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ABSTRACT

Article info: Background: AISC prequalifies several rigid connections that provide acceptable
seismic performance for steel moment-resisting frames. In conventional design
Article History: practice, the connection type is often not explicitly considered in numerical modeling,
Received: 10 December 2025 and different rigid connections are commonly modeled in a similar manner. However,
Revised: the actual behavior of each connection can result in significant differences in lateral
evised: 9 March 2026 . e s - : :

stiffness, energy dissipation, and ductility. This study investigates the effects of three
Accepted: 12 March 2026 rigid connection types, namely welded unreinforced flange-bolted web (WUF-W),
Published: 22 June 2026 welded flange plate (WFP), and bolted flange plate (BFP) connections, on the lateral
stiffness of steel moment-resisting frames through a combined experimental and
numerical approach.

Methods: Three full-scale steel moment frames with a span of 2.8 m and a height of 1.8
m were constructed. Beam and column sections were equivalent to IPE270 and IPB180,
respectively, and the strong-column-weak-beam criterion was satisfied. The specimens
were subjected to the ATC-24 cyclic loading protocol under displacement control. The
yield displacement was 20 mm, and loading continued to a maximum displacement of
100 mm. Numerical modeling was performed using Abaqus with C3D8R elements,
combined isotropic-kinematic hardening, and the von Mises yield criterion. Welds were
modeled using tie constraints, while bolts were modeled as solid elements with
prestressing. The numerical results were validated against the experimental data.
Initial, post-yield, and secant stiffness, cumulative plastic energy, and damping were
extracted from the hysteresis curves.

Results: The results showed that the use of top and bottom flange plates in the WFP
connection, compared with the WUF-W connection, increased the initial stiffness by
83% and the ultimate strength by 89%, while reducing ductility by 9% and damping by
17%. The BFP connection exhibited intermediate behavior, with an initial stiffness of
0.46 ton/mm and an ultimate strength of 21.5 ton. In the WUF-W connection, plastic
hinging occurred in the panel zone, whereas in the WFP and BFP connections, plastic
deformation shifted toward the adjacent column. The comparison of the numerical and
experimental results showed good agreement, with differences ranging from 6% to

12%.
Keywords: Conclusion: The selection of connection type should be based on the design priorities.
Moment Frame For seismic applications, the WUF-W connection is recommended because of its higher
Lateral Stiffness ductility and damping and its beam-hinging behavior. For higher stiffness and strength,
Rigid Connection the WFP connection is more suitable. The BFP connection is recommended when
Connection Plates repairability and balanced structural behavior are prioritized.

Prequalified Connections
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Introduction

he seismic performance of
steel moment-resisting
frames (MRFs) is strongly
influenced by  beam-to-
column moment connections,
which control lateral stiffness,
energy dissipation capacity,
and plastic hinge
development. However, in conventional
structural  modeling, different rigid
connections are often idealized as fully rigid
with identical rotational stiffness, despite
their different detailing and mechanical
behavior.Several prequalified moment

connections introduced by AISC have been
adopted for seismic design, including some
in Part 10 of the Iranian National Building
Code. Although many studies have
investigated the cyclic behavior of moment
connections, most have focused on isolated
connection specimens rather than full-scale
structural frames. Therefore, the effect of
different rigid connection types on the global
response of steel MRFs, particularly lateral
stiffness, remains insufficiently investigated.
A comprehensive  experimental and
numerical comparison of WUF-W, WFP, and
BFP connections in full-scale frames has not
been adequately reported.This study

investigates the influence of these three rigid
connection types on the seismic behavior of
steel MRFs through experimental testing and
finite element analysis. The objectives are to
compare lateral stiffness, evaluate the effect
of flange plates on plastic hinge formation
and energy dissipation, validate Abaqus
numerical models, and determine the
importance of considering connection
detailing in structural analysis.

Methods

Three full-scale one-story, one-bay steel
moment frames with a span of 2.8 m and
height of 1.8 m were fabricated and tested.
Beam and column sections were equivalent
to IPE270 and IPB180, respectively, and the
strong column-weak beam criterion was

22

satisfied. The first specimen used a welded
unreinforced flange-bolted web (WUF-W)
connection, the second employed a welded
flange plate (WFP) connection with top and
bottom plates, and the third utilized a bolted
flange plate (BFP) connection. All structural
components were fabricated from ST37 steel
with a yield strength of 240 MPa and
ultimate tensile strength of 370 MPa. Grade
10.9 high-strength bolts and E7018 groove
welds were used.The specimens were

subjected to the ATC-24 cyclic loading
protocol under displacement control. The
yield displacement was determined as 20
mm, and loading continued to a maximum
displacement of 100 mm Numerical
simulations were performed using Abaqus.
All components were modeled using three-
dimensional solid C3D8R elements. Material
nonlinearity was simulated using the von
Mises yield criterion with combined
isotropic-kinematic hardening. A refined
mesh of 5 mm was applied in critical regions
and a 20 mm mesh was used in other areas.
Welds were modeled using tie constraints,
bolt pretension was introduced through the
temperature-change method, and contact
interactions were defined with a friction
coefficient of 0.35. Model accuracy was
evaluated by comparison with experimental
results. Parameters including stiffness,
strength, ductility, cumulative plastic energy,
damping ratio, and plastic hinge
development were extracted from hysteresis
curves.

Results

The results demonstrated that connection
detailing significantly affects the seismic
response of steel MRFs. The addition of top
and bottom flange plates in WFP and BFP
connections increased connection stiffness
and modified the force transfer mechanism.
In the WUF-W specimen, plastic deformation
occurred mainly in the panel zone and
adjacent beam, whereas in WFP and BFP
specimens, the increased beam-end stiffness
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shifted plastic deformation toward the
adjacent column. Compared with WUF-W,

the WFP connection increased initial
stiffness from 0.36 to 0.66 ton/mm (83%)

and ultimate strength from 15.5 to 29.3 tons
(89%). However, ductility decreased from

3.63 to 3.30 (9%), and equivalent viscous
damping reduced from 0.24 to 0.20 (17%).

The BFP connection showed intermediate
behavior with an initial stiffness of 0.46
ton/mm, ultimate strength of 21.5 tons, and
damping ratio of 0.23. The Abaqus models
showed satisfactory agreement with
experimental results. The average difference
between numerical and experimental
responses ranged from approximately 6% to

12%. The experimental and numerical

results consistently confirmed the different
plastic hinge mechanisms of the investigated
connections.

Conclusion

The findings indicate that rigid connection
type has a significant influence on stiffness,
strength, ductility, and energy dissipation of
steel moment frames. The WFP connection
provides the highest stiffness and strength,
while WUF-W provides superior ductility
and damping performance. The BFP
connection demonstrates balanced
structural  behavior and  improved
repairability  potential. The validated
numerical models confirm the importance of
considering connection detailing in seismic
analysis. Neglecting connection
characteristics may lead to inaccurate
estimation of frame stiffness. Further studies
are recommended to investigate the effect of
connection type on multi-story frames and
different seismic loading conditions.
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