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1. INTRODUCTION

Tunnelling may be analysed as a 2-dimension model (cf. Tutorial 3) but, in most case, the geometry of the
tunnel project in 3-dimensionnal. CESAR-LCPC offers the features to generate accurate geometry and

model the stages of construction.

In this tutorial, we will analyse the excavation of a main tunnel gallery, previously to an adjacent gallery.

We focus on the CAD tools; the user will learn how to generate intersections (volume/volume,
volume/plane...). The staged construction is also detailed but restricted to 2 excavations. The model is
simplified in terms of geometry, terrain data and materials., in order to fit to the tutorial objectives.

Note that, due to previous limitations, the dimensions extensions in horizontal axes might be considered as

too small considering the areas of excavations.

1.1. Problem Specifications

General assumptions

- Static analysis,
- Thelining is modelled with volume elements.

Dimensions

36m

4om

O

R2=2,5m

\

Material properties

The model of Mohr-Coulomb is used as plasticity criterion for calcareous marls, linear elasticity is used for

the concrete of the lining.

R1=t5m

Yh E v c 0 v

(kN/m3) (MPa) (kPa) () °)

Calcareous marls 24 800 0.3 100 30 o
Concrete 27.5 25000 2 - - -
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2. 3D MESH

2.1. General settings

1. Launch CESAR-LCPC3D

Set the units in the toolbox Lﬂlﬁj Units (at the top of the software window).

In the tree, select the leaf General/Length and set the unit m in the bottom left combo box.
In the tree, select the leaf Mechanic/Force and set the unit MN in the bottom left combo box.
In the tree, select the leaf Mechanic/Displacement and set the unit mm.

OV oW

Click on Validate to close.

& Use “Save as default” to set this system of units as your user environment.
2.2. Geometry

Main gallery
1. Using L' Working plane, set the working plane to Oxz

2. Using the circle tool f Draw 2 circles with radius of 4,3 m and 5 m and shared centre (0 4 ; 0).

3. Detailed process for the 4,3 m radius circle.

- Clickon -/x . The point definition dialog is displayed.
- Define point A(o; 4 ; 0). Apply.

- Define pointB (0; 4 ; 4,3). Apply.

- Define point C(0; 4 ; -4,3). Close.

- Clickonf.

- Click successively point B, point C and finally point A. Repeat from point C to point B
and finally point A.

4. Repeat previous operations for the 5,3 m radius circle.

Adjacent gallery

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

2. Using the circle tool ((*), draw 2 circles with radius of 2,5 m and 3 m and shared centre
(6;0; -1).

3. Detailed process for the 2,5 m radius circle.

- Clickon ~/x . The point definition dialog is displayed.
- Define pointD (6; 0; -1). Apply.

- Define pointE (6; 2.5; -1). Apply.

- Define point F (6 ; -2.5; -1). Close.

- Clickon [_.

- Click successively point E, point F and finally point D. Repeat from point F to point E
and finally point D.

‘ 4. Repeat previous operations for the 3 m radius circle.
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Surfaces
1. Select all the segments previously generated for the main gallery.
2. Use ’ Plane surface. Activate All regions on surface. The surface regions are generated.
3. Repeat for the adjacent gallery.

o@'

1. Select the surfaces of the main tunnel. For this selection, deactivate all (?Ei‘)in the Selection

Volume of the main gallery

toolbar and activate ¢ Select surfaces.

2. Click on the Extrusion % tool.

- Type of operation: Translation

- Extrusion type: Generation of volume bodies
- Number of operations: 1

- Vector: Vx=0;Vy=--8;Vz=0

- Activate Remove surface bodies.

3. Apply.
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Volume of the adjacent gallery

1. Select the surfaces of the adjacent gallery.

2. Click on ”, the Extrusion feature.

|3 Apply.

Type of operation:

Extrusion type:

Translation

Generation of volume bodies

Number of operations: 1

Vector:

Intersection of volume bodies

1. Use

2. Apply.

v

Vx=-6;Vy=0;Vz=0
Activate Remove surface bodies (they are only supporting the volume bodies).

Bodies intersections

Click ‘ Solid/Solid partitions.
Activate Pick object and tool.
Activate Cut object and tool.

Select the 2 volumes of the main tunnel. Define them as “Object bodies”.
Select the 2 volumes of the adjacent gallery. Define them as “Tool bodies”.

