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Chapter 1

Introduction

1.1 About LAGAMINE

LAGAMINE is a finite element code born at the University of Liege at the end of the seventies.
The code has been developed along with innovations and science for the last forty years. The
continuous work of researchers around the world — in universities as well as in the industry —
has maintained it at the leading edge of technology and research. More specifically, LAGAMINE
is able to deal with complex nonlinear constitutive models, multiphysical coupling, strain local-
isation and multiscale approaches for applications in the fields of environmental geotechnics,
engineering geology, reservoir engineering and metal forming.

1.2 About this tutorial

This tutorial is meant to provide first-hand experience with the finite element code LAGAMINE. Al-
though this guide has been written as a beginner tutorial, it is recommended to have some basic
knowledge of finite element modelling to understand how the software functions. Instead of list-
ing all the features available in LAGAMINE, which is already available in the DokuWiIki, this tutorial
details selected examples of increasing difficulty to learn how to use the software gradually.

In the following,

« Light grey boxes are used to refer to buttons to click on, e.g. Button

+ Text in boxes refers to text or command to be typed using the keyboard, e.g. .

1.3 Prerequisites

LAGAMINE runs under Microsoft Windows. Several programmes of the LAGAPROGS interface are
written in Fortran, and it is necessary to use the full stop (.) as the decimal symbol. Therefore, in
Windows 10, go to Control Panel, click Change date, time, or number formats and then Additional
Settings. Under the tabs Numbers and Currency, select the full stop (.) as the decimal symbol
and the comma (,) as the digit grouping symbol. Finally, click on Apply. If you do not have full
admin rights and are using for example a \localadmin account, make sure the decimal symbol
of that account is set correctly as well.


http://www.lagamine.uliege.be/dokuwiki/
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@,

You will need a text editor to write some input files and read output files. Although
any text editor can be used, it is recommended to download and use the open-
source NotePad++ software.

1.4 Installation of LAGAPROGS

LAGAPROGS is the name of the user interface for the finite element code LAGAMINE. It is installed
by running the installation file SetupLagaProgs.exe. The program LAGAPROGS is installed by de-
fault in the directory C: /Program Files/LagaProgs, but another directory can be selected’. The
other sub-programs used in the LAGAPROGS environment are automatically installed in the direc-
tory . ../LagaProgs/prog.

A

You need to execute LAGAPROGS as an administrator; otherwise, your folders will not
appear in C: /Program Files (x86)/LagaProgs. This is also necessary to properly
run the Debugger (for developers). To do so, right-click on the LAGAPROGS icon, go to
properties, and tick the option Run this program as administrator in the compatibility
tab.

Some sub-programs might give an error message at launch, indicating that .d11
files are missing. In particular, the Msvbvm50.d11 and vb5fr.d11 files might be miss-
ing. In that case, these files must be downloaded from a reliable source and then
placed into the folder C: /Windows/SysWoW64.

"Note that you need to possess administrator rights on the directory where LAGAMINE is installed. Ideally, you
should also possess administrator on the C:/ drive as you might need to add or modify some files.


https://notepad-plus-plus.org/downloads/
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First step into the LAGAPROGS interface

As the program LAGAPROGS is executed, a window called PRESENTATION appears on the screen
(Figure 2.1). The dialog box allows you to create a new username or to select an existing one.
For each username, a folder is created in the LAGAPROGS directory . . .\LagaProgs\Username\ SO
that each user can easily find their own projects and files.

#, PRESENTATION x
§
LagaProgs
il
L S
X : ] N
N%‘:’g # Lagamine Suite
N L Windows systems

Version 5.2 (05/05/08)

LagaProgs &

IDENTIFICATION :

USER NAME : [mel

0K

Figure 2.1 PRESENTATION window of LAGAPROGS.

The main window of LAGAPROGS is shown in Figure 2.2. LAGAPROGS is actually a platform to

quickly manage and pilot all the files and sub-programs that are necessary to carry out a finite
element simulation.
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. Lagaprogs - X
Fils Edit Data Execution Results Options 7
PROJECT DATA : 1 DEVELOPMENT: 5 3
PROJECT GMAILL FILE
USER : No_name INo file:
SIMULATION DATA FILE QJ %
Na name [N file i
LOADING FILE
e T ==
[EProgram Flles (6 \_agaProgs WISEFFL e o
o) (ol
PREFRO
] Ll | open | [ Delete | | close
- PROJECT FILES
2 REFRESH UPDATE LOCAL COPIES
Seametry GMAILL FILE DATA FILE LOADING FILE
GHaill
Lagalaw
SELECT FILE SELECT FILE SELECT FILE
4 OUTPUT FILE LOG. and IMP. FILE ALL FILES
Prepro
Lagamine
Sefect Lt [ | *ipn:* ipe:* pr prs>* pes prs ~|

USER : user

CAPS  NUM 2112019 1132

Figure 2.2 Main window of LAGAPROGS.

This platform consists of five components:

1.

PROJECT DATA: this first part (on the top left corner) gathers information about the ongoing
project, such as the name of the project, the name of the simulation and the names of
the working files (GMAILL FILE, DATA FILE and LOADING FILE). These files are used by the
different sub-programs, so you need to make sure your are working with the right files for
each simulation. You cannot directly write the name of a file. Instead, you need to select
each file manually from PROJECT FILES.

PROJECT FILES: this second part comprises all the files of the current simulation. You can
double-click on the name of the file to open it as a notebook document, and modify its
content yourself. To select a file for the part PROJECT DATA, click on the file and then on
the button SELECT FILE .

The third part (on the top right corner) shows a tree view of the projects and the simulations
defined by the user.

The fourth part (on the bottom left) displays shortcuts to quickly execute the different sub-
programs.

The fifth part (on the upper middle) is only useful for developers and is not accessible in
the student version.

The toolbar provides additional functionalities, but we will come to that later. The ? tab of the

tool

bar gives access to the manuals of LAGAMINE, explaining how the GMAILL, DATA and LOADING

files are organized and filled by the sub-programs. If needed, updated information regarding these
files is available in the DOKUWIKI.


http://www.lagamine.uliege.be/dokuwiki/

CHAPTER 2. FIRST STEP INTO THE LAGAPROGS INTERFACE

@,

In section 1.3, it was suggested to use NotePad++ as text editor. Therefore, click
on Options on the top of the screen, and then on 'Programs path . A new window
appears (Figure 2.3). This window is used to select the different sub-programs of
the LAGAPROGS platform (see Chapter 3). Click 3 times on INEXT until the link to
the text editor appears. Click on . to select the path to NotePad++ (Figure 2.4).
Click on OK to finish and close the window.

& Options X

PROGAM NAMES AND PROGRAM PATHS :
LAGAG :

|L' 43 - LagaProgs'ProghLAGAG exe

GMAILL -

|D 43 - LagaProgsiProghG aill exe

LAGALAW -

|L',' 43 - LagaProgs'ProghLAGALAW exe

PREPRO :

|D 43 - LagaProgsiDevhexehiPrepio.exe

Non Aut ki Loading InterF: LAGAMNA :

|L',' 43 - LagaProas'ProghLagaMAload exe

Automatique Loading Inteiface LAGAAT :

b U b B8 & B8

|D 43 - LagaProgsiPriogiLagat Tload exe

I PREC. ] | NEXT |

T

Figure 2.3 Options window.

& Opticns x

PROGAM NAMES AND PROGRAM PATHS :
HMAIL3D

|D:\43 - LagaProgs\FroghMail3d exe

3D Mesher of intersection between a well and a gallery

[D:443 - LagaProgs\Proghintertu, exe

LECSTAND

|D:\43 - LagaProgs\Proghlecstand.exe

LECVAR

|D:\43 - LagaProgs\Proghlecvar, sxe

LECPER

‘[ 43 - LagaProgs'ProgiLecper exe

Text editor

N I 0 B

‘I: \Program Files (86N otepad++inotepad++ exe

| pmec. | [ mexT |

e

Figure 2.4 Options window: text editor.
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Main sub-programs and files

The platform LAGAPROGS gathers different sub-programs, which are necessary to perform and
analyse a finite element simulation. These programs, including their input and output files, are
briefly described hereafter. The differently formatted files follow a specific format and structure,
which are described in Appendix A.

3.1 LAGAG

The first step of a finite element simulation is the definition of the geometry. This is done using
LAGAG, which is executed by clicking on Geometry in LAGAPROGS.

lcon "%‘EE

Define the geometry (including discretization, element types and law

Purpose numbers) and boundary conditions of the problem.
Output file NAMDAT . GML
3.2 GMAILL

Once the geometry is defined, the finite element mesh can be generated. This is done by running
GMAILL.

lcon 3

Generate the mesh and create the incomplete NAMDAT.LAG file. The
NAMDAT.LAG file will be completed later to contain the information on

Purpose the geometry, initial conditions, boundary conditions and material pa-
rameters.

