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ABSTRACT

Structural elements ensure the stability of buildings by supporting various loads while
preserving functionality and aesthetics. Concrete-filled steel tubular (CFST) columns combine
the advantages of both materials, offering high load-bearing capacity, excellent seismic
performance, and reduced self-weight compared to reinforced concrete columns. The circular
section provides effective concrete confinement, delays local buckling, and enhances structural
ductility. However, due to the higher slenderness of non-compact sections, their design requires
more complex analytical evaluation. In this context, the present study investigates the behavior
of compact and non-compact circular CFST columns subjected to axial compression through
analytical approaches and comparison with experimental results, using design models from
eight international standards. The literature review enabled the compilation of a comprehensive
database and the implementation of a calculation tool based on these standards. The database
included 1,580 experimental CFST columns covering a wide range of geometric and material
parameters. The results demonstrate that the accuracy of normative models is strongly
influenced by section slenderness limits, where the discrepancy between experimental and
analytical results highlights the need for more refined formulations. The mean ratios between
calculated and experimental axial resistances (Ncae / Nexp) indicated distinct levels of
conservatism among the standards. About de compact columns, the Canadian and
Australian/New Zealand standards were the most conservative, with mean values of 0.697 and
0.772, respectively. The first presented relatively low coefficients of variation (16%), but for
the second standard, the coefficient of variation showed high dispersion (30%). Conversely, the
Eurocode 4 and Chinese standards tended to overestimate the load-carrying capacity, especially
for non-compact sections, with mean values of 1.176 and 0.959, and higher variability (CV =
41% and 26%, respectively). The updated Brazilian and American standards presented
intermediate performance, with mean ratios of 0.808 and 0.806 and CVs of 17%, demonstrating
satisfactory agreement with experimental results and balanced conservatism. For non-compact
columns, the average ratios were generally higher, confirming that most standards
underestimate experimental strengths to a greater extent in slender geometries. Among them,
the Australian/New Zealand standard exhibited the lowest coefficient of variation (CV = 13%),
indicating high consistency in its predictions. The American and the updated Brazilian standard
followed, with slightly higher but still acceptable variability (CV = 17% and 18%, respectively).
However, the coefficients of variation remained relatively similar between compact and non-

compact groups, indicating that cross-section slenderness primarily affects the accuracy of



predictions rather than their dispersion. Overall, the analytical evaluation highlights the
sensitivity of CFST column predictions to section slenderness, the definition of local buckling
limits, and the consideration of confinement effects, emphasizing the need for refined design
provisions for non-compact CFST columns and the development of more accurate and efficient

international standards.

Keywords: circular tubular composite columns; non-compact sections; axial compression;

analytical model.



RESUMO

Os elementos estruturais garantem a estabilidade das edifica¢des ao suportarem diversas cargas,
preservando a funcionalidade e a estética. Os pilares mistos tubulares de aco preenchidos com
concreto (CFST) combinam as vantagens de ambos os materiais, oferecendo elevada
capacidade resistente, excelente desempenho sismico € menor peso proprio em comparagao aos
pilares de concreto armado. A sec¢do circular proporciona confinamento efetivo do concreto,
atrasa a flambagem local e aumenta a ductilidade estrutural. No entanto, devido a maior esbeltez
das se¢des ndo-compactas, o dimensionamento dessas pecas requer avaliagcdes analiticas mais
complexas. Nesse contexto, o presente estudo investiga o comportamento de pilares mistos
tubulares circulares compactos e ndo-compactos submetidos a compressao axial, por meio de
abordagens analiticas e da comparacao com resultados experimentais, utilizando modelos de
calculo de oito normas internacionais. A revisdo bibliografica possibilitou a compilacdo de um
banco de dados abrangente e o desenvolvimento de uma ferramenta de calculo baseada nessas
normas. O banco de dados incluiu 1580 pilares mistos CFST experimentais, abrangendo uma
ampla faixa de parametros geométricos e de materiais. Os resultados demonstram que a precisao
dos modelos normativos ¢ fortemente influenciada pelos limites de esbeltez das se¢des, onde a
discrepancia obtida entre os resultados experimentais e analiticos evidenciam a necessidade de
formulagdes mais refinadas. Os valores médios entre as resisténcias axiais calculadas e
experimentais (Ncaic / Nexp) indicaram diferentes niveis de conservadorismo entre as normas
analisadas. Para pilares mistos compactos, as normas canadense e australiana/neozelandesa
foram as mais conservadoras, com valores médios de 0,697 e 0,772, respectivamente. A
primeira, apresentou coeficiente de variacao relativamente baixos (16%), porém para a segunda
norma, o coeficiente de variacdo apresentou alta dispersdo (30%). Por outro lado, as normas
europeia e chinesa tenderam a superestimar a capacidade resistente, especialmente para segdes
ndo-compactas, com valores médios de 1,176 e 0,959 e maior variabilidade (CV =41% e 26%,
respectivamente). A norma brasileira recente e americana apresentaram desempenho
intermediario, com razoes médias de 0,808 e 0,806 ¢ CVs de 17%, demonstrando boa
concordancia com os resultados experimentais € um conservadorismo equilibrado. Para pilares
mistos ndo-compactas, os valores médios foram mais elevadas, confirmando que a maioria das
normas tende a subestimar as resisténcias experimentais em maior grau em geometrias esbeltas.
Entre elas, a norma australiana/neozelandesa apresentou o menor coeficiente de variagao (CV
= 13%), indicando alta consisténcia em suas previsdes. As normas americana e brasileira

