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Abstract
Coal burst is a signicant geohazard that can seriously impact the safety and production
of underground coal mines. Accurate prediction of coal burst liability (CBL) is crucial
for preventing and mitigating its potentially destructive impacts. For this purpose, this
study proposes ve white-box models for intelligent prediction of CBL based on four key
variables aecting coal burst, including dynamic failure time (DT), elastic energy index
(EEI), impact energy index (IE), and uniaxial compressive strength (UCS). The models
were developed using ve machine learning algorithms, including J48 decision tree, logis-
tic model tree, multivariate adaptive regression splines, tree-augmented naive Bayes, and
classication and regression tree. A database containing 206 actual coal burst cases was
used as the original supporting database for developing models, and synthetic minority
oversampling technique (SMOTE) was applied to address data imbalance and improve the
accuracy of CBL prediction. The optimal (most ecient) model was selected based on
six performance metrics namely accuracy (ACC), sensitivity (SE), precision (PR), Mat-
thew’s correlation coecient (MCC), Cohen’s Kappa coecient (Kappa), and area under
the receiver operating characteristic (ROC) curve (AUC). The results indicated that the
tree-augmented naive Bayes model demonstrates superior prediction performance with
ACC=0.952, SE=0.952, PR=0.952, MCC=0.929, Kappa=0.929, and AUC=0.964. To
determine the inuence of the input parameters and evaluate the contribution of each vari-
able to the model’s predictions, Shapley Additive exPlanations (SHAP) analysis was used
to explain the developed tree-augmented naive Bayes model. The SHAP feature impor-
tance quantication results revealed that UCS exerts the most signicant inuence on the
prediction of CBL, followed by the IE and EEI, while the impact of the DT is the least. Fi-
nally, the engineering applicability of the tree-augmented naive Bayes model was veried
by 16 coal burst cases, achieving a prediction accuracy of 93.75%. The tree-augmented
naive Bayes model, by providing an accurate prediction, oers an ecient framework for
safety management and coal burst risk mitigation in underground coal mines.
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