Input file NAMDAT . GML

Output file NAMDAT.LAG: (incomplete) data for PREPRO
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3.3 LAGALAW

The next step consists in selecting material models and defining the corresponding parameters.
This can be done by either modifying the NAMDAT . LAG manually, or using LAGALAW (beginners).
Advanced users will generally prefer to directly modify the NAMDAT . LAG file manually as not all
constitutive models are available through LAGALAW.

Icon @

Select the material models and define the corresponding parameters.
Define the initial pore pressures and temperature, in the case of a cou-

Purpose pled analysis. Define the value of gravity (if taken into account). Define
the parameters of the re-numbering strategy.
Input file NAMDAT .LAG: (incomplete) data for PREPRO
Output file NAMDAT .LAG: (complete) data for PREPRO
3.4 PREPRO

Before we can run the finite element simulation, the data file should be pre-processed. This is
done by executing PREPRO.

lcon %}

Purpose Pre-processor
Input file NAMDAT . LAG
Output file NAMDAT. QUT: listing of data

NAMDAT.FO1: permanent data (not formatted)
NAMDAT .F02: variables (not formatted)

NAMDAT .DON: necessary data for SELECT and DESfIN

3.5 LAGAMINE

The simulation can now be solved using the finite element code and program LAGAMINE. Note
that, in order to run a simulation, a loading file (NAMEX . DAT) should be defined. Advanced users will
generally create and fill in this file manually. However, the sub-programs LAGANALOAD (manual
strategy) and LAGAATLOAD (automatic strategy), accessible via the LAGAPROGS platform, enable
to fill in this loading file.

10
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Icon ﬁ

Purpose Run the finite element simulation.
Input files NAMEX .DAT: loading file
NAMDAT.FO1

NAMDAT .FO2 (or NAMDAT . F03 if specified in NAMEX . DAT)

Optional:

NAMDAT .PRI: output data to be printed

.SWI: activation/deactivation of some elements during the simulation

NAMDAT.LOA, NAMDAT . DEP and NAMDAT . LIC: definition of the loading path
Output files NAMEX . QUT: listing of LAGAMINE’s execution

NAMEX . L0OG: convergence of the execution

NAMDAT .F03: variables (not formatted file)

NAMDAT . OTO: variables (not formatted file)

Optional:

NAMDAT. IPN: printing file for nodal variables

NAMDAT. IPE: printing file for element variables

NAMDAT . IPR: printing file for reactions

@ In this document, NAMDAT and NAMEX can be replaced by any names. However, differ-

ent names should be used since LAGAMINE generates two different output files. In
practice, it is recommended to use NAMDATex for NAMEX, i.e. the same name as the
.LAG file, followed by ex.

3.6 SELECT

Once the problem is solved, SELECT is used to select the results to be printed or represented.

Icon ﬂ

Purpose Select the results to be printed or represented.

Input file NAMDAT .DON and NAMDAT .F01
NAMDAT .F02, NAMDAT.F03 or NAMDAT . 0TO

Output file NAMDAT .RES: selection of time steps for DEsfiN (not formatted file)
NAMDAT . IMP

1
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3.7. DESFIN

3.7 DEesfiN

Finally, the results can be represented using DESTIN.

4

Purpose Representation of the results.

Input file NAMDAT .DON and NAMDAT .RES

Output file NAMDAT . PLO: graphical file
NAMDAT . ASC

12



Chapter 4

Oedometer test

This first exercise is meant to gain a hands-on experience with the LAGRAPROGS
interface and the (main) associated sub-programs. It includes all basic steps of a
finite element simulation, from the creation of a project to the representation of the
results.

4.1 Description of the problem
The problem studied in this first example consists in the uniaxial compression of a cylindrical soil

sample (radius = 30 mm, height = 20 mm). Due to the symmetry of the sample and the symmetry
of the loading, the problem is treated as a two-dimensional axisymmetric problem.

4.2 Creation of the project and simulation folders

Once you are logged in LAGAPROGS, go to the toolbar and select Files, and then New in order
to create a folder for a new project.

Files Edit Data Execution Results Options 7

Mew
Open project GMAILL FILE
Close project | Mo file
Save project LU (A1

. Mo file
Save project as

LOADING FILE
Print IMa file
Quit LagaPiogshJSERY
O @
| [J
Figure 4.1

13
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Write the name of the project under the tab Project , namely| Oedometer test | and click on OK.

iZ Lagaprogs : Creation form et

Creation :

Project | Sirmulation | File

Mame of the new project :

|Dednmeter texs]

[C:\Program Files [#55]\LagaProgshJSERS ]

0K Cancel

Figure 4.2

Following the same procedure, now create a simulation under the tab Simulation and write the

name of the simulation, namely . Click on OK.

i&1 Lagaprogs : Creation form x

Creation :

Froject T Simulation T File:

Mame of the new simulation :

||:|ec||:|_a:-:is_l,ln'|

aK Cancel

Figure 4.3

The tree view is shown in the upper right corner of the platform LAGAPROGS. The newly created
folders are located in the directory . ..\LagaProgs\Username\.

These first operations also modify thefile . . . \LagaProgs\Username\Username .LST,
which list all the projects (with the corresponding number of simulations) of the
user. This file is important as it enables to display the tree view in LAGAPROGS.

14
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4.3. CREATION OF A .GML FILE

4.3 Creation of a .GML file

The .GML file contains all the information on the geometry of the problem. Click on Files then
New from the LAGAPROGS toolbar and check the box GMAILL FILE from the tab File .

Write the name of the GMAILL FILE as , and click on OK.

(== Lagaprogs : Creation form

Creatiomn :

Project T

Simulation T

(@ GMAILL FILE

Hame of the new file :

File

) DATA FILE | oedoemeter
( LOADING FILE
oK
Figure 4.4

An empty .GML file is automatically generated and appears in LAGAPROGS under the section
PROJECT FILES. Click on the file and then on the button SELECT FILE to assign it as the cur-
rent working file. It is then also displayed in the section PROJECT DATA.

. Lsgaprogs
Files Edit Data Execution

PROJECT DATA -
PROJECT

Results  Options 7

GMAILL FILE

[Oedometer test
SIMULATION

[oedometer. GML
DATA FILE

[oedo arisym

PROJECT PATH

o fie
LOADING FILE
Mo file

[C:\. Soeda asispi
&

-~

(]

el PROJECT FILES :
eometry o ,ﬁm FILE

OUTPUT FILE

=

o

o)
k4

fiod

,_
&
H

@
Bf &2
Fy

DEVELOPMENT:

Debugger

View modif file

£
S

REPRO

)
8
w
=
@

- X
Bl user
&1 Dedomele fest
oedo asigym
‘ Open | | Delete ‘ ‘ Close

'u
2

m

=

fle

gamine

Select List. -]

REFHESH
DATA FILE LOADING FILE
LOG. and IMP. FILE ALL FILES
on st e s =

Figure 4.5
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4.4 Definition of the type of problem

From the LAGAPROGS toolbar, click on Data and then on Analysis and problem type . A new
window pops up where you can select the type of analysis and the type of problem. Our case
can be simplified as an axisymmetric problem for a purely 2D mechanical analysis (no hydro-
mechanical coupling is considered).

Select 2D MECHANICAL under ANALYSIS TYPE and AXISYMMETRIC under PROBLEM TYPE.

i&1 ANALYSIS AND PROBLEM TYPE X

AMALYSIS TYPE :

@ 2D MECHANICAL (C 2D HYDRO-MECHANICAL
(O 2D THERMAL (O 2D THERMO-MECHANICAL
(O 2D HYDRAULICAL (' 2D HYDRO-THERMO-MECHANICAL

(O 2D MECHANICAL PLANE SHELL ) 2D MECHANICAL [Second Gradient]
(O 2D T-H-M-CHEMD ) 3D MECHAMNICAL

(O 3D HYDRO-MECHAMNICAL (C) 30 THERMO-MECHANICAL

(O 3D HYDRO-THERMO-MECHANICAL ' 2D THM (Second Gradient)

(U 2D HYDRO - MECHANICAL (Second Gradient)

PROBLEM TYPE :
(O PLANE STRESS

(O PLANE STRAIN (O GENERALISED PLANE STATE

O TRIDIMENSIONAL

Figure 4.6

0 | Advanced users will generally skip that step, and later modify the second line of the
.LAG file.

4.5 Definition of the geometry, the finite elements and the boundary
conditions

We now need to define the geometry of our problem by modifying the content of the .GML file,
which is currently empty. The sub-program LAGAG will help us do so with an intuitive graphical
interface.

To start LAGAG, click on the tab Data of the toolbar, and then click on Geometric and boundary

conditions . Alternatively, one can directly click on the icon Geometry on the left of part of LA-
GAPROGS. Ignore the pop-up message appearing ‘The GML file is empty. No data have been saved’
and click on OK. A new LAGAG window should open, and you might need to adjust the size of
the window by double-clicking on the top bar.

16
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& LAGA-G - o X
File Edit Preview Modify Mesher parameters Options
Data:

Charact. peints :

Il

Coordinates :
X -49.758
Y: 65218

Figure 4.7

4.5.1 Definition of points

We first need to define the coordinates of all the points of interest of the analysis. For our exam-
ple, we only need to insert four points: (1) (0,0), @ (0,0.02), @ (0.03,0), and @ (0.03,0.02) to mark
out the limits of the problem.

