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ABSTRACT
Article info: Background: Beam-to-box-column connections are considered among the critical
regions of steel moment-resisting frames due to the limitations associated with the
Article History: installation of internal continuity plates, and their seismic performance depends
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Revised: 10 October 2026 method of horizontal continuity plates on the cyclic behavior of beam-to-box-

column connections and their ability to develop the desirable weak-beam-strong-

Accepted: 20 October 2026 column mechanism was investigated.
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Methods: For this purpose, two full-scale beam-to-box-column connection

specimens were designed, fabricated, and subjected to cyclic loading in accordance
with the AISC 341-22 loading protocol. Both specimens had similar geometry and
structural characteristics, with the main difference being the method used to
connect the internal continuity plate to the column wall. Electroslag welding (ESW)
was used in specimen NO1, whereas shielded metal arc welding (SMAW) was
employed in specimen NO2. After fabrication, the quality of the welds in the
connection region was inspected, and the hysteretic behavior, envelope curves,
failure mechanisms, and energy dissipation capacities of the specimens were
evaluated.

Results: The results showed that, despite weld quality control, premature damage
occurred in the connection region of specimen NO1. Fracture of the continuity-plate
weld at a drift ratio of approximately 1.5% led to damage concentration in the
connection and prevented the development of a significant plastic hinge in the
beam. This specimen reached only approximately 0.7 times the nominal plastic
moment capacity of the beam (0.7Mp), whereas specimen NO2, through the
development of plastic deformations in the beam, reached approximately 1.3 times
the nominal plastic moment capacity (1.3Mp). In addition, the post-yield stiffness
ratios of specimens NO1 and NO2 were approximately -1% and 7.8%, respectively.
The cumulative dissipated energy of specimen NO2 was approximately 232 k],
which was about 1.8 times the 128 k] obtained for specimen NO1.

Conclusion: The results demonstrated that merely providing the required strength
of the connection components and confirming the initial weld quality cannot
guarantee satisfactory seismic performance of box-column connections. The
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Internal Continuity Plate

Electroslag Welding sensitivity of internal construction details can alter the damage-development path
Cyclic Behavior and prevent full utilization of the beam capacity. Therefore, developing connection
Plastic Hinge details with improved quality-control capability and higher reliability can play an
Steel Moment-Resisting Frame important role in enhancing the seismic performance of such connections.
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Introduction

eam-to-column connections
are critical components of
steel moment-resisting
frames because force transfer,
inelastic deformation, and
seismic energy dissipation are
strongly influenced by the
behavior of the connection
region. In beam-to-box-column connections,
internal continuity plates are commonly
used to transfer beam-flange forces to the
column walls and to control local
deformation. However, the closed geometry
of box columns restricts access to the
interior of the section and makes fabrication,
welding, inspection, and quality control of
these internal details more difficult. Previous
studies have emphasized the importance of
continuity-plate configuration, weld quality,
and proper force-transfer mechanisms in
achieving reliable cyclic performance.
Premature damage within the connection
region may prevent the beam from
developing its expected plastic capacity and
may inhibit the desirable weak-beam-
strong-column mechanism. The present
study experimentally investigates two full-
scale beam-to-box-column connections with
identical structural configurations but
different methods of connecting the internal
horizontal continuity plates to the column
walls. The main objective is to evaluate how
construction details and weld reliability
affect damage development, plastic-hinge
formation, post-yield response, and energy
dissipation. Particular attention is given to
the occurrence of premature damage in a
specimen that had undergone weld quality-
control inspection, as this issue directly
reflects the sensitivity of internal connection
details under cyclic loading.

Methods

Two full-scale specimens, designated NO1
and NO2, were designed and fabricated with
the same overall geometry and structural
characteristics. Both specimens used a built-
up beam section PG300x8-200x15 and a
B0X300x300x15 column. Horizontal
continuity plates were installed inside the
box column at the beam-flange levels. The

