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1. Introduction

In the present paper, results of empirical, analytical and numerical methods for determination of face
support pressure in mechanized tunneling and measurements of tunneling induced surface settlements and
applied face support and grout injection pressures during the construction of Tabriz underground railway line
2 (TURZ2) are presented. Face pressure plays an important role in the evolution of tunneling induced-ground
movements. Determination of optimum face stability pressure is a major challenge in TBM tunneling.

2. Methodology
2.1. Empirical study

COB method for defining face support pressure in tunneling was hired in order to investigate the efficiency
of empirical methods (COB, 1996).

2.2. Analytical study

There are a number of various analytical methods based on limit analysis and limit equilibrium analysis for
the determination of face stability pressure in tunneling. Atkinson and Potts, Leca and Dormieux, Jancsecz and
Steiner and Krause methods were employed (Guglielmetti, et al., 2008).

2.3. FE modeling

The FEM-based software package, ABAQUS, was used for the numerical modeling and analysis. In this study,
different aspects of mechanized tunneling process were modelled: shield, concrete lining and grout. ABAQUS
element type C3D8 and C3D8P was used to model dry soil and under water table wet soil and grout,
respectively. Element type S4 was used to model steel shield and concrete lining. Static numerical calculations
with Mohr-Coulomb constitutive model for soil and linear elastic behavior for shield, lining and grout are
practical to simulate mechanized excavation process (Katebi et al., 2015).

3. Results and discussion

In order to compare efficiency of different empirical and analytical methods for defining face support
pressure, in 41 sections perpendicular to tunnel center line with horizontal intervals of 50m, face pressures
were calculated by means of these methods. In 2 sections FE 3D models were generated and analyzed. Surface
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settlements have been recorded during the construction of TUR2 in every 10m above the tunnel center. In the
region of TUR2 investigated in this paper, the soil is majorly coarse-grained with small amount of cohesion.
The results show that soil cohesion and internal friction angle play an important role in face pressure values
calculated with different methods. Among these methods, Leca provided values which are far from field
recorded data and always underestimates. Atkinson and Jancsecz methods overestimate the face pressure in
most of sections. Krause and COB puts out results which are close to pressures applied in construction process.
Krause method usually underestimate about 20-30 KPa in comparison with field data but, COB calculates more
accurately and has a trend completely like what has been done in excavation step with EPB machine. Numerical
modellings' results match measurements of tunneling-induced surface settlements collected during the
construction of TUR2.

4., Conclusions

Among various empirical and analytical methods for defining face support pressure, COB calculates more
accurately and work in favor of safety.

Numerical analysis based on FEM is a reliable tool to predict TUR2 tunneling-induced ground movements
and in excavation phases studied in this paper, the FE results match field recorded data.

In construction stage face pressure has been controlled in a way to limit surface final settlements in
allowable range and optimum pressures were applied.
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