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ABSTRACT

Article info: Background: Beam-to-column connections are key components in steel structures,
essential for load transfer and seismic performance of moment-resisting frames.
Article History: Given the limited repairability and costly post-earthquake rehabilitation of
Received: 31 March 2026 conventional steel moment frames, connections incorporating replaceable
Revised: 10 August 2026 components have attracted attention as an innovative approach to limiting damage
Accepted: 17 August 2026 and facilitating rapid return to service. This study aims to investigate the seismic
Published: 23 September 2026 behavior of a column-tree connection equipped with a replaceable shear fuse
located in the beam web region.

Methods: The system was numerically analyzed in ABAQUS using nonlinear finite
element modeling. The numerical model was first validated against the results of
previous studies. Subsequently, the effects of geometric parameters, including the
beam and column dimensions, fuse thickness, and stub beam length, on the
hysteretic response, stiffness, load-carrying capacity, and cumulative dissipated
energy were investigated. In addition, the weight of the proposed fuses was
compared with the total weight of the flange and web splice plates assumed for a
conventional beam splice.

Results: The results showed that inelastic deformations were primarily
concentrated in the fuse member, while damage to the main connection
components remained limited. Increasing the fuse thickness from 15 to 20 mm
increased the cumulative dissipated energy by approximately 20%. Among the
parameters investigated, increasing the thickness of the main connection
components and the fuse had a greater effect on the load-carrying capacity, energy
dissipation, and cyclic stability of the connection, whereas the effect of varying the
stub beam length within the investigated range was less pronounced. Furthermore,
for fuse thicknesses of 15 and 20 mm, the total weight of the two fuses was 76%
and 68% lower, respectively, than the combined weight of the four flange and web
splice plates assumed for a conventional beam splice.

Conclusion: Overall, by localizing damage within the fuse member, largely
Keywords: preserving the integrity of the main structural members, and significantly reducing
Steel Moment-Resisting Frame the weight of the splice components, the proposed connection demonstrates
Column-Tree promising potential for improving repairability and facilitating the post-
Beam-to-Column Connection earthquake return to service of steel moment-resisting frames. However, given the
Nonlinear Analysis semi-rigid behavior of the connection, further studies aimed at increasing its
Replaceable Shear Fuse stiffness could broaden the applicability of this system in steel structures.

* Corresponding Author’s E-mail: arazavi@usc.ac.ir

Copyright for this article are retained by the author(s) with publishing rights granted to Iranian Society of Steel
Structures Press. The content of this article is subject to the terms and conditions of the Creative Commons
Attribution 4.0 International (CC-BY-NC 4.0) License. For more information, please visit
https://www.creativecommons.org/licenses/by-nc/4.0/legalcode

122

Volume 20, Issue 53



http://www.journalisss.ir/
https://www.creativecommons.org/licenses/by-nc/4.0/legalcode
https://doi.org/10.22034/jss.2026.601348.1060
https://orcid.org/0000-0002-8061-6213
https://orcid.org/0009-0008-0023-3951
https://orcid.org/0000-0001-8550-6083
https://doi.org/10.22034/jss.2026.601348.1060