« From the toolbar, click on Edit and then on Characteristic point .

The international system of units is used in LAGAPROGS, so that lengths are ex-
pressed in meters.

 Click the New button at the bottom of the window and enter the desired coordinates of
the point.

« Click on the OK button to validate the point (or press Enter).

+ Repeat the process for all points.

For an axisymmetric problem like ours, the y-axis is always the axis of
symmetry.

17
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File Edit Preview Modify Mesher parameters Options

Segmen I:'ﬁ %
5 e
Vale: [
Weight
Figure 4.8

It is always possible to modify the coordinates of the points by selecting the corresponding point

with the point drop-down menu and changing the values of X and Y. Do not forget to click on the
button |OK to validate your modification (or just press Enter).

Once all the points are defined, click the Quit button atthe bottom left of the screen. Itis possible

to adjust the scale of drawing area so that all points are visible. From the toolbar, select Preview
and then Fit to window .

& LAGA-G
File Edit Preview Modify Mesher parameters Options

Coordinates :
X: 0.005
Y: 0.016

Figure 4.9

18
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4.5.2 Definition of segments

Before creating segments, select from the toolbar Options and then Division of segment in
order to be able to divide later our segments into smaller elements for the mesh. Two types of
segments are possible: a segment can either be a straight line between two points or an arc
passing by three points (or passing by two points with a given center). For the oedometer test,
we only need to link our points with straight lines to form a rectangle.

Click on Edit and then, Segment to define the geometry of the problem.

+ Click onthe New button to create the first segment.

« Left-click on the first point in the drawing area, and then on the second point.

& LAGAG
File Edit Previe Modify Mesher parameters  Options
Data

haract. points -

cl
N
X=
W=

“
o

Segments

N[y

o

LN

® Segment

O Arc

© Implicit

Boundaries
Type

N

EF:

Segment -

1

Densities :
N

Value: [
Weight |

Figure 4.10

+ Click on the 'OK button to validate the segment.

+ Enter the number of subdivisions of the segment you have just created. This number will
correspond to the number of finite elements on the corresponding border. Choose, for in-
stance, and click on OK.

Definition of segment >

which iz the number of divizions for this segment ?

Canicel

Figure 4.11

+ Repeat this process for the other three segments.

19
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+ Click Quit, the drawing area should look like following figure.

& LAGA-G

- o X
File Edit Preview Modify Mesher parameters Optians
Data:

haract. points :

Cl

N*:
X=
W=

i:]
2
g
‘4

Segments :
Ne

b

LN

(® Segment
O arc
O Implicit

Boundaries

(5 s e
E.F : n 2
Segment - [ |

Densities :

=

5

]
5

Weight |

Figure 4.12

4.5.3 Definition of the boundaries

Now that the geometry of the problem has been defined, we need to select the type of mesh we
want, assign law numbers to the elements and apply boundary conditions at the contour. To do

so, select Edit and then Boundary . The available options are displayed below the drawing area
and are assigned with a code number.

New Stiueturated mesher [2] Intemal eontour [4] Unidimensional el. ]

Figure 4.13

Solid elements There is only one type of material (namely the tested soil) and one group of
elements forming the mesh for the oedometer simulation. Select New below the drawing area
to create a new contour, and choose the desired type of contour on the left, as shown in the figure
below. Naturally, the selected segments must form a closed loop.

20



CHAPTER 4. OEDOMETER TEST 4.5. DEFINITION OF THE GEOMETRY, FE AND BC

Data -

Charact. points :
N
X =
Y-

Segments :

N':m Hode
2~
-
C Arc -
CImplicit ||

@ Segment

Boundaries :
Type :

EF :

Segment - m

Densities :
N*:

Value :
Weight :

Figure 4.14

Select the structurated mesher, i.e. Type = 2, and then click on the four segments to mesh the
soil sample.

The four segments should not be selected in any arbitrary order. While any segment

o can be selected first, the subsequent segments should be selected counterclock-
wise. If the domain is not properly meshed, errors will later arise when executing
the sub-program PREPRO, see section 4.11.

One you selected the four segments, click on OK . A new window appears.

Structurated mesher

Data :

PLxLG Number of integration points : |§| ’_4
l i Mechanical law N*: |§| ’_1
&l
Element type comments :
Bidimensionnal mechanical element
oK |
Figure 4.15
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This window allows the user to choose the type of elements for the mesher. For further informa-
tion about, please refer to the LAGAMINE manuals (especially ElImec, Elcou and Elthe).

For our example, we choose the PLXLS elements, which are 2D purely mechanical elements (with
8 nodes and 4 integration points by default). A number for the mechanical law must be assigned
as . Since our problem is purely mechanical, the second number is dis-activated even if it is
still displayed on the screen. Click on OK to close the window.

Boundary conditions We now define the boundary conditions of our problem. In the case of an
axisymmetric oedometer test, the boundary conditions are:

+ A linearly distributed force on top of the sample.
* Fixed displacements on the sides and at the bottom of the sample.

Therefore, we need to create 4 boundary conditions as illustrated in Figure 4.16.

L1l

& &

Figure 4.16

To define the linearly distributed force, click on New and select a Type =5 boundary. Select
the top segment on which the force will be applied and click on OK'.

In LAGAMINE, a force is always applied on the left side of the selected segment for a defined
direction (see Figure 4.17).

2 2 2 2
®

® ®

1 1 1 1

direction: from node 1 to 2 direction: from node 2 to 1
Figure 4.17 (Left) The direction of the segment is node 1 toward node 2, as a result the force is

applied on the body to the left of the segment. (Right) Similarly, when the direction is switched,
the force is applied to the body on the right of the segment.
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A new window pops-up to define the direction of the force (see Figure 4.18). This question allows
us to choose the direction of the segment.

Definition of a boundary

You have only one segment for this boundary.
Do you want to mesh from the node 4 to the node 2 7

Figure 4.18

In our example (see Figure 4.19), to mesh from node 4 (respectively node 2 in Figure 4.17) to node
2 (respectively node 1 in Figure 4.17), the applied force will be downward. We then answer Oui
(yes) to the question (see Figure 4.18).

(30
N

Figure 4.19

A new window appears where the type of element can be chosen for the contour. We choose
here LICHA and we assign a new number to this law. The law number was already assigned
to the material mechanical behaviour of the sample, therefore this new mechanical law for the
linearly distributed force will be defined by the law number. Click on OK to close the window.

For the fixed displacements, we must now fix the degrees of freedom to prevent any displace-
ment from occurring at the border of the simulation. Select New and Type =5 boundary con-

dition, click on the bottom segment (Figure 4.20) and then click OK .

Figure 4.20

A message to choose the direction will pop-up once again (see Figure 4.21). Here, the direction
does not matter as we will fix the vertical displacement. Click either on Oui (yes) or Non (no).

Definition of a boundary

You have only one segment for this boundary,
Do you want to mesh from the node 1 to the node 37

Figure 4.21
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Table 4.1 summarizes the definition of the degrees of freedom in LAGAMINE.

DOF 2D 3D
x 1
Y 2
z - 3

Dw 3 4
Dy 4 5
T 5 6

Table 4.1 Number of the degrees of freedom (DOF) in 2D and 3D analyses.

In our 2D simulation, we want to fix displacement on the Y-axis at the bottom of the sample, so
we need to select DOF FIXED and 2 as our number for the degree of freedom (DOF FIXED N°).

Boundary condition

Data :

IDOF FIRED DOF FIXED N @ [ 2
cin
CIn
cin
cin

Element type comments :

Fiitie:s

oK

Figure 4.22

We repeat the same process for the two sides of the sample, but we now block the displacements
on the X-axis, that is to say the degree of freedom number 1. We then obtain the following figure.
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4.6. EXECUTION OF MESHER GMAILL

& LAGA-G

File Edit Preview Modify Mesher parameters Options

Data:
Charact. points -

X=
Y=

sl[e] =
slla
B2

«

Segments :

N [y -] Node

a

@ Segment | 12

C Are

11T

O Implicit

Boundaries :
Type :

U EiE
E.F :DOF FIXED
Segment: [ |
Densities :

N

Value: [
Weight |

A

Click on Quit to leave the boundary options.

| £ |

1z U T4

H H

© ©

H H

| m |

i L v 1 T
Figure 4.23

Finally, to save our data, select File and then Save data . A window might appear with a question
asking you if you want to replace the existing file. Answer Oui (yes) and leave the LAGAG by
clicking on File and then Quit .

Back to LAGAPROGS, if you double-click on the .GML file, we can see it has now been filled.

