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Introduction

The field of structural engineering continuously seeks to advance the understand-
ing and prediction of the load-bearing capacity of steel components under vari-
ous stress conditions. A significant area of research involves the investigation of
buckling behavior, a critical failure mode that can lead to sudden and catastrophic
structural collapse. Early research laid the groundwork for understanding the fun-
damental principles of steel member stability, leading to the development of initial
design codes and guidelines. The ongoing evolution of computational power and
experimental techniques has enabled more detailed and sophisticated analyses of
these complex phenomena. This collection of studies highlights recent advance-
ments in assessing the load-bearing capacity of diverse steel structural elements,
employing a range of methodologies from refined analytical approaches to exten-
sive numerical simulations and experimental validations.

One crucial aspect of structural analysis is the determination of the ultimate load
capacity of steel structural components, particularly focusing on their buckling be-
havior under diverse loading scenarios. This involves developing refined analytical
methods and validated numerical simulations to accurately predict this capacity.
Considerations often include material nonlinearities and geometric imperfections,
which significantly influence the outcome. Advanced finite element models are in-
creasingly effective in capturing complex failure modes, providing deeper insights
into the underlying mechanics of buckling. The findings from such research con-
tribute to the development of improved design methodologies aimed at enhancing
the safety and efficiency of steel structures worldwide. This foundational work, as
explored in various studies, underscores the importance of precise prediction of
buckling strength [1].

The behavior of steel I-beams under eccentric compression presents another crit-
ical challenge in structural design, specifically concerning their flexural-torsional
buckling capacity. Researchers have developed new sets of design formulas de-
rived from extensive finite element analyses to address this. The degree of ec-
centricity and the cross-section’s slenderness ratio are identified as critical factors
influencing the buckling load. Proposed formulas aim to offer improved accuracy
compared to existing codes, providing engineers with more reliable tools for de-
signing laterally unrestrained steel beams. This focus on specific beam configura-
tions and loading conditions is essential for ensuring the stability of many common
structural elements [2].

For steel plates used in demanding applications such as bridge girders, their shear
buckling behavior is of paramount importance. Studies have focused on develop-
ing and validating new analytical models that effectively account for the influence of
stiffeners and residual stresses. The findings reveal that properly designed stiffen-
ers can substantially enhance shear buckling resistance, while residual stresses

tend to diminish it. This research contributes directly to more accurate design
guidelines for steel bridge components, thereby ensuring their structural integrity
under significant shear loads. The interaction between geometric features and
material properties is a key theme in this area of study [3].

Cold-formed steel (CFS) members, widely used in modern construction, also re-
quire thorough investigation regarding their load-bearing capacity. Specifically,
C-sections subjected to combined bending and axial compression are analyzed
using advanced computational models. These models assess buckling resistance
by considering local, distortional, and global buckling modes, highlighting the intri-
cate interplay between them. The research provides updated design recommen-
dations for CFS members, aiming to enhance their load-carrying capabilities and
overall reliability. The unique behavior of thin-walled CFS sections necessitates
specialized analytical and computational approaches [4].

Steel hollow structural sections (HSS) represent another category of steel mem-
bers with distinct buckling characteristics. Investigations into their ultimate load-
carrying capacity under axial compression focus on the influence of different cross-
sectional shapes and wall thicknesses. Numerical simulations, often comple-
mented by experimental tests, demonstrate that HSS generally exhibit superior
buckling resistance compared to open sections. The valuable data generated from
such studies contributes to the optimization of HSS design across a variety of
structural applications, emphasizing their inherent efficiency [5].

The presence of web openings in steel beams, often incorporated for routing
services, introduces complexities to their load-bearing capacity under combined
shear and bending. A combination of experimental tests and finite element analy-
ses is employed to understand this behavior. Critical stress concentrations around
openings are identified, and design recommendations are provided to mitigate
their detrimental effects on load capacity. This research is crucial for the efficient
and safe utilization of steel beams that are integrated with building services [6].

Thin-walled steel plates, when subjected to conditions that induce elasto-plastic
behavior, exhibit complex post-buckling responses. Research in this area com-
bines analytical and numerical methods to scrutinize the nonlinear behavior of
plates after initial buckling. Key findings often relate to strain hardening effects
and their impact on residual load capacity. This research is vital for a comprehen-
sive understanding of steel structures operating under extreme loading conditions,
where material plasticity plays a significant role [7].

Lateral restraint is a critical factor influencing the buckling resistance of steel com-
pression members. Experimental investigations are conducted to assess the buck-
ling capacity under varying degrees of lateral restraint. The results consistently
show that the effectiveness of this restraint significantly impacts the ultimate load
capacity. This research provides essential data for the design of steel columns
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and bracing systems in both buildings and bridges, highlighting the importance of
proper support conditions [8].

For seismic applications, understanding the load-bearing capacity of steel beams
under cyclic loading is paramount. Detailed numerical simulations are used to
evaluate hysteretic behavior and energy dissipation capacity. Key parameters in-
fluencing cyclic performance, such as cross-section geometry and the presence
of web openings, are identified. These findings contribute to the development of
more resilient steel structures capable of withstanding earthquake events, empha-
sizing the dynamic nature of structural performance [9].

Finally, steel-concrete composite beams, which integrate steel beams with con-
crete slabs, present a unique challenge in predicting their load-bearing capacity.
Advanced finite element analysis is employed to model their behavior under var-
ious loading scenarios, considering composite action and shear connection be-
havior. This research provides insights into the flexural capacity and stiffness of
composite beams, leading to updated design considerations for more efficient and
robust structural systems [10].

