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TBM Performance Since various rock mass classification systems are the most
RMR Classification System commonly used methods in many rock engineering projects, they
RMRrgy System serve as a suitable approach for estimating TBM performance due to

Machine Learning their global acceptance and the availability of effective parameters.

Comparing the most common rock mass classification systems, the
RMR classification system demonstrates a better correlation with
TBM penetration rate, which is attributed to its incorporation of
uniaxial compressive strength (UCS) of rock as an input parameter.
As the RMR classification system was developed for analyzing rock
mass stability in tunnels and designing support systems, its input
parameters ratings have been accordingly structured. It appears that by modifying the rating values of the input
parameters and adjusting the internal weighting of each parameter, an optimized RMR can be achieved that
aligns with the objective of this study—predicting TBM performance in hard rock. The objective of this study
is to develop new relationships for estimating TBM performance in various rock types based on the input
parameters of the RMR system and, ultimately, to adjust the RMR system to establish a new model for
predicting TBM performance in rock. To this end, data from 10 tunneling projects under different geological
conditions were collected in a database. Finally, using artificial intelligence algorithms, the RMRrgm
classification is proposed with the aim of predicting TBM performance in hard rock. In RMRrgwm, each input
parameter is assigned a rating based on the relevant tables and charts, and the sum of these ratings, on a scale
of 0 to 100, determines the RMRtgm value. The corresponding RMRteum category is then identified, and based
on the provided table, the rock mass FPI range, excavability class, excavability description, and tunnel stability
conditions are predicted. This model can be useful during the design and planning stages of tunneling projects.

Summary

Rock mass classification systems are widely used to estimate TBM performance. Among them, the RMR
system shows better correlation with TBM penetration rate, largely due to its inclusion of uniaxial compressive
strength (UCS). This study aims to modify the RMR system specifically for TBM performance prediction in
hard rock. Data from 10 tunneling projects were compiled, and artificial intelligence algorithms were used to
develop a new classification system called RMRrgm. In RMR1gM, input parameters are assigned new ratings
and internal weightings. The total score (0-100) determines the RMRrpwm class, which then predicts the FPI
range, excavability, and tunnel stability conditions. This proposed model is intended to aid in the design and
planning stages of tunneling projects.

Introduction
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Despite the widespread use of Tunnel Boring Machines (TBMs), accurately predicting their performance,
especially in complex geological conditions, remains challenging. Existing prediction models are limited as
they fail to comprehensively account for all influential factors, including rock mass properties and machine
specifications. Rock mass classification systems, particularly RMR, Q, and GSI, are commonly used for TBM
performance estimation due to their simplicity and availability. Among these, the RMR system shows a
stronger correlation with TBM penetration rate, largely because it incorporates uniaxial compressive strength
(UCS). Key geological parameters affecting TBM performance, such as rock strength and joint conditions,
align with those in the RMR system. Since the RMR rock classification system is an early assessment in
tunneling projects with readily available parameters, modifying it could significantly aid in predicting TBM
performance. However, the RMR system was designed for tunnel stability, not for predicting excavability. This
study aims to adapt and optimize the RMR system specifically for predicting TBM performance in hard rock.
Using machine learning regression analyses, including decision tree and Random Forest algorithms, the
research will modify parameter ratings and weightings. The ultimate goal is to propose a new, optimized
classification model, termed RMR1gwm, for more accurate TBM performance forecasting.

Methodology and Approaches

Most existing Al models for predicting TBM performance are based on supervised learning, where models are
trained on input-output data. This study predicts machine performance (FPI) using RMR input parameters
(UCS, RQD, Js, J.) and rock type (RTC). Since FPI is continuous, regression algorithms are suitable. Classic
regression, along with modern methods like Stepwise, Lasso, and Ridge Regression, are implemented. The
data is split into training and test datasets to build and validate the models, aiming for a generalizable model
that performs well on new, unseen data. By adjusting the ratings and internal weighting of RMR parameters,
an optimized RMR system for accurate TBM performance prediction can be developed. This study employs
Random Forest regression's Variable Importance (VI) in Python's Scikit-Learn to identify key parameters and
determine their weights.

Results and Conclusions

Although the RMR system exhibits the best correlation with machine performance among various rock mass
classification systems, since this classification was developed to determine the stability conditions of rock
masses in tunnels and to design support systems, no highly accurate relationship has yet been presented to
estimate machine performance using this system or its input parameters.

In the Random Forest algorithm, an index has been introduced that indicates which variables the model
weighted more heavily in making predictions. This index, known as the Variable Importance index, can be
calculated as a percentage within the model. This index was used to determine the optimal ratings of the input
parameters for a developed RMR system designed to estimate TBM performance in rock. Each of the
parameters UCS, RQD, J,, and J. is assigned a score based on relevant tables and charts, and the sum of these
scores, ranging from zero to one hundred, determines the RMRtgm value. Then, the determined RMRrgm class
is used, according to the provided table, to predict the range of the FPI, the rock excavability class, excavability
description, and the stability conditions of the rock mass along the tunnel. The correlation between the RMR 1M
and FPI index is significantly higher than that between the Basic RMR and FPI, indicating that RMRrgm can
be effectively used to estimate machine performance in various rock types.
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