Gestion des fichiers

@) Cefichier existe déja.
¥ Voulez-vous le remplacer 7

Figure 4.24

4.6 Execution of mesher GMAILL

From the toolbar, select Data and then GMAILL in order to execute the sub-program GMAILL
that will build the mesh and create a first version of the data file oedometer .LAG. Alternatively,
one can simply click on the GMAILL icon. If the execution has been successful, the following
message will appear, click on OK .
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[ File Edit View State Window Help
CRLCUL DES DENSITES RBSOLUES

MAILLAGE DES SEGMENTS DE CCNTCUR

MRILLAGE DES ZONES SURFACIQUES

Gmaill X

0 Gmail terminated

Figure 4.25

Click now on the Refresh button to display the newly generated file oedometer.LAG. Click once
on this file and then on SELECT FILE below to add this file into the project data section.

T [ ]
,y GMAILL FILE DATA FILE LOADING FILE
aaaaaaaaaaaa e
.m.u
aaaaaaa
OUTPUT FILE LOG. and IMP. FILE ALL FILES
nnnnnnnnnnnnnnnnnn
- aaaaaaaa
ssssssssss
-

Every time GMAILL is being executed, a new .LAG file with the same name as the
.GML file is created. That means that, if you have started filling the .LAG file and
launch GMAILL, the file that you had previously filled will be lost.

4.7 Visualisation of the mesh with DEsfiN

The software DESfIN available from the LAGAPROGS interface allows us to visualise the mesh. To
do so, click on 'Results from the toolbar and then select DESFIN .
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Depending in the version of DESfiN you are using, the following message can appear
o "0 ERREUR CATALOGUE: 1. LE CATALOGUE N’EXISTE PAS. DESFIN EN BATCH; [0] =
NON, [1] = OUI". In that case, press 0 and then Enter.

The software is launched and the main menu is displayed (Figure 4.27).

(;) The software DESfIN is in French by default, but is available is English. In order to

switch to English:

1. Type and then press to access OPTIONS GENERALES (general op-
tions)

2. Type|1]and then press to access LANGUES DES MENUS (menus lan-

guage). Press|2|and then to select English.

3. Type | 2] and then press to access LANGUE DES DESSINS (drawings

language). Press | 2 |and then to select English.

4. Type to go back to the general menu.

Type | 1|for initial structure and press Enter to confirm your choice.

B desfin-[]

B Types Général MNoeuds Habillage Eléments Dessin  Ecran Charge Opérations Options

> 13= OPTIONS GENERALES

(<0 ==> VALEURS PAR DEFAUT)
99= FI

HUMERC DU PARAMETRE

Figure 4.27

A new menu appears (Figure 4.28), type @ to show a new drawing and press again to
confirm.
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B desfin-[]
abillage Eléments Dessin  Ecran Charge Opérations Options
INITIALE>

PARRMETRES GENERAUX

SELECTICN NUMERCTATICN NOEUDS

HABTILLAGE DES ELEMENTS
ELEMENTS

RETOUR MENU GENERAL

Figure 4.28

The mesh is then displayed (Figure 4.29). We have now confirmation that our sample has been
correctly meshed with 10 elements in each direction. You can now quit DESfiN by selecting Types

from the toolbar and then Retour Général to go back to the main menu and type to exit the
software. Answer Yes to the two messages popping-up.

STRUCTURE INITIALE VUE EN PLAN X ¥

Figure 4.29

4.8 Constitutive laws and parameters (LAGALAW)

The sub-program LAGALAW allows us to define the constitutive laws and their associated param-
eters for the simulation. The numbers of the laws have been previously assigned while defining
the contour. These can be found in the .GML file if you can't remember the numbering.

You can launch the program by clicking the on the icon LAGALAW or by selecting Data from the

toolbar and then Lagalaw .

A new LAGALAW window opens (Figure 4.30). We first focus on the top section of this window
which deals with the configuration of the different laws and their parameters.
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E @ LAGALAW - DATA FILE

Y | [ MATERIAL DATA :
: LAW NUMBER [} [a»] ©MECHANICALWODEL! [_NEW LAW ]

PARAMETER
' DIFFUSIF MODEL DELETE

FLASTIC MODEL - MATERIAL - o dam

EL&
I\ No data
INTERMAL FRICTION ELA-TR
CamMCLAY
CAP MODEL
WISCOUS v

PRESSURE AND TEMPERATURE :

v

o

[ WATER PRESSURE * Uniform Water pressure value :
'wiater table level (Y-axis |: " Hydrostatic | [\/ater table level [ Y-axis j | Gradient : |
[~ GAS PRESSURE & Uniform Gas pressure value ©
" Hydrostatic Gas table level [ V-axis ) : | Gradient :|
[~ TEMPERATURE Temperature value :
OPTIONS :

ISTAR KZONE IPRIN IFOND  ITYREN BDFAC

[~ DOFRENUMEROTATION [ [ [ [ [ [

[~ GRAVITY VALUE: [ REMESHING CRITERION : [ =
oK | | PREC. | | NEXT | | CANCEL |
Figure 4.30

Law 1: Constitutive law of the sample The first law we assigned was attributed to the soil
sample. For our case, we want an elasto-plastic behavior for our sample. Select Internal friction
from the left scrolling menu and then the model PLASOL. Then click on the button Parameter .

(3 LAGALAW - DATA FILE

MATERIAL DATA :

.
LAW NUMBER : h_ s MECHANICAL MODEL NEW LAW PARAMERER
' DIFFUSIF MODEL DELETE
INTERMNAL FRICTION MODEL : FLASOL MATERIAL : Mo data

ELASTIC ~ Nodata
PLA-SG

CAMCLAY SUP-5AND

CAFP MODEL MOMAS

WISCOUS N MOHR

PRESSURE AND TEMPERATURE :
[ WATER PRESSURE {* Uniform “water pressure value :

Wwiater table level [-axiz | Hydrostatic  [y/ater table Ievel[Y.axigﬂ | Gradient : |
[~ GAS PRESSURE &+ Uniform Gas pressure valus :
" Hydrostatic Gas table level [ Y-axis | ‘ Grad\enl‘
[~ TEMPERATURE Temperature value :

OPTIONS :
ISTAR KZONE IPRIN IFOND  ITYREN  BDFAC

[~ DOFRENUMEROTATION [ [ [ [ [ [

[~ GRAVITY VALUE : REMESHING CRITERION :

Mone -

oK ‘ ‘ PREC. | | NEXT | | CANCEL |

Figure 4.31

A new window appears where the parameters can be defined. Refer to the manuals for the mean-
ing of each parameter. For our simulation, we need five parameters:

* Young modulus: E = 500 MPa
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+ Poisson’s coefficient: v = 0.2
+ Friction angle: ¢ = 20°

+ Cohesion: ¢ = 300 kPa

« Dilatancy angle: ¢ = 0°

The unit of reference for these parameters is the pascal Pa, fill the fields just like in Figure 4.32.
The other parameters can remain at their initial value. The large right and left arrows at the bottom
of the window give access to possible further windows. When all parameters have been filled,
click on OK to go back on the main LAGALAW window.

& INTERMAL FRICTIOMAL LAW - PLASOL 4
OPTIOMNS
Yield surface : Dilatancy : Bifucation
[ Rice criterion
() Drucker-Prager (@ Constant
Type of stress :
® Yan Fekelen () Taylor rule &L
=
REAL PARAMETERS
“oung modulus © |5 Eq Paizzon coefficient : 0z
Init. friction angle [Compression] : [2g Init. friction anale (Extension] 1 |20
Final friction angle [Compression) : [2g Final friction angle [Extension] : {20
Bp coefficient : il Specific mass : il
Dilatamcy angle [Compression) : 0 Initial cohesion : 1ER
| Dilatancy angle [Extension) : il Final cohesion : 3EH
Corstant for Taylor ule : il Be coefficient : il

e H

Figure 4.32

Law 2: linearly distributed load The second law assigned was the load density on top of the
sample, namely a LICHA load. In LAGALAW main menu, click the button New law . A new law is
generated and the law number should be switched to 2. Select then Boundary conditions from
the left scrolling menu and choose the model LICHA.
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@ LAGALAW - DATAFILE x

MATERIAL DATA :

@
LAW NUMBER : [7 @ MECHANICAL MODEL NEW LAW PATARETER
() DIFFUSIF MODEL DELETE

EOUNDARY CONDITION MODEL - |LICHA MATERIAL - |Ho data

I
No data
RESSO
BOUMDARY COMDITION

PRESSURE AND TEMPERATURE :

[~ WATER PRESSURE * Uniform “whater pressure valug
“Water table level [Y-awis ] Hydrostatic | [\water table level [ Y-axis j | Gradient : |
[~ GAS PRESSURE " Uniform Gas prezsuie value
~ Hydrostatic ~Gas table level [ Y-axis | : | Gradient :|
[ TEMPERATURE Temperature value :
OPTIONS :

ISTAR KZONE IPRIN IFOND  ITYREN  BDFAC

[C DOFRENUMEROTATION [ [ [ [ [ [

[ GRAVITY VALUE: [ REMESHING CRITERION : [fione =
oK | | PREC. | | NEXT | | CANCEL ‘
Figure 4.33

Click on 'Parameter, a new window opens where different models for LICHA can be defined
(Figure 4.34).