) Interactive

<1 Objects
Object body
Tool body

<1 Options
Enable fuzzy boolean opei [

ck object and tool
) Pick object / use selection as tool

() Cut selected object only
@ Cut object + tool

[39] Main gallery
[40] Adjacent gallery

State of the model after intersections of the 2 galleries
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Excavated sections

We will now proceed to the generation of the volumes that will model the tunnel sections. For the main
tunnel, these are 8 in number; each of them has a length of 2m. For the adjacent gallery, there are 5 sections;
each of them has a length of 2m.
1. Select the 2 surfaces of the main tunnel gallery at y= 4 m. For this selection, deactivate all in the
Selection toolbar (5-3) and activate %+ Select surfaces.

2. Click on gtf: , the Extrusion feature:

- Type of operation: Translation
- Number of operations: 4

- Extrusion type: Generation of volume bodies
- Vector: Vx=0;Vy=2;Vz=0
Apply.
4. Select the 2 surfaces of the main tunnel gallery at y= -4 m.

5. Click on 3'? , the Extrusion feature:

- Type of operation: Translation
- Number of operations: 4

- Extrusion type: Generation of volume bodies
- Vector: Vx=0;Vy=-2;Vz=0

6. Apply.

7. Select the 2 surfaces of the adjacent gallery at x=6 m.

8. Click on S'? , the Extrusion feature:

- Type of operation: Translation

- Number of operations: 5

- Extrusion type: Generation of volume bodies
- Vector: Vx=2;Vy=0;Vz=0

9 Apply.
Note that after these extrusion operations, the new volumes bodies are merged.

1. Select the new volumes bodies.

2. Use @ Explode bodies.
3. Apply.
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State of the model after extrusions in Ox and Oy directions

& Other processes for intersection of the tunnel by a plane

Use of * Intersection by plane.

1. Open ’!I Intersection by plane.
Indicate the coordinates of a point inside the plane.
Indicate the normal vector to the plane.

Select the volumes.

O WY

Click on Apply.

Partition by plane

Apply Show
<1 Definition of the cutting process

P
h
@ Plane defined by point and normal
() Plane defined by 3 points
2 Plane defined by point and normal

21 Point -0.000; 10; 4.300 2]
Xim] -0.000
¥iml] 10
Zim] 4300

1 Mormal ta the plane 0.000; 1; 0.000 vl
VX [m] 0.000
VY [m] 1
VZ [m] 0.000

< Multiple planes

Mumber of operations 1

Partition of the selected volume body by the specified plane.
- Click 'P' to capture plane point coordinates.
- Click 'V to capture plane normal.
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Soil mass

We define the soil volume that contains the 2 galleries. For this purpose, we define a “box” that will be
intersected by the existing volumes.

1.

4.

Define the base plane at z = -2o0m.

- Clickon ~/K . The point definition dialog is displayed.
- Define point G (16 ; 12; -20). Apply.

- Define point H (16 ; -12; -20). Apply.

- Define point H (-16 ; -12; -20). Apply.

- Define point H (-16 ; 12 ; -20). Close.

- Link these points with ./Lines.

- Select these segments and generate the surface using ’ Plane surface.

Extrude this base plane to z = 20m.

- Select the surface previously defined.

- Clickon O, the Extrusion feature.

- Define the following parameters:
o Type of operation: Translation
o Number of operations: 1

o Extrusion type: Generation of volume bodies
o Operation data: Vx=0;Vy=0;Vz=40
- Apply.
Use ‘ Bodies intersections
- Select all the volume bodies of the main and adjacent gallery.
- Click ‘ Solid/Solid partitions.
- Activate Pick object / use selection as tool.
- Using “B”, pick the volume of soil mass previously defined as “Object body”.
Apply.

Galleries selected used as cutter and resulting volume body (with hidden galleries)
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Identification of the bodies

This step is optional.

In order to simplify the identification of the several volumes previously generated, we can name them and
modify their color.

1.

3

Select one of the volume bodies.

Activate tool @ Bodies properties. By a right click on the body, we update the table of
properties. In this table, it is possible to:

- Specify a name,
- Setany color.

Click Apply. It saves the modifications and affect them to the selected volume body.

& For the current example, we set as Section #i and Lining #i the bodies of the main gallery.

