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Tunnel Boring Machine (TBM)  Summary

Machine Learning This study presents a machine learning (ML)-based framework for predicting the
penetration rate (PR) of tunnel boring machines (TBMs), using real operational data from
the Zagros long tunnel project. A hybrid feature selection approach combining mutual
Sensitivity Analysis information (MI) and the grey wolf optimizer (GWO) was applied to identify the most
influential parameters from 17 initial features. Four ML algorithms—K-nearest neighbors
(KNN), support vector machine (SVM), decision tree (DT), and random forest (RF)—were
Operational Parameters evaluated using a five-fold cross-validation procedure. Among them, RF achieved the best

performance with an R? of approximately 0.93 and RMSE of 0.05. Sensitivity analysis

using the RF model revealed that balanced adjustment of thrust force, torque, and

cutterhead rotation speed plays a key role in optimizing TBM performance. The results

demonstrate the potential of ML models as effective decision-support tools in mechanized tunneling.

Penetration Rate Prediction

Feature Selection

Introduction

The penetration rate (PR) is a fundamental indicator of TBM performance and directly influences project cost and schedule.
Accurate prediction of PR is therefore essential for planning and operational optimization. Previous studies often compared a
limited number of ML algorithms without comprehensive feature selection or sensitivity analysis of operational parameters.
This research addresses these gaps by applying a multi-stage feature selection process and evaluating multiple ML models to
improve prediction reliability and provide practical insights for TBM operation.

Methodology and Approaches

A dataset of 1258 records from the Zagros tunnel project was compiled, covering both rock mass properties and machine
operational variables. Initially, 17 features were considered, from which the most relevant were selected using a hybrid MI-
GWO approach. Four ML algorithms (KNN, SVM, DT, and RF) were then trained and validated. Model performance was
measured using RMSE, MAE, and R?, with five-fold cross-validation ensuring robustness and minimizing dependency on a
single train-test split. Finally, sensitivity analysis was carried out using the RF model, identified as the best-performing
algorithm.

Results and Conclusions

The RF model outperformed other algorithms, achieving an R? of about 0.93 and RMSE of 0.05, indicating high
predictiveaccuracy and generalization capability. Sensitivity analysis highlighted the crucial role of operational parameters,
particularly thrust force, torque, and cutterhead rotation speed. Results demonstrated that these parameters have interactive
effects, and their balanced adjustment is essential for achieving optimal PR. Overall, the study provides both methodological
advances—through integrated feature selection and robust ML modeling—and practical contributions by offering guidance for
TBM operators to optimize drilling strategies.
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