23 BOUNDARY CONDITION - LICHA *
OPTION
Loading function : (@ Uniform function Comment : ]

O ¥-dependent function 1 | E
) ¥-dependent function 2 b
O Gravity by SUCHA [* Local axis ™ IVAL Negative
(i Linear function
) Parabolic function

REAL PARAMETER

Force multiplicator - Displacement multiplicator :

Nomal pressure : Tangent load : Momal pressure : Tangent load :

PRESSF : fee  TAUF: [ PRESSDT: o TAUDI: o
PRESSF2: i TAUF2: [ PRESSD2: o TAUDZ: [
PRESSF3: [ TAUFs: i PRESSDZ: [ TAUD3: [T

Fn =PRESSF*FMULT+PRESSD*DMULT
Ft = TAUF*FMULT+TAUD*DMULT

Figure 4.34

e

For the oedometer test, the applied force if uniformly distributed on top of the sample, but the
intensity of this force increases over time. We apply a force multiplier FMULT to the force F to
simulate this behavior. Therefore, the total force applied on the sampleis F - FMULT.

We will create later on in this tutorial an execution file whose goal will be to increase the force
multiplier FMULT from 0 to 1. Thereby, the initial stress applied on the sample will be null, whereas
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at this end of the simulation it will be equal to F.

This method implies that the force remains constant and proportional to the multiplier. This force
must be normal to the top edge of the sample, and we must fill the maximum force F' that will
be applied at the end of the simulation, 1 MPa in our case (see Figure 4.34). Click on OK to go
back to the main LAGALAW menu.

4.9 Initial pore pressure distribution (LAGALAW)

We can define in LAGALAW main menu the initial water pressures, gas pressures and the ini-
tial temperature if necessary. This part is only relevant for hydro-mechanical or thermo-hydro-
mechanical coupled simulations. As our test is purely mechanical, we don’t need to modify any-
thing in this section.

Two points can be highlighted however:

+ Gas and water pressures can be either defined from a uniform value or on the basis of a
depth gradient and an initial value.

+ The temperature of the whole model is defined from one constant value.

@ LAGALAW - DATA FILE X

MATERIAL DATA :

LAW NUMBER : T [43] (@ MECHANICAL MODEL NEW LAW
O DIFFUSIF MODEL DELETE
EOUNDARY COMDITION MODEL :  [(ichA MATERIAL: [indss

Mo data
RESS0
BOUNDARY CONDITION [
PRESSURE AND TEMPERATURE -

[~ WATER PRESSURE { Uniform Water pressure value

'Water table level [-axis ]: " Hydrostatic [\/ater table level ['-axis j | Gradient : |
[~ GAS PRESSURE & Uniform Gas pressure value

" Hydrostatic Gas table level [-aris ] | Gradient :|
[~ TEMPERATURE Temperature value
T UrTIONS ©

ISTAR KZONE IPRIN IFOND  ITYREN  BDFAC

[~ DOF RENUMERDTATION [ [ [ [ [ [

™ GRAVITY VALUE: [ REMESHING CRITERION : [ons -
oK | | PREC. | | NEXT | | CANCEL |
Figure 4.35

4.10 Renumbering (LAGALAW)
It is possible to renumber the degrees of freedom in order to acceleration the computation of the

simulation. This option is to be configurated in the lower section of the main LAGALAW window
(Figure 4.37).
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4.10. RENUMBERING (LAGALAW)

@ LAGALAW - DATA FILE

BOUNDARY CONDITION MODEL :  [LICHA

I
RESS0

BOUMDARY CONDITION [

PRESSURE AND TEMPERATURE :

b
MATERIAL DATA -
. ® MECHANICAL MODEL NEW LAW .
LAW NUMBER : 2 {PARAMETER! k
O DIFFUSIF MODEL DELETE

MATERIAL :

No data ]

Mo data

[~ DOF RENUMEROTATION

[~ GRAVITY VALUE :

—

[ WATER PRESSURE f Uniform ‘wiater pressure value
“wiater table level [‘-avis ]: ¢ Hydrostatic | [vwater table level [-amis j | Gradient |
[~ GAS PRESSURE & Uniform [Gas pressure value
" Hydrostatic Gas table level [ -aris ] : | Gradiant:|
[~ TEMPERATURE Temperature value :
OPTIONS :
ISTAR KZONE IPRIN IFOND ITYREN  BDFAC

. r— 5 «

REMESHING CRITERION : [None

-

| PREC. | | NEXT |

| CANCEL |

Figure 4.36

Two possibilities are available:

+ "Oil stain": in this case we only need to check the box DOF Renumerotation and leave all the

following fields blank.

« Directional optimization: (often more effective) The box DOF Renumerotation must also be

checked the following fields must be filled as follows:

- ISTAR: we need to fill a three-digit number "abc’.

* The digit 'a’ corresponds to the direction for which the mesh has the highest num-

ber of nodes.

* The digit ‘b’ corresponds to the intermediary direction.

* The digit 'c’ corresponds to the direction for which the mesh has the lowest num-

ber of nodes.

The number 1 is the x-axis, 2 the y-axis, and 3 the z-axis. In 2D, the 'c’ digit is always 0.

Therefore, in our example, we should fill 210.
- ITYREN: always write 2.

— Leave the other fields blank.

33



CHAPTER 4. OEDOMETER TEST

4.11. EXECUTION OF PREPRO

@ LAGALAW - DATAFILE

MATERIAL DATA :

Click 'OK to confirm these modifications and exit LAGALAW. The .LAG file has been completed

with these new information.

4.11

The sub-program PREPRO will update the .LAG file and pre-process all the data we have defined
so far. Click on the PREPRO icon, or alternatively select Data and then Prepro .

A new window should pop-up. If the .LAG has been correctly filled previously, a message will
inform you that the pre-processing is terminated (Figure 4.38), click Ok to close the program.

(87 File Edit View State Window Help

+ NORMAL TERMINATION OF PREPRO

<

Execution of PREPRO

Prepra

0 Prepra terminated

R ® MECHANICAL MODEL NEW LAW
EAGJNUNEERE]. PARAMETER
) DIFFUSIF MODEL DELETE
BOUMDARY CONDITION MODEL - [LICHA MATERIAL - |No data
Mo data
RESSO
BOUMDARY COMDITIOM
PRESSURE AND TEMPERATURE :
[ WATER PRESSURE ¢ Uniform ‘wiater pressure value
Water table level [-axis | ¢ Hydrostatic  [\water table level [ -asis j | Gradient :|
[~ GAS PRESSURE * Uniform Gas pressure value
" Hydrostatic Gas table level [Y-axiz ) | Gradlent:|
[~ TEMPERATURE Temperature value :
OPTIONS :
ISTAR KZONE IPRIN IFOND ITYREN BDFAC
[* DOF RENUMEROTATION 210 F]
[T GRAVITY VALUE : REMESHING CRITERION : [jone =
0K | | Prec | | next | | CANCEL |
Figure 4.37

[Running

Figure 4.38
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It is possible that a mistake has been made in the previous steps and that the file .LAG is
incorrect. Executing PREPRO might then lead to an error message (Figure 4.39). In this case, you
must carefully go through all the steps starting again from the geometry of the problem. For
instance, common mistakes include selecting the elements in the wrong order while defining the
contours (Section 4.5.3).

[E7 File Edit Vie State Windo Help

WARNING !!! X
‘8‘ WARNING has been found in the *.OUT file E
d
"
[Running
Figure 4.39

4.12 Definition of the initial stresses
To define the initial stress state, click on/Data from LAGAPROGS toolbar and then select Initial stresses
and Manual . A new window appears, we need to define for each group:

+ The value for the initial vertical stress at y = 0.

+ The vertical gradient for the vertical stresses.

+ The value for the lateral earth pressure coefficient at rest K.

* The value of Biot’s coefficient.

In our simulation, there is no initial stress for our soil sample as it is already in equilibrium. We
must then fill the following values (see Figure 4.40):

+ The value for the initial vertical stress at y = 0: SIGY0 = 0
+ The vertical gradient for the vertical stresses: DSIG =0
« The value for the lateral earth pressure coefficient at rest: Ky =1

* It is not necessary to change the value of the Biot's coefficient as it is already by default
equal to 1 (even if it is displayed 0 in the corresponding field).
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i1 Manual Initial Stresses e
DATA :
GroupN®: [ % Element type : [PLXLS
3 Initial stresses : slGY0= [ DSIG= [p
. C— e
% KOX = K0.Z o o
Value of the Biot coefficient -  Biot = lgi
[ Identical Biot Aftertion : & nil Biot coefficient will be put bo one

e

Figure 4.40

Those values are defined for the group 1 which corresponds to the PLXLS element (the soil sam-
ple). The other groups of elements are accessible with the arrow buttons. The initial conditions
are identical for every group in our case. Checking the box Identical stress state will use the same
parameters that the first group for all the others.

