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ABSTRACT

Background: One of the structural systems that has attracted significant attention
from researchers and engineers over the past two decades is the composite plate
shear wall-concrete filled (C-PSW/CF) system. In high-rise buildings, shear wall
cores are commonly employed to meet structural demands; however, the presence
of openings necessitates coupling the walls using coupling beams. In the existing
literature, most studies have focused on isolated C-PSWs/CF, whereas only limited
research has been conducted on coupled C-PSWs/CF and link beams. Therefore,
the need for further investigation in this area is clearly evident. Depending on their
geometric characteristics, link beams may exhibit either flexure- or shear-
controlled behavior.

Methods: In the present study, the behavior and performance of coupled C-
PSWs/CF are investigated in terms of stiffness, strength, and ductility. The
influence of link beam type on the structural response and performance of the
system is also examined. To this end, nonlinear modeling is conducted using
OpenSees.

Results: The type of coupling beam has a significant effect on the key structural
parameters, including stiffness, strength, and ductility. In the structures studied,
the maximum strength of the composite wall system with shear-controlled
coupling beams was 33-35% higher than that with flexure-controlled coupling
beams.

Conclusion: The distribution of story drift in coupled walls exhibits behavior
intermediate between that of isolated walls and moment-resisting frames.
Specifically, coupling the walls alters their response from cantilever action toward
frame-like behavior, resulting in the maximum story drift shifting from the top
stories to the mid-height levels.
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Introduction

hear walls are widely
recognized as one of the most
effective lateral load-
resisting systems in mid- and
high-rise buildings, owing to
their considerable stiffness,
strength, and capacity to
control inter-story  drift
under seismic loading. Among the various
configurations, composite plate shear wall-
concrete filled (C-PSW/CF), which combine
steel plate and concrete components, have
attracted significant attention due to their
superior performance, and efficient
construction process compared with
conventional reinforced concrete or steel
walls. When two or more composite wall
piers are interconnected through link beams,
the resulting coupled C-PSW/CF system
provides additional advantages, including
improved energy dissipation capacity, and a
more favorable overall seismic response, as
the link beams are intended to act as ductile
fuses that yield prior to the wall piers.
Although extensive research has been
devoted to the behavior of isolated
composite shear walls, studies specifically
addressing coupled composite shear walls
and the performance of their link beams
remain considerably scarce in the literature.
More importantly, no comprehensive
investigation has yet been conducted to
systematically compare the structural
behavior of shear-controlled and flexure-
controlled link beams within composite
coupled shear wall systems, despite the
significant influence that link beam behavior
can exert on the global seismic performance
of the coupled system. The present study
aims to address this gap by investigating
coupled C-PSWs/CF incorporating steel link
beams, considering both shear-controlled
and flexure-controlled configurations, with
the objective of comprehensively evaluating
and comparing their flexural and shear
behavior.

Methods

In the present study, coupled C-PSW/CF
systems are investigated in prototype
buildings with 5- and  10-story
configurations and a predetermined plan
layout. The seismic loading and structural
analysis are carried out in accordance with

ASCE 7-22, while the design follows the
provisions of AISC 341-22 and AISC 360-22.
Following the initial analysis and design
phase, all relevant code requirements are
verified, and redesign is performed where
necessary to ensure full compliance. The
design philosophy adopted for the coupled
wall systems is based on a weak beam-
strong wall approach, in which the link
beams are proportioned to reach a
displacement-controlled behavior prior to
the wall piers, thereby acting as the primary
ductile fuses of the system. In addition, the
length and dimensional proportions of the
link beams govern whether their behavior is
flexure-controlled or shear-controlled, and
the studied wall systems are designed and
proportioned accordingly. For nonlinear
modeling, an equivalent beam-column
element located at the centroid of the wall
cross-section is employed to represent the
wall piers, using a fiber-based formulation
implemented in OpenSees. Distributed
plasticity elements are used to model the
wall piers, whereas the link beams are
represented using a concentrated plasticity
formulation. Nonlinear static analysis is
performed to evaluate the seismic behavior
of the systems. To validate the adopted
nonlinear modeling approach, the analytical
results are compared with an experimental
specimen available in the technical
literature. The comparison shows good
agreement between the analytical and
experimental results in both the linear and
nonlinear ranges, confirming the accuracy
and reliability of the proposed modeling
approach.

Results

The comparative analysis reveals that the
initial stiffness of the coupled wall system
with shear-controlled link beams is 8% and
5% higher than that of the system with
flexure-controlled link beams for the 5- and
10-story structures, respectively. Since the
wall piers are identical in both
configurations, this difference is attributed
to the higher stiffness of shear-controlled
link beams relative to their flexure-
controlled counterparts. Similarly, the
maximum strength of the system with shear-
controlled link beams exceeds that of the
flexure-controlled configuration by 35% and
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33% for the 5- and 10-story structures,
respectively, reflecting the greater capacity
of shear-controlled link beams. The ductility
of the 5-story systems with flexure-
controlled and shear-controlled link beams
is calculated as 7.9 and 10.7, respectively,
while for the 10-story systems the
corresponding values are 7.46 and 8.33. This
enhanced ductility in the shear-controlled
configuration stems from the higher ductility
potential of shear-controlled link beams.
These results indicate that converting link
beams from flexure-controlled to shear-
controlled behavior can substantially
improve the stiffness, strength, and ductility
of composite coupled wall systems. In terms
of lateral deformation behavior, unlike
isolated shear walls, which exhibit a
cantilever-type response with maximum
inter-story drift occurring at the top story,
coupled wall systems display a behavior
intermediate between a cantilever wall and a
moment frame, with maximum drift initially
concentrated at mid-height stories.
However, as the pushover analysis
progresses and plastic hinges form in the link
beams, the coupling action diminishes,
causing the system to behave increasingly
like two independent wall piers, with the
maximum drift subsequently shifting toward
the upper stories.

Conclusion

The present study demonstrates that the
type of steel link beam, whether shear-
controlled or flexure-controlled,
significantly  influences the stiffness,
strength, and ductility of coupled C-PSW/CF
systems, with link beams contributing an
additional source of plastic deformation
beyond the base of the wall piers. Based on
the results obtained, shear-controlled link
beams consistently outperform flexure-
controlled link beams in terms of stiffness,
strength, and ductility for both 5- and 10-
story configurations, and are therefore
recommended as the preferable structural
choice in coupled C-PSW/CF systems.
Furthermore, the study highlights that
coupled wall systems, unlike isolated C-
PSW/CF, exhibit a lateral deformation
pattern that transitions from a frame-like
response, with maximum drift at mid-height,
to a cantilever-like response with maximum
drift at the top stories, as link beams yield
and the system effectively decouples during
the course of loading. These findings provide

practical insight for the seismic design of
coupled C-PSW/CF systems, suggesting that
adopting  shear-controlled link beam
configurations can lead to more efficient and
ductile structural performance. Since the
present findings are based solely on
numerical simulations, future experimental
studies are recommended to further validate
and extend these conclusions.
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  kg /  cm 2


   E sh =  E s / 30


   ε sh = 10  ε y


   ε u = 0 . 15
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  kg /  cm 2
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   E ts =  f t / 0 . 002
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