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Construction of ab olted tunnel
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1. PREVIEW

In this tutorial we will model aeinforcedtunnel in a complex stratumFirst, we will createthe soil mass.
Then we createa basic model of tunnel, inputrpperties ofsoil, rock bolts and shotcrete, then divide the
tunnel and create a meskinally,we will perform construction stage analysis aaaalysethe output results.

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

Nota: This tutorial has been fitted for an initiation to CESAR principles and featuresTherefore,the
geometry of the project has been simplified and the density of mésamber of nodes) muced for
calculation speedror the same purpose, the material parameters have been adapted.

1.1. Problem Specifications

Generalassumptions

- Static analysis,
- 3D geometry
- Theshotcreteis modelled withshellelements

Material properties

The model of MohfCoulomb is used as plasticity criterion fthre rock; linear elasticity is used for the
concrete of the lining.

g E n c j y Ko
(kN/m3) (MPa) (kPa) © ©
Hard rock 24 800 0,3 250 30 0 1
g E n e
(KN/m3) (MPa) (m)
Shotcrete 25 15000 0,2 0,15

Bolts are modeled as anchored bars with following properties.

E S
(MPa) (m2)
Bolts 200000 5.104
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Dimensions

z =-100m

Figure 1: Dimensions

The mesh requirestypes of elements:
- volume elements = soil,
- 1D-elemerts = anchored bolts,

- shell elements = shotcrete.

Bolts

Excavation Shotcrete
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2. 3D MODELLING

2.1. General settings

\ 1. Run CESARD.

Préferences

1. Setthe preferences in thenenu Preferencesﬁ.
. On the left, select théreferencessectionand set theMesh creating functiote Cubic
3. Click onApplyto close.
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Set the units in the menwnitsl::lm.

Onthe left, selectthe Generalsectionand set theLengthunit to m in the toolbox.

On the left,select theMechanicsectionand set theForceunit to MN.

Inthe same way select theDisplacementinit to mm. Adjust the number of digits to 0.0.
Finally, select the leaSurfaceand set the display in scientific digits.

Click onApplyto close.

S e o

i} Use «Save as default” to define this unit system as the default user environment.

2.2. Geometry
CESAR v6 integras a complete set of CAD tools. Import of external files is possible (dxfafdeénstance).
We present hereafter the use of the integrated CAD tools.

A new project always starts in thab GEOMETRY

For the modeling of the excavation process, we wilatlistinguish 14 excavations, each being composed
of:

- bolts (lineicelements),
- excavated soil (volume elements),

- shotcrete (shell elements).
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Tunnelsection
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1. Using Working plane set the working plane t@yz.

2. Activate E Scriptand select TunnelM.xm(default one)

- Select the wnnel shap@, defined by3radiusand 2angles
- Untick "Asymmetry and 'Elliptical invert’,
- SetR1=#/m; A1=90 R2=5m A2=30°,

- Excavation scheme =‘:'—’, full section
- Apply.

1 XML script files

File name TunnelM.xml
' Page Id.
Pageld Tunnel geometry

- Tunnel geometry

Ol

Asymmetry? ()]

Ellipctical invert?

R1[m] 5.000

Al [deg] 90.000

R2 [m] 5.000

A2 [deg] 30,000

- Excavation scheme

eE=EEERE
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Bolts

Now we define the positioof the 9 bdts.

1. Select theupper half circle(2 arc9. Cuteach arc in £qual segments with the cutting toof%7
(Number of divisions #).

-~ Cut definition
N=3 +
Number of divisions 4 .

Split of the selected edges into the specified number
of divisions.

