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Abstract 

In this study, the mechanical properties of steel fiber-reinforced concrete, including compressive, tensile, 

and flexural strengths, were investigated using experimental data and machine learning techniques. 

Laboratory tests were conducted on concrete specimens reinforced with different types and volume 

fractions of steel fibers. After data preparation and elimination of non-reinforced concrete samples, an 

overfitting-based feature selection strategy was applied to identify the most effective parameters 

influencing the mechanical behavior of steel fiber-reinforced concrete. Symbolic regression models were 

then developed to predict the strength properties. The results show that the proposed predictive 

relationships provide higher accuracy compared to existing empirical models, indicating the capability of 

the adopted approach for reliable prediction of the mechanical strengths of steel fiber-reinforced concrete. 

Introduction 

Steel fiber-reinforced concrete has been extensively investigated due to its enhanced mechanical 

properties compared to conventional concrete. Experimental studies have demonstrated that the 

compressive, tensile, and flexural strengths of steel fiber-reinforced concrete are significantly influenced 

by fiber volume fraction, geometry, and aspect ratio [1-7]. Although several empirical relationships have 

been proposed to estimate these strength properties, their applicability is generally limited to specific 

experimental conditions and datasets. 

To address these limitations, recent studies have increasingly employed artificial intelligence and machine 

learning techniques to model the nonlinear behavior of steel fiber-reinforced concrete [8-11]. These data-

driven approaches have shown improved prediction accuracy compared to traditional empirical models; 

however, challenges related to overfitting and model generalization have been reported. Consequently, 

feature selection strategies and overfitting-based approaches have been introduced to improve model 

robustness and predictive performance [12-14]. In this context, the present study applies a machine 

learning-based symbolic regression framework to predict the mechanical strength properties of steel fiber-

reinforced concrete. 
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Methodology 

The overall workflow of the proposed approach, including data preparation, feature selection, and model 

development, is illustrated in Figure (1). After data preprocessing and grouping the dataset based on fiber 

type, an overfitting-based feature selection strategy was applied. Five-fold cross-validation (k = 5) and 

regularization techniques were used to control overfitting and improve model generalization.  

 
Figure (1): The process illustration for the data preparation and feature selection. 

The generation of predictive equations was carried out using symbolic regression, as illustrated in Figure 

(2). This approach enables the derivation of explicit mathematical expressions that relate the selected 

input variables to the compressive, tensile, and flexural strengths of steel fiber-reinforced concrete. 

 
Figure (2): Equation generation process using the symbolic regression model 

Results and Discussion 

A representative comparison between experimental and predicted compressive strength values is 

presented in Figure (3), demonstrating a strong agreement between the proposed model outputs and 

laboratory test results. The error analysis of different predictive relationships for compressive strength, 

shown in Figure (4), indicates that the proposed symbolic regression model achieves lower prediction 

errors compared to conventional empirical equations. Similar trends were observed for tensile and 

flexural strengths, where the developed models exhibited improved prediction accuracy and consistent 

agreement with experimental results. These findings confirm that the proposed approach is effective in 

predicting various mechanical strength properties of steel fiber-reinforced concrete. 
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Figure (3): Diagram of compressive strength results of steel fiber-reinforced concrete specimens with the investigated volume fractions 

 
Figure (4): Diagram of error results of different equations for predicting compressive strength 

Conclusion 

Based on the experimental results and predictive modeling, this study demonstrates that the proposed 

symbolic regression models can accurately estimate the compressive, tensile, and flexural strengths of 

steel fiber-reinforced concrete. The comparison between predicted and experimental results indicates that 

the developed models improve the prediction accuracy by up to 34% compared to conventional empirical 

relationships. This improvement confirms the effectiveness of the overfitting-based feature selection 

strategy combined with machine learning techniques. The results of this study show that the proposed 

equations can be used as reliable tools for predicting the mechanical behavior of steel fiber-reinforced 

concrete within the investigated range of parameters. 

References 

[1] A. Khaloo, N. Kim, Mechanical properties of normal to high-strength steel fiber-reinforced concrete, 

ACI Materials Journal, 18(2) (1996) 92–97. 

[2] P.S. Song, S. Hwang, Mechanical properties of high-strength steel fiber-reinforced concrete, 

Construction and Building Materials, 18 (2004) 669–673. 

[3] A.S. Ezeldin, P.N. Balaguru, Normal and high-strength fiber-reinforced concrete under compression, 

Journal of Materials in Civil Engineering, 4(4) (1992) 415–429. 

[4] M.C. Nataraja, N. Dhang, A.P. Gupta, Stress–strain curves for steel-fiber reinforced concrete in 

compression, Cement and Concrete Composites, 21(5–6) (1999) 383–390. 

[5] S. Yazıcı, G. İnan, V. Tabak, Effect of aspect ratio and steel fiber volume fraction on the mechanical 

properties of steel fiber-reinforced concrete, Construction and Building Materials, 21(6) (2007) 1250–

1253. 

A
C
C
E
P
T
E
D
 M

A
N

U
S
C
R
IP

T



[6] J. Thomas, A. Ramaswamy, Mechanical properties of steel fiber-reinforced concrete, Journal of 

Materials in Civil Engineering, 19(5) (2007) 385–392. 

[7] Y. Ou, M. Tsai, K. Liu, K. Chang, Compressive behavior of steel-fiber-reinforced concrete with a 

high reinforcing index, Journal of Materials in Civil Engineering, 24(2) (2012) 207–215. 

[8] H. Salehi, R. Burgueño, Emerging artificial intelligence methods in structural engineering, 

Engineering Structures, 171 (2018) 170–189. 

[9] M. Açikgenç, M. Ulaş, K.E. Alyamaç, Using an artificial neural network to predict mix compositions 

of steel fiber-reinforced concrete, Construction and Building Materials, (2014). 

[10] M. Moradi, A.R. Bagherieh, M.R. Esfahani, Relationship of tensile strength of steel fiber-reinforced 

concrete based on genetic programming, International Journal of Optimization in Civil Engineering, 6(3) 

(2016) 349–363. 

[11] M.C. Kang, D.Y. Yoo, R. Gupta, Machine learning-based prediction for compressive and flexural 

strengths of steel fiber-reinforced concrete, Construction and Building Materials, 266 (2021) 121117. 

[12] J. Li, K. Cheng, S. Wang, F. Morstatter, R.P. Trevino, J. Tang, H. Liu, Feature selection: A data 

perspective, ACM Computing Surveys, 50(6) (2017) 1–45. 

[13] E. Romero, J.M. Sopena, G. Navarrete, R. Alquézar, Feature selection forcing overtraining may help 

to improve performance, Proceedings of the International Joint Conference on Neural Networks, 3 (2003) 

2181–2186. 

[14] E. Sadrossadat, H. Basarir, A. Karrech, M. Elchalakani, Multi-objective mixture design and 

optimisation of steel fiber reinforced UHPC using machine learning algorithms and metaheuristics, 

Engineering with Computers, 38 (2021) 2569–2582. 

A
C
C
E
P
T
E
D
 M

A
N

U
S
C
R
IP

T


