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Abstract

This paper investigates the ultimate compressive resistance of hot-rolled steel channel sections.
Based on shell finite element models validated against experimental data, non-linear numerical
analyses were conducted to assess the influence of a wide a range of cross-section geometries,
local slenderness, and material properties on the cross-sectional resistance of channel sections.
Consequently, numerical and experimental results were compared with current design standards.
The findings indicate that European provisions tend to yield conservative predictions, while the
American Specification often underestimates the effects of local buckling, leading to
unconservative results and potential safety concerns. To overcome these limitations, an advanced
design approach based on the Overall Interaction Concept (O.1.C.) is proposed, providing more
accurate, consistent, and reliable predictions of the compressive strength of hot-rolled steel channel
sections.

1. Introduction

Advances in manufacturing processes have enabled the use of high-strength structural steels,
leading to an increased adoption of thin-walled members, including hot-rolled open sections.
While the incorporation of slender plate elements improves structural efficiency by reducing self-
weight and fabrication costs, it also increases the susceptibility of such sections to instability.
Among open cross-sections, channel sections occupy a distinctive position, particularly for
structural support, bracing, reinforcement and as main components of built-up members. Their
mono-symmetry, combined with the presence of slender webs and flanges, makes their local
buckling response particularly sensitive to plate interaction and stress redistribution effects.

In current design practice, local buckling effects in thin-walled members are predominantly
addressed through the Effective Width Method (E.W.M.), which originates from isolated plate
buckling theory (Von Karman 1932, Winter 1947). In this approach, the resistance of a slender
cross-section is evaluated by replacing each plate element with a reduced effective width, derived
assuming idealized boundary conditions and uniform stress distributions. Although this
methodology has been widely adopted due to its simplicity and clear mechanical background, it
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focuses on plate elements independently and does not explicitly account for the interaction
between adjacent plates within a cross-section. Experimental and numerical evidence has
demonstrated that such isolated-plate assumptions are not fully representative of the actual local
buckling behavior. The web-flange junction provides partial rotational restraint, while the free
edges of the flanges remain unrestrained, leading to boundary conditions that differ from the
classical simply supported or fully fixed cases assumed in plate theory (Kato 1985, Seif and
Schafer 2010). As a result, the local buckling behavior, the post-buckling response, and the
redistribution of stresses within the cross-section are governed by the combined response of the
web and flanges rather than by the behavior of individual plates.

Further limitations of the E.W.M. arise from its treatment of post-buckling behavior. By replacing
complex non-uniform stress fields with an equivalent uniform stress acting over a fictitious
effective width, the method does not explicitly capture the redistribution of stresses that develops
after local buckling. Experimental studies on welded H- and channel sections (Kwon et al. 2007)
as well as on I- and channel sections (Rusch and Lindner 2001) have shown that this simplification
may lead to overly conservative predictions of the cross-sectional resistance, particularly for
slender open sections where plate interaction and membrane action are significant. These
observations indicate that local buckling in channel sections is inherently a section-level
phenomenon and cannot be fully described by plate-by-plate reduction rules.

To provide a more consistent representation of instability phenomena, the Overall Interaction
Concept (O.I.C.), a slenderness-based design method has been proposed in which member
buckling curves are expressed through non-dimensional y —A relationships derived from the
extended Ayrton-Perry formula (Ayrton and Perry 1886). Within this context, the O.1.C.
establishes a unified framework for describing buckling by defining reduction factors associated
with distinct instability modes (Boissonnade et al. 2017). When restricted to cross-sectional
behavior due to axial loading, this framework defines a local buckling reduction factor yr
expressed as a function of a local relative slenderness A.. Both parameters are defined in Eq. (1)
where Ny is the the full plastic capacity of the cross-section under compression, Nez is the local
elastic critical buckling load, M.z is the local ultimate resistance. Further details are provided in
Section 2.
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This formulation provides a rational basis for treating local buckling independently of member-
behavior while consistently accounting for imperfections, plate interaction and post-buckling
strength reserves (Li et al. 2022). The present paper adopts this conceptual basis and focuses
exclusively on the local buckling resistance of hot-rolled channel sections under axial
compression. Global buckling and member-level instability effects are intentionally excluded to
isolate cross-sectional behavior. Finite element (F.E.) analyses are used to determine the local
reduction factor y. for a wide range of channel geometries, accounting for realistic plate
interaction, geometric imperfections and material nonlinearity. On this basis, O.1.C.-based design
equations are proposed, and their predictions are assessed against existing design provisions.



