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ABSTRACT

Background: The poor performance of steel flexural joints in past earthquakes and
the high costs of repair and reconstruction have highlighted the need to develop
joints that can concentrate the damage in a replaceable member and prevent
damage to the beam and column. Therefore, the present study aimed to evaluate
the seismic performance of a steel flexural joint equipped with a gutter fuse.

Methods: Nonlinear numerical analyses under cyclic loading were performed in
Abaqus software. In addition to the base model (P20), the effect of the fuse flexural
capacity, beam flange and web thickness, column connection and double plates,
and the distance between the two free edges of the beam were investigated
parametrically. The evaluation criteria included equivalent plastic strain (PEEQ),
flexural capacity, energy absorption, stiffness, ductility, and hysteresis curves.

Results: The results showed that in the P20 model, the plastic hinge was completely
formed in the gutter fuse and the beam and column remained in the elastic range;
in such a way that the connection provided about 98% of the plastic capacity of the
beam. Reducing the thickness of the beam flange or web caused damage to be
transferred to the main members and decreased performance, while observing the
capacity-based design ensured the concentration of inelastic deformations in the
fuse. Also, the simultaneous removal of the continuous and double plates reduced
the energy absorption and bending capacity of the connection by 45.56 and
42.82%, respectively. Increasing the distance between the two free edges of the
beam to 60 mm also created a suitable balance between strength, ductility and
energy absorption while maintaining the concentration of plastic strain in the fuse.

Conclusion: The findings of this study showed that the proposed connection
equipped with a gutter fuse, if observing the capacity-based design and using
appropriate reinforcement plates, has desirable seismic performance, high
interchangeability and appropriate capacity to reduce damage and repair costs
after an earthquake, and can be used as an efficient option in the design of steel
bending frames.
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Introduction

eam-to-column connections
in steel frames are among the
most important structural
components affecting the
lateral stiffness, load-bearing
capacity, ductility, and seismic
performance of the structure.
The experience of the
Northridge earthquake and the occurrence
of brittle failures in conventional
connections revealed the necessity of
developing connection details with the
ability to control the location of plastic hinge
formation, increase energy absorption
capacity, and reduce damage to the main
members. In this regard, in recent years,
numerous studies have focused on the
development of replaceable connections
equipped with structural fuses. The results
of these studies show that the use of
replaceable components, while
concentrating inelastic deformations in the
fuse area, improves ductility, increases
energy dissipation, reduces repair costs, and
accelerates the return of the structure to
service after an earthquake. Despite these
advances, a review of the literature shows
that the cyclic behavior, stress distribution,
and energy absorption capacity of fixed
connections equipped with fuses with a
quasi-gutter geometry have not yet been
comprehensively evaluated. Therefore, the
present study aims to numerically evaluate
the seismic behavior of a steel clamped
connection equipped with a replaceable
gutter fuse. In this study, several specimens
were modeled using Abaqus finite element
software and their performance in terms of
load-bearing capacity, ductility, energy
absorption, and stress distribution was
investigated, and the compliance of the
results with the code requirements was
evaluated. The innovation of this study is in
presenting and evaluating the gutter fuse as
a replaceable member for damage control
and improving the seismic performance of
steel clamped connections.
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Methods

