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Abstract. Stainless steel structures are increasingly used in civil engineering due to their mechanical strength and cor-
rosion resistance. However, under fire conditions, their performance may degrade significantly. This study investigates
the fire resistance of austenitic 1.4301 stainless steel beams using finite element simulations in ANSYS. A parametric
analysis was performed considering seven different rectangular hollow sections, exposed to ISO 834 fire conditions on
and subjected to bending. Geometrically and materially nonlinear analysis (GMNIA) was applied to evaluate thermal
and mechanical responses. The results indicate that section geometry, especially thickness and width, significantly in-
fluences both temperature distribution and structural performance during fire exposure. Beams with greater thickness
exhibited lower internal temperatures and improved fire resistance times. These findings support the optimization of
stainless steel beam designs for enhanced fire safety.
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1. Introduction

Stainless steel, introduced in the early 20th century, is known for its corrosion resistance, strength, and aesthetic
appeal [6]. Despite higher initial costs, its use in structures has increased, especially the austenitic class [7, 8, 9]. Rec-
tangular Hollow Section (RHS) beams are particularly valued for their structural performance [10, 11, 12].

However, its behavior at elevated temperatures must be thoroughly studied, particularly under fire exposure, which
can significantly affect its mechanical properties and structural integrity.

Fires remain a critical threat to urban environments, with significant impacts on life and infrastructure [1, 2]. To
ensure structural safety, it is essential to understand how materials behave under elevated temperatures [3, 4]. In Eu-
rope, the Structural Eurocodes provide guidelines for assessing fire resistance, with Part 1-2 addressing material-
specific behavior under fire [5].

This study applies the Finite Element Method (FEM) via ANSYS to simulate the fire behavior of 1.4301 stainless
steel beams. Previous research has validated similar simulations with good agreement to experimental data [13, 14, 15].
A parametric approach is used to analyze how variations in beam geometry affect thermal behavior and fire resistance,
contributing to safer and more efficient structural designs.

2. Materials and Methods

This study focuses on the thermo-mechanical behavior of austenitic stainless steel beams (grade 1.4301) under fire
conditions. Mechanical properties such as yield and ultimate strength were defined according to EN 1993-1-4 [16],
considering both cold-formed and hot-rolled profiles with nominal thicknesses up to 12 mm. Stress-strain relationships
were derived from Eurocode 3 [5] using temperature-dependent Ramberg-Osgood equations, with adaptations for cor-
ner regions based on Ashraf et al. [17].

Thermal properties, including thermal conductivity, specific heat, and emissivity, were modeled according to EN
1993-1-2 [5], using temperature-dependent functions. Fire exposure followed the ISO 834 standard curve [18]. Seven
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RHS cross-sections were analyzed (e.g., 100x50%5 mm to 300x200x8 mm). Each beam had a total length of 3750 mm
and an effective fire exposure zone of 3160 mm. Loads were applied symmetrically at a distance of 1200 mm from each
support. The geometry and fire exposure region adopted for the simulations are shown in in Figure 1.
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Figure 1. Beam geometry and fire exposure region (adapted from [19]).

Slenderness was evaluated using EN 1993-1-2 and EN 1993-1-5 [20], ensuring sections remained within the valid
range for the applied method. Seven RHS cross-sections were analyzed, varying in height, width, and thickness. Their
dimensions and shapes are presented in Table 1.

Table 1 — Cross-sections analyzed in the parametric study (adapted from [21]).

Geometry Section h [mm] b [mm] t [mm] r [mm]
100x50x5 100 50 5 10
150x80x4 150 80 5 10
150x100x5 150 100 5 10
| v ' 180x100x5 180 100 5 10
| 200x100x5 200 100 5 10
N . 300x200x5 300 200 5 10
P : 300x200x8 300 200 8 20

Numerical simulations were performed in ANSYS 2024, using SHELL131 elements for thermal analysis and
SHELL181 for static and thermo-mechanical stages. The analysis sequence comprised three steps:
i. Static analysis (20 °C): to define the maximum load-bearing capacity per section, using large displacement
nonlinear settings.

ii. Thermal analysis: to simulate temperature distribution over time with convective and radiative heat transfer.
Boundary conditions were applied on three sides of the beam over the fire-exposed region.
iii. Thermo-mechanical analysis: to assess fire resistance under sustained load levels (0.2, 0.4, and 0.6 of

maximum static load), integrating the previous results. Failure criteria were based on displacement thresholds
and convergence behavior [22].

Material data and stress-strain curves were generated using Excel, and all models considered geometrical and ma-

terial nonlinearities with initial imperfections (GMNIA). Mesh refinement followed convergence criteria and varied
with section dimensions.

3. Results and Discussion

The study includes results from the static, thermal and thermomechanical analyses. In the static analysis, the val-
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ues of the maximum force supported by each cross-section are presented. Analysing the strength of each section Figure
2.
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Figure 2 — Comparison of the strength at room temperature of the cross sections for the austenitic 1.4301 stainless steel.

The graphs show a section resistance as the width, height or thickness is varied (Figure 6). When comparing sec-
tions of the same height and varying their width, as in the case of the RHS 150x80x5 and RHS 150x100x5 sections
(Figure 6), there is a slight increase in the resistance of the sections. When the thickness was varied, as in the case of the
300x200x5 and 300x200x8 cross-sections, there was a large increase in both the maximum force supported and the
maximum displacement due to the better distribution of the force over the beam [23].