2. Design provisions for axially loaded members and the Overall Interaction Concept (O.1.C.)
2.1 Design provisions of the American Specifications (American Institute of Steel Construction
2022)
According to the American Specification for Structural Steel Buildings (A.L.S.C.), for compression
members, the design strength is obtained by multiplying the nominal strength P, by the resistance
factor ¢c (taken as 0.9). For non-slender sections, the nominal strength depends on the governing
buckling mode and is given by:

b,=r,-4 (2)
In this expression, 4 is the gross cross-sectional area and F; is the nominal stress hereby taken as
the yield strength, F), for the calculation of the cross-sectional resistance. For members with

slender sections, A.L.S.C. adopts the effective area method, in which the gross cross-sectional area
A s replaced by an effective area 4. obtained from effective plate widths, determined as follows:
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In these expressions, 4- represents the limiting width-to-thickness ratio of the plate, c1 and c2, the
imperfection adjustment factors determined from Table E7.1 of A.L.S.C., and Fer, the elastic local
buckling stress determined either numerically or analytically from Eq. (4). For channel sections,
c1=10.22 and c2=1.49 for flanges, while c¢1 =0.18 and c2=1.31 for the web plate of theses
sections.
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The effective cross-sectional area is subsequently obtained by deducting from A the ineffective
portions of each plate element, as described in Eq. (5).

A,=A4-%(b-b,)t (5)

2.2 Design provisions of the European Standard (European Committee for Standardization
2018)

The European Standard for steel structures, Eurocode 3 (EC3), adopts a classification for sections
under compression from Class 1 (compact) to Class 4 (slender). For Class 1 to 3 cross-sections,
EC3 defines the ultimate cross-sectional resistance for compression members as the full plastic
capacity Ny = A - Fy. A partial safety factor ymo = 1.00 is applied for compression members to
obtain the design value of the resistance. For Class 4 cross-sections, local buckling effects are
accounted for by replacing the gross area, 4, by the effective area 4. in the evaluation of the cross-
sectional resistance.



For Class 4 plate elements in compression, Eurocode 3 (EC3) Part 1-5 on plated structures
(European Committee for Standardization 2006) — referred to as EN 1993-1-5 — defines the
effective area of each plate using Eq. (6), where p is the reduction factor for plate buckling.
A,=p-A (6)
Flanges are modelled as outstand elements, stiffened along one longitudinal edge and free along

the other, whereas webs are treated as internal elements stiffened along both longitudinal edges.
The corresponding reduction factors are given by Eq. (7).

p=1.0 for 1, <0.5+/0.085—0.055y

_ for outstand

2, =0.055(3+y) _ ,
L= — for A, >0.5+,/0.085—-0.055y compression elements

712 P
T (7)
p=1.0 for4, <0.748
for internal

4,—0.18 — .

p=——=F— ford,>0.748 compression elements
A

In these expressions, y is the ratio of longitudinal stresses at the plate edges, while 1, represents

the relative plate slenderness defined in Eq. (8) where £ is the buckling factor corresponding to the
stress ratio y and the plate boundary conditions.
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2.3 The Overall Interaction Concept (0O.1.C.)
The O.I.C. is based on the interaction between two fundamental phenomena, namely resistance
and instability, as illustrated in Fig. 1 showing the O.I.C. design flow chart for local buckling.
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Figure 1: O.I.C. design flow chart for local buckling.