atualizada apresentaram valores ligeiramente superiores, mas ainda dentro de uma variabilidade



aceitavel (CV = 17% e 18%, respectivamente). No entanto, os coeficientes de variacao
permaneceram relativamente proximos entre os grupos de secdes compactas e ndo-compactas,
indicando que a esbeltez da secdo transversal afeta principalmente a precisao das previsoes, €
nao sua dispersdo. De modo geral, a avaliacao analitica evidencia a sensibilidade das previsoes
de pilares mistos CFST a esbeltez da se¢do, a definicdo dos limites de flambagem local e a
consideracdo dos efeitos de confinamento, ressaltando a necessidade de aprimoramento das
prescrigdes normativas para pilares mistos CFST nao-compactas ¢ do desenvolvimento de

normas internacionais mais precisas e eficientes.

Palavras-chave: pilares mistos tubulares circulares; se¢des ndo-compactas; compressao

centrada; modelo analitico.
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1 INTRODUCTION

This chapter presents a brief introduction about the composite construction system,
defining the composite column and outlining the objective, justification, methodology, and

organization of this research.

1.1  GENERALITIES

Structural elements play a fundamental role in any building, ensuring the integrity and
stability of the various types of construction systems. They are designed to sustain and distribute
applied loads, ranging from self-weight to external loads such as wind and other actions forces.

The interaction between structural elements is essential to ensure safety but also
preserves the functionality and aesthetics of constructions. In Brazil, reinforced concrete stands
out as the most widely used construction system due to its high compressive strength, ease of
execution, and practicality in handling (Fakury; Silva; Caldas, 2016; Queiroz, 2003).

The steel construction system offers several advantages for the construction industry.
However, its use in Brazil remains limited due to the high costs associated with the material.
As an industrialized material, steel is subject to the economic instability of raw materials, which
directly affects its economic feasibility (Serafim et al., 2016; Xue; Briseghella; Chen, 2012).

Additionally, steel shows a fast decrease in strength at high temperatures, such as during
fire scenarios. This behavior is attributed to its high thermal conductivity and thermal
expansion, which lead to a reduction in its modulus of elasticity and an increase in plastic
deformation. Another limitation is its susceptibility to corrosion, which compromises its tensile
and compressive strength (Abed; Alhamaydeh; Abdalla, 2013; Caldas, 2004 Sieczkowski,
2012; Uy, 1998).

To deal with these challenges, the need to combine steel with concrete emerged. This
solution aims to reduce costs, optimize space, and ensure greater structural safety. Additionally,
the composite action between steel and concrete significantly contributes to the overall stability
of the structure, particularly under compressive and lateral loads. In this system, it is crucial to
ensure the interaction between the two materials, which can occur through friction or
mechanical means (Caldas, 2004; Queiroz, 2003).

This combination allows both materials to work together efficiently, leveraging their
complementary characteristics. Steel provides tensile strength, while concrete offers

compressive strength and greater stiffness. Together, they enhance structural performance



compared to the conventional reinforced concrete construction system (Fakury; Silva; Caldas,

2016; Caldas, 2004; Queiroz, 2003).

1.2 COMPOSITE COLUMNS

Composite columns consist of a structural steel profile that is either encased in or filled

with concrete. According to NBR 8800 (ABNT, 2024), composite columns can be classified

11

into four categories: steel profile completely encased in concrete (Figure 1.1a), steel profile

partially encased in concrete (Figure 1.1b), concrete-filled steel tube with rectangular cross-

section (Figure 1.2a), and concrete-filled steel tube with circular cross-section (Figure 1.2b).

Figure 1.1 — Steel composite column encased completely and partially in concrete
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Figure 1.2 — Concrete-filled steel composite column, rectangular and circular cross-sections
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The completely encased composite column is one in where the concrete completely
encases the steel profile, making it impossible to see the profile. The partially encased
composite column, on the other hand, is a type in which a steel profile is partially embedded in
concrete.

The concrete-filled steel composite column features an external steel profile that serves
as formwork for the concrete. The standard further divides these columns into two categories:
rectangular and circular cross-sections; while also addressing other potential shapes, such as
square and oval sections.

