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ABSTRACT

Background: Special steel moment-resisting frames (SMRFs) are among the most
widely used seismic force-resisting systems due to their desirable ductility and
energy dissipation capacity. However, in SMRFs, the formation of flexural-axial
plastic hinges at column bases may lead to local flange and web buckling, damage
to connection components, degradation of cyclic stiffness and strength, reduced
post-earthquake gravity load-carrying capacity, and diminished post-earthquake
! ) serviceability. This study proposes a simple approach to concentrate inelastic
Published: 4 April 2026 deformations within a column-base shear link introduced through localized
modification of the column-base cross-section.
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Methods: In this study, an analytical equation was developed to ensure the
formation of shear plastic hinges instead of flexural-axial plastic hinges at the
column bases. To evaluate the seismic performance, five two-bay steel SMRFs with
2, 4, 6, 8, and 10 stories were designed in ETABS in accordance with ASCE 7-22,
AISC 360-22, and AISC 341-22 and subsequently modeled in OpenSees. Their
seismic behavior was evaluated through nonlinear static (pushover) and nonlinear
response history analyses under the Design Basis Earthquake (DBE) and Maximum
Considered Earthquake (MCE) hazard levels using 22 far-field ground motion
records selected in accordance with FEMA P695 and scaled based on the fourth
edition of the Iranian Standard No. 2800.

Results: Although the frames equipped with column-base shear links exhibited
higher strength than conventional SMRFs, they did not provide sufficient ductility
in low-rise buildings. Three design strategies, including increasing the shear
capacity, reducing the flexural capacity, and combining both approaches, were
investigated. The combined strategy demonstrated the best overall performance in
terms of stiffness, strength, ductility, and energy dissipation. Furthermore,
nonlinear response history analyses showed that this approach satisfied the code-
prescribed interstory drift limits and prevented both shear and flexural-axial
plastic hinges from entering the strength degradation region.

ls(rfgc‘li‘;(l)rsggél Moment-Resisting Conclusion: The implementation of a column-base shear link, particularly through
Frame (SMRF) the combined strategy of increasing the shear capacity while reducing the flexural
Shear Link capacity, prevents both shear and flexural-axial plastic hinges in the column-base
Shear Fuse link from entering the strength degradation region, thereby improving the seismic
Column Base performance of steel special moment-resisting frames.
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Introduction

pecial steel moment-resisting
frames (SMRFs) are among the
most widely used seismic
force-resisting systems due to
their high ductility and energy
dissipation capacity. However,
the formation of flexural-axial
plastic hinges at column bases
is one of the primary damage mechanisms in
SMRFs, leading to local flange and web
buckling, damage to base connections,
degradation of stiffness and cyclic strength,
reduction of post-earthquake gravity load-
carrying capacity, repair difficulties, and
diminished post-earthquake functionality. To
address these issues, numerous low-damage
systems, including rocking column bases,
friction-based connections, supplemental
dampers, and replaceable components, have
been proposed to enhance seismic
performance and reparability. Nevertheless,
many of these solutions suffer from practical
limitations such as construction complexity,
the need for specialized components, or
sensitivity to their mechanical behavior.
Accordingly, this study investigates the
seismic performance of an SMRF equipped
with a shear link at the column base,
providing a simpler approach for
concentrating inelastic deformations within a
replaceable component. The novelty of the
proposed system lies in introducing a shear
link through localized modification of the
column-base cross-section, without relying
on complex rocking or friction mechanisms,
to reduce damage to the column and base
connection, improve the distribution of
plastic hinges, and enhance the seismic
performance of SMRFs.

Methods

An analytical formulation was first developed
to ensure the formation of shear plastic
hinges instead of conventional flexural-axial
plastic hinges at the column base. To evaluate
the seismic performance of the proposed
system, five two-bay SMRFs with 2, 4, 6, 8, and
10 stories were designed in accordance with
ASCE 7-22, AISC 360-22, and AISC 341-22
using the Load and Resistance Factor Design
(LRFD) method in ETABS. The structures
were subsequently modeled in the finite
element platform OpenSees and assessed

through nonlinear static (pushover) analysis
and nonlinear response history analyses
under both DBE and MCE hazard levels using
22 far-field ground motion records scaled
according to the fourth edition of the Iranian
Standard No. 2800.

Results

The results indicate that although the
proposed shear-based column-base system
provides higher lateral strength than
conventional SMRFs, it does not provide
sufficient ductility in low-rise buildings.
Therefore, three design strategies were
investigated: (1) increasing shear capacity,
(2) reducing flexural capacity, and (3)
combining both approaches. The combined
strategy demonstrated the best overall
performance in terms of stiffness, strength,
ductility, and energy dissipation.
Furthermore, nonlinear response history
analyses confirmed that this strategy satisfies
the code-prescribed maximum interstory
drift limits while preventing both shear and
flexural-axial plastic hinges from reaching the
strength degradation region.

Conclusion

The proposed shear-link column-base
system, particularly when employing the
combined strategy of increasing shear
capacity and reducing flexural capacity,
effectively controls the failure mechanism,
prevents both shear and flexural-axial
plastic hinges from entering the strength
degradation region, and improves the
seismic performance of special moment-
resisting frames. The proposed system offers
a practical and efficient alternative for the
design of low-damage seismic resisting
systems.
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