When the section height was varied between the 150x100x5 and 180x100x5 sections, it was found that the maxi-
mum force supported by the cross-section showed a significant jump, varying by around 30 per cent more. On the other
hand, the maximum displacement obtained decreased by 10 per cent These results were obtained from the data in Table
2, which shows the maximum force supported by each section and its maximum displacement achieved by the conver-
gence of the software [15].

Table 2 — Maximum force and displacement at room temperature supported by each beam cross-section.

. Maximum Displacement
Section Force NUM .

[KN] axis-Y [mm]
100x50x5 9.71 124.03
150x80x5 23.18 87.86
150x100x5 26.64 96.81
180x100x5 35.04 86.29
200x100x5 41.20 85.73
300x200x5 107.44 51.57
300x200x8 186.14 171.03

The temperature as a function of time was obtained for four points (T1 to T4) distributed along the height of the
beam cross-section, as illustrated in Figure 3. The cross-section was exposed to fire on three sides—bottom and vertical
webs—according to standard ISO 834 fire conditions. These data allowed the analysis of thermal variation among dif-
ferent geometries.
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Figure 3 — Temperature measurement points in the cross-section exposed to fire on three sides. (adapted from [19]).

Increasing one of the beam's dimensions results in greater mechanical resistance. For thermal analyses, the thermal
properties can be observed in Figure 4.
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Figure 4 — Thermal data section RHS180x100x5 for austenitic stainless steel.

Between different sections, there is a significant variation in the temperature distribution among the section. When
considering the three geometric parameters (height, width and thickness), as the height of the section increases, the
temperatures at points T1, T2, T3 and T4 remain practically unchanged between the different sections Figure 5, illus-
trates the comparison between the RHS 200x100x5 and RHS 180x100x5 cross-sections.
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Figure 5 — Comparison of thermal capture points T1, T2, T3 and T4 between sections RHS 200x100x5 and RHS
180x100x5.
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Keeping the height and thickness of the section constant and varying the width, there is a significant difference in

temperature at point T1, while points T2, T3 and T4 show no variation, as illustrated in Figure 6, which compares the
RHS 150x100x5 and RHS 150x80x5 sections.
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Figure 6 — Comparison of thermal capture points T1, T2, T3 and T4 between sections RHS 150x100x5 and RHS
150x80x5.

When using different thicknesses, keeping the height and width constant, all the temperature points show lower

values in the thicker sections. This behaviour can be seen in Figure 7, which compares the RHS 300x200x5 and RHS
300x200x8 sections.
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Figure 7 — Comparison of thermal capture points T1, T2, T3 and T4 between sections RHS 150x100x5 and RHS
150x80x5.

It can therefore be seen that the width and thickness of the section influence the temperature distribution in the
beam more significantly than the height. This is because the temperature is distributed over a larger surface [24].

For the parametric thermo-mechanical analyses, the maximum loads obtained in the static simulations were ap-
plied and distributed according to the number of nodes in each section, considering loads of 0.2, 0.4 and 0.6 of the max-
imum loads. The aim was to determine the final time and critical temperature at which the beam maintains its structural

integrity under this stress, using the stopping criteria (Equations 4 and 5) or terminating the simulation if the software
Table 3, shows the supported time for each segfiled dependiagen load.
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Table 3 — Final time and maximum temperature of thermomechanical simulations.

Load Diimit  (dD/dt)imit

Section Level [mm]  [mm/min] Criteria 1 Criteria 2 ts [min] Tmax [°C]
0.2 - - 46.50 904
100x50x5 0.4 324 14.4 - 23.00 25.23 808
0.6 - - 11.00 641
0.2 - 51.83 52.67 923
150x80x5 0.4 216 9.6 - - 25.00 806
0.6 - - 14.50 710
0.2 - 52.17 52.83 923
150x100x5 0.4 216 9.6 - - 26.55 817
0.6 - 14.00 14.67 713
0.2 - 51.67 55.00 929
180x100x5 0.4 180 8 - 26.83 27.67 823
0.6 - 13.67 15.50 724
0.2 - 51.33 56.50 933
200x100x5 0.4 162 7.2 - 26.50 28.17 825
0.6 - 13.33 16.17 732
0.2 - 59.67 63.83 952
300x200x5 0.4 108 4.8 - 27.33 37.00 868
0.6 - 12.67 19.50 765
0.2 - 54.83 66.17 926
300x200x8 0.4 108 4.8 - 14.00 31.67 723
0.6 - 9.33 18.17 500

4, Conclusion

The parametric analyses indicated that, among the geometric factors evaluated, increases in thickness and width led
to significant variations in the temperature distribution over time along the beam. This behavior is attributed to thermal
conduction phenomena, as a greater material volume impedes heat propagation, resulting in a slower heating process. In
the static analyses, an enhancement in resistance at 20 °C was observed with the increase in height, width, and thickness
of the cross-sections. A similar trend was identified in the thermo-mechanical analyses, albeit to a lesser extent. This
reduced sensitivity is explained by the simulations being based on the maximum load-bearing capacity at room
temperature, which limits the ability to discern the influence of geometric variations under the assessed conditions.
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