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1. PREVIEW 

In this tutorial we will model a reinforced tunnel in a complex stratum. First, we will create the soil mass. 
Then we create a basic model of tunnel, input properties of soil, rock bolts and shotcrete, then divide the 
tunnel and create a mesh. Finally, we will perform construction stage analysis and analyse the output results. 

The main CAD tools for generation of the geometry are described. Also, we use the generation of 
reinforcement elements (rock bolts), linked to the tetrahedron mesh. 

Nota: This tutorial has been fitted for an initiation to CESAR- v6 principles and features. Therefore, the 
geometry of the project has been simplified and the density of mesh (number of nodes) reduced for 
calculation speed. For the same purpose, the material parameters have been adapted. 

1.1. Problem Specifications 

General assumptions 

- Static analysis, 

- 3D geometry, 

- The shotcrete is modelled with shell elements. 

Material properties 

The model of Mohr-Coulomb is used as plasticity criterion for the rock; linear elasticity is used for the 
concrete of the lining. 

 

 g 
(kN/m3) 

E 
(MPa) 

n c 
(kPa) 

j 
(°) 

y 
(°) 

Ko 

Hard rock 24 800 0,3 250 30 0 1 

 

 g 
(kN/m3) 

E 
(MPa) 

n e 
(m) 

Shotcrete 25 15000 0,2 0,15 

 

Bolts are modeled as anchored bars with following properties. 

 E 
(MPa) 

S 
(m²) 

Bolts 200000 5.10-4 
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Dimensions 

 

Figure 1: Dimensions  

 
The mesh requires 3 types of elements: 

- volume elements = soil, 

- 1D-elements = anchored bolts, 

- shell elements = shotcrete. 
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2. 3D MODELLING 

2.1. General settings 

1. Run CESAR 3D. 

Préferences 

1. Set the preferences in the menu Preferences  . 

2. On the left, select the Preferences section and set the Mesh creating function to Cubic. 

3. Click on Apply to close. 

Units 

1. Set the units in the menu Units . 

2. On the left, select the General section and set the Length unit to m in the toolbox. 

3. On the left, select the Mechanic section and set the Force unit to MN. 

4. In the same way, select the Displacement unit to mm. Adjust the number of digits to 0.0. 

5. Finally, select the leaf Surface and set the display in scientific digits. 

6. Click on Apply to close. 

Use « Save as default" to define this unit system as the default user environment. 

2.2. Geometry 

CESAR v6 integrates a complete set of CAD tools. Import of external files is possible (dxf files as instance). 
We present hereafter the use of the integrated CAD tools. 

A new project always starts in the tab GEOMETRY. 

 

For the modeling of the excavation process, we will also distinguish 14 excavations, each being composed 
of: 

- bolts (lineic elements), 

- excavated soil (volume elements), 

- shotcrete (shell elements). 
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Tunnel section 

1. Using Working plane, set the working plane to Oyz. 

2. Activate Script and select TunnelM.xml (default one). 

- Select the tunnel shape , defined by 3 radius and 2 angles, 

- Untick "Asymmetry" and "Elliptical invert", 

- Set R1 = 5 m; A1 = 90°; R2 = 5m; A2 = 30°, 

- Excavation scheme = , full section, 

- Apply. 
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Bolts 

Now we define the position of the 9 bolts. 

1. Select the upper half circle (2 arcs). Cut each arc in 4 equal segments with the cutting tool  
(Number of divisions = 4). 

 

2. Activate 1D-bodies. 

- Select Interactive definition method, 

- Select Anchored body type, 

- Select Length/Angle as dynamic input. 

- Click on the first point at the middle of the tunnel section (see figure below) 

- Set L = 3 m and A = 360 deg, 

- Press {Enter], the 1D body is generated 

 

State of the model before " second click " 
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3. Select it and open the tool Translation/Rotation/Symmetry in the "Body operations" section. 

- Select Rotation , 

o Number of operations is 8. 

o Angle of rotation is 22.5°. 

o Define the axis of rotation with 2 points: Point F is P1 (0, 0 , 22). Point P2 

coordinates are (1, 0 , 22). 

o Apply 

 

State of the model with  "show" option an d before "Apply"  

 

For an easier edition, user can merge all the bolts, 1D-bodies, and set a specific color (red for example). It will 
help their selection in next actions. 