This design approach provides a unified and efficient framework for predicting the behavior and
load-carrying capacity of structural members. A key advantage of the O.I1.C. lies in its ability to
avoid both cross-section classification and the use of the E.W.M. (Nseir 2015, Boissonnade et al.
2017, Li et al. 2022), which remains computationally demanding in practical applications. The
approach is formulated in a dimensionless y — A format, where the reduction factor y is expressed
as a function of a generalized relative slenderness 4, defined in Eq. (1). As illustrated in Fig. 1,
compact sections may exhibit yz values exceeding unity due to strain hardening, whereas slender
sections or long members experience a progressive reduction in resistance governed by instability
effects. The y — 4 format allows representing various buckling modes as well as a wide range of
geometrical and material properties in a unified figure. It also provides a continuous and
mechanically consistent description of structural behavior across a wide range of slenderness
values.

Within the O.1.C., the buckling curves are formulated using the extended Ayrton-Perry formula
defined by Eq. (9). In this formulation, a refers to the imperfection factor that is equal to 0.49 for
channel sections in EC3, f to the resistance limit that might be affected by post-buckling reserves
in the short slenderness range, o to the instability limit that accounts for a possible variation in the
instability limit, and Ao to the end-of-plateau limit that is equal to 0.2 in EC3.

p
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Based on this definition, the O.1.C. design procedure consists of the following steps:
e Determination of Ny, corresponding to the plastic resistance limit;
e Determination of Ncr, corresponding to the instability limit;
e [Evaluation of the generalized relative slenderness 4;
e Determination of the reduction factor y = /(1) from the buckling curve;
e (Calculation of the ultimate resistance as Nu =y - Npi.

3. Numerical modelling

3.1 Development of the F.E. models

Numerical simulations were performed using the F.E. software Abaqus 2023 (Dassault Systemes
2014) to investigate the local buckling behavior of hot-rolled channel sections under compression.
Both Linear Buckling Analyses (L.B.A.) and displacement-controlled Geometric and Material
Nonlinear Analyses with Imperfections (G.M.N.I.LA.) were carried out. The members were
modelled using four-node quadrilateral shell elements with reduced integration (S4R), which have
been shown to accurately capture the elastic buckling and post-buckling response of thin-walled
steel plates (Dassault Systémes 2014).

A preliminary mesh sensitivity study was conducted to balance numerical accuracy and
computational efficiency. Based on the results, a uniform mesh size equal to one tenth of the flange
width, with unit aspect ratio (width/length = 1), was adopted for all models. Since the web-flange
junctions of hot-rolled sections include fillet regions, which contributes to the torsional stiffness
of the cross-section, an additional beam element (B3 1) was introduced along the centroidal axis of



the fillet region, with a cross-sectional area equivalent to that of the fillet, as illustrated in Fig. 2.
In addition, linear spring elements arranged in a truss-like configuration were introduced at the
position of the fillet area to mitigate unrealistic local buckling between adjacent plates while
preserving realistic plate interaction. This modelling approach has been successfully employed in
previous studies on open thin-walled sections (Li et al. 2022, Dahboul et al. 2023, Mefande Wack
et al. 2025).

Centroid of the

fillet radius area Flange nodes

Overlapping area
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Web nodes

Figure 2: Modeling principles of hot-rolled channel sections: (a) Real geometry — (b) Modelled geometry.

Experimental boundary conditions were closely reproduced for the validation analyses, while fork-
type support conditions were adopted for parametric studies, as illustrated in Fig. 3. Reference
points (R.P.) were defined at the geometric centroids of the end sections and linked to the
corresponding nodes using rigid body constraints, ensuring uniform load distributions to each node
of the end sections. At both ends, torsional rotation and out-of-plane displacements were
restrained. Axial displacements were allowed at the loaded end, while restrained at the other end.
To accurately reproduce experimental support conditions, a longitudinal eccentricity (see e: in
Fig. 3) between the reference point and the end section was introduced in the validation analyses
when, and global warping was restrained. In contrast, for parametric studies, idealized axial
loading without eccentricity was adopted and warping was still restrained since only local buckling
was observed.
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Figure 3: Fork-type support conditions for channel sections.

