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Safety factor prediction of mine roadway bolts based on ensemble learning
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Abstract: The stable anchor network support of roadways signifies an important guarantee for safe and
efficient exploitation of mine, while the traditional design methods often have the problem of excessive
support. In order to reasonably determine the anchor network support parameters, economically and
effectively realize the anchor network support design, and quantitatively predict the safety of rock
roadway, this paper adopts the geological strength index (GSI) method based on the Hoek-Brown
strength criterion to divide the surrounding rock grades of mine roadways, and carries out the numeri-
cal analysis of different anchor network support schemes under the condition of each surrounding rock
grade. Multiple groups of rock bolt stress data have been obtained to establish the safety factor data-
base of mine roadway rock bolts. In addition, a prediction model based on three ensemble algorithms
has been proposed: random forest (RF), eXtreme gradient boosting ( XGBoost) and light gradient
boosting machine(LightGBM). The hyperparameters of each model have been searched and optimized
by the Bayesian optimization algorithm(BOA). Several single learners were employed to compare the
prediction accuracy. Furthermore, an importance analysis of rock roadway eigenvalues was carried out

to study the relative importance of each eigenvalue. The results indicate that the ensemble learning
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has higher prediction accuracy than single learners, and the BOA-LightGBM model has the shortest

training time and the highest prediction accuracy, which can be adopted as the optimal algorithm for

intelligent decision-making of rock roadway support system. The importance analysis demonstrates

that various parameters have different effects on the safety factor of rock bolts in the mine roadways,

and the surrounding rock grade represents the most influential factor. This study offers novel insights

into the design optimization of anchor network support and the safety prediction of rock roadways to

improve the economic benefits of mine.

Key words: mine roadway; Hoek-Brown strength criterion; anchor network support; ensemble learn-

ing; Bayesian optimization algorithm(BOA) ; safety factor
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