Click on 'Ok to confirm these modifications, the sub-program PREPRO will execute itself and the
.LAG is being updated.

| @7 File Edit View State Window Help
NORMAL TERMINATION OF PREPRO

<

Running

Figure 4.41

4.13 Creation of the loading file

The execution file .DAT deals with the evolution of the force and displacement multipliers with
time. In LAGAPROGS, click on File and then New . Select the File tab and check the box

Loading File . Name the file, for instance, and click 'Ok .
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(=] Lagaprogs : Creation form * E
Creation : _I
Project T Simulation T File L
m

() GMAILL FILE Mame of the new file :
) DATA FILE |loading_ =4 I
@ LOADING FILE E

0K | | Cancel |

Figure 4.42

This new file shoud appear in the Loading File column in LAGAPROGS interface. Click on this
file and on the button Select below to assign this file to the Project Data section.

4.14 Definition of the loading file

The loading file .DAT is currently empty, we now want to define the strategy of our simulation
while by the .DAT file. Select Execution from the toolbar and then Loading File . Two options

are available: the Automatic strategy or the Manual strategy . Only the former strategy is elab-
orated in this tutorial.

The automatic strategy consists in defining general parameters for the strategy and the features
of the first time step. The LAGAMINE code will determine itself the following time steps until
convergence , it is impossible to predict in advance these steps. Once the automatic option is
selected, a new window opens (Figure 4.43).

E‘iﬁ AUTOMATIC LOADING FILE X
NTIN : INTEGRATIOM SCHEME : FIRST INCREMENT DEFINITION :
) GALERKIN DELTAT [ PRECF [
() FO3 FILE
(1 ZIENKIEWICZ
© 07O FILE FMULT [ NIV [
() CRANCK-NICOLSON
NTOUT :
DMULT IPRECT
€ FO2 FILE (® IMPLICITE
(& FO3 FILE
e=[1 p=[0
PRECU
(' 0TO FILE
STATEGY PARAMETERS :
FILE TITLE : | IPRES
IDENT 10LD DMINMU
ISTEP MAXIT DMAXMU
ISAME FACMU ETAGM
ISAVE — ALAMBF [ DELEPS [TEms
[~ ELEMENT SWITCH [~ PRINT FILE
[~ CONTACT BETWEEN Tw0 DEFORMABLES SOLIDS ~ ALSAV -
oeet
Figure 4.43
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Several parameters must be filled to define the strategy:
« DELTAT: First time step in seconds.
« FMULT: value of the force multiplier FMULT for the first time step.
« DMULT: value of the force multiplier DMULT of the first time step.
« PRECU: precision of the displacements (usually 103 ) for all time steps
« PRECF: precision of the forces (usually 10~3) for all time steps
 INITV: possible re-initialization of convergence speed. Set at value at 1.

+ IPRECT: Convergence criteria. Set value at 1 (=convergence when both criteria are met, see
manual for further explanations)

+ IPRES: Set value here at 0 for this example.

0 by default

1if .DEP file is used

8 if .LIC file is used

18 if both files are used

 IDENT: 0 by default

« ISTEP: Number of this first timestep. Set value at 1.

+ ISAME: Maximum number of iterations for the simulation. Set value at 9999.

* ISAVE: Set value at —1.

+ I0OLD: Number of the time-step for which the file NTIN should start. Set value at 1 here.
« MAXIT: Maximum number of iterations per timestep. Set value at 5.

« FACMU: Multiplicative factor (in case of convergence) or division factor (in case of diver-
gence). Set value at 2.

« ALAMBF: End of the simulation in seconds. Set value at 0.1
« DMINMU: Minimum timestep in seconds. Set value at 1075.
« DMAXMU: Maximum timestep in seconds. Set value at 0.05
« ETAGM: 0 by default.

* DELEPS: 10~ by default.

« ALSAV: Write in this box the time steps for which the simulation data will be saved in the
.0OTO file. Write here the following values (you need to press Enter to validate the entry for
each value): 0.001, 0.005, 0.01, 0.05, 0.1.
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4.15. EXECUTION OF LAGAMINE

{fi AUTOMATIC LOADING FILE
NTIN : INTEGRATION SCHEME : FIRST INCREMENT DEFINITION :
®
O B ) GALERKIN DELTAT [ nom PRECF 0.0
) FO3 FILE
O ZIENKIEWICZ

@) WU [(ALE FMULT [ oam TV
() CRANCK-NICOLSON

NTOUT :

& FIRG0E @ IMPLICITE DMULT 0.0 IPRECT [y

® FO3 FILE
e=[1 p=[0

PRECU [ oo

€ 0TO FILE oo

STATEGY PARAMETERS :

FILE TITLE - | IPRES I
IDENT 0 10LD 1 DMINKMU 1.0E-0F
ISTEP 1 MAXIT 15 DHAXHU 0.05
ISAME 9939 FACHU 2 ETAGM il
ISAVE q ALAMBF 01 DELEPS 1.0E-05

[~ ELEMENT SWITCH Ei
[~ CONTACT BETWEEMN TwO0 DEFORMABLES 50LIDS  ALSAV =
caneet

Figure 4.44

Check all the parameters, including the different time steps in ALSAV. Click on Ok to confirm
these modifications.

4.15 Execution of LAGAMINE

Click on the LAGAMINE icon to run the code based on the loading and data files currently selected.
A window will automatically open, displaying the evolution of the simulation for all time steps. If
the simulation is run without any problems, the following window appears (Figure 4.45):

| sTER 12 ITER

|

|7 File Edit View State Window Help
WE REDUCE THE VALUE OF DMULT FROM 0.32000E-01 TO 0.20400E-01
TC AVOID USING A TOO SMALL MULTIPLICATCR IN THE NEXT STEP
STEP 12 ITER 1 FNORM/RNORM = 2.37E-06
TUNORM/DNORM = 3.08
2 FNORM/RNORM =
RESULTS SAVED ON FILE 3 DMULCUM

.00000000

FMULCUM 8.640000081E-02
DELTAT = 2.040000081E-02
TIMECUM = 8.640000081E-02

WE REDUCE THE VALUE OF DMULT FROM 0.32000E-01 TO 0.13600E-D1
TC REACH THE WANTED MULTIPLICATOR

\o_\ Lagamine terminated

STEP 13 ITER 1 FNORM/RNORM = 1.28E-06
TUMORM/DNORM = 35.86E-04 Lagamine
STEP 13 ITER 2 FNORM/RNORM = 3.03E-11
RESULTS SAVED ON FILE 3 DMULCUM =  0.00000000 -
FMULCUM = 0.100000000
DELTAT = 1.353998912E-02 -
TIMECUM = 0.100000000
RESULTS SAVED ON FILE 16 DMULCUM = 0.00000000
FMULCUM = 0.100000000
DELTAT = 1.359999913E-02

TIMECUM = 0.100000000
DMULT PRECEDENT REPRIS :  0.3200000E-01
WE HAVE REACHED THE WANTED MULTIPLICATOR = 0.10000
ot 14 STEPS.

etime 8.3300000E-04

<

Figure 4.45
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4.16 Selection of the variables to visualise with SELECT

In order to be able to draw and visual the updated mesh in DESfiN, we first need to select the
results of the simulation with SELECT. From the toolbar, click on 'Results and then on SELECT

and DESFIN file . The following window appears:

@ SELECT bd

RESULTS FILE :

® FILE F02 Mumber of saved steps :

—

) FILE FO3

( FILE OTO

C OTHER EXTENSION

SAVED STEPS :

STEP TIME = ALACUM = FMULT =

0K | | CANCEL

Figure 4.46

One can choose the type of file where the results have been saved (.F02, .F03, .0T0). Check the
box File FO3 and click on the button Reading . The time steps that have been saved appear in
the lower part of the window (Figure 4.47). Here, only one step has been saved, but if the box
File OTO is checked, all the time steps specified in ALSAV in the loading file are visible. Select
one or several steps by clicking on the line or by clicking the button Select all . Click on Ok .

@ SELECT bl

RESULTS FILE :

(I FILE FD2 Mumber of saved steps :

T

@ FILE FO3

C/FILE OTO

O OTHER EXTENSION

SAVED STEPS :

STEP

TIME =

ALACUM =

FMULT =

7

1.0E-M

1.0E-1

0.0E+00 A

CANCEL

Figure 4.47 One time step has been saved
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A new window appears with four different tabs:

« Nodal values;, it is possible to select the displacements, the updated coordinates, the reac-
tions and the velocities at the nodes. Check here the first two boxes (Figure 4.48).

£ SELECT - DESFIN RESULTS FILE b
NODAL YALUES T I.P.WALUES T COMTOURS T ISOSTATIC LIMES
Modal values :
[ DISPLACEMENTS

] PCACTUALISED COORDINATES g
T

[~ REACTIONS

[~ VELOCITIES
! b
| ]
b
k
oK | | Restore | | Cancel L

Figure 4.48

* I.P values: results at the integration points can be selected here, for example the pressure
for the LICHA elements.

« Contours: results can be visualized as contours (stresses, state variables, deformations,
etc.)

Once all the desired variables are selected, press the button OK to finalise the selection pro-
cess, the window SELECT should close and a message appears saying that the .RES file has been
created (Figure 4.49).