Properties
ply Show

<) General
Name
Label
Type
Palette

L

Geometry

Points

Edges

Faces

Solids

Volume [m3]

1 Edge
Edge label
Curve type
&beginVertexLabel
&endVertexLabel
Ub
Ue

<) Face

Face label

Surface type

Lining #1
36

voLu

[ oosacc

8

12

6

1
40,904

284

1

158

157
0.000000
3.141593

218
5
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2.3. 3D meshing

Mesh density

We will define dense mesh in the areas of high stresses, i.e. in the vicinity of the excavated galleries.

1. Go to the stage MESH on the project flow bar to start the definition of divisions along edges.
d
2. Select all the edges of the tunnel galleries (main and adjacent). Click on d% I Fixed length density.
to divide these segments with a fixed length. Set it to 2 m. Click on Validate.

fi\-. The software algorithm will adjust the length for the best fit with the input value of length.

d

d

3. Select all the external edges of the soil volume. Click on % l Fixed length density. to divide these

segments with a fixed length. Enter 5 m. in the dialog box. Click on Validate.

Model after density settings and affer 3D meshing

3D mesh generation

For the tutorial purpose, we will generate a linear interpolated mesh instead of a quadratic interpolated
mesh. This choice reduces the duration of calculations but in reduces the accuracy of results.

& It is highly recommended to use quadratic interpolated mesh in nonlinear analysis.
1. Select all the volume bodies.

2. Open the tool ®Volume meshing

- Select “Linear interpolation” as Interpolation type.
- Set"Tetrahedron mesh” as Mesh type.

- Set Density factor to 0.8

- Click on Validate.

& CESAR-LCPC proposes 3 levels for the meshing procedure of external surfaces of the volume. It enables to
generate a coarse or dense mesh. The choice is made in Preferences>Program settings (Linear = coarse,
cubic = dense).
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Now that the mesh is completed, we check it.

Click on === Mesh information.
The toolbox displays the number of nodes and elements and the type of elements.

Click on Element quality check. The toolbox is updated. If elements are deformed with wrong
Jacobian, they appear in the toolbox.

Groups definition:

This step is optional but it eases the recognition of the group of elements if more than one has been
generated.

1.

Come back to GEOMETRY step.

Activate tool @ Bodies properties.
Select the volume corresponding to the soil mass. Enter Soil as a name. Click on Validate.

Select the volume corresponding to the 1% excavated section of the main gallery. Enter Section
#1 as a name. Click on Validate.

Select the volume corresponding to the 1% lining of the main gallery. Enter Lining #1 as a name.
Click on Validate.

Repeat previous operations 3 and 4 and name groups Section #2 and Lining #2.

Continue operations...

13D)
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3. CALCULATION SETTINGS

3.1. Calculation properties for the initial stress field: stage #o

The staged construction process requires the definition of an initial stress field before applying loads. For
this project, we follow the procedure defined in the document “Getting started with CESAR-LCPC vs5”,
Chapter “Initial stress field”. The initial stress field is initialized with the “Ko procedure”.

Model definition

1. On the right side of the working window, the "Study tree view" displays the list of physical
domains. Right click on STATICS. Click on Add a model. A new toolbox is open for definition of
the Model.

Enter Initial stress field as "Model name".
Select MCNL as "Solver".

Tick Staged construction.

Tick Geostatic stresses as initialization type.
Click on Validate.

£~ Model type X

B Model definition

oV P W

Model name Initial stress field

Comment

Domain STATICS

Solver MCNL
Solving of a mechanical problem with non

Solver description linear behaviour (material properties,
interfaces, staged construction...)

&' Staged construction %

" Initial parameters
" Subsequent calculation

Sequence of chained calculations. The
ate of the stage #(n-1) initializes the
ate of the stage #n . The
ment fields are cumulative or reset
(set in "Analysis settings”).

Initialisation type description

# Geostatic stresses

" General initial stress field

Soil layers are horizontal. Vertical and
horizontal stresses are defined by the
volumic weight and lateral pressure
coefficient.

Initial stress description

Definition of geostatic stresses

Validate Cancel
Initial geostatic stress field
1. Click Definition of geostatic stresses.
2. Click Insert to set a new soil layer.
3. Input following values:
Height (m) Volumic weight (MN/m3) Ko_x Ko_y
20 0.024 0.5 0.5
4. Validate.
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Geostatic stresses X

Height[m] | Volweight[MN/m3] |  KoX Koy | [[validate ]
200e<01 0,024 0.500000  0.500000
Cancel
Insert
Delete
2
i+
=
R i
) I
-
The date tree is now as illustrated below.
nx
Data tree Update
v [= MODELS
~ [ STATICS
v [ [IModelt

D [1]Properties
v D Boundary conditions
[ [1BCSet1
v D Loadings
[ [LoadSet1
D [1]Analysis settings
9 DYNAMICS

A ARALIMMAVATER B O

Material database :
We set here all the sets of material properties that will be used during the construction process : material of

the soil mass and lining concrete.

