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Prediction of Critical Temperature for FR355 Steel H-Section Columns
Using Finite Element and Machine Learning Approaches
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Abstract — This study aims to overcome the limitations of current design codes in predicting the collapse critical temperature of
H-section steel columns exposed to fire. A comprehensive database comprising 864 cases was established using a validated
finite element (FE) analysis model, covering an extensive range of parameters. Based on this database, an Artificial Neural
Network (ANN) prediction model was developed. The optimized ANN model, featuring three hidden layers, demonstrated
significantly improved predictive accuracy (Coefficient of Variation<3.5 %) for both conventional carbon steel (SM355) and
fire-resistant steel (FR355) compared to existing design formulas. The model proposed in this study is expected to serve as a
robust tool for performance-based fire safety design, enabling more accurate and economical evaluations of structural fire

resistance.
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Fig. 1. Test setup of column fire resistant test
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Table 1. Validation of FE model through critical temperature

comparison
Critical temperature (°C)
i T,

Specimen Ton zon Ty o Tm FEA
Cr,Test

SM355-0.4 610.7 619.8 0.99

SM355-0.5 562.4 577.2 0.97

SM355-0.6 525.0 549.2 0.96

FR355-0.4 678.6 665.1 1.02

FR355-0.5 643.1 648.0 0.99

FR355-0.6 601.3 612.8 0.98

Mean 0.98

Standard Deviation 0.019

Table 2. Key variables considered in parametric analysis

Parameter Values

Steel grade SM355, FR355

Load ratio n 0.2,0.3,0.4,0.5,0.6,0.7

Slenderness ratio A 0.3,0.6,09,1.2,1.5,1.8,2.1,2.4

Section factor 4,,/V'| 110, 151, 153, 155, 178, 189, 192, 196

Section classification

EN 1993-1-1 Class 1, Class 2, Class 3
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