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Standard

Minimum Maimum Mean . Median Mode Skewness | Kurtosis
deviatin
fo. (MPa) 33.70 144.40 59.74 30.15 51.30 59.30 1.64 5.04
A (cm?) 35.21 158.37 93.46 30.74 98.53 102.07 -0.12 2.37
fy (MPa) 176.50 460 233.28 67.48 228 176.50 1.45 5.17
Ag (cm?) 6.16 20.09 11.38 3.08 11.03 11.03 0.69 3.89
y 0.28 1.34 0.55 0.21 0.50 0.47 2.32 8.33
T’ 0 0.88 0.41 0.30 0.43 0 -0.15 1.64

Table 1. Descriptive statistics of the variables

2. Relative square error

3. Relative root mean square error

1. Mean absolute error
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Parameter settings

General Chromosomes 100
Head size 3
Genes 6
Linking function Addition
+, =, X%,
Function set +,pow(x,y),
V.3, x2, %3, exp
z:;r:;ifsal Constants per gene 10
Data type Floating number
Lower bound -10
Upper bound 10
OG;;?&S Mutation 0.00138
IS Transposition 0.00546
RIS Transposition 0.00546
Gene Transposition ~ 0.00277
Inversion 0.00546
recombination 00027
;revcvcc))l-lgt())ilrlllz:tion 0.00277
Gene recombination  0.00277

Table 2. Optimal settings of GEP model
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Fig. 5. Comparison between experimental results and predicted values

RMSE MAE RSE RRMSE RZ g Mean® | CVO
Training set 105.98 79.49 0.09 0.16 0.91 0.08 1.00 0.18
(n=75)
Validation set 142.03 95.40 0.18 0.22 0.93 0.11 1.04 0.19
(n=19)
All of dataset 114.19 82.71 0.11 0.18 0.90 0.09 1.01 0.18
(n=94)

(2): Coefficient of variation of the ratio of experimental to predicted results

(1): Mean ratio of experimental to predicted results
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predicted and experimental results
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Abstract
Nowadays, the use of composite sections has become a common practice in the construction industry.
Concrete is inherently a brittle material, with high stiffness and compressive strength. On the other hand,
steel is a material with high tensile strength and ductility. The simultaneous use of steel and concrete in
composite sections improves the performance and leads to optimum exploitation of the properties of both
steel and concrete materials. Concrete-filled steel tube (CFST) is a type of section often used in high-rise
buildings. In addition, the composite action of steel and concrete in CFST columns gives some advantages
to these sections during fire incidents. On the one hand, the concrete core prevents the local buckling of the
steel tube, and on the other, the steel tube prevents the spalling of concrete at elevated temperatures. The
behavior of CFST sections at elevated temperatures is complicated due to interactions between the steel tube
and concrete core. Therefore, achieving a correct understanding of the behavior and material properties in
CFST columns is required for design and strengthening purposes

In this research, with the help of the gene expression programming (GEP) technique, a formula was
developed to estimate the ultimate load-carrying capacity of CFST columns after exposure to elevated
temperatures. To that end, the experimental data of 94 groups of CFST stub columns were employed, of
which 80% were used to train the model and the remaining 20% to validate the model. Input variables
included the compressive strength of the concrete core (f;.), cross-sectional area of the concrete core (4,),
yielding stress of steel (fy), cross-sectional area of steel tube (Ag), normalized temperature (T"), and the
confinement index (). The validity of the developed model was assessed using a portion of the data that had
not been employed in the training phase. To ensure the correct prediction of the ultimate load-carrying
capacity of CFST stub columns by the developed model, a sensitivity analysis and parametric studies were
conducted on the model and revealed the complete compatibility of the model with physical facts. The results
of this research indicate that increasing the compressive strength of the concrete core, cross-sectional area of
the steel tube, yield stress of steel tube, cross-sectional area of the concrete core and the confinement index
increases the ultimate loadcarrying capacity of the CFST section, while increasing the exposure temperature
lowers this parameter.

Keywords: CFST stub columns, Residual load-bearing capacity, Gene expression programming, Sensitivity
analysis, Parametric study
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