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Cassinelli, et al., 1982

PR =-0.0059 RSR + 1.59

Innaurato, et al., 1991

PR = UCS04% —0.047 RSR + 3.15

Mitani, et al., 1987

PR =2.7-0.8 log(Q)

Palmstrom, 1995

Rock Mass index (RMi)

Grandori, et al., 1995 IMS classification

Barton, 2000 PR =5 Qram?%2
_ RQDO ]r ]W
QTBM - ]

SIGMA 20 q o,
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Sapigni, et al., 2002

Quadratic relationship between PR (m/hr) & RMR

Ribacchi & Lembo-Fazio, 2005 SP = 250 UCScm™®

.66

UCSem = UCS. exp (RMR-100/18)

Bieniawski, et al., 2007

Rock Mass Excavability (RME) (five basic input parameters)

ARA = 0.422 RMEo7 —11.61

Khademi, et al., 2010

Rock Mass Rating (RMR) Parameters

FPI =4.785 + 0.107 UCS + 0.09 RQD — 7.145 Js + 0.079 Jc + 1.04 log (@)
FPl =4.161 + 0.091 UCS + 0.077 RQD + 0.117 Jc + 1.077 log (a)

Hassanpour, et al., 2011

FPI = 0.053 BRMR? — 4.205 BRMR + 92.068

Hassanpour, et al., 2011

FPI =4.619 exp (0.023 GSI)

Hassanpour, et al., 2011

FPI = 15.309 Q0304

Benato & Oreste, 2015

PR =5/8 [(Fn-14) + (0.0132 - 0.00009 UCS) (100-GSI)?]
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TBM performance Summary

RMR classification system Despite the widespread use of tunnel boring machines (TBMs) in
Regression analysis tunneling projects, accurate estimates of their performance,
Machine learning especially in complex geological conditions, can still be challenging.

The aim of this study is to investigate the possibility of using RMR
rock mass classification system parameters to predict the TBM performance in different rock types, using
regression analysis based on machine learning algorithms. Therefore, real machine performance data, as well
as geological and geomechanical data, were collected from 10 tunneling projects in a comprehensive database
with 523 tunnel sections in different rock types and were used to develop new relationships to predict the field
penetration index (FPI) based on input parameters of the RMR classification system. Since different rock types
have different textures, structures, and mineralogical compositions and respond differently to machine shear
forces, combining the effects of rock type in the models for prediction of TBM performance can improve the
accuracy of estimates. These relationships can be especially useful in the design and planning of a tunneling
project. This study aims to investigate the possibility of using the input parameters of the RMR rock mass
classification system to develop TBM performance prediction relationships using regression analysis based on
machine learning (ML) algorithms. New equations can lead to estimating the performance of the TBM under
different geological conditions and taking into account the main and effective parameters.

Introduction

Many efforts have been made by researchers to predict the TBM performance based on rock mass classification
systems. The RMR classification system shows a better correlation with the TBM penetration rate that is due
to the use of uniaxial compressive strength (UCS) as an input parameter in this classification system. In most
tunneling projects, input parameters of the RMR classification system are available. It should be noted that the
RMR system, like other rock mass classification systems, has been developed to classify the conditions of the
rock mass in terms of tunnel stability and support design, and the selection of effective parameters has also
been based on this, and if the goal is to use the input parameters of the RMR system to predict the TBM
performance, changes should certainly be made to the input parameters and weights.
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Methodology and Approaches

To develop empirical equations based on RMR parameters, ML methods, which use supervised learning
techniques, have been implemented. In this regard, first, the classic regression algorithm, and then, more
modern algorithms, including stepwise regression and regularization algorithms, including Lasso and Ridge
regression algorithms have been implemented.

Results and Conclusions

The input parameters of the RMR system, which are often available in tunneling projects, have been used to
estimate field penetration index (FPI) as a result of applying ML methods, and new relationships have been
developed. Taking into account the rock type in modeling, the TBM performance has increased significantly,
indicating the importance of the lithology in boring.




