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Abstract :  Accurate prediction of the shear capacity of bolted shear connectors has significant importance for the design and
application of reusable steel-concrete composite beams. This study constructed a database containing 200 sets of
experimental results from push-out tests on the shear capacity of bolted shear connectors, through the mining of
openly accessible literature resources. During the data processing stage, the study employed interpretable machine
learning methods to precisely identify abnormal samples and thoroughly analyze the correlations within the dataset. In
the process of model development, key features such as concrete strength, elastic modulus, bolt tensile strength, bolt

yield strength, bolt diameter, and embedded length of the push-out test specimens were selected. Based on four
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advanced machine learning algorithms and a semi-empirical hyperparameter tuning approach, a prediction model for

shear capacity was established. After comparison, the optimal machine learning model was identified, achieving a

determination coefficient of 0.987 on the test set, significantly surpassing existing empirical models. To further

enhance the credibility and transparency of the prediction model, the study employed the additive explanation method

of SHAP to interpret the predictions of the optimal machine learning model, revealing the inherent logic and basis of

the model’s predictions. Additionally, this study innovatively proposed a method for generating dimensionally

balanced formulas based on symbolic regression and genetic algorithms. Through this method, a prediction formula

for the shear capacity of bolted shear connectors was fitted. This formula exhibits high prediction accuracy, achieving

a determination coefficient of 0.899 on the test set, and clearly reveals the explicit mapping relationship between the

key features of bolted shear connectors and their shear capacity, providing strong support for practical applications.
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Fig. 1 Schematic diagram of the modeling process
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Fig. 2 Types of shear connector in the database
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Table 1 Databases of bolted shear connector push-out test
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Table 2 Empirical model of shear bearing capacity for

bolted shear connectors
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