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1. Introduction

Estimating the pressure required to support the tunnel face is one of the most important factors regarding
safe and optimal excavation using mechanized tunnel boring machines in urban areas. Applying a pressure
more or less than the balance to the face would cause collapse and blow out in the tunnel face respectively. This
pressure depends on several factors such as soil type and its engineering specifications, TBM type,
underground water conditions, excavation method, amount of surcharge and tunnel section area. In this paper,
the influence of soil elasticity modulus, cohesion and friction angle on the optimum amount of face pressure in
cohesive soil were studied in different underground water conditions. For this purpose, a 3D finite element
model was used employing the ABAQUS software (Ver. 6.14). The main construction aspects and all main
elements of mechanised excavation were modelled: TBM shield, concrete tunnel lining, over-excavation, tail
gap grouting and progressive hardening of the cement based grout. More than 130 3D models were analyzed
and optimum pressure in the tunnel face was determined through measureing the amount of induced average
displacement in the tunnel face. In the other word, for various elasticity modulus, cohesion, and internal friction
angle different values of face pressure were applied in tunnel face and corresponding tunnel face average
displacements were measured for each state.

2. Methodology

In recent years, there has been some research carried out on the two-dimensional (2D) and three-
dimensional (3D) modelling of tunnel construction (Do et al., 2014; Katebi et al., 2015; Kasper and Meschke,
2004). In this study, a three-dimensional finite element multistep simulation model for shield-driven tunnel
excavation is presented. The model takes into account relevant components of the construction process as
separate components in the model (including soil and ground water, tunnel lining and tail void grouting).
Twenty-four steps have been performed according to the real construction sequences to achieve realistic
model’s results. The tunnel surrounding soil above the ground water level were discretized by 8-node first
order fully integrated continuum elements (C3D8). The tunnel lining and TBM shield were simulated by S8
shell elements. The soil under the ground water level and the grout material was modelled as saturated porous
media using pore pressure elements (C3D8P). The soil behaviour was assumed to be governed by an elastic
perfectly-plastic constitutive relation based on the Mohr-Coulomb criterion with a non-associative flow rule.
Tunnel lining and TBM shield were simulated as an elastic behaviour. The ingress of ground water into the
tunnel was not considered in this study which means that the water table does not change during construction
process. The paper gives a detailed description of the model components and the stepwise procedure to
simulate the construction process.
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3. Results and discussion

Since the evaluation of all influencing parameters on face pressure is not fully achievable, the current
study emphasizes the parameters of elastic modulus, cohesion, and groundwater level in cohesive soils
according to table 1. The tunnel geometric properties and TBM-EPB characteristics adopted from under
construction Tabriz metro line 2 project. Moreover, the ratio of cover to diameter of the tunnel is assumed as
1.5 based on the route profile of the project and the conventional values on subway projects. As a result, 45
different models were simulated considering the values presented in Table 1 and the results are presented in
the following.

Table 1. Introducing parameters and quantities of parametric study

Parameter Introduction values
hw Groundwater level (m) 0,927
c Cohesion (KPa) 20, 30,40
E Young modules (MPa) 20, 25, 30, 35, 40

3.1. Elasticity modulus of soil

The results showed that with an increase in the value of soil’s elasticity modulus, average displacement of
the tunnel face decreases nonlinearly in all groundwater conditions due to an increase in soil stiffness.
Furthermore, by increasing the value of cohesion, the value of average displacement increases. The reason for
this trend can be attributed to an intense reduction in required face pressure with an increase in cohesion at
empirical equation of COB. Additionally, the equation of COB provides smaller value for face pressure in
comparison to the optimized face pressure in all conditions of elastic modulus for cohesive soils. Besides, it can
be understood that an increase in elastic modulus causes a reduction in average displacement and the value of
optimized face pressure, which was calculated by using this method. This reduction indicates the importance
of the soil’s elasticity modulus in the induced displacement at the tunnel face.

3.2. Cohesion

With an increase in cohesion, the empirical equation of COB proposes fewer values for face pressure in
order to tunnel face support. Also, by increasing the cohesion, the value of COB required face pressure
decreases sharper than the obtained optimum face pressure. By decreasing the groundwater level, in dry soil
the influence of cohesion on face pressure decreases. However, the value of optimum face pressure
approximately remains constant due to the fact that the region of tunnel face remains in the elastic phase and
soil deformation is independent from the plastic parameters of the soil such as cohesion.

3.3. Groundwater level

With an increase in groundwater level, the value of required face pressure increases in all conditions. Also,
the difference of face pressure calculated by COB equation and obtained optimum face pressure decreases in
all conditions with an increase in groundwater level. Furthermore, it can observe that an increase in cohesion
cause to increase in the difference of obtained optimum face pressure in various elastic modulus and the COB
face pressure. Thus, obtained face pressure is greater than the empirical face pressure in all conditions.

3.4. Internal friction angle

In this study, in addition to the aforementioned parameters, the influence of internal friction angle on the
optimum face pressure in cohesive-frictional soils is also investigated in order to provide a better comparison
with other parameters. The results showed that with an increase in internal friction angle, the value of face
pressure decreases for both COB and optimum pressure which is in good agreement with previous studies (Kim
and Tonon, 2010).

4., Conclusions
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Considering the characteristics of Tabriz metro line 2 project and 3D-modeling, which was carried out by
Abaqus software, the influence of elasticity modulus, cohesion and groundwater level on optimum face
pressure at cohesive soils were evaluated. Results show that elasticity modulus of soil and underground water
conditions have a remarkable effect on the optimized face pressure value and for minimizeing the tunnel face
displacement, elasticity modulus should be considered in calculation of the applied face pressure.
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