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. ABSTRACT

Article info:

Background: The Semi-Supported Steel Plate Shear Wall (SSSW) is an emerging
Article History: lateral load-resisting system in which wall plates connect to secondary columns
Received: 21 November 2025 rather than the main boundary frame. Under small lateral loads, these plates buckle
Revised: 14 December 2025 and develop out-of-plane deflection. Since buckling initiates at low load levels, a
Accepted: 23 December 2025 large portion of the plate operates in the elastic post-buckling range. Calculating
Published: 4 April 2026 this deflection requires solving the Von-Karman equations via the Galerkin method,

a procedure that is mathematically complex and has no known closed-form
solution. This study aims to predict the maximum elastic limit deflection of SSSW
wall plates using machine learning algorithms and to derive an explicit
mathematical formula for practical design use.

Methods: Five machine learning algorithms, Linear Regression, Polynomial
Regression, Random Forest, Gradient Boosting and XGBoost were evaluated for
predicting the maximum elastic limit deflection of SSSW wall plates.

Results: Among the algorithms evaluated, Polynomial Regression achieved the
best balance between accuracy and interpretability. An explicit mathematical
formula for estimating the maximum elastic limit deflection was derived, with a
mean prediction error below 2%.

Keywords: Conclusion: The proposed formula allows designers to estimate the maximum
Semi-Supported elastic limit deflection of SSSW wall plates quickly and reliably, without solving the
Steel Plate Shear Wall Von-Karman equations or performing costly numerical modeling.
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Introduction

teel plate shear walls have
been studied for decades as
lateral load-resisting systems.
In the conventional system,
tension field stresses
transferred to boundary
columns require  heavy
sections that are often
uneconomical. Disconnecting the wall plate
from the main columns led to the
development of the SSSW system, in which
secondary columns carry these stresses.
Subsequent work established the system's
ultimate shear capacity analytically,
followed by experimental and numerical
investigations. = Sadat  Kholerdi  and
Jahanpour, showed that elastic buckling in
SSSW plates occurs below 5% of yield shear
capacity, creating a wide elastic post-
buckling range. They used the Von-Karman
equations and the Von-Mises criterion to
obtain the elastic limit deflection via the
Galerkin method an accurate but complex
procedure with no explicit closed-form
solution. Machine learning has been applied
to steel shear walls in several studies,
predicting shear capacity and geometric
design parameters. However, the elastic limit
deflection of SSSW wall plates has not yet
been addressed using this approach. This
study fills that gap by evaluating five ML
algorithms and deriving an explicit formula
for the maximum elastic limit deflection.

Methods

Five parameters were identified based on
the analytical framework of Sadat Kholerdi
and Jahanpour: wall width (b), wall height
(h), plate thickness (t), overturning moment
(Mg), and secondary column section (2UNP).
A dataset of 150 models was built by solving
the Von-Karman equations via the Galerkin
method across practical ranges of these
parameters. Five algorithms were evaluated:
Linear Regression, Polynomial Regression,
Random Forest, Gradient Boosting, and
XGBoost. Performance was assessed using
mean absolute error and RMSE on a held-out
test set, with a key criterion being the ability
to yield an explicit, design-ready formula.

22

Results

Polynomial Regression achieved the best
balance of accuracy and interpretability.
Ensemble methods performed comparably
in accuracy but do not produce closed-form
expressions. Linear Regression was
insufficient given the nonlinear nature of the
problem. The derived formula predicts W,,,
with a mean error below 2% relative to
Galerkin-based solutions. The relative
influence of each input parameter on W,
was also ranked, providing further insight
into the governing mechanics of elastic post-
buckling deflection in SSSW systems.

Conclusion

An explicit formula for the maximum elastic
limit deflection of SSSW wall plates was
derived using Polynomial Regression, with a
mean error below 2%. The formula allows
designers to estimate elastic limit deflection
directly without solving the Von-Karman
equations or running numerical models and
is expected to simplify deflection-based
design of SSSW systems in practice.
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