Material behavior was defined using the quad-linear stress-strain model proposed by Yun (2017)
for parametric analyses, while experimentally measured stress-strain curves were used for model
validation. In all cases, material properties were converted to true stresses and strains prior in
numerical models.



In the absence of experimental data on residual stress distributions in hot-rolled channel sections,
a self-equilibrated linear residual stress pattern was adopted, following the model proposed by
Beyer (2017) illustrated in Fig. 4a defined with the parameter =1+ b - ¢/ (h - tw), where b, t, tw,
and & denote the flange width, flange thickness, web height, and web thickness, respectively.
Although direct measurements are not available, this residual stress model has been previously
used in numerical investigations of hot-rolled steel members and satisfies equilibrium
requirements (Lindner and Glitsch 2004, Snijder et al. 2008, Beyer 2017). Initial geometric
imperfections were introduced using the sine-shaped distributions illustrated in Figs. 4b and 4c.
This approach has been successfully applied in numerical studies on I-sections, hollow sections
and channel sections (Gérard et al. 2019, Li et al. 2022, Mefande Wack et al. 2025).

Geometric imperfections only included local imperfections that were defined independently for
the web and flanges based on their individual buckling lengths aw and ar (see Eq. (10)),
respectively. The sine-shaped imperfection pattern was defined with a half-wavelength equal to
the average buckling length, awg defined in Eq. (10) and an amplitude set to 1/200™ of the
corresponding plate buckling length, following the methodology proposed for hot-rolled channel
sections (Mefande Wack et al. 2025).

af = 2(b _tw_r )
a,=h-2t,-2r (10)
Agyg = (af + aw)/Z
Therefore, a case denoted as “ HWL = aavg | L = 3aavg | Ampl. = app / 200 ” represents a member
with a length of three half-waves, each with a wavelength equal to the average of the web and

flange buckling lengths (aw and ay, respectively), and an amplitude of imperfection of 1/200™ of
the buckling length per plate app (aw for the web and ay for the flanges).
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Figure 4: Distributions of: (a) Residual stresses — (b) Local geometric imperfections in flange plates — (c) Local
geometric imperfections in web plates.



To ensure that the numerical response is governed solely by cross-sectional effects, a parametric
validation procedure was performed with the aim to finding the appropriate length of the member
to consider in the numerical models that is short enough so that any global behavior is prevented
while remaining long enough to limit the effect of end supports on the ultimate resistance.

3.2 Validation of numerical models

Based on an extensive literature review, 16 stub column test results reported by Li (2023) were
collected to compare different assumed initial geometric imperfection shapes with experimentally
measured imperfections. The dataset comprises hot-rolled channel sections C80x40x%5,
C100x50%5, and C100x50x6, manufactured from EN 1.4301 austenitic stainless steel and tested
under simple and combined loading conditions. Table 1 reports the key parameters of these tests
and Fig. 5 presents a comparison between experimental cross-sectional resistances and their
numerical counterparts. In Fig. 5, the vertical axis represents the ratio of the ultimate local
resistance obtained from FE analyses, Ny rE, to that obtained experimentally, Nu £xp. The horizontal
axis specifies the specimen designations along with their respective load types.

The validation process involved members with a length corresponding to three halfwaves as
suggested by a previous study on the local behavior of channel section (Mefande Wack et al. 2025),
corresponding to the case HWL = aavg | L = 3aavg | Ampl. = app / 200. An additional case was
considered were the actual length, Lo, the measured amplitude of local imperfections, eo, and a
half-wavelength of a.s were used, and was denoted as HWL = aavg | L = Lo | Ampl. = eo.

Table 1: Test data and corresponding sine shapes periods and amplitudes.