main difference between the specimens was
the welding procedure used to connect the
continuity plates to the column walls.
Electroslag welding (ESW) was used in
specimen NO1, whereas shielded metal arc
welding (SMAW) was used in specimen NO2.
After fabrication, the welds in critical regions
were inspected using ultrasonic testing as
part of the quality-control procedure. The
specimens were then subjected to
displacement-controlled reversed cyclic
loading according to the AISC 341-22
protocol. Applied forces and displacements
were recorded to evaluate hysteretic
behavior, moment-rotation envelope curves,
strength characteristics, post-yield stiffness,
failure mechanisms, and cumulative energy
dissipation. The envelope curves were
normalized by the nominal plastic moment
capacity of the beam, (Mp), to assess the
extent to which each specimen mobilized the
beam plastic capacity. In addition, a three-
dimensional finite-element model of
specimen NO2 was developed in Abaqus
using C3D8R solid elements and a combined
isotropic-kinematic hardening model. The
numerical model was subjected to boundary
conditions and cyclic loading consistent with
the experiment, and its moment-rotation
response and plastic deformation pattern
were compared with the test results.

Results

The two specimens exhibited distinct
responses after entering the nonlinear range.
Specimen NO1 initially showed increasing
resistance; however, premature damage
developed in the connection region before a
stable plastic mechanism could form in the
beam. With increasing cyclic deformation,
localized deformation of the column face and
damage to the connection region
progressively increased. At approximately
3% drift, severe damage to the column face
was accompanied by significant strength
deterioration. Since the internal electroslag
weld was not directly monitored during
testing, the exact location and sequence of
fracture initiation could not be conclusively
determined. Post-test observations
confirmed that a significant plastic hinge had
not developed in the beam, indicating that
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the intended weak-beam-strong-column
mechanism was not achieved. These findings
highlight the sensitivity of the connection
response to localized damage despite prior
weld quality-control inspection. In contrast,
specimen NO2 maintained a more stable
hysteretic response and allowed inelastic
deformation to develop progressively in the
beam. Local buckling of the beam flange and
expansion of the plastic region were
observed at larger drift levels while the
connection continued to transfer forces
without premature failure. The maximum
moment resistance was approximately 164
kN-m for NO1 and 324 kN-m for NOZ2.
Normalized envelope curves showed that
NO1 reached only about (0.7Mp), indicating
that premature connection failure prevented
full mobilization of the beam plastic capacity.
In contrast, NO2 exceeded the nominal
plastic moment and reached about (1.3Mp),
demonstrating more effective utilization of
the beam capacity and the development of
post-yield  resistance. = The  bilinear
idealization of the envelope curves further
emphasized the difference between the two
specimens. The post-yield stiffness ratio was
approximately -1% for NO1, indicating the
onset of strength degradation after yielding,
whereas the corresponding value for NO2
was approximately 7.8%, reflecting a clear
hardening response. The difference was also
evident in energy dissipation. The
cumulative  dissipated  energy = was
approximately 128 k] for NO1 and 232 k] for
NO2; therefore, NO2 dissipated about 1.8
times more energy. This improvement
resulted from preservation of the force-
transfer mechanism and development of
stable plastic deformation in the beam rather
than premature concentration of damage in
the connection region. The finite-element
model of NO2 also reproduced the main
experimental features with acceptable
agreement, including the initial stiffness,
post-yield resistance trend, overall moment-
rotation behavior, and concentration of
plastic deformation in the beam. The
remaining differences can be attributed to
simplifications in boundary conditions,
idealization of construction details, and
uncertainties in actual material and
fabrication characteristics.

Conclusion

The results demonstrate that the seismic
performance of  beam-to-box-column

connections depends not only on the
nominal strength of their components but
also on the reliability and constructability of
internal connection details. Premature
damage in NO1 prevented the development
of a significant beam plastic hinge, limited
the response to about (0.7Mp), produced a
negative post-yield stiffness ratio, and
reduced the energy dissipation capacity. In
contrast, NO2 developed the intended plastic
mechanism in the beam, reached about
(1.3Mp), exhibited a post-yield stiffness ratio
of 7.8%, and dissipated approximately 1.8
times more cumulative energy. The
occurrence of premature damage in NO1
despite weld quality-control inspection
highlights that inspection alone cannot fully
ensure satisfactory seismic performance
when critical internal details are highly
sensitive to fabrication conditions. These
findings underline the importance of
developing beam-to-box-column connection
details that provide not only sufficient
strength, but also improved constructability,
inspectability, and reliability under cyclic
loading. The validated numerical model of
NO2 can also serve as a basis for future
parametric investigations of improved box-
column connection details.
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