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Introduction

The structural integrity of steel columns under axial compression is a fundamental
concern in civil and mechanical engineering, necessitating a thorough understand-
ing of their behavior, particularly concerning buckling phenomena. Early research
laid the groundwork by investigating the basic principles of elastic buckling, but the
complexities introduced by real-world conditions have driven further exploration.
One significant area of study involves the analysis of steel columns that possess
initial geometric imperfections, which can drastically alter their buckling load and
deformation patterns compared to idealized models. These imperfections, how-
ever small, can act as triggers for premature buckling, making their consideration
crucial for accurate design [1].

Furthermore, the behavior of steel columns often extends beyond the elastic limit,
leading to nonlinear buckling. This aspect is critical as it involves material nonlin-
earity and the presence of residual stresses, which are inherent from the manu-
facturing process. Understanding the post-buckling response is vital for assessing
the ultimate load-carrying capacity of these members, providing a more realistic
picture than solely focusing on the initial buckling point [2].

In practical engineering scenarios, loads are rarely applied perfectly concentrically.
Eccentric axial loads are more representative of real-world applications, where the
load is offset from the column’s axis. This eccentricity introduces bending mo-
ments that interact with the axial load, significantly influencing the column’s buck-
ling resistance and deflection characteristics. Research in this area aims to pro-
vide practical solutions for engineers designing columns in various construction
projects [3].

The stability of a steel column is also profoundly affected by its boundary con-
ditions, which define how the column is supported at its ends. Different support
types, such as pinned, fixed, or guided, impose varying constraints on the column’s
rotation and translation, directly impacting the critical buckling load. Comprehen-
sive studies evaluating various combinations of these supports are essential for
designers to accurately predict column performance [4].

While theoretical models and numerical simulations are invaluable tools, experi-
mental investigations provide empirical validation and a deeper understanding of
actual structural behavior. Conducting tests on slender steel columns allows re-
searchers to gather critical data on failure modes and ultimate load capacities,
effectively bridging the gap between theoretical predictions and real-world perfor-
mance, and ensuring the reliability of design approaches [5].

The use of steel columns in composite structures, where they are combined with
other materials like concrete, introduces another layer of complexity and potential
for enhanced performance. Composite action can significantly improve the buck-
ling strength and stability of steel columns, leading to more efficient and robust
structural designs. Quantifying this enhancement is vital for optimizing the use of

materials and structural capacity [6].

In regions prone to seismic activity, the dynamic buckling behavior of steel columns
becomes a paramount consideration for earthquake-resistant design. Under seis-
mic loading, columns can experience complex buckling modes due to the inertial
forces and cyclic displacements. Advanced simulation techniques are employed to
assess their performance under such dynamic conditions, aiming to develop more
resilient structures [7].

Moreover, steel columns are not always uniform in their cross-section. Columns
with variable cross-sections present unique challenges in buckling analysis due to
their intricate buckling patterns and the need for specialized analytical methods.
Understanding the buckling loads and mode shapes for these non-uniform columns
is important for specialized structural applications where such geometries are em-
ployed [8].

Built-up steel columns, formed by connecting multiple individual steel sections,
are common in large-scale structures and require careful analysis of their buckling
behavior. The connection details and the overall geometry of the built-up section
significantly influence the buckling strength and stability. Providing crucial data
for the design of these complex members is a key research objective [9].

Finally, the performance of steel columns can be drastically affected by environ-
mental factors, such as elevated temperatures. In fire scenarios, steel loses a
significant portion of its stiffness and strength, altering its buckling characteristics.
Understanding steel column behavior under thermal loading is critical for fire safety
design and risk assessment, ensuring that structures can maintain their integrity
for a sufficient period during a fire event [10].

Description

The investigation into the buckling phenomena of steel columns subjected to ax-
ial compressive loads is a cornerstone of structural engineering, with a particu-
lar focus on critical buckling loads and deformation patterns under various end
conditions and geometric imperfections. This research highlights the significant
influence of material properties and cross-sectional geometry on overall structural
stability, providing essential insights for the design of safe and efficient steel struc-
tures [1].

The nonlinear buckling behavior of steel columns is explored, considering the cru-
cial effects of residual stresses and material nonlinearity. The development of nu-
merical models that accurately capture the post-buckling response is presented,
which is vital for understanding the load-carrying capacity beyond the initial buck-
ling point. The findings from these studies are instrumental in refining design
codes and ensuring the safety of steel compression members [2].

Studies examining the buckling of steel columns under eccentric axial loads are
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more representative of real-world applications where loads are seldom perfectly
centered. These investigations provide analytical and numerical solutions to de-
termine buckling resistance and deflection characteristics, offering practical guid-
ance for structural engineers involved in designing columns for diverse construc-
tion projects [3].

The impact of boundary conditions on the buckling behavior of steel columns is a
critical aspect of their stability analysis. Different support types at the column ends,
such as pinned, fixed, or guided, significantly alter the critical buckling load. Com-
prehensive parametric studies evaluating various combinations of these restraints
are presented to offer designers a better understanding of how end conditions af-
fect column stability [4].

Experimental investigations into the buckling of slender steel columns provide em-
pirical data that validates theoretical models and computational simulations. These
tests on actual steel members yield crucial data on failure modes and ultimate
load capacities, effectively bridging the gap between theoretical predictions and
real-world structural performance, thereby enhancing the reliability of design ap-
proaches [5].

The influence of composite action on the buckling strength of steel columns is
another area of significant research. When steel columns are used in conjunction
with materials like concrete, their buckling behavior can be substantially enhanced.
This research quantifies such enhancements, offering insights for the design of
composite steel columns with improved load-carrying capacity and overall stability
[6].

Investigating the seismic buckling of steel columns is a critical aspect for the de-
velopment of earthquake-resistant structures. Under dynamic loading conditions,
steel columns can exhibit complex buckling modes. The application of advanced
simulation techniques helps assess column performance under seismic actions,
contributing to the creation of more resilient steel structures capable of withstand-
ing earthquake events [7].

Analysis of steel columns with variable cross-sections addresses the unique chal-
lenges posed by non-uniform members. These columns often display more intri-
cate buckling patterns and require specialized analytical approaches for accurate
load and mode shape determination. This research is important for specialized
structural applications where such non-uniform geometries are utilized [8].

Research on the buckling behavior of built-up steel columns, which are formed by
connecting multiple individual steel sections, is essential for large-scale structures.
The study of how connection details and the overall geometry of the built-up sec-
tion influence buckling strength and stability provides crucial data for the effective
design of these complex structural members [9].

Examining the effect of temperature variations on the buckling behavior of steel
columns is vital for understanding their performance under extreme conditions. El-
evated temperatures, as encountered in fire scenarios, significantly reduce steel's
stiffness and strength, altering its buckling characteristics. This research provides
critical insights into steel column behavior under thermal loading, essential for fire
safety design and risk assessment [10].

Conclusion

This collection of research explores various aspects of steel column buckling under
axial compression. Studies address the impact of initial geometric imperfections,
residual stresses, and material nonlinearity on buckling loads and post-buckling
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behavior. The influence of eccentric loading, boundary conditions, and variable
cross-sections are analyzed, along with experimental validation of theoretical mod-
els. The benefits of composite action for enhancing buckling strength and the
critical considerations for seismic and high-temperature environments are also in-
vestigated. Research on built-up steel columns and the importance of accurate
analytical methods for complex geometries are also highlighted, all contributing to
the safer and more efficient design of steel structures.
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