Mohammad Saeid Sobhan, Taha Khaki, Fayaz Rahimzadeh Rofooei

Introduction

eam-to-column connections

are among the most critical

components of steel

structures, since local failure

at these regions may trigger

progressive collapse of the

entire system. Over the past

two decades, approaches such
as Reduced Beam Section (RBS), beam flange
or web modifications, and stiffener-based
strengthening have been developed to
relocate the plastic hinge away from the
connection into the beam, thereby improving
seismic performance and energy dissipation
capacity. However, since the yielded region
remains an integral part of the beam, it
cannot be readily replaced after severe
seismic events. This limitation has motivated
the development of replaceable-fuse
connections, in which sacrificial components
yield before the primary members, dissipate
seismic energy, and can be replaced after an
earthquake, thereby facilitating post-
earthquake repair and potentially reducing
repair time and cost. This study proposes a
column-tree beam-to-column connection
incorporating a replaceable shear fuse with a
reduced section in the beam web between
the stub beam and the main beam. The
proposed fuse is intended to act as a
controlled yielding region, concentrating
inelastic deformation and seismic damage
within a replaceable component while
limiting damage to the beam, column, and
other primary connection elements. In the
proposed configuration, the flange splice
plates are omitted to reduce force transfer
through the beam flanges and promote
yielding in the web fuse. Locating the fuse in
the beam web also facilitates post-
earthquake replacement with limited
intervention in the floor system. Despite
recent progress in  replaceable-fuse
connections, the behavior of column-tree
connections equipped with a replaceable
web shear fuse and the influence of
geometric parameters on their seismic
response remain insufficiently studied.
Therefore, this study numerically examines
the effects of beam and column section
properties, stub beam length, and fuse
thickness on initial stiffness, strength,
hysteretic response, cumulative energy
dissipation, and plastic deformation
distribution. The main objective is to
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evaluate whether inelastic demand can be
effectively  concentrated  within  the
replaceable  fuse  while  maintaining
satisfactory cyclic behavior and protecting
the primary structural members.

Methods

The proposed connection incorporates a
reduced-section replaceable web fuse with
thicknesses of 15 and 20 mm as the primary
energy-dissipating component. Numerical
modeling was performed in ABAQUS using
three-dimensional solid C3D8R elements for
all structural components to accurately
capture triaxial stress effects, stress
concentrations, and local nonlinear
behavior. Boundary conditions represented
the column-tree configuration, with pinned
and roller supports at the lower and upper
column ends, respectively, to simulate the
column inflection points. A lateral brace was
placed 1000 mm from the beam free end to
prevent lateral-torsional buckling, while two
pairs of end stiffeners were used to prevent
local buckling of the web and flanges and
reduce stress concentration at the loading
point. The finite element model was first
validated using results reported in previous
studies. The satisfactory agreement obtained
in the validation process supported the
suitability of the developed model for the
subsequent parametric investigation. The
beam and column lengths were 3500 and
3000 mm, respectively. Thirteen numerical
models were analyzed by varying the beam
and column flange and web thicknesses, stub
beam length, and fuse thickness, while
keeping the overall member lengths
constant. Stub beam lengths ranged from
400 to 1200 mm, and fuse thicknesses of 15
and 20 mm were considered. The weight of
the replaceable components was also
compared with that of a full beam splice. The
full splice used for comparison consisted of
two flange and two web splice plates
weighing 147.19 kg in total, whereas two
replaceable fuses weighed 35.33 and 47.10
kg for thicknesses of 15 and 20 mm,
respectively.

Results

The extracted hysteresis curves showed
stable cyclic behavior for all models
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throughout the loading history without
sudden strength degradation or significant
instability. Von Mises stress and equivalent
plastic strain distributions showed that the
highest stress levels and most inelastic
deformation were concentrated in the fuse
and its adjacent region, while damage to the
beam, column, and other primary
components remained limited. These results
confirm that the proposed connection
effectively redirects the primary inelastic
demand toward the replaceable component.
Stub beam length had a comparatively
limited influence on hysteretic response and
cumulative energy dissipation, although a
moderate increase in energy dissipation was
observed with increasing length. Its effect
was substantially smaller than that of
increasing the beam and column dimensions
or fuse thickness. Increasing the beam and
column section dimensions enlarged the
hysteresis loops and improved initial
stiffness, load-carrying capacity, and energy
dissipation. Cumulative energy increased
from approximately 84 kJ in M1 to 123 k] in
M4, corresponding to an increase of about
46%. Increasing fuse thickness from 15 to 20
mm, an increase of approximately 33%,
further enhanced cyclic performance.
Cumulative energy dissipation increased
from approximately 123 k] in M4 to 148 k] in
M7, or about 20%. With simultaneous
increases in primary-member dimensions
and fuse thickness, M7 dissipated
approximately 76% more energy than M1.
Among M10-M13, cyclic behavior was
governed by the combined influence of stub
beam length and fuse thickness. M13, with
thicker beam and column sections, a 20-mm
fuse, and a 1200-mm stub beam, exhibited
the most favorable cyclic response in terms
of energy dissipation, initial rotational
stiffness and hysteretic stability. In contrast,
M3, with thinner primary-member sections,
showed the lowest overall load-carrying and
energy dissipation capacities. Initial
rotational stiffness values obtained from the
elastic portions of the moment-rotation
curves classified all proposed connections as
semi-rigid according to the Iranian National
Building Regulations, Part 10. Nevertheless,
increasing beam and column flange and web
thicknesses substantially enhanced stiffness;
the initial rotational stiffness of M4 was
approximately three times that of M1. This
increase did not disrupt the intended
concentration of inelastic deformation in the

