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Introduction

Cruciform Concrete-Filled Steel Tubular
(CFST) columns benefit from the high
compressive strength of concrete, which
possesses greater load-bearing capacity than
normal concrete due to confinement.
Simultaneously, the surrounding steel provides
desirable ductility and flexibility. These
characteristics, combined with the cruciform
geometry-involving the intersection of two
perpendicular axes-lead to optimal stress
distribution and enhanced overall structural
stability.

However, the overall performance of
these columns is highly dependent on how
they connect to the foundation, typically
achieved through a Base Plate. This
connection is responsible not only for
transferring gravity loads (such as structural
weight) but also plays a crucial role in
distributing lateral loads and moments,
potentially influencing the overall seismic
performance of the system. If inadequately
designed, these connections can create weak
points, leading to premature structural failure
under cyclic loads. The objective of this
research is to investigate this behavior more
deeply and identify failure patterns, load
capacity, and ductility indices for these
column types to facilitate optimal seismic
design.

Modeling Strategy and Verification

In the present study, the influence of
three main parameters-the axial load ratio, the
thickness of the base plate, and the diameter of
the anchor bolts-on the hysteretic behavior,
initial secant stiffness, equivalent viscous
damping coefficient, and ultimate bending
moment of column-plate connections in CFST
systems was numerically analyzed. These
parameters were selected based on their high
sensitivity to initial lateral stiffness, load
capacity, ductility, and the system’s energy
absorption capacity, as indicated in previous
studies and similar experimental results.

Parametric Study

In total, models were simulated in the
ABAQUS software. The results from one

laboratory specimen were used for the
validation of the numerical and analytical
models.

The results obtained from the analyses
and the comparison of the hysteresis curves
are as follows:

Effect of Axial Load Ratio

The highest impact of the axial load
was observed in increasing stiffness, and
this parameter plays a key role in
improving the connection’s dynamic
performance.

Effect of Base Plate Thickness

In addition to increasing stiffness, the
base plate thickness plays a significant role in
controlling stress concentration and reducing
the risk of plate buckling. With greater
thicknesses, load transfer mechanisms and
strain distribution in the plate and concrete are
improved, preventing stress concentration at
the connection interface.

Effect of Anchor Bolt Diameter

Increasing the anchor bolt diameter had
the greatest effect on the equivalent viscous
damping coefficient and energy dissipation
during loading cycles. As the bolt diameter
increased, the connection stiffness increased,
but a reduction in ductility and an increase in
stress concentrations beneath the base plate
were observed, raising the risk of concrete
crushing.

Pattern of Mechanism Formation and
Joint Distribution

With increasing plate thickness, the base
plate first yields under bending, followed by
the anchor bolts yielding under shear and
tension, ultimately leading to a balanced
distribution of strain and stress across the
section.

The anchor bolt diameter controls the
shear and tensile capacity, and increasing the
diameter leads to a reduction in localized
stress concentrations and an increase in
connection resistance.

Increasing the axial load reinforces
concrete confinement and improves the



behavior of the plate and bolts, but additional
stresses in the concrete beneath the base plate
may lead to a risk of crushing.

Failure Mechanism

Failure mechanisms include yielding of
the base plate, yielding or fracture of the
anchor bolts, shear failure or pull-out of the
bolts, and failure of the concrete beneath the
plate.

In models with smaller base plate
thicknesses, plate yielding occurs before bolt
yielding, but as the thickness increases, the
bolts yield earlier than the plate.

Conclusion

Overall, the base plate thickness has the
greatest impact on increasing stiffness,
ultimate flexural strength, and the damping
coefficient, due to the increased moment of
inertia and reduced localized plate bending.
The anchor bolt diameter significantly affects
ductility and energy dissipation in the
connection, but its increase must be considered
alongside stress concentration and the risk of
concrete crushing. The axial load improves the
connection stiffness and stress distribution by
reinforcing concrete confinement, but its effect
is less than that of the base plate thickness.
The failure mechanism is shaped by plate
yielding and bolt vyielding, respectively
influenced by the base plate thickness and
anchor bolt diameter. Finally, the optimal
design of CFST connections must consider
these parameters and their interactive effects
to achieve the highest load capacity and
ductility, while identifying the preferred
yielding pattern and controlling the failure
mechanism toward ductile behavior (steel
yielding) and away from brittle behavior.
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