Description

The load-bearing capacity of steel structural components is a fundamental concern
in civil engineering, with buckling behavior under various loading conditions being
a primary focus. Research in this area often involves the development of refined
analytical approaches and validated numerical simulations to accurately predict
the ultimate load capacity. Key considerations include material nonlinearities and
geometric imperfections, which can significantly reduce buckling strength. Ad-
vanced finite element models are instrumental in capturing complex failure modes,
leading to improved design methodologies that enhance structural safety and effi-
ciency. This comprehensive approach allows for a deeper understanding of how
steel members behave under stress [1].

Investigating the flexural-torsional buckling capacity of steel I-beams under eccen-
tric compression is crucial for designing stable structures. A significant contribu-
tion in this area involves introducing new sets of design formulas derived from
extensive finite element analyses. The research highlights the critical influence of
the degree of eccentricity and the cross-section’s slenderness ratio on the buck-
ling load. The accuracy of these proposed formulas, when compared to existing
codes, provides engineers with more reliable tools for designing laterally unre-
strained steel beams, ensuring their integrity in critical applications [2].

For steel plates utilized in bridge girders, understanding their shear buckling be-
havior is essential for structural integrity. The development and validation of new
analytical models that incorporate the effects of stiffeners and residual stresses
are key advancements. This work reveals that well-designed stiffeners can sub-
stantially increase shear buckling resistance, whereas residual stresses tend to
decrease it. Such findings directly contribute to more precise design guidelines
for steel bridge components, ensuring their robustness under shear loads. This
detailed analysis is vital for the safety of transportation infrastructure [3].

Cold-formed steel (CFS) members, particularly C-sections, are widely used, and
their load-bearing capacity under combined bending and axial compression de-
mands careful evaluation. Advanced computational models are employed to as-
sess buckling resistance, taking into account local, distortional, and global buckling
modes. The research illuminates the complex interplay between these buckling
modes and offers updated design recommendations for CFS members, thereby
improving their load-carrying capabilities and reliability. This is particularly impor-
tant for the efficient use of these lightweight structural elements [4].

Steel hollow structural sections (HSS) are known for their good buckling perfor-
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mance. Studies investigating their ultimate load-carrying capacity under axial
compression focus on how different cross-sectional shapes and wall thicknesses
affect buckling. The integration of numerical simulations and experimental tests
confirms that HSS generally exhibit superior buckling resistance compared to open
sections. The insights gained are invaluable for optimizing the design of HSS in a
broad range of structural applications, leveraging their inherent strength and sta-
bility [5].

Steel beams with web openings, often designed to accommodate building ser-
vices, require specific analysis regarding their load-bearing capacity under com-
bined shear and bending. A combination of experimental testing and finite element
analysis is used to thoroughly understand their behavior. The research identifies
critical stress concentrations around these openings and offers design recommen-
dations to mitigate adverse effects on load capacity. This is vital for the efficient
integration of services within steel structures without compromising safety [6].

The elasto-plastic post-buckling behavior and load-bearing capacity of steel plates
are critical considerations for structures subjected to extreme loading. A combi-
nation of analytical and numerical methods is employed to analyze the nonlinear
response of plates after initial buckling. The findings highlight the impact of strain
hardening effects on residual load capacity. This research is fundamental for accu-
rately predicting the performance of steel structures under severe conditions where
material yielding is a factor [7].

Experimental investigations into the load-bearing capacity of steel compression
members with varying degrees of lateral restraint provide crucial data for design.
These studies assess buckling resistance under different restraint conditions, con-
sistently demonstrating that the effectiveness of lateral restraint significantly influ-
ences the ultimate load capacity. This research is essential for designing robust
steel columns and bracing systems in various constructions, ensuring stability and
preventing premature buckling [8].

For steel beams designed to withstand seismic events, their load-bearing capacity
under cyclic loading is of utmost importance. Detailed numerical simulations are
conducted to evaluate hysteretic behavior and energy dissipation capacity. The
study identifies key parameters, such as cross-section geometry and the presence
of web openings, that influence cyclic performance. These findings are instrumen-
tal in developing more resilient steel structures capable of enduring earthquake
impacts [9].

Steel-concrete composite beams, formed by integrating steel beams with concrete
slabs, require specific analysis to determine their load-bearing capacity. Advanced
finite element analysis is used to model their behavior under various loads, con-
sidering the composite action and the performance of shear connections. This
research offers significant insights into the flexural capacity and stiffness of com-
posite beams, contributing to updated design considerations for efficient and ef-
fective structural systems [10].

Conclusion

This collection of research explores the load-bearing capacity of various steel struc-
tural components, focusing on buckling behavior under different loading condi-
tions. Studies cover steel box columns, I-beams, stiffened plates for bridge girders,
cold-formed steel C-sections, hollow structural sections, beams with web openings,
elasto-plastic steel plates, laterally restrained compression members, steel beams
under cyclic loading, and steel-concrete composite beams. Methodologies include
advanced analytical approaches, finite element simulations, and experimental test-
ing. Key findings emphasize the impact of imperfections, eccentricities, slender-
ness, stiffeners, residual stresses, cross-sectional shapes, web openings, lateral
restraint, and cyclic loading on buckling resistance and ultimate load capacity. The



Rossi M.

J Steel Struct Constr, Volume 11:2, 2025

research aims to provide improved design methodologies and more accurate pre-
dictive tools for enhancing the safety, efficiency, and resilience of steel structures.
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