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TBM-EPB machine face pressure Summary

Gray W03|£ algorithm With the increasing expansion of urban environments, the creation and
PLAXI1S772020 software development of intra-city transportation systems in order to reduce traffic,
Monte Carlo simulation pollution and reduce the costs of intra-city traffic is essential. An important

part of the construction cost of the metro is related to the excavation and maintenance of tunnels. Therefore, one of the
most important decisions in the construction of subway tunnels is the excavation method in alluvial and loose
environments. Tunnel excavation by TBM-EPB machine is a fast and powerful method compared to other excavation
methods in soft soils and loose areas. One of the most important aspects in preventing the face pressure from falling
during excavation in soft and alluvial fields is estimation of the optimal face pressure of the excavation machine in
each excavation stage (different distances in the excavation). Because the high or low face pressure of the excavation
machine leads to increased costs, loss of life, high hardness, and also, leads to delays in the completion of the project.
In this paper, due to the uncertainty in geotechnical parameters and the sensitivity of urban tunnels, the issue has been
studied from a probabilistic perspective. For this purpose, first, for 50 different numerical modeling modes of Tabriz
Metro Line 2 using PLAXIS®*P2020 software, and then, Monte Carlo simulation method has been used to generate
random numbers and assign appropriate probabilistic distributions. Then, using the Gray Wolf meta-heuristic
algorithm, the face pressure of the TBM-EPB machine has been estimated using the prediction relation. Finally, in
order to evaluate and validate the relationship, the statistical indicators of square correlation coefficient (R?),
variance inclusion (VAF), mean absolute error percentage (MAPE), root mean square error (RMSE) and mean square
error (MSE) have been used. According to the model validation, the relationship created by the Gray Wolf algorithm is
very close to the reality of the problem, and thus, it can be used to continue the route in other similar areas.

Introduction

In recent years, due to the need to expand metro networks and communication routes in densely populated and large
cities to reduce traffic, travel costs and also pollution caused by vehicles, the use of mechanized tunneling methods in
urban areas is inevitable. The use of full-length TBM-EPB machines for granular and loose soil environments is a
well-known method of tunnel excavation. It should be noted that most of long tunnels in the world are today drilled in
earthen environments. In the discussion of urban tunnels in alluvial and earthen environments, one of the important
cases to control the stability of the ground in the face tunnel is the face pressure tunnel of the excavation machine. If
the face pressure of the excavation machine is low, it will cause problems such as excessive subsidence of the ground,
distortion of surface structures, tunnel convergence, failure of the excavation system, problematic maintenance
systems, jamming of the excavation machine bumper and frequent stops. On the other hand, if the pressure of the brace
is high, it leads to wear of the cutting tools, pushing back the excavation machine to replace the cutting tools, hard and
exhausting hyperbaric operations to hold the brace due to the release of the brace. It should be noted that in both
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cases, due to the stop of the excavation machine, the end of the project will be delayed and the costs will be very high.
Therefore, the purpose of stability analysis is to evaluate the degree of safety against excavation. For this purpose, in
mechanized excavation, it should be possible to estimate the minimum pressure required in the tunnel face. In general,
methods of determination of face pressure can be divided into experimental, analytical and numerical methods. In the
experimental methods, based on observations made during tunnel excavation, an experimental relationship is
established between one or more parameters and the amount of pectoral pressure. In this method, the minimum and
maximum maintenance pressure is not provided and only the pressure required to perform excavation in suitable
conditions is recommended.

Methodology and Approaches

Over the years, with advances in artificial intelligence in the world, the use of artificial intelligence methods to
estimate the compressive strength of the excavation machine has become practical, relatively accurate and usable for
similar areas. For this purpose, in this paper, first, by considering the geotechnical values (adhesion, internal friction
angle, Poisson coefficient and modulus of elasticity as the input of the problem) in Tabriz Metro Line 2, we created 50
numerical models in different modes using PLAX1S°2020 software, and TBM-EPB machine face pressure was also
obtained for each model. Then, by coding the Gray Wolf algorithm in MATLAB environment, the face pressure of the
TBM-EPB machine was estimated that could be evaluated using statistical indicators to determine the efficiency of the
proposed method in this study.

Results and Conclusions

In tunnel excavation, due to the disturbance of the stress situation, deformations occur that may cause tunnel
instability and many human and financial losses. One of the most important factors to prevent the instability of tunnels
is to keep the tunnel face safe by the head face pressure of TBM-EPB machines that varies due to uncertainty in
geotechnical parameters anywhere on the ground during excavation. Therefore, in this paper, this issue has been
investigated to prevent excessive ground subsidence, distortion and failure of surface structures, tunnel convergence,
locking of TBM-EPB machine, failure of transition area maintenance systems, frequent replacement of cutting tools,
high TBM-EPB machine stops, difficult operation and hyperbaric exhaust. The face pressure of the TBM-EPB machine
must be optimally determined by the operator at each stage. To do this, due to the variability in soil mechanical
properties and the determination of numerical methods, first, using the Monte Carlo simulation, 50 geotechnical
parameters (adhesion, internal friction angle, Poisson coefficient and modulus of elasticity) are randomly generated
as the input and the face pressure of the TBM-EPB machine of Tabriz Metro Line 2 was obtained by PLAX15°°2020
software at any point. Then, in order to estimate the face pressure of the TBM-EPB machine, due to relatively high
accuracy of intelligent methods, the Gray Wolf algorithm was used in MATLAB environment. In the modeling stage,
80% of the data were used randomly in the training stage for model construction and the remaining 20% of the data
were used in the model test stage to evaluate the models. After creating a model (prediction relationship), in order to
validate the relationship, a number of statistical indicators were used for each of the training and test data. The
validation results showed that the relationship created by the Gray Wolf algorithm had the results very close to the
values obtained from numerical modeling (real values). For this reason, the constructed relationship can be used for
any other region and by having the geotechnical parameters of each region and substituting the parameters in the
constructed relationship, the face pressure of the TBM-EPB machine can be obtained anywhere on the ground, and the
optimal face pressure can also be obtained. The operator can install a TBM-EPB machine to greatly avoid the above-
mentioned problems.