DESFIM FILE X

Create the .RES file used by DESFIN

Figure 4.49
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Figure 4.50

You can now go to the program DEsfiN and select 2=DEFORMEE and then 0=NOUVEAU DESSIN
to draw the updated mesh. The white solid lines in Figure 4.51 represent the initial structure and
the dashed red lines represent the deformed mesh at the time step considered.

WUE EN PLAN X Y

Figure 4.51

4.17 Export mesh in .PS format

Itis possible to export the drawings from DEsfiN into a postscript file. This is highly recommended
when inserting drawings in a report instead of screenshot from DEsSfiN. This is done with the
following steps:

+ Afterthe drawing of the mesh in DESfiN, select the Operations tab and then Save Graphic File .
A message appears indicating that the figure has been saved (Figure 4.52).

Screen  Load Operations  Options

®Y Types General MNodes Dressing Elements Drawing

Figure 4.52
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- Exit and close the software DESfiN.
* In LAGAPROGS, select the tab 'Results , then PLOTTER and PS Maker .

« A window appears to select the drawings to be exported (4.53). When pressing OK, a .PS
file is created in your simulation folder.

(WY File Edit View State Window Help

Choix des dessins X
™ Tous Cancel
W Dessin 1 =
r =
I =
- =
- =
r =
I =
- =
- =
- =

Figure 4.53 Select here which drawings you want to export in .PS format

+ Open the .Ps file with your favorite postscript software, you obtain something similar to
Figure 4.54.

Figure 4.54 Initial and deformed mesh in post-script format.

43



Chapter 5

Triaxial test

5.1 Description of the problem

This section describes the simulation of a triaxial test in LAGAMINE using only the mechanical
elements PLXLS. Two approaches with different boundary conditions are introduced:

+ A stress-controlled approach

« A strain-controlled (more specifically, displacement-controlled) approach

Both cases share the same geometry and type of analysis, namely 2D axisymmetric, shown in
Figure 5.1.

0.03m

[ T ] [ T ] [ T
Figure 5.1 Geometry and initial boundary conditions for the triaxial test.
Analysis and problem type Select 2D MECHANICAL for ANALYSIS TYPE and
AXISYMMETRIC for PROBLEM TYPE.

5.2 Stress-controlled drained

For the stress-controlled simulation, two different phases of the triaxial test are modeled (Figure
5.2). Starting from a situation with no initial stress, we define:
+ Phase 1: isotropic loading compression from 0 to 100 kPa

+ Phase 2: axial compression to 500 kPa
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o = 500kPa
o = 100kPa
H 2 H g
> >
o = 100kPa c = 100kPa

. H g
H H 4
A A A A A A

Phase 1 Phase 2

Figure 5.2 Phases definition for the triaxial test. Boundary conditions at the end of Phase 1 and
Phase 2.

Geometry Build a 0.03 m x 0.06 m rectangular sample with only one PLXLS element. Set the
subdivision of segments to to obtain a mesh with a single element. The boundary condition at

the bottom of the sample should be fixed in the y-direction (DOF number) and the the boundary
condition at the left of the sample should be fixed in the x-direction to simulate the symmetry of
the problem (DOF number). Two LICHA elements should be imposed on the top (LICHA2) and
right (LICHA1) sides of the sample to simulate the loading (Figure 5.3). Detailed steps are:

1. Goto Data —> Geometry and boundary condition .
2. Edit —> Charactrerize point . Then define the points. Then Quit —> Preview —> Fit to window .

3. Options —> Division of segment —> Edit —> segment . Click New to create the segments
one by one. Then Quit .

4. Now, define the boundary by Edit —> Boundary . New —>select Type 2—>select all the four

boundary and click OK. In the new window, select PLXLS (note that the 1st mechanical law
is given to the soil here). Click OK.

5. Now, set the boundary condition. Click New —>select Type 5. Click the bottom one then
click OK, select DOF FIXED with 2 (y direction), and click OK. Click New, click the left one
then click OK, select DOF FIXED with 1 (x direction), and click OK. /New, click the right one
then click OK, select LICHA and change mechanical law N to 2, and click OK. 'New, click
the top one then click OK, select LICHA and change mechanical law N to 3, and click OK.
Because we need to control the top boundary and right boundary separately, we need to
assign two LICHA to them. Finally, Quit . File —> Save Data —> Yes .

6. Execution GMAIL by clicking the GMAIL logo—>Click OK—> Refresh —>click the LAG file—
>click Select .
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| O

i \_/

H

© ©
[

| N

s 1T/ T T

Figure 5.3 Geometry of the stress-controlled triaxial test in LAGA-G

LAacAaLAW Now we define the laws.

1. Data —> Lagalaw —> Interal Friction —>PLASOL model for the mechanical law of the PLXLS
elements. Enter the parameters by clicking Parameter then filling the table as shown in
Figure 5.4. Click OK.

2. Click New Law , now the Law Number is 2 which is for the right-side boundary. Select
Boundary condition —> LICHA -> Parameter , set PRESSF1 to 100e3 and others as 0 (see
explanation of the paragraph below), then click OK.

3. Click 'New Law , now the Law Number is 3 which is for the top-side boundary. Select
Boundary condition —> LICHA -> Parameter , set PRESSD1 to 500e3 and others as 0 (see
explanation of the paragraph below), then click OK.

4. Click OK to complete the definition of LagalLaw.

(3 INTERMAL FRICTIOMAL LAW - PLASOL X E
OPTIONS
Yield surface : Dilatancy : Bifucabonk
) Drucker-Prager (8 Constant | e G
Type of stress -
@ Wan Eckelen O Taylor ule &
=]
REAL PARAMETERS
Young modulus : (3 Eg Poizson coefficient : 0.2
Init. friction angle [Compression] 20 Init. friction angle [Extension] : |27
Final friction angle (Compression] : (20, Final friction angle (Extension) : [2p,
Bp coefficient 0 Specific mass : 0
Dilatancy angle [Compression] 0 Initial cohesion : IE5
Dilatancy angle [Extension) : 0. Final cohesion : 2ES
Constant for T aylor rule : 0 Bc coefficient : 0
on
0
e T oo e T TRETTT

Figure 5.4 Parameter of the law PLASOL in LAGALAW
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In LAGAMINE, the evolution of two LICHA elements can be simultaneously controlled using two
different multipliers FMULT and DMULT. For the LICHA element applied on the right side of the
sample, we will use the FMULT multiplier with a final normal pressure PRESSF1 equal to 100 kPa.
For the LICHA element applied on top of the sample, we will use the DMULT multiplier with a final
normal pressure PRESSD1 equal to 500 kPa.

.LIC file Referring to appendix C to create the LIC file. The two multipliers follow different
evolution through time in such a way that the sample remains in isotropic compression during

the first phase (see Figure 5.5).

R  500kPa
LICHA1
100kPa
10 ILE)O Iil;ze(s)
FMULT
1
10 100 time(s)

Figure 5.5 Evolution of the LICHA elements and FMULT and DMULT multipliers in time.

The evolution of the multipliers is controlled with a .LIC file. Refer to section C for background
information with the handling of .LIC files. Three moments are defined at¢ = 0s,¢ = 10 s and
t = 100 s. The values of FMULT and DMULT at these specific moments are given by the user

(Figure 5.6). The values at intermediate times are linearly interpolated.

J triaxial_doubleLICHA.LIC - Bloc-notes

Fichier Edition Format Affichage 7

- [m] x

Figure 5.6 Definition of the .LIC file for the triaxial test.

Execution of Prepro click Prepro logo (or Data —> Prepro ), then click OK.

47




CHAPTER 5. TRIAXIAL TEST 5.2. STRESS-CONTROLLED DRAINED

Loading file Remarks: The parameters of the loading file for an automatic strategy are given
in Figure 5.7. It is important to set FMULT and DMULT at 0 because these are monitored by the
.LIC file (IPRES = 8). Failing to do so will result in a error message when launching LAGAMINE:
"Stop because automatic strategy is impossible with both imposed displacement and forces".
The parameter ALAMBF indicates the time moment for which the simulation ends, it is set at 100
s in this case.

Detailed steps are as follows:

1. Creation of the loading file: File —> New —> File button , select Loading file. —> Click select
file in the loading File panel.

2. Execution —> Loading file —> Automatic strategy

E;ﬁ AUTOMATIC LOADING FILE x
NTIN : INTEGRATION SCHEME : FIRST INCREMENT DEFINITION :
S EQ2HILE! © GALERKIN DELTAT [ g3 PRECF [ go01
) FO3 FILE
(O ZIENKIEWICZ
CoT0 FILE FMULT [ g5 NTY
() CRANCK-NICOLSON
NTOUT
DMULT IPRECT
O FO2 FILE @ IMPLICITE [ 00 [1
@ FO3FILE
e=[1 p=[0 PRECU
©)0T0 FILE oo
STATEGY PARAMETERS :
FILE TITLE - | IPRES F]
DENT [T 1oLy T— DMINMU [0
ISTEP — WAXIT  [5 DMAXMU [0
ISAME  [g33m FACMU 7 ETAGM C—
ISAVE F ALAMBF [ 700 DELEPS  [7oEm5
[ ELEMENT SWITCH [~ PRINT FILE
[ CONTACT BETWEEN TW0 DEFORMABLES SOLIDS ALSAV -
e

Figure 5.7 Definition of the loading file for the triaxual test.