According to NBR 8800 (ABNT, 2008), concrete-filled steel composite columns can be
manufactured without additional reinforcement, except in specific situations, such as fire
conditions. Fully or partially encased composite columns, however, must include longitudinal
and transverse reinforcements to ensure the integrity of the concrete. According to NBR 8800
(ABNT, 2024), the longitudinal reinforcement area must correspond to at least 0.4% of the
concrete area.

NBR 8800 (ABNT, 2008) specifies that the composite column’s strength must be
achieved without the occurrence of local buckling of the steel profile in the cross-section,
making it essential to classify the section to identify potential instabilities. This standard
provides two classifications for the cross-section of composite columns: compact or non-
compact. The updated NBR 8800 (ABNT, 2024) introduces a refined classification for non-
compact composite steel columns filled with concrete, categorizing them as compact, semi-
compact, or slender based on their cross-section. This classification is essential for properly
accounting for instabilities and serves as the basis for the column’s design and structural
behavior analysis.

In compact sections, the geometry and dimensions of composite columns are such that
the local slenderness ratio (D/f) remains within the limits prescribed by design standards. This
condition allows the section to develop its full plastic strength before the onset of local
instabilities, such as local buckling. As a result, the column can undergo significant plastic
deformation, leading to a more uniform stress distribution and a delayed occurrence of buckling
(Uy, 1998).

Non-compact cross-sections, however, have geometry and dimensions that prevent
composite columns from reaching their maximum strength before local instability occurs. When
the slenderness ratio (D/f) exceeds the normative limits. Certain standards, such as NBR 8800

(ABNT, 2024), AISC 360 (ANSI, 2022), and AS/NZ 5100.6 (2017), further classify these
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sections as semi-compact or slender, considering their influence on structural stability and
resistance to local buckling.

Semi-compact sections can sustain loading beyond the elastic limit before local
instability occurs, but do not reach their full plastic strength. They represent an intermediate
state between compact and slender sections, exhibiting plastic local buckling in parts of the
steel profile.

Slender sections, on the other hand, exhibit elastic buckling due to the relatively thin
steel thickness compared to the diameter. This makes them prone to local instability before
developing significant plastic deformations, reducing their load capacity.

Therefore, understanding the classification of composite column cross-sections is
essential not only for accurate strength assessment but also for the development of efficient
structural designs. These classifications directly influence the structural response under axial
loads and are fundamental in guiding the application of design codes and the interpretation of

failure mechanisms in composite columns.

1.3  OBJECTIVE

The main objective of this study is to evaluate the predictive capacity of design standards
for concrete-filled steel tubular columns subjected to axial compression, with emphasis on
compact and non-compact circular sections. The research focuses on the comparative analysis
between analytical results obtained from main current standards and experimental data.

The specific objectives are:

e To compile and organize a database of experimental results on CFST columns;
o To implement a calculation tool in Excel to determine the axial compression resistance
according to Brazilian (ABNT, 2008; ABNT, 2013; ABNT, 2024), American (ANSI,

2022), European (CEN, 2004), Canadian (CISC 2015), Chinese (2014), and Australian

(BD, 2017) standards;

e To compare the analytical predictions of the standards with the experimental results in
the database;
e To identify and point out the possible divergences between the standards’ analytical

models.
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1.4 JUSTIFICATION

Despite significant advantages, such as lightweight construction and reduced steel
consumption, composite columns face challenges related to local and global stability, especially
in non-compact sections, which are more susceptible to buckling. In addition to the lack of
studies about these instabilities, few investigations have been found that consider initial
geometric and material imperfections, analyzing their effects on the behavior of composite
columns with non-compact sections (Abed; Alhamaydeh; Abdalla, 2013; Fakury; Silva; Caldas,
2016; AISC 360, 2022; DG6, 2025).

Initially, design standards for composite columns addressed only compact sections.
However, with updates to these standards, non-compact sections have been recently
incorporated into their scope.

Given the growing use of composite columns, due to their efficiency in combining steel
and concrete to optimize rigidity, stability, and durability in buildings, there is a need to gain a
deeper understanding of the behavior of those with non-compact sections when subjected to
compression loads.

The accuracy of these standards in estimating the load-bearing capacity of composite
columns still requires thorough investigation to assess the level of conservatism in each
standard (Kvocak et al., 2023).

Thus, this study is motivated by the need to evaluate discrepancies between the
calculations prescribed by national and international standards and the experimental values,
considering the susceptibility to instability in the design of concrete-filled steel composite
columns. This aspect is crucial for ensuring the structural stability of buildings.