ID Load b h t r Lo €o ay aw Aavg a7200  aw/200
type (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
C1-S1 N 39.75 80.46 4.79 474 1782 0.03 6044 61.40 60.92 0.30 0.31
C1-S2 N 39.8 80.39 4.72 475 1783 0.05 60.66 6145 61.06 0.30 0.31
C2-S1 N 49.75  98.91 4.8 484 2258 0.04 8022 79.63 79.93 0.40 0.40
C2-S2 N 49.69  98.93 4.72 4.76 219 0.04 80.42 79.97 80.20 0.40 0.40
C3-S1 N 49.15 100.11 5.62 5.61 2242 0.06 7584 77.65 76.75 0.38 0.39
C3-S2 N 49.18 100.16  5.72 574 2244 0.05 7544 7724 7634 0.38 0.39

Cl N+My, 49.65 98.93 4.82 491 3752 0.03 7984 79.47 79.66 0.40 0.40
C2 N+My 49.62 9899 479 485 3729 0.04 7996 79.71 79.84 0.40 0.40
C3 N+My 49.62 9899 479 487 3729 0.04 7992 79.67 79.80 0.40 0.40
C4 N+My, 4975 98.95 4.77 49 3738 004 80.16 79.61 79.89 0.40 0.40
(O] N+My 49.61 9897 4.73 463 373.0 0.04 80.5 80.25 80.38 0.40 0.40
RC1 N+My, 4974 99.05 486 477 3735 003 8022 79.79 80.01 0.40 0.40
RC2 N+My 5027 99.01 479 494 3738 0.04 81.08 79.55 80.32 041 0.40
RC3 N+My 4959 98.97 4.75 485 3737 003 7998 79.77 79.88 0.40 0.40
RC4 N+My 4979 9891 4.71 466 3732 0.04 80.84 80.17 80.51 0.40 0.40
RCS N+My, 49.65 9891 476 464 371.6 0.03 80.5 80.11 80.31 0.40 0.40
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Figure 5: Comparison of experimental tests with F.E. results.

Figure 5 shows a good agreement between the experimental results and the numerical simulations
when geometric imperfections are defined using either the measured specimen length and
maximum imperfection amplitude (HWL = aavg|L =Lo|Ampl. =eo) or a sine-shaped
imperfection with an amplitude equal to app / 200 (HWL = aavg | L = 3aavg | Ampl. = app / 200). For
the latter case, the mean value of the ratio Nyre/ Nueyp 1s 0.97 with a Coefficient of Variation
(C.o.V.) of 5.8%, while corresponding values of 0.96 and 5.3% are obtained for
HWL = aavg | L = Lo | Ampl. = eo. For most specimens, the FE-to-test ultimate capacity ratios
remain close to unity, with deviations generally within £10%. Slight overestimations observed in
a limited number of combined-loading tests remain below 8% and are attributed to uncertainties
in the applied loading eccentricities. For both configurations, the numerical load-displacement
curves for specimen C1-S1 (Fig. 6a) show good agreement with the experimental response, and
the corresponding failure modes at peak load are consistent with experimental observations (Fig.
6b).
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Figure 6: Results for specimen C1-S1: (a) Load-displacement curves — (b) Failure mode for .

Based on these observations, HWL = aavg | L =3aavg | Ampl. = app / 200 is adopted for the
subsequent parametric studies, as it provides an accurate yet slightly conservative prediction of the



ultimate resistance, reproduces the measured load-displacement behavior, and offers a simple and
reproducible imperfection definition suitable for systematic numerical investigations.

3.3 Selection of parameters

Once the F.E. modelling procedure was fully established, a comprehensive parametric study was
carried out covering a broad spectrum of channel section geometries. The analyzed cross-sections
comprised both slender and non-slender sections. In total, 300 hot-rolled channel cross-sections
were considered. These sections were selected from standard steel catalogues and complemented
by additional geometries to reflect typical constructional detailing encountered in practice.