‘ 2. Activate / 1D-bodies

- SelectInteractive definition method,

- SelectAnchored bodytype,

- SelectLength/Angle as dynamic input

- Click on thefirst point at themiddle of thetunnel section(see fgure below)
- SetL=3mandA =360gle

- Press {Enter]the D body is gaerated

1D-bodies i x

e
- Definition
2
/\/

© Interactive

) Selection
< Body properties

Body label

©) Generic

© Anchored

) Node-to-node
<1 Dynamic input

O XY coordinates

© Length / Angle .
\

\
———_1=3.000m, A=360.000deg
Sl

Generation of a 1D-body on the selected edges.

e 2000m -0

State of the model before " second click "
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BT

Select it and open the tooll # Translation/Rotation/Symmetryin the"Body operations" section.

3.
| - SelectRotation,
o0 Number of operationsis 8.
0 Angle of rotation is 22.5°.
o Define the axis of rotatiomith 2 points Point F is PD( 0, 22 Point P2
coordinates are (1,0, 22
o Apply

© Translation

F2
2 g
it
P1

Theta [deg] 25
4 Axis 0.000; 0.000; 0; 1; 0.0
P1x [m] 0.000
Ply [m] 0.000
Plz[m] 0
P2« [m] 1
[Py ] ] 0.000
P2z [m] 0.000

~

Transformation of the selected objects using an
operation type:

- Translation

- Rotation around an axis

- Symmetry.

"show" option an d before "Apply"

State of the model with

For an easier edition,ser @anmergeallthe bolts, 1D-bodies and set specific color (red for example). It will
help their selection in next actions.

1. Selectall the 1D-bodies

2. Activate i@iMerge bodies

- Select/ as type of lody,
- Set thelabel "Bolts #1".

- Apply.
3. Select this goup of 1D bodies,n the vertical color plette, select the redcolour. Bolts arenow
displayed irred.

CESAR Tutorial 39.04
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Merge bodies
-1 Type of body
Ael]® h
' Body label
Body label Bolts #1

Fusion of the selected badies into one body.
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Excavation

1. Selectthe tunnel section For this slection, deactivate aI(?EE) in the Selection toolbarand

e
activate | & Select surfaces

2. Click on®, the Extrusionfeature.

- Type of operation:
- Type ofextrusion:
- Operation data:

Translation

Generation of volume bodies
Vx=1;Vy=0;Vz=0

- Apply.
3. Selectthe generatedvolume body For this selection, deactivate aﬁi) in the Selection toolbar,
activate < Selectbodies
®T
4, Open the tool T# Translation/Rotation/Symmetryin the "Body operations” section.

- Type of operation:
- Operation data:

Translation
Vx=1;Vy=0;Vz=0

- Number of operations: 1.
- Apply.
5. Merge these twovolume bodies as they represent the 2m excavation.

- Apply.

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

View of the excavation and

Shotcrete

1. Set theSelection optionsﬂ"&

2. Select all external faces of thexcavation

Iltems = faces
Support body = Volume body

3. Useg3 Surface body on volume

Apply.

bolts

Enter a body label, "Shotcretel" for example.

CESAR Tutorial 39.04
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Selection of faces on the volume body Surface bodies crea ted

Galley

Thegallery with 15 excavains, shotcrete andrown of bolt reinforcement is accomplished by translation
of the previougyenerated patterns

| 1.  Selectthe following bodies :

Volumebody "Excavation #1"
1D-bodies "Bolts #1".
Surface body : Shotete #1

‘ 2. Open the tooIT; Translation/Rotation/Symmetry.
Type ofoperation: Translation
Operation data: Vx=2;Vy=0;Vz=0
Number of operations. 14
Apply.

