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Abstract: Numerical methods for modeling and simulation are increasingly used in 
engineering design and verification activities. This trend has led to the development of new 
calculation methods as well as the emergence of applications aimed at solving problems using 
the finite element method or discrete finite element method. 

The inevitable trend of modernizing calculation methods has also affected the mining 
industry, particularly in the field of geomechanics. The paper presents a calculation method for 
determining the stresses that occur in a rock mass after tunnel excavation. In this regard, the 
Comsol Multiphysics application was used to create a virtual model of a rock mass where a 
tunnel will be excavated. 

The simulation was carried out in two stages: the first stage, where the in-situ stresses 
due to gravity were determined without considering the plastic characteristics of the material 
constituting the rock mass, and the second stage, where von Mises stresses and deformations of 
the model subjected to simulation were determined after the tunnel excavation. 

 
 

Keywords: underground constructions, Tunnel Boring Machine, stress state, boundary 
conditions. 
 
 
 

1. GENERAL NOTIONS REGARDING UNDERGROUND 
CONSTRUCTION WORKS 

 
Underground constructions form a distinct category within the field of 

construction in general. They can be considered the opposite of surface constructions. 
The 20th century is marked by the overcrowding of cities. This issue 

necessitated solving traffic and urban infrastructure challenges through underground 
constructions, such as underground passages, subways, various underground road 
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networks, and parking facilities. These requirements have driven the development and 
refinement of machinery designed for underground construction works. 

Figure 1 illustrates such a piece of equipment, which will be used in our 
country for the modernization of the Apața–Cața railway section in Brașov County 
(part of the Rhine-Danube European corridor). Figure 2 shows the working method of 
the TBM (Tunnel Boring Machine). 
 

 
Fig. 1. TBM used for the modernization of the Apața – Cața railway section, Brașov county 

 

 
Fig. 2. Excavation mode using the TBM 

 
The underground space can be considered to have the following fundamental 

characteristics: 
− the underground environment provides a location for activities or 

infrastructure that are difficult, impossible, unprofitable, or undesirable to 
place above ground from an environmental perspective; 

− the underground space offers natural protection for anything placed below 
the surface; 
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− the structures created underground shield the external environment from 
risks or disruptions inherent to certain types of activities; 

− the underground space is opaque, with its structures visible only at points 
of contact with the surface. 

Figures 3 and 4 show a formwork for casting the arch of a tunnel in both two-
dimensional and three-dimensional views. 
 

 
Fig. 3. Formwork for casting the arch of a tunnel – 2D view 

 

 
Fig. 4. Formwork for casting the arch of a tunnel – 3D view 
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2. MODELING AND SIMULATION OF SOIL BEHAVIOR DURING 
TUNNEL EXCAVATION 

 
The surface, settlement, and width of the plastic region around the tunnel are 

important parameters required for determining the characteristics of the reinforcements 
used during excavation. In situ stresses are calculated in two stages. In the first study, 
the stress state of the soil before excavation is evaluated. In the second study, the 
elastoplastic behavior after soil removal is assessed, using the stress response 
calculated in the first study. Soil removal is simulated using the Activation feature 
of the linear elastic material model. To accelerate the computation, the soil is 
considered elastic in the first stage, and only in the second stage is the Drucker-
Prager soil plasticity model applied. The simulation was performed for a 2D 
geometry under plane strain conditions. 
 

2.1. Model definition 
2.1.1. Definition of the geometric model 
The geometry consists of a layer of soil that is 45 m deep and 90 m wide as can 

be seen in figure 5. A tunnel with a diameter of 10 m is placed here, the center of 
which is located on the axis of symmetry 20 m below the surface. The 45 m wide base 
rock is fixed and constrains the movement in the vertical direction. In order to model 
the infinite extension of the soil in the lateral direction, a roller-type constraint was 
imposed on the right end of the model. 

 

 
Fig. 5. Dimensions and boundary conditions for the excavated tunnel model 

 
 2.1.2. Material properties 
The material properties corresponding to the soil are as follows: 
− Young’s modulus: 12E =  MPa; 
− Poisson’s ratio 0,495ν = ; 
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− Cohesion 130c = kPa; 
− Internal friction angle 030Φ = . 
In the simulation, the Drucker-Prager criterion was used, and the material 

parameters were harmonized with the Mohr-Coulomb criterion. 
 

2.1.3. Constraints and loads 
As mentioned earlier, the lower limit of the analyzed domain has a fixed 

constraint that prevents vertical displacement. The left side of the domain is limited by 
a symmetry condition, while the right side is constrained by a rolling constraint. The 
entire domain is subjected to gravitational acceleration. 
 

2.2. Simulation implementation 
 

The tunnel excavation model and the simulation of this process were carried 
out in the Comsol Multiphysics application. Initially, it was established that the 
analyzed model is of the 2D type, and its stationary analysis (Stationary) will be 
performed through Structural Mechanics  Solid Mechanics 
(solid). 

 
2.2.1. Building the model geometry 
We used the Rectangle primitive from the Geometry menu, with the 

numerical values from Figure 6, which refer to the width, height, and the position of 
the bottom-left corner of the rectangle. By executing the Build Selected 
command, the first part of the geometry was drawn. 
 

 
Fig. 6. Drawing the rock mass 

 
Also from the Geometry menu, but using the Circle primitive this time, a 

semicircle was drawn according to the values in Figure 7, which corresponds to the 
part on the right side of the tunnel’s symmetry axis. 
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Fig. 7. Drawing the right half of the tunnel’s symmetry axis 

 
The geometry construction of the model is considered completed after 

activating Build Selected button in the Form Union. 
 