Although many studies are based on analytical approaches, few consider more than three
standards. Therefore, a broader comparison is needed, highlighting the differences among the
main standards and identifying those that overestimate or underestimate the calculated results.
Accordingly, this research examines the most frequently cited standards, selecting the Brazilian
standard along with five international ones: American, European, Canadian, Chinese, and

Australian standards.

1.5 RESEARCH STRATEGY

Based on an extensive and robust search for relevant studies, a systematic literature

review was conducted on the topic under investigation, encompassing the main existing
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databases.

Following this, the organization of the database used in the study was carried out, as
presented in Figure 1.3, based on specific criteria to select the composite columns of interest
for this research. The composite columns must consist of a steel tube filled with concrete, with

circular cross-sections, and subjected to axial compression loads.

Figure 1.3 — Flowchart of the methodological steps
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Composite columns that meet these criteria were included in the database and
subsequently applied to the calculation tool. The analytical evaluation continues with the
following standards: NBR 8800 (ABNT, 2008), NBR 8800 (ABNT, 2024), NBR 16239
(ABNT, 2013), the American standard AISC 360 (ANSI, 2022), the European standard EN
1994-1-1 (CEN, 2004), the Canadian standard CSA S16 (CISC, 2015), the Chinese standard
GB 50936 (2014), and the Australian/New Zealand standard AS/NZS 5100.6 (BD, 2017).

All these standards provide calculation procedures for concrete-filled steel composite
columns, subjected to axial compression. Finally, a comparison was conducted between the

values obtained using the calculation tool and the experimental results from the database.

1.6 MASTER THESIS OUTLINE

In Chapter One, the subject of the research is introduced to contextualize the problem.
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In addition to this chapter, the study is divided into five more chapters, structured as follows:

Chapter Two discusses the literature review on concrete-filled steel composite columns,
focusing on circular tubular columns. It highlights their advantages, failure modes, the
implications of initial geometric and material imperfections, and the calculation procedures
outlined in the technical standards addressed.

Chapter Three presents the state of the art regarding studies on composite steel columns
filled with concrete, based on a systematic literature review.

Chapter Four contains the calculation framework for determining the axial resistance
force according to each standard.

Chapter Five provides the results obtained from the calculation tool developed in Excel.

Chapter Six discusses the results in comparison with the experimental data, followed by

the conclusions of this research and suggestions for future studies.
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6 CONCLUSION

In this study, the axial compression behavior of compact and non-compact circular
concrete-filled steel tubular (CFST) columns was investigated through an analytical approach,
comparing the predictive capacity of eight major design standards with experimental data. The
database extracted from the studies cited above, was compiled for this purpose, including 1,584
composite columns collected from 107 independent studies, of which 104 were classified as
non-compact.

The results revealed significant variability in the conservatism of the standards analyzed.
The updated Brazilian NBR 8800 (ABNT, 2024), the American AISC 360 (ANSI, 2022), and
the Australian AS/NZ 5100.6 (BD, 2017) exhibited conservative behavior, with calculated
strengths lower than the experimental ones. In contrast, the Eurocode 4 (CEN, 2004) and the
Chinese GB 50936 (2014) tended to overestimate the load-carrying capacity, showing fewer
conservative predictions. The CSA S16 (CISC, 2015) and AS/NZ 5100.6 (BD, 2017) were the
most conservative overall, while compact sections demonstrated better agreement with
experimental results, indicating that the predictive accuracy of design standards decreases as
section slenderness increases.

The influence of section stiffness is evident, as non-compact columns presented higher
mean deviations. However, the standard deviations were similar between compact and non-
compact sections, suggesting that compactness affects accuracy but not the consistency of the
predictions. Thus, the discrepancies observed, particularly for non-compact sections, highlight
the limitations of current analytical models in accurately representing the behavior of slender
CFST geometries.

It is important to note that the database used in this study presents inherent limitations
that may influence the generalization of the results. Variations in testing procedures, boundary
conditions, material characterization, and measurement techniques among the 107 experimental
studies may have introduced inconsistencies. Furthermore, incomplete information regarding
geometric dimensions, material properties, or loading configurations restricted the inclusion of
certain parameters in the comparative analyses. Differences among the design codes, especially
in the definition of local slenderness limits, classification criteria, and confinement
considerations, also contributed to discrepancies in the results. The limited number of non-
compact specimens further reduced the statistical robustness of the conclusions drawn for this
category.

Despite these limitations, the database provided a valuable and comprehensive
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foundation for measuring the predictive performance of international design standards, offering
consistent insights into behavior of CFST columns under concentric compression. The findings
contribute to a more accurate understanding of the behavior of non-compact composite columns
and may guide the development of safer and more efficient design practices.

Finally, future research is recommended to incorporate numerical simulations using
Abaqus software to explore the effects of geometric imperfections, post-buckling behavior, and

the prediction of load capacity in non-compact CFST sections with greater precision.
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