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Penetration rate The most crucial performance parameter of a Tunnel Boring Machine (TBM) is
Earth Pressure Balance the penetration rate, defined as the ratio of the excavating distance to the operational
Linear regression time during tunnel excavation. Geological and geotechnical factors, machine
neural-fuzzy system specifications, and operational parameters can significantly influence the TBM
Torque penetration rate. Over the past few decades, predictive models for penetration rate have
Thrust emerged and can generally be classified into three categories: theoretical models,

laboratory experimental studies, and empirical models based on the historical field
performance of TBMs.
In this study, after component analysis, outlier data removal, and considering
geotechnical factors and various machine parameters, the penetration coefficient of an
Earth Pressure Balance (EPB) machine was investigated and predicted in five projects.
Linear regression and fuzzy neural network methods were employed for this purpose. To validate each model, the coefficient of
determination (R?) statistical index was utilized. The results of the investigations indicated that the fuzzy neural network method
exhibited a higher level of accuracy (R?=0.94) in predicting the penetration rate compared to other methods. Furthermore,
sensitivity analysis results revealed that the cutter head torque has the most significant impact on the EPB machine penetration
rate.

Summary

Due to the importance of the penetration rate parameter of the TBM machine during the past few decades, penetration rate
prediction models have appeared successively. Therefore, in this research, by using the database and selected parameters such
as thrust, torque, cohesion, internal friction angle and shear modulus, a model is presented to predict the penetration rate of EPB
TBM machines using the Fuzzy-neural methods.

In general, based on the results, it can be understood that by choosing the appropriate parameters for the input of the fuzzy-
neural system while considering the rules of the network, the prediction model is performed with acceptable accuracy.

Introduction

Tunnel Boring Machines (TBM) are widely used in tunnel engineering due to their safety and efficiency. Today, Earth
Pressure Balance Boring Machines (EPB) are used due to their high safety, reduction of tunnel displacement and convergence,
as well as The rapid development of mechanical and electronic parts of the machine is widely used in earthen environments,
especially in urban areas. Penetration rate is a very important factor, because its real-time prediction can reflect the adaptation
of TBM under current geological conditions and adjust the parameters. operational help. Two geotechnical factors (pressure and
soil properties) and technological factor (machine design, thrust and torque) are effective in the selection and development of
EPB machine. In soft ground, in general, the penetration rate is often constant at a constant value during the impact, and mud
flow is carefully monitored to maintain working face pressure by balancing the removed volume.

Methodology and Approaches

The database used in this paper contains 326 datasets from 5 tunnels from around the world. Primary data has been collected
using a data logger along the tunnels. A box plot was used to find outlier data and the outlier data were removed. After principal
component analysis and removal of outliers, the relationship between each independent variable and ROP was investigated.
Correlation analysis of ROP and independent variables showed that the highest correlation was between penetration rate and
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cutterhead torque. Then, linear regression analysis was used to predict the penetration rate of EPB device. The value of the
standard error of estimation is equal to 0.061, which is at an acceptable level. After that, three ANFIS clustering methods
(genfisl, genfis2 and genfis3) were used to predict the penetration coefficient, and among these three methods, the CFM method
had a higher accuracy of (R = 0.944).

Results and Conclusions

The results of these studies are as follows:

e Theresults of the sensitivity analysis also showed that all the input parameters had a significant effect on the penetration
rate of the EPB device. The biggest effect on the penetration rate of the device was related to the torque of the cutter
head.

e  Predicting the penetration rate using the linear regression method showed that the determination rate of the obtained
model was 0.780 and the graph of the linear regression model was close to a straight line and its distribution was
normal.

e Prediction of penetration rate in this research using neuro-fuzzy analysis showed that the root mean square error in
neuro-fuzzy method (three methods) was 0.0967, 0.155 and 0.0278 respectively.

e Examining the results of different methods used to predict the penetration rate of the earth pressure balance drilling
machine showed that the neuro-fuzzy method has more accurate prediction of the penetration rate of the EPB TBM.

Yy