Each case included both L.B.A. and G.M.N.L.A. analyses, with results expressed in the form of
x — A curves. The studied section heights, 4, ranged from 76.2 to 800 mm; flange widths, b, from
35.8 to 254 mm; flange thicknesses, #;, from 5 to 18 mm; and web thicknesses, tw, from 3 to
21.2 mm. Consequently, height-to-width ratios, 4 / b, ranged from 1.5 to 10.1; flange slenderness,
b/ ty, from 5.0 to 20.8; and web slenderness, % / tw, from 8.0 to 124. For each cross-section, three
steel grades were considered: C.S.A. G40.4 (Fy =230 MPa);
C.S.A. G40.21 350W (Fy =350 MPa) and C.S.A. G40.21 550W (F) = 550 MPa). In total, 1 800
non-linear F.E. analyses, comprising 900 L.B.A. and 900 G.M.N.I.A., were performed.

4. O.1.C.-based design proposal

The local buckling design curve shown in Fig. 7 was derived from the extensive parametric study
described in Section 3. The numerical results are presented in the y — 4 format, which facilitates
the identification of the key parameters governing the cross-sectional response of hot-rolled
channel sections in compression within the O.1.C. framework, based on the extended Ayrton-Perry
formulation introduced in Eq. (9). The proposed local buckling curve incorporates two reference
limits: (i) an upper bound corresponding to the full plastic resistance, defined by a reduction factor
x.=1.0 and indicated by a short-dashed grey line (resistance limit); and (i1) a stability limit
represented by the Von Karméan curve for ideal thin plates without imperfections, yz = 1/4., shown
as a long-dashed grey line.

0.0

0.0 0:5 1.0 ITS 2?0 liS 3.0
A [-]

Figure 7: Influence of steel grades on ultimate cross-sectional resistance and O.1.C. buckling curve.
As shown in Fig. 7, the numerical results exhibit only a limited sensitivity to yield strength. Across

the investigated steel grades (230 MPa to 550 MPa), the maximum variation in the local buckling
response remains within approximately 5%, indicating that material strength effects are adequately
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captured by the y — 4 format. This observation supports the use of a single local buckling curve to
represent the local behavior of hot-rolled channel sections over a wide range of steel grades.

For non-slender sections with local slenderness Az < 0.50, the F.E. analyses yield reduction factors
exceeding unity. This response is attributed to strain-hardening effects, which allow stresses to
surpass the nominal yield strength at high strain levels. Such behavior is typical of compact cross-
sections, which are less sensitive to local instability and can develop significant plastic
deformation prior to failure. With increasing local slenderness, often associated with larger height-
to-width ratios or increased plate width-to-thickness ratios, the predicted resistance decreases. This
trend reflects the growing susceptibility of slender web and flange plates to local buckling, the
reduced restraint provided by narrow flanges, and the progressive reduction of the effective load-
carrying portion of the cross-section, which introduces secondary bending effects due to the
eccentricity between the gross and (fictious) effective centroids.

For highly slender cross-sections (4. > 1.50), the numerically obtained reduction factors may
exceed the idealized stability limit (yz = 1/AL), as illustrated in Fig. 7. This behavior results from
post-buckling strength reserves and the beneficial interaction between the web and flange plates,
which provide additional stiffness beyond the theoretical elastic local buckling load. Table 2
summarizes the O.1.C.-based design equations for local buckling, expressed using the extended
Ayrton-Perry formulation (see Eq. (9)). The assessment of this design proposal is presented in the
following Section.

Table 2: Key parameters for local buckling curves of hot-rolled channel sections.
[ ,B 5 /10
Key parameters 0.125 1.0 0.70 0.50

5. Assessment of design proposal

A comparative study was conducted between F.E. results and analytical predictions of the cross-
sectional resistances of channel sections. The analytical approaches considered include A.1.S.C.
and EC3 detailed in Section 2 and the proposed O.1.C.-based formulation. The comparison is
presented in Fig. 8 and Table 3 through the ratios yz, rer. / xi FE., plotted as functions of the local
slenderness A.. Values exceeding unity indicate unconservative predictions, while ratios below