fuse. Replacing the four splice plates with
two 15- or 20-mm fuses reduced the weight
of the compared connection components by
approximately 76% and 68%, respectively.
Thus, even M13, with the thicker 20-mm
fuse, maintained a 68% weight reduction
while providing favorable cyclic
performance. Overall, increasing primary-
member dimensions and fuse thickness had
a substantially greater effect on seismic
performance than changing the stub beam
length.

Conclusion

The proposed column-tree connection with a
replaceable web shear fuse exhibited stable
hysteretic behavior, satisfactory cyclic
performance, and  effective energy
dissipation across 13 nonlinear (finite
element models. Stress and equivalent
plastic strain distributions confirmed that
inelastic deformation was predominantly
concentrated within the fuse, limiting
damage to the beam and column. Increasing
the beam and column dimensions and fuse
thickness significantly improved initial
stiffness, load-carrying capacity, and
cumulative energy dissipation, whereas stub
beam length had only a limited influence.
Increasing member dimensions raised
cumulative energy dissipation by
approximately = 46%, increasing fuse
thickness from 15 to 20 mm produced a
further increase of about 20%, and their
combined  effect resulted in an
approximately 76% increase compared with
the reference model. All connections were
classified as semi-rigid; however, M4 had an
initial rotational stiffness approximately
three times that of M1, showing that
surrounding-member  dimensions  can
substantially enhance stiffness without
compromising the intended damage-control
mechanism. The proposed connection also
reduced the weight of the compared splice
components by approximately 68-76%,
depending on fuse thickness. M13 provided
the most favorable overall seismic response,
combining enhanced cyclic performance
with substantial component-weight
reduction. Overall, the proposed system is a
promising solution for steel moment-
resisting frames where damage control,
replaceability, and post-earthquake
repairability = are  important  design
objectives. Future studies should investigate
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alternative fuse geometries and strategies
for increasing the rotational stiffness of the
connection. In addition, the clearance
between the beam end and the stub beam
should be optimized to reduce premature
contact between adjacent components
during cyclic loading and further improve
hysteretic stability.
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	شکل 1- مونتاژ سیستم ستون‌درختی در قاب خمشی [3]
	در یکی از روش‌های ابداعی در سیستم ستون‌درختی، برای ایجاد اتصالات جان‌به‌جان و بال‌به‌بال دستک به تیر اصلی، از ورق‌های فولادی با تنش تسلیم پایین (LYP ) استفاده می‌شود  [5]. شکل (2) نمونه‌‌ای از این نوع اتصالات را نشان می‌دهد. همان‌گونه که مشاهده می‌شود...
	با توجه به کاربرد گستردۀ ستون‌درختی در مناطق لرزه‌خیز ایران، بررسی رفتار لرزه‌ای و ملاحظات طراحی آن اهمیت زیادی دارد. با وجود رواج این اتصال، در آیین‌نامۀ AISC 341-22 تأیید مشخصی برای آن ارائه نشده است؛ از این‌رو، انجام تحقیقات بیش‌تر در این زمینه ضرو...
	شکل 2- اتصال ستون‌درختی با استفاده از ورق‌های تعویض‌پذیر
	در بال تیر [6]
	فنگ  و همکاران، یک اتصال قاب فولادی مجهز به لینک کمانش‌تاب قابل‌تعویض (RBRL ) را با هدف بهبود عملکرد لرزه‌ای و جلوگیری از کمانش صفحات اتصال ارائه کردند [18]. در این مطالعه، روابط تحلیلی تسلیم و سختی اولیه استخراج و یک روش طراحی بر اساس محدودیت‌های کرن...
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