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Total displacements u,, (scaled up 50.0 times)
Maximum value = 0.322410 % m (Hement 8757 at Node 675)

Minimum value = -0.07106 m (Element 14313 at Node 1952)
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Soil data
Sail element number 4371
X -0.5929 m
Y 41.50 m
z -57.24 m
Current value
u v 0.01359 m
Uymin 0.000 mn
Uy 0.000 mn
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Total displacements u,, {scaled up 200 times)
Manimum value = 2.556%10 2 m (Element 12716 at Node 28)
Minimum value = -0.01404 m (Element 4871 at Node 423)
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Numerical modeling Summary

Ground surface subsidence In recent years, along with the development and expansion of cities,
Cutter head torque population growth and vehicles, the construction of underground railways
Face pressure, Trust force by mechanized tunneling is increasing. One of the common problems of
Getting stuck on EPB-TBM EPB-TBM mechanized tunneling in weak and unstable areas is tunnel

convergence, which causes problems such as getting stuck on EPB-TBM,
subsidence and damage to buildings around the tunnel in urban areas. Due to the uncertainty in the soil parameters of
the region, estimating the face pressure, thrust jacks pressure and cutter head torque at different lengths of the tunnel
is very important to prevent over-convergence of the tunnel, getting stuck on EPB-TBM and ground subsidence. In
this study, the amount of face pressure, thrust jacks force, cutter head torque and ground subsidence due to tunneling
at different lengths of the tunnel in the construction project of the new Istanbul Airport Metro in Turkey is modeled
using numerical software, PLAXISS® 2020. The modeling results show that the operator can increase the face
pressure by preventing getting stuck on EPB-TBM. According to the results obtained in this paper, adjusting the face
pressure, thrust jacks force and cutter head torque, in addition to solving the problem of getting stuck on EPB-TBM,
will reduce the ground subsidence and damage to the structures on the ground surface.

Introduction

Types of the underground traffic tunnels are increasingly demanded in line with population growth around the world.
However, the convergence induced by the tunneling operation is always threatening the surface structures in urban
and residential areas or other underground facilities such as pipelines. Hence, the tunnel construction is accompanied
by measures to prevent the excessive ground subsidence in the urban areas, which may result in catastrophic
damages. Different empirical, analytical and numerical methods have been used to analyze such a complex problem
in which numerous parameters are involved. In this paper, the study area is part of the construction project of the new
Istanbul Airport Metro, which is located in northwest of the city center towards the Black Sea coast. In this study,
using numerical modeling (by Plaxis®® 2020 software) and considering the uncertainty in the values of ground
parameters, a new solution based on adding cylinders between the end of the stuck and the last segment of the
segment cover in fall area is presented.

Methodology and Approaches
In this study, accurate three-dimensional analysis of deformation and stability in tunneling engineering and rock
mechanics is performed using Plaxis®®, the user-friendly finite element package with trusted computation, that is used
by geotechnical engineers worldwide. The features of this software are:

e Analyze surface settlements in tunneling, mining or reservoir depletion
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Predict differential settlements of buildings adjacent to excavation pits

Plan for stability and seepage into excavation pits or lateral displacements of diaphragm walls

Calculate necessary consolidation time for pore pressure dissipation in undrained loading problems

Estimate bearing capacity and foundation settlement analysis for high-rise buildings, LNG tanks, and other
structures

In this paper, finite element Plaxis®® 2020 software is used in the numerical modeling for providing a method to
reduce the surface subsidence and preventing getting stuck on EPB-TBM.

Results and Conclusions

In this paper, the deformation and high displacement of weak and loose areas as crushed areas on the performance of
EPB-TBM drilling machine were investigated. According to the results of numerical modeling in Plaxis®® 2020
software, looseness of the face led to convergence and getting stuck on the EPB-TBM in the tunnel. For example, in
this paper, based on numerical modeling in segment number 2700, by applying a working face pressure of 100 KPa,
the displacement value of 12 cm was obtained. While with increasing face pressure to 400 KPa, the amount of
displacement decreased to 0.65 cm. Moreover, as a result of this modeling, in the segment number 2553, the force of
the thrust jacks increased from 10,000 to 25,000 KN, and subsequently, the displacement of the working face
decreased from 7.2 to 1.5 cm. On the other hand, due to the fact that subways are excavated at shallow depths,
excessive convergence of the tunnel causes the ground surface to collapse and damage or destruction of buildings
around the tunnel (subway). In this study, it was observed that in order to prevent the EPB-TBM from getting stuck
and to reduce convergence in the tunnel, the following measures can be taken:

o Increased machine pressure in the face by the operator

¢ Adding cylinders between the end of the stuck and the last segment of the segment cover in fall area
However, since addition of cylinders leads to the failure of the segments, a series of steel flanges can be used to apply
a uniform load by the jacks on the segments. Therefore, with the increase of the face pressure as well as the increase
of the thrust jacks force, the cutter head torque has been increased in different parts of the tunnel. According to the
results, increasing these parameters helps to stop the fall in weak and critical areas and reduces subsidence.