unity represent conservative estimates.
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Figure 8: Analytical vs. F.E. results for hot-rolled channel sections in compression: (a) accuracy of cross-sectional
resistance predictions — (b) cumulative frequencies distributions.
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Table 3: Statistical results for yr zer / x1.r £ Tati0S.
Number of cases Ref. Mean C.0.V. Max. Min. <090 >1.05 >1.10 >1.20
[%o] [%o] [%o] [%o] [%o]
AllF, 900 O.1C. 0.97 2.8 1.03  0.87 2.9 0.0 0.0 0.0
ALS.C. 1.03 4.2 .11  0.92 0.0 39.3 1.8 0.0
EC3 0.94 4.8 1.08 0.77 16.7 0.9 0.0 0.0
F, =230 MPa 300 O.1C. 0.98 1.9 1.02 091 0.0 0.0 0.0 0.0
AILS.C. 1.04 4.5 1.11  0.94 0.0 46.7 53 0.0
EC3 0.97 39 1.08 0.85 33 2.7 0.0 0.0
F, =350 MPa 300 O.1I.C. 0.97 2.4 1.03  0.89 2.0 0.0 0.0 0.0
AILS.C. 1.02 43 1.08 0.92 0.0 253 0.0 0.0
EC3 0.93 4.2 1.05 0.78 20.7 0.0 0.0 0.0
F, =550 MPa 300 O.I.C. 0.96 3.4 1.03  0.87 6.7 03 0.0 0.0
AILS.C. 1.03 3.7 1.08 094 0.0 68.3 0.0 0.0
EC3 0.93 4.9 1.02  0.77 26.0 0.0 0.0 0.0

Using the O.1.C.-based approach as reference, the mean ratio yz, o.rc. / yL re is 0.97 with a low
coefficient of variation (C.0.V.) of 2.8%, while the maximum unconservative deviation of 3%. As
shown in Table 3, A.L.S.C. exhibits higher statistical accuracy, with a mean ratio yz, 4.zs.c. / yL FE.
of 1.03 and a C.0.V. of 4.2%, but tends to produce unconservative estimates, with more than 40%
of predictions exceeding 5% of non-conservatism. EC3 predominantly yields conservative
predictions, with a mean ratio of 0.94 and a C.0.V. of 4.8%, although minor unconservative
deviations (up to about 8%) occur for moderately slender sections (0.50 </, <0.75).

Both A.L.S.C. and EC3 account for local buckling through effective cross-sectional properties
derived from plate width-to-thickness limits. For hot-rolled channel sections with F) =350 MPa,
the maximum allowable width-to-thickness ratios to not being considered slender for webs and
flanges are 35.62 and 13.39 for A.L.S.C.; and 34.41 and 11.47 for EC3. Consequently, A.I.S.C.
might predict larger effective areas and ultimate resistances, while the EC3 might yield lower
estimates. A study of the influence of yield strength indicates that both EC3 and A.L.S.C. perform
well for F, = 230 MPa. At higher strength levels, EC3 becomes increasingly conservative, whereas
the O.I.C.-based formulation maintains consistent accuracy. The remaining discrepancies in
Standards provisions are attributed to the simplified treatment of plate interaction and boundary
conditions inherent to the E.W.M., whereas the O.I.C. formulation, by treating the cross-section
as a whole unit, provides more reliable and consistent predictions of cross-sectional resistances.

6. Conclusions

This paper presented a numerical investigation of the local buckling behavior of hot-rolled channel
sections subjected to axial compression. Finite element models were developed and validated
against available experimental data, demonstrating their ability to accurately reproduce cross-
sectional buckling responses and post-buckling behavior. An extensive parametric study was
subsequently conducted to examine the influence of cross-sectional geometry and material
properties on cross-sectional resistance. The results showed that, although higher steel grades may
exhibit increased nominal resistance due to strain hardening, the overall influence of yield strength
on the local buckling response remains limited. Based on these findings, a single local buckling
curve and a design formulation based on the Overall Interaction Concept were proposed using a
unified y — 4 format. The proposed formulation provides a consistent and practical representation
of the local buckling behavior of hot-rolled channel sections and demonstrates improved accuracy
and consistency compared with existing effective-width-based provisions. Therefore, it offers a
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rational and economical alternative for the design of hot-rolled channel sections submitted to
compressive loads.
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