to 30°. The deformation structures that belong to
CSSW, DCSSW, and FCSSW types can be seen in Fig. 17a, 17b, and 17c
separately. Results indicate there are considerably higher out-of-plane
displacements for a single corrugated steel wall (CSSW) than for other
systems. This finding gives an opportunity to infer that the usage of dual-
layer steel plate configurations especially reduces out-of-plane
deformation on infill plates as compared with a conventional single
corrugated wall system.
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Fig. 17 The distributions of out-of-plane displacement, (a) CSSW,
(b) DCSSW, (c) FCSSW.

5. Design Assumptions, Methodology, and
Practical Optimization for the Proposed
System

The numerical methodology employed in this study is predicated on
several key design assumptions. First, the infill plates and boundary
frames (W14x176 beams and W14x257 columns) are assumed to be
perfectly connected using tie constraints. In contrast, the bolted
connections between dual-layer plates (in DCSSW and FCSSW) are
idealized by coupling degrees of freedom at bolt locations, an approach

validated in prior studies (R. Deng et al., 2022, 2023; Dou et al,, 2023; Tong
etal, 2018, 2023; Tong, Guo, & Pan, 2020; Tong, Guo, Zuo, et al,, 2020; Wen
et al,, 2024). Second, a bilinear kinematic hardening material model with
a hardening modulus of E/100 is assumed for Q235 steel (yield strength
235 MPa, E=206 GPa), and geometric imperfections of h/750 are
introduced to simulate realistic initial out-of-plane deformations. The
methodology consists of developing validated ABAQUS/Explicit models
using S4R shell elements with a 25 mm mesh (determined via mesh
sensitivity analysis) and applying monotonic pushover loading up to a 2%
story drift under fixed-bottom boundary conditions. For practical
applications, optimal considerations indicate that the hybrid flat-
corrugated steel shear wall (FCSSW) offers the most stable nonlinear
response with no strength degradation up to 2% drift, making it ideal for
high-seismic regions. While the double-corrugated (DCSSW) system
achieves marginally higher ultimate strength (1.6-4.3% greater than
FCSSW), the FCSSW is preferred for its superior energy dissipation and
post-yield stability. Aspect ratios (L/h) above 1.67 yield diminishing
strength gains for dual-layer systems, and a corrugation angle of 30°
should be avoided in single or double corrugated walls due to noticeable
strength degradation. Future research should focus on: (1) experimental
validation of the FCSSW under cyclic loading to confirm its stable
hysteretic response; (2) optimization of corrugation geometry (angle,
wavelength, and depth) to maximize strength-to-weight ratios; (3)
investigating the effect of openings (e.g., doors, windows) on the lateral
performance of FCSSW systems; and (4) developing simplified design
equations and seismic force modification factors for incorporation into
building codes.

6. Conclusion

This comparative numerical study provides quantitative evidence of
the superior lateral performance of dual-layer infill plate systems
compared to single-CSSWs. The pushover analysis revealed that the
FCSSW exhibited the most stable load-displacement behavior, showing no
strength degradation up to the 2% drift limit, unlike the single- and
double-corrugated walls, which experienced post-peak strength drops,
particularly at lower corrugation angles (e.g, 30°) and higher aspect
ratios. Quantitatively, the ultimate shear resistance of the FCSSW was
consistently higher than that of the single-corrugated wall, with the
percentage increase ranging from 0.1% to 6.8% across different aspect
ratios (L/h = 0.67 to 2), averaging a 3.4% improvement. While the double-
corrugated wall showed a marginally higher peak resistance than the
FCSSW (by 1.6% to 4.3%), the difference was negligible, indicating that the
FCSSW achieves a comparable strength level. More especially, resistance
for a double-corrugated wall was from 3.4% to 12.3% greater than that of
the single-corrugated wall, which highlights the benefit of adding a second
plate. Regarding initial stiffness, the comparative ratios (FCSSW/single,
FCSSW/double, and double/single) consistently hovered near 1.0 across
all configurations, indicating that all three systems possess comparable
initial elastic stiffness. Therefore, the key quantitative differentiator is the
enhanced post-yield stability and energy dissipation capacity of the
FCSSW, making it the most favorable configuration for high-seismic
applications where stable, ductile performance is paramount.
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