1. Go to step PROPERTIES.
2. On the toolbar, click ﬁ Properties of volume bodies.
3. Modify the default name of the properties set into "Concrete".
- In Elastic parameters, chose "Liner isotropic elasticity” as constitutive model. Set p, E
and v (values are in table below).
‘ 4. Add a property set with tool G' Give a name to the new set: "Soil".

In Elastic parameters, chose "Liner isotropic elasticity” as constitutive model. Set p, E

and v (values are in table below).
In Plastic parameters, chose "Drucker-Prager without hardening” as constitutive

model. Set ¢, ¢ and y

5. Validate then Close.

P E v c o v

(kg/ms3) (MPa) (MPa) ) )

Concrete 2750 25000 0.2 - - -
Calcareous marls 2400 800 0.3 0.1 30 o
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Assignment of properties sets:

As data sets are created, we affect them to the bodies of the model.

1. Click on . Assign properties tool.

2. On the left side, a new toolbox is displayed. Click on ﬁPropertiesfor volume bodies.

- Select all the volume bodies of the model.
- Select the and the set of parameter “Calacreous marls” in the list.

- Apply.

Properties o x
Apply Show Edit

<1 Definition
Material name Raock for Ke(1)
Boundary conditions:
1. Activate the BOUNDARY CONDITIONS tab.
:@:
2. On the toolbar, activate == to define side and bottom supports.
3. Apply. Supports are automatically affected to the limits of the mesh.

& Optional. It is possible to modify the default name assigned to the boundary condition, BCSeta. Press [F2]
; enter Standard fixities for example.
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Loading set:

There is no loading set to be defined in this first stage as we are initialising the geostatic stresses.

Calculation parameters:

o
1. In ANALYSIS, activate Analysis settings
2. In the General parameter section, enter the following values:
- lteration process:
Max number of increments: 1
Max number of iterations per increment: 500
Tolerance: 0,01
- Method of resolution: 1- initial stresses
- Solver type: Multi frontal

3. Clickon Validate.
& User can also access calculation parameters settings in the calculation tree by a right cli on the model.

& The option “Calculation with secondary storage” is required when the matrix size of the model will be larger
than the random memory (RAM) of the computer.

w.2sa rm CESAR - Tutorial 3g.03
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3.2.

Calculation properties for the analysis of excavation #1

In this stage, we excavate the full section of the main gallery. To unbalance the model, excavation forces on
the section limits are applied.

When creating a new analysis phase, it is handy to use parameters of the previous one by copy of the model.
Subsequently, we make modifications where necessary:

- In PROPERTIES as groups are activated,

- In LOADS in order to activate the excavation forces.

Model definition
1. In the "Tree view", right click on the model Initial stress field.
2. Click on Copy of the model. A new toolbox is open for definition of the Model.

- Enter Excavation #1 as "Model name".
- Click on Validate.

3. A toolbox is displayed. User set here the options for sharing "Properties", "Boundary conditions
and "Loadings" of existing model. By default, all these entities are copied and share.

- Select the "Boundary conditions” entry

Muodel sharing options
Properties [_| Data tree Update

v = MODELS
Boundary conditions h‘j & sTATICS

Loadings [] ~ [ [11initial stress field

D [1]Properties

Cancel v D Boundary conditions
B 111Bcsett
v D Loadings

[ [1]LoadSet!

D [1]Analysis settings
v [0 [2]Excavation #1
D [2]Properties
v D Boundary conditions
B [1Bcsett
v D Loadings
[ [2]LoadSet1
D [2]Analysis settings
G DYNAMICS
ﬁl GROUNDWATER FLOW
ﬁl THERMAL AMALYSIS
ﬁl EARLY-AGE COMCRETE
ﬁl COMNSOLIDATION
ﬁl COUPLED PROBLEMS

View of the calculation tree

CQSQ r@ CESAR - Tutorial 39g.03
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Active/inactive elements

The excavation of the full section leads to set at inactive state the bodies Section #1 and Lining #1.