1. Select all the 1D-bodies 

2. Activate Merge bodies. 

- Select as type of body, 

- Set the label "Bolts #1". 

- Apply. 

3. Select this group of 1D bodies, in the vertical color palette, select the red colour. Bolts are now 
displayed in red. 
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Excavation 

1. Select the tunnel section. For this selection, deactivate all ( ) in the Selection toolbar and 

activate  Select surfaces. 

2. Click on , the Extrusion feature. 

- Type of operation:  Translation 

- Type of extrusion:  Generation of volume bodies 

- Operation data: Vx = 1 ; Vy = 0 ; Vz = 0 

- Apply. 

3. Select the generated volume body. For this selection, deactivate all ( ) in the Selection toolbar, 

activate  Select bodies. 

4. Open the tool Translation/Rotation/Symmetry in the "Body operations" section. 

- Type of operation:  Translation 

- Operation data:  Vx = -1 ; Vy = 0 ; Vz = 0 

- Number of operations: 1. 

- Apply. 

5. Merge these two volume bodies as they represent the 2m excavation. 

- Activate the tool  Merge bodies. 

- Give a name to the new body. Body label = "Excavation #1" for example. 

- Apply. 

 

View of the excavation and  bolts  

Shotcrete 

1. Set the Selection options   

- Items = faces 

- Support body = Volume body 

2. Select all external faces of the excavation. 

3. Use  Surface body on volume. 

- Enter a body label, "Shotcrete #1" for example. 

- Apply. 
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Selection of faces on the volume body  Surface bodies crea ted  

Gallery 

The gallery with 15 excavations, shotcrete and crown of bolt reinforcement is accomplished by translation 
of the previous generated patterns. 

1. Select the following bodies : 

- Volume body "Excavation #1" 

- 1D-bodies "Bolts #1". 

- Surface body : Shotcrete #1 

2. Open the tool Translation/Rotation/Symmetry. 

- Type of operation:  Translation 

- Operation data:  Vx = -2 ; Vy = 0 ; Vz = 0 

- Number of operations: 14 

- Apply. 

3. The gallery is completed. 
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 Note here that the names of the bodies are 
automatically incremented. User can check these 
names in the data tree (see illustration). User can 

modify these names using the Properties tool in 
the Edit section of the GEOMETRY toolbar. 
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Soil volume 

For an easy manipulation of the new entities, we hide all the bodies (volumes, surfaces and 1D bodies) 
previously generated for the gallery. 

1. Select all the bodies. 

2. In the selection toolbar, click  Hide selection. 

 

First operation consists of importing of a base geometry contained in an existing cleo3D file (this file can be 
a former CESAR 3D study or a dxf file).  

3. Go in the menu File>Import. 

4. Browse and find the file "Terrain.cleo36", attached to this Tutorial. 

5. Open. 

 

Edges and points are imported. We will use them to create the upper terrain limit. 

1. Click on  Bspline surface. Keep the default settings. 

2. Select all edges and points. 

 

3. Apply. 

 

 

Lower surface generation at z= 0. 

1. Click on . The point definition dialog is displayed. 

2. Define point A (1 ; -30 ;-25). Apply. 

3. Define point B (1 ; 25 ; -25). Apply. 

4. Define point C (-29; 25 ; -25). Apply. 

5. Define point D (-29; -30 ; -25). Apply. 
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6. Use the Lines  tool. Link successively point A, B, C, D and finally point A. 

7. Select all lines and use the tool Plane surface . The surface at z= 0m is generated. 

 

   

 
Complete the volume: 

1. $ÒÁ× ÔÈÅ ÅÄÇÅÓ !!ȭȟ ""ȭȟ ##ȭ ÁÎÄ $$ȭȢ 

2. Select all edges on each face of the volume and generate the surface using Plane surface . 
Use isoparametric views to help for the selection. 

3. Select all the surfaces that close the volume (6). Use Volume bounded by faces  to generate 
the volume. 

- Give "Soil" as body label. 

- Apply. 
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Volumes intersection 

2 distinct volumes set have been defined: volume of the soil and volumes of the gallery (excavations). We 
will now generate their intersection. 

1. Select all the volumes of the gallery. 

2. Click on  Bodies intersection 

- Activate Pick object / use selection as tool option ; 

- As object body; pick the "Soil" body using tool . 

3. Apply. 
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