2.2.2. Setting the options for solid mechanics 
Since the Poisson’s ratio is close to 0,5 a mixed formulation will be used for 

the material’s linear elastic properties. To do this, in Component 1 (comp1) 
Solid Mechanics (solid) select Linear Elastic Material 1. Then, 
for the corresponding list under Use mixed formulation choose Pressure 
formulation. 

 
2.2.3. Setting the symmetry 
In the  Physics window for Boundaries select the Symmetry option.  

This defines the axis of symmetry as shown in Figure 8. 
 

 
Fig. 8. Setting the axis of symmetry 
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2.2.4. Setting the constraints 
In the Physics window for Boundaries, the Fixed Constraint 

option was selected first to establish the fixed elements of the model (Figure 9), and the 
Roller option was selected to define the parts of the model with a rolling constraints 
(Figure 10). For the Free option was chosen (Figure 11). 

 
Fig. 9. Setting the fixed constraints 

 
Fig. 10. Setting the rolling constraint  

 
Fig. 11. Setting the free parts of the model  
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In the Physics window, for the Domain option, Gravity is selected. 
 
2.2.5. Setting the soil plasticity 
 
In the Physics window, under the Attributes option, Soil 

Plasticity is selected. For the corresponding Soil Plasticity  settings, the 
option Match to Mohr–Coulomb criterion is activated. Additionally, in the 
Physics window and under the Attributes  option, Initial Stress and 
Strain is selected. In the setting window for Initial Stress and Strain 
the expressions 0S  for the stress and strain are entered in the corresponding matrix in 
Figure 12. 

 

 
 

Fig. 12. Setting the expression for stress and relative deformation 
 

Next, an Activation node will be added to the material’s elastic properties 
in order to model the removal of the soil. To do this, in the Physics window under 
the  Attributes option, Activation is selected. In the  Activation properties 
window, only the part of the domain that will remain after excavation is selected. In the 
Activation field, the Scale factor  value 91 10−⋅  is entered.  
 

2.2.6. Soil material properties 
 
In Component 1 (comp1),  the Blank Material option is 

selected under Materials. For the  Contents section option, the 
values corresponding to Figure 13 are entered. 
 

 
 

Fig. 13. Material properties  
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2.2.7. Finite element mesh 
 
In the Mesh bar,  the Free Triangular option is selected. The finite 

element size will be of the Finer type. For Free Triangular 1 , 
Distribution is selected. Here, the limits 8 and 9, which represent the boundary 
between the remaining massif and the excavated area, are added. For these, the value 
12 is set in Number of elements. The resulting finite element mesh is shown in 
Figure 14. 
 

 
Fig. 14. Finite element mesh  

 
3. RESULTS 
 
3.1. Results before excavation 

 
First, the results related to the in situ stress caused by the action of 

gravitational acceleration are presented. Thus, in Figures 15, 16, and 17, the loading 
per unit volume, deformation, and stress before excavation are shown. The results 
obtained are due to the action of gravity, and the maximum values are in accordance 
with the geomechanical characteristics, and the material properties of the model being 
simulated. 
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Fig. 15. Volumetric loading of the massif before excavation 

 

 
Fig. 16. In situ deformation of the model subjected to simulation 
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Fig. 17. In situ stress in the model subjected to simulation 

 
3.2. Results after excavation 
 

Figure 18 shows the volumetric loading of the massif after excavation. 
 

 
Fig. 18. Volumetric loading of the massif after excavation 
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Figure 19 highlights the magnitude of the deformation, while Figures 20 and 21 show 
the displacement along the X and Y directions, respectively, following the tunnel excavation. 

 

 
Fig. 19. Magnitude of displacement after excavation 

 

 
Fig. 20. Displacement along the X direction after excavation 
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Fig. 21. Displacement along the Y direction after excavation 

 
The stress established in the massif after the tunnel excavation is shown in 

Figure 22. Figure 23 highlights the plastic behavior at two levels due to the excavation. 
 

 
Fig. 22. The stress after the tunnel excavation 
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Fig. 23. The plastic behavior at two levels of the massif 

 
Figures 24 and 25 show the displacement in the X and Y directions of the three 

part of the model subjected on the simulation. 
 

 
Fig. 24. Displacement in the X direction of the free components of the model 
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Fig. 25. Displacement in the Y direction of the free components of the model 

 
To provide a more suggestive view of the results obtained after excavation, we 

used the extrusion feature offered by the Comsol application to create a 2D image of 
the simulation results. Figures 26 and 27 show the extruded image of the deformation 
and the von Mises in the model subjected to the simulation. 
 

 
Fig. 26. Deformation of the model subjected to the simulation (extruded image) 
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Fig. 27. Von Mises stress in the model subjected to the simulation (extruded image) 

 
CONCLUSIONS AND DISCUSSIONS ON THE RESULTS OBTAINED 
 
It can be observed that the boundaries of the model domain subjected to 

simulation, the roller surfaces, and the symmetry determined by the axis of symmetry 
induce a linear variation in the vertical direction of the von Mises stress. 

In the second part of the simulation, besides tunnel excavation, a soil plasticity 
feature was introduced. This presents, at two levels, the region that undergoes plastic 
deformation. 

It can be observed that tunnel excavation leads to a modification of the stress 
and deformation equilibrium in the excavated massif, causing the accumulation of 
stresses and the increase of deformations at the tunnel wall boundary. 

The horizontal axis of symmetry of the tunnel shows deformations both in the 
X direction and in the Y direction. It is noted that the deformation along the horizontal 
axis increases up to the tunnel wall boundary, which is located 5 meters from the 
vertical axis. At the extreme right boundary of the model, the deformation reaches a 
value of 0, as it is not affected by the tunnel excavation. 

The use of the Comsol 3D extrusion feature for 2D results provides a much 
better perception of the geomechanical phenomena that occur following tunnel 
excavation. 
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