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ABSTRACT

Background: The stability of the panel zone plays a critical role in the performance
of steel moment-resisting beam-to-column connections. Continuity plates are
commonly used to prevent local instability in the column web and flanges;
however, existing design provisions are primarily based on studies of wide-flange
sections, and limited information is available regarding the behavior of double-IPE
built-up columns under concentrated compression. This study investigates the
local load-bearing capacity and instability mechanisms of double-IPE built-up
column webs subjected to double compression loading.

Methods: A finite element model was developed to simulate local instability under
concentrated load, and its accuracy was validated using available experimental
data. The static Riks analysis method was employed to examine buckling behavior,
incorporating initial imperfections equal to 0.001% of the first buckling mode
shape. Subsequently, the behavior of 15 double-IPE built-up column specimens
under double compression loading conditions was examined.

Results: The web and continuity plate capacities were evaluated using the AISC
360-22 provisions. The findings indicate that the actual web compression buckling
capacity ranges from 132% to 189% of the theoretical predictions for columns
without continuity plates, while the effective load-bearing capacity of continuity
plates ranges from 91% to 147% of the theoretical values. Finally,
recommendations were developed for determining the capacities of the web and
continuity plates in built-up IPE columns.

Conclusion: Current design code criteria are overly conservative in predicting the
local capacity of double sections. The proposed coefficients and relations proposed
in this study enable a more accurate estimation of the actual capacity of columns.
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Introduction

he stability of the panel zone
plays a critical role in the
overall performance of steel
moment-resisting beam-to-
column connections under
lateral and gravity loads.
During severe loading events,
highly concentrated forces are
transferred from the beam flanges directly
into the column, generating extreme
localized stress. Continuity plates are
commonly used within the connection
assembly to mitigate these stress
concentrations and successfully prevent
local instability mechanisms, such as
buckling or yielding, in the column web and
flanges. However, a major limitation in
current structural engineering practice is
that existing design provisions, based on the
AISC 360-22 specifications, are based on
comprehensive historical studies calibrated
for standard wide-flange (H-shaped)
sections. Consequently, very limited
technical information, experimental data,
and design criteria are available regarding
the structural behavior, load-bearing
boundaries, and localized failure
mechanisms of double-IPE built-up columns
under concentrated loads. This lack of
information  often  forces  structural
engineers to rely on overly conservative
assumptions, leading to inefficient and non-
economical designs. This study directly
addresses this research gap by conducting a
rigorous investigation into the local load-
bearing capacity and instability mechanisms
of double-IPE built-up column webs
subjected to double compression loading
conditions. By systematically evaluating the
structural  limits of these paired
configurations, this paper identifies the
inherent safety margins of current code
criteria and proposes reliable alternatives
for structural design.

Methods

Finite element (FE) model of the columns
was developed wusing ABAQUS 2020
software. To verify the accuracy of the FE
analysis, the numerical results were
validated against the experimental and
numerical data. The column specimens had a
constant length of 1.2 m, and the loading

56

plates matched the column flange width with
a thickness of 20 mm. Steel material
properties were defined as isotropic with
multi-linear true stress-strain curves. The
column material is ASTM A992 steel with a
yield stress of 345 MPa, an ultimate stress of
530 MPa, an elastic modulus of 2x105 MPa,
and a Poisson's ratio of 0.3, while the loading
plates were modeled as elastic.
Geometrically, the continuity plates were
extended into the column cross-section by
one mesh thickness, utilizing the "Embedded
Region" constraint to ensure full rigidity at
the joints, while "Tie" constraints connected
the column to the loading plates. Column and
loading plates were discretized using three-
dimensional eight-node solid elements with
reduced integration (C3D8R), whereas the
continuity plates were simulated using four-
node shell elements (54). Structural stability
and post-buckling behavior were evaluated
via the Static Riks analysis method
considering geometric nonlinearity. The
initial geometric imperfection, set to 0.001%
of the first buckling mode shape, was applied
to account for manufacturing tolerances and
buckling initiation. Under displacement
control loading applied to the top surface,
the loading plates were restricted to move
only perpendicular to the column flanges,
with the failure criterion defined by reaching
the ultimate capacity. Finally, a three-step
mesh convergence study showed that mesh
density near the load application zone and
the web-to-flange root is critical; thus, a fine
1 cm mesh was applied within 15 cm of the
loading zone, and a 5 cm mesh elsewhere,
while the web and flange cross-sections
were divided into 3 and 4 elements,
respectively.

Results

The ultimate local load-bearing capacities of
the column webs and continuity plates
extracted from the parametric finite element
analyses were evaluated and compared
against the theoretical predictions derived
from the AISC 360-22 specifications. The
comparative findings indicate a level of
conservatism embedded within the existing
design equations when applied to double
built-up column. Specifically, for the column
specimens configured completely without
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continuity  plates, the actual web
compression buckling capacity obtained via
the FE simulations ranges from 132% to
189% of the theoretical predictions
proposed by the design code. This
substantial discrepancy clearly highlights
that standard wide-flange formulation
significantly  underestimate the web
buckling capacity of double-IPE sections. To
resolve this inefficiency, a modified nominal
resistance relation for web capacity was
formulated based on the numerical data.
Furthermore, the evaluation of reinforced
specimens demonstrated that the effective
load bearing capacity of the continuity plates
under double compression loading ranges
from 91% to 147% of the theoretical values.
To capture this variance, a quadratic
modification factor (C) was developed as a
function of the continuity plate slenderness
ratio. These findings indicate that while the
current code criteria remain safe, their lack
of geometric specificity for double IPE
sections penalizes design efficiency.

Conclusion

In conclusion, this comprehensive numerical
investigation confirms that current design
specifications, are conservative in predicting
the local capacity and buckling resistance of
double-section built-up columns under
concentrated forces. The primary technical
contribution of this research is the successful
development of verified calibration
coefficients and modified analytical relations
tailored specifically for double IPE profiles.
By accurately estimating column capacity,
the proposed equations optimize the design
of moment connections in steel frames.
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