1. Go to the tab PROPERTIES.
2. Select the volume bodies Section #1 and Lining #1.

Click on |:|+I

4. In the grid, tick "Inactive".

Activate/deactivate bodies.

Apply. The volume body are now marked with the neutral colour.

Boundary conditions:

There is no change in the boundary conditions.

Loading set: Excavation forces #1

The load set consists here to define the excavation forces resulting from the removal of the soil mass.

1. In the model tree, activate the default Loading set of the model Excavation #1.
2. Press [F2]; enter Excavation forces #1 as a name.
3. Activate the LoADS tab.
L
. 2 ,
4. On the toolbar, activate Excavation forces.
- Tick "Active"

- Setthe value of lambdato 1,
- Asstress origin, select Initial stress field model as stress field origin.

5. Click on Apply. The excavation forces are applied.

Excavation forces - DEC [

Stress release coefficient

Lambda [] 1.000e+00
Stress field before excavation

Stage Initial stress field

Next stage Excavation #1 [MCNL]

View of the excavation forces

Calculation parameters

There is no change here.
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3.3. Calculation properties for the analysis of excavation #2

In this step, we excavate the second section of the main gallery and we setup the concrete lining on the
section #1 previously excavated.

Model definition

1. In the "Tree view", right click on the model Initial stress field.

2. Click on Copy of the model. A new toolbox is open for definition of the Model.
- Enter Excavation #2 as "Model name".

- Click on Validate.

3. A toolbox is displayed. User set here the options for sharing "Properties", "Boundary conditions"
and "Loadings" of existing model. By default, all these entities are copied and share.

- Select the "Boundary conditions” entry

Model sharing options
Praoperties [ Data tree  Update

= MODELS
Boundary conditions (] ¥ Eﬁ' STATICS

Loadings [] v [0 [1]initial stress field

D [1]Properties

Cancel + 0 ;Jundar}rconditions
[1]BCSetl
v D Leoadings

[ [11LoadsSet!

D [1]Analysis settings
W D [2]Excavation #1
D [2]Properties
v [ Boundary conditions
B [1ecsett
v [ Loadings
(Y [2]LoadSett
D [2]Analysis settings
v [ BlExcavation #2
D [3Properties
v D Boundary conditions
B mecset1
v D Leoadings
[ 3lLoadSet1
D [3]Analysis settings
& DYNAMICS
=0 GRONMIWATFR FI O

View of the calculation tree

Active/inactive elements

The excavation of the full section leads to set at inactive state the bodies Section #2 and Lining #2.

1. Go to the tab PROPERTIES.
2. Select the volume bodies Section #2 and Lining #2.

Click on |:|+|:|

4. In the grid, tick "Inactive".

Activate/deactivate bodies.

Apply. The volume body are now marked with the neutral colour.

Boundary conditions:

There is no change in the boundary conditions.

wesar CESAR - Tutorial 3g.03
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Loading set: Excavation forces #2

The load set consists here to define the excavation forces resulting from the removal of the soil mass and to
activate the self-weight of the activated lining.

1. In the model tree, right click on "Loadings" gives access to the command Add a loading set. A
dialog windows opens.

- Give Excavation forces #2 as name to this loading set.
- Validate.

2. In the model tree, right click on the loding set Excavation forces #2 copied from previous stage.
It gives access to the command Delete a loading set. Delete it. Excavation forces #2 is now the
active loading set.

3. Activate the LOADS tab.
L
. A ,
4. On the toolbar, activate Excavation forces.
- Tick"Active"

- Setthe value of lambda to 1,
- Asstress origin, select Excavation #1 model as stress field origin.

5. Click on Apply. The excavation forces are applied.

Excavation forces - DEC

Stress release coefficient

Lambda [] 1.000e+00
Stress field before excavation

Stage Excavation #1

Next stage Excavation #2 [MCNL]

View of the excavation forces

Loading set: Self-weight of Lining #1.

The setup of the lining in section #1 requires to set at active state the body Lining #1.

1. Go to the tab PROPERTIES.
2. Select the volume bodies Lining #1.

Click on |:|+I

4. In the grid, tick "Active".

Activate/deactivate bodies.

Apply. The volume body are now displayed with its original colour.
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View of the model (with the soil body being hidden)

We create a new loading set. Thus, we are able to pilot independently each loading set (if required).

1. In the model tree, right click on "Loadings" gives access to the command Add a loading set. A
dialog windows opens.

- Give Self-weight of lining #1 as name to this loading set.
- Validate.