In this study, in order to evaluate the
performance of the proposed connection, a
numerical analysis method based on
ABAQUS software was used. To validate the
numerical model, its results were compared
with the laboratory and numerical study of
Tarighi et al. (1402) who investigated the
clamped connection with a fuse plate. All
connection components were modeled with
solid eight-node elements. The full
penetration groove weld areas were
modeled as continuous bodies and the
contact between the surfaces was defined
with the Hard Contact model and a friction
coefficient of 0.30. Also, the prestressing of
the bolts was applied through the Bolt Load
feature. The behavior of the steel materials
was considered in the model based on
mechanical properties including modulus of
elasticity, Poisson's ratio, yield stress and
ultimate strength, and assuming
elastoplastic behavior. Cyclic loading was
performed according to the FEMA 350
protocol. The load was applied at the end of
the beam and the analysis continued up to a
drift of 0.08 radian. The ends of the columns
were idealized as hinged supports. In the
connection design, the dimensions of the
gutter fuse were determined based on the
code requirements and by observing the
minimum bolt hole spacing and their
distance from the edge of the member. The
distance between the two beam sections was
considered to be 20 mm and the strong
column-weak beam condition was controlled
according to the requirements of AISC 358-
16 in all specimens. The analysis approach
focused on investigating the cyclic response
of the connection, including the bearing
capacity, stiffness, stress distribution, yield
zone and deformation behavior of the
connection under reciprocating loading. The
validity of the model was also confirmed by
comparing the numerical results with
reference laboratory data.
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Results

The results of numerical analyses showed
that the proposed connection with the
gutter fuse well realized the designed
mechanism and concentrated the plastic
hinge completely in the fuse; as a result, the
beam and column remained in the elastic
range and the interchangeability of the
connection was maintained after the
earthquake. The P20 base specimen
showed the best performance in terms of
flexural capacity, ductility, and energy
dissipation by providing about 98% of the
beam's plastic capacity, negligible strength
loss, and stable hysteresis behavior. The
results of parametric studies also indicated
that observing the capacity-based design
principle and selecting the appropriate
thickness of the beam flange and web are
the main conditions for directing inelastic
deformations to the fuse; in such a way that
reducing the flange thickness caused the
formation of a plastic hinge in the beam,
reducing the flexural capacity, and losing
the interchangeability of the connection,
while increasing the web thickness
improved the stability and flexural
performance of the connection by reducing
local distortion. Also, the use of continuous
plates and double column web plates
played an effective role in increasing local
stiffness, controlling stress concentration,
improving flexural capacity and energy
absorption, and their simultaneous
removal led to the transfer of plastic hinge
to the column, reducing flexural capacity
by about 43% and energy absorption by
46%. In addition, the study of the distance
between the two free edges of the beam
showed that although this parameter
affects flexural capacity and energy
absorption, in all the models studied, the
plastic strain concentration in the fuse was
maintained. Overall, the results indicate
that the proposed connection is an efficient
option for improving the seismic
performance of steel flexural frames by
providing resistance.

Conclusion

The results of this study showed that the
steel flexural connection equipped with a
gutter fuse, by observing the principles of
capacity-based design, is able to effectively
transfer the failure mechanism to the fuse
and keep the beam and column within the
elastic range. In the baseline model (P20),
the formation of a plastic hinge was
confirmed only in the fuse and the
connection provided the desired plastic
capacity of the beam, which indicates the
desired seismic performance and proper
interchangeability of the connection. The
results of parametric studies showed that
reducing the thickness of the beam flange
and web leads to the transfer of plastic
strain to the main members, increasing
local distortion and reducing the flexural
capacity, while observing the permissible
width-to-thickness ratios according to the
regulatory requirements ensures the
concentration of inelastic deformations in
the fuse and the stability of the connection.
Also, the simultaneous use of continuous
and double plates and energy absorption;
In such a way that their simultaneous
removal caused a 45.58% reduction in
energy absorption and 42.82% in bending
capacity compared to the baseline model.
The investigation of the distance between
the two free edges of the beam also showed
that increasing this distance to 60 mm,
while maintaining the concentration of
plastic strain in the fuse, creates a good
balance between strength, ductility and
energy  absorption.  Therefore, the
proposed connection can be used as a
suitable option for interchangeable
bending connections in earthquake-
resistant steel bending frames. One of the
limitations of this research is its reliance on
numerical analysis; therefore, it is
recommended to conduct laboratory
studies and investigate the performance of
the connection under various seismic
records and geometric conditions to
complete and generalize the results.
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