3. The galleryis completed.

p~ 130]
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9’;‘*& Note here that the names of the bodies ai
automatically incremeted. User can check thess
names in the de tree (see illustration). User ca | . £ Bodies

v TF;‘J Bodies

modify these names using th@Propertiestool in v A& Volume body

the Edit section of theGEOMETRYtoolbar.

v /1D

" A [48] Excavation #1
U A [76] Excavation #1_T(1)
A [78] Excavation #1_T(2)
) A [80] Excavation #1_T(3)
U A [82] Excavation #1_Ti4)
A [84] Excavation #1_T(5)
) A [86] Excavation #1_T(6)
) A [88] Excavation #1_T(7)
) A [90] Excavation #1_T(g)
O A 192) Excavation #1_T(9) [,
U A [94] Excavation #1_T(10)
U A [96] Excavation #1_T(11)
U A [98] Excavation #1_T(12)
A [100] Excavation #1_T{13)
) A [102] Excavation #1_T(14)
w T Surface body
'/ ¥ [73] Shotcrete 1
/¥ [77] Shotcrete #1_T(1)
@ [79] Shotcrete 21_T(2)
@ [81] Shotcrete 21_T(3)
¥ [83] Shotcrete #1_T(4)
¥ [85] Shotcrete 21_T(3)
) ¥ [87] Shotcrete 21_T(f)
¥ [39] Shotcrete #1_T(7)
@ [91] Shotcrete 21_T(8)
¥ [93] Shotcrete 21_T(9)
¥ [95] Shotcrete #1_T(10)
W [97] Shotcrete 21_T(11)
1 [99] Shotcrete #1_T(12)
W [101] Shotcrete #1_T(13)
/@ [103] Shotcrete 21_T(14)

-body

/" [36] Bolts #1

" [104] Bolts 21_T(1)
/" [105] Bolts 1_T(2)
" 11061 Bolts #1 T(3)
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Soil volume

For an easy mapulation of the new etities, we hide all the bodies (volumes, surfacesid D bodies)
previowsly generatedor the gallery.

1. Select all thebodies.

2. In the sdection toolbar,click@ Hide selection

Firstoperation consists oimporting of abase geometry contained ian existing cleo3D filethis file can be
a formerCESAR 3Btudyor a dxf filg.

3. Go in the menuFile>Import.
4, Browse and find the fil&Terrain.cleo8", attached tothis Tutorial.
5. Open

Edges and points are impted. We will use them to cete the upper terrain limit

1. Click on ' Bspline surfaceKeep the default settings.
2. Select alledges and points.

L

3. Apply.

Surface*egion: bspline through points 4 x

- Surface region: bspline through points

Body label
Triangulation surfaces  []
Triangulation tolerance [ 0.100

Generation of a body on a 'BSpline' surface specified
by edges and points.

Lower surface generation at z&

Click on-/x . The pointdefinition dialog is displayed.
Define point A {; -30 :25). Apply.

Define pointB (1; 25 -25). Apply.

Define pointC(-29; 25 ;-25). Apply.

Define pointD (-29; -30 ;-25). Apply.

o s~ wnh e
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6. Use thelines -/ tool. Link successivelpoint A, B, G D and finallypoint A.

7. Select allines and use the todlane surface ’ The surface at z8Bm is generated.

Ou

Complete the volume:

1. $O0Ax OEA AACAO '186h ""8h ##8 AT A $$68

2. Select dl edges on each face of the volumedagenerate the surface usinglane surface ‘
Use isoparametriciews to help for the selection.

3. Select all the surfaces that close the volume (6). Uskimeboundedby faces‘ to generate
the volume.

- Give "Soil" as ady label.
- Apply.

Remove selected surface

Body label Soil
' Results

Problematic objects sele

Creating a volume body from its bounding faces.
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Volumes intersetion

2 distinct volumes set have been defined: volume of the aod volumes of the gallerexcavations) We
will now generate their intersection.

1. Select all thevolumes of the gallery.

2. Click onv Bodies intersection
- Activate Pick object / use selectioras tool option ;
- As object body; pick the "Soil" bodising tool ﬂ

| 3. Apply.

Partitions

<1 Partitions

() Interactive

() Pick ohject and tnol

@) Pick object / use selection as tool
<1 Objects

Object body [40] Soil

Partition of 2 bodies.

Step #1: Check the 'cut’ option.

Step #2: Click on the body to cut.

Step #3: Click on the body used as teol.

Cesar®
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