-
2. Activate the feature Gravity forces.

- Click Automatic selection. This tool automatically detects the activated bodies at this
calculation stage (i.e. Lining #1)
- Validate.

Automatic selection Apply Show
~ Definiti

. Gravity forces
gx [m/s2] 0.000
gy [m/s2] 0.000
gz [m/s2]

View of the Lining #1 body selected for definition of its self-weight (with soil mass body being hidden)

Calculation parameters

There is no change here.
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4. SOLVE

In the scope of the tutorial, we finish here and run the calculations.

User will understand that the process defined for modelling excavations #1 and #2 of the main gallery can
be reproduced in the same way to complete the tunnel excavation as well as it can be adapted to model the
excavation of the secondary gallery.

We launch the calculations simultaneously. It is of course possible to launch the calculations individually.

1. Go to the ANALYSIS tab.

=

2. Click on Calculation options.
- Check that No renumbering is ticked.
- Apply.

=
Click on & Analysis manager.
Select the 3 stages.
Select Create input files for the solver and calculate. Click on Validate.

o oW

The iteration process is displayed on the Working window. It ends with the message “End of
analysis in EXEC mode”.

\& CESAR-LCPC detects if the models are ready for calculation. All steps should be validated with a tick mark.

~ Analysis manager x

Model selection O
Id Model name Solver PROP COND LOAD DATA RES
_ 1 Initial stress field MCNL o o OK OK
_ 2 Excavation 1 MCNL o o ~ oK 0K
_ Excavation £2 MCNL o ~ 0K 0K
[
Actions: Create input files for the solver and calculate v
Validate Cancel

View of the calculation manager at the end of the calculations

L All the messages during the analysis will be shown in an Output Window. Especially, one needs to be very
cautious about warning messages, because these messages indicate that the analysis results may not be
correct. Theresult is saved as a binary file (*.RSV4) in the temporary folder (.../TMP/), defined during setup.
The detailed analysis information is also saved in a text file (*.LIST).

«’i\'r Calculation times depend of the computer performances (CPU and RAM configuration).

- @ CESAR - Tutorial 3g.03 20
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5. RESULTS
User can display several scalar: displacements, stresses, strains.
We display the vertical stresses inside the model after analysis of Excavation #2.

1. Activate the tab RESULTS

@
2. Click on =1 Type of results to display.

- Select|u|, Total displacements in Contour option,
- Apply.

‘ 3. Click on ? iScalarsettings.

- Select Areas as Style of contour plots.
- Activate Contour lines, and select Grey as color set,

- Apply.

‘ 4. Click on ==Legend.

- Select Contour plot as legend type,
- Apply.

N
7~
k-escr

[uf [mm]

>2.7 (Max=3.0)

24-27

2.1-24

1.8-2.1

15-18

1.2-15

09-1.2

06-09

0.3-06

<0.3 (Min=0.0)

View of total displacements in the model at the end of Excavation #2
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We now display the plastic strains and investigate inside the model with the tool "Cross section plane”.

1.

@

Click on =1 Type of results to display.

Select [e_p|, Norm of plastic strains in Contour option,
Apply.

Click on @ Cross section plane.

Tick Active, Clipping cross section and Cross section,

Set the position to the point (0.1; 0; 0),

Set the direction of the cut plane following the vector (o; 1; 0).
Apply.

Cross-section plane

<1 Clip plane definition

Active
Clipping cross section
Cross-section

<1 Clip plane definition
<1 Coordinates of a point or 1.00e-07; 0.00e+00; 'D.Dﬂ.

¥ [m] 1.00e-01
¥ [m] 0.00e+00
Z[m] 0.00e+00
<1 Mormal to the plane 1.00e+00; 0.00e+00; 'EI.OC.
WX [m] 1.00e+00
VY [m] 0.00e+00
VZ [m] 0.00e+00

Cesar®

e_p|[micro-def]

- 8.9e+02-1.0e+03
- 7.8e+02-8.9e+02
- 6.7e+02-7.8e+02
]7" 5.6e+02-6.7e+02

] 4 .5e+02-5 6e+02

[
- 2.2e+02-3 4e+02
- 1.1e+02-2.2e+02

| 3.4e+02-4 5e+02

View of plastic strains inside the model using the cutting plane feature

"

- >1.0e+03 (Max=1.1e+03)

- <1.1e+02 (Min=0.0e+00)
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