Remarks: all the files (such as .LIC and .DEP file) should be ready before the execution of PrePro,
except the loading file. The loading file can be set just before the execution of Lagamine. Namely:
Get all files ready —> execute prepro —> set loading file —> execute Lagamine.

Execution of Lagamine Click on the Lagamine icon to run the code.

Output Following these steps should provide a result similar to Figure 5.8. Steps could be:

1. Results —> SELECT —> Desfin . And select files that you want to output.

2. Results —> Desfin to go to Desfin and visualise the mesh.
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Matthias

Figure 5.8 Deformed mesh for the stress-controlled simulation.

5.3 Displacement-controlled drained

For the displacement control type of drained triaxial compression demonstrated herein. The con-
solidation phase is skipped and the simulation directly starts from a consolidated state at 100
kPa. The top wall is controlled by displacement, the right-lateral wall boundary is controlled by
LICHA (applying a constant confining pressure).

1. Creation of the project, simulation and Gmail.

2. From the LAGAPROGS toolbar, click on Data and then on Analysis and problem type . A
new window pops up where you can select the type of analysis and the type of problem.
Our case can be simplified as an axisymmetric problem for a purely 2D mechanical analysis
(no hydro-mechanical coupling is considered). Select 2D MECHANICAL under ANALYSIS
TYPE and AXISYMMETRIC under PROBLEM TYPE.

Geometry Remarks: Apply LICHA elements on the right side (stress control for constant confin-
ing pressure). Since we will monitor the position of the top nodes in the y-direction, it is required
to fix the corresponding degree of freedom at the top of the sample (DOF number 2). See (Figure
5.9).
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o™
o TR B

|
[

Figure 5.9 Geometry of the displacement-controlled simulation.

Detailed steps are:

1. Goto Data —> Geometry and boundary condition .
2. Edit —> Charactrerize point . Then define the points. Then Quit —> Preview —> Fit to window .

3. Options —> Division of segment —> Edit —> segment . Click New to create the segments
one by one. Then Quit .

4. Now, define the boundary by Edit —> Boundary . New —>select Type 2—>select all the four
boundary and click OK. In the new window, select PLXLS (note that the 1st mechanical law
is given to the soil here). Click OK.

5. Now, set the boundary condition. Click New —>select Type 5. Click the bottom one then
click OK, select DOF FIXED with 2 (y direction), and click OK. Click New, click the left one
then click OK, select DOF FIXED with 1 (x direction), and click OK. New, click the top one
then click OK, select DOF FIXED with 2 (y direction), and click OK. New, click the right one
then click OK, select LICHA and change mechanical law to 2, and click OK. Finally, Quit .

File —> Save Data —> Yes .

6. Execution GMAIL by clicking the GMAIL logo—>Click OK—> Refresh —>click the LAG file—-
>click Select .

LAGALAW Now we define the laws.

1. Use a PLASOL model for the mechanical law of the PLXLS elements. Enter the parameters
as shownin Figure 5.10. Namely, Data —> Lagalaw —> Interal Friction —>PLASOL model for

the mechanical law of the PLXLS elements. Enter the parameters by clicking 'Parameter
then filling the table as shown in Figure 5.10. Click OK.

2. Click 'New Law , now the Law Number is 2 which is for the right-side boundary. Select
Boundary condition —> LICHA —> Parameter , set PRESSF1 to 100e3 and others as 0,
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then click OK. Define a LIC file is needed. The LIC file of this example is shown in Fig. 5.11.
Note that, in this example, we don not need the consolidation process, hence, in the LIC file,
the FMULT is directly set as 1 at the initial time 0.

3. Click OK to complete the definition of LagaLaw.

£551 INTERNAL FRICTIONAL LAW - PLASOL X

OPTIONS

Yield surface : Dilatancy : AT

® Drucker-Prager’ @ Constant WGEDEE terion

T f st :
(" Van Eekelen ) Taylor rule IO
=

REAL PARAMETERS
Youngmodulus: [3E8 Poisson coefficient : bz
Init. friction angle (Compression):  [20. Init. friction angle (Extension) : [
Final friction angle (Compression) : |20, Final friction angle (Extension] : |2
Bp coefficient 0. Specific mass 0
Dilatancy angle (Compression):  [p Initial cohesion : 1E5
Dilatancy angle [Extension) 0 Final cohesion 1E5
Constant for Taylor rule : 0 Bc coefficient : 0

Figure 5.10 Parameter of the law PLASOL in LAGALAW

| tryDis_gmail.LIC - Notepad

File Edit Format View Help

2
9.
B 9.
100.
i 58 .

Figure 5.11 LIC file in this example.

.DEP file The position of every fixed node can controlled using a .DEP file. Refer to Section D
for the handling of .DEP files. In this example, the domain is 10 x 10 elements (when setting the
segment as 10). Go to DESFIN, input /1 (then press enter,same for following)->1->3->1->0.
You will see the ID of the nodes. As we control the displacement of the top boundary, we need
to take down the ID of the nodes at the top. (Or we can Check your .LAG file to find which nodes
to fix as it depends on the creation order of the points in LAGA-G.) After that, define the DEP file
according to Appendix D. The DEP file is shown in Fig. 5.12. It demonstrates 20% of axial strain.
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_ | tryDis_gmail.DEP - Notepad
File Edit Format View Help
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Figure 5.12 DEP file in this example.

Initial stresses The initial situation simulates the isotropic compression of the sample. In the
window "Manual Initial Stresses" (Figure 5.13), assign an initial vertical stress o, of -100 kPa
(compressive stresses are negative). Assign a lateral earth coefficient K of 1 to emulate an
isotropic situation, and check the box "ldentical stress state". Operations are: Data —> Initial stresses —

> Manual .

E1 Manual Initial Stresses

DATA :

Group N*: [ @

[ Identical Biot

Element type : [PLXLS

Initial stresses : SIGYD =
KO =
[* K0OX =K0Z
Value of the Biot coefficient :  Biot =

Attention : A& nil Biot coefficient will be put to one

-100000

|1—
ID—
ID—

DSIG = ’D—
’D—
’D—

CANCEL

Figure 5.13 Manual Initial stress window for the displacement-controlled simulation.

Execution of Prepro click Prepro logo (or Data —> Prepro ), then click OK.
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Loading file Figure 5.14 shows the configuration of the automatic strategy for the displacement-
controlled simulation. The difference with the stress-controlled simulation is that IPRES is set to
18 for using both .LIC and .DEP files. Special note that, since in the LIC file and DEP file, the
final time is set at 100 s, therefore, in Figure 5.14, ALAMBF should be set to 100 to be consistent.
DMAXMU can be set to 1to speed up.

Detailed steps are:

1. Creation of the loading file: File —> New —> File button , select Loading file. —> Click select
file in the loading File panel.

2. Execution —> Loading file —> Automatic strategy

(& AUTOMATIC LOADING FILE X |
NTIN : INTEGRATION SCHEME : FIRST INCREMENT DEFINITION :
® FO2 FILE O GALERKIN DELTAT [ o1 PRECF [ ool
) FO3 FILE

(O ZIENKIEWICZ

C) OTO FILE FMULT 0.0 INITY 1

() CRANCK-NICOLSON

NTOUT :
O F02 FILE @ IMPLICITE DMULT 0.0 IPRECT |4
@® FO3 FILE
e=[1" p=[0 PRECU [ o001
() OTO FILE 5
STATEGY PARAMETERS :
FILE TITLE : | IPRES 18
IDENT O 10LD O DMINMU  [0E08
ISTEP C— MAXIT 5 DMAXMU [
ISAME 9999 FACMU 2 ETAGM ]
ISAVE Kl ALAMBF 100.0 DELEPS 1.0E-05
[~ ELEMENT SWITCH [X PRINT FILE

[~ CONTACT BETWEEN TWO0 DEFORMABLES SOLIDS  ALSAY v

oK \ \E\ | CANCEL

Figure 5.14 Loading settings in this example.

Note that in figure 5.14, the PRINT FILE is checked. If there is no PRI file defined, then execution
of Lagamine here will give an error. You can run Lagamine without checking PRINT FILE to see
whether the program works well. Otherwise, before the next step (Execution of Lagamine), you
need to define a PRI file.

Execution of Lagamine Click on the Lagamine icon to run the code.

Results - effect of confining pressure Here, it demonstrates the triaxial test (by displacement
control) under 100 to 300 kPa of confinement as shown in Fig. 5.15. The two places we need to
change with the confining pressure are the Lagalaw and initial stress:

1. Click Lagalaw —>Go to LICHA-> Parameter, set PRESSF1 to 200e3 and others as 0,
then click OK.
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2. Data —> Initial stresses —> Manual . Assign an initial vertical stress o, of -200 kPa (com-
pressive stresses are negative).

600 - ok —— 100kF
W0KP
—— 300kP

g 4
=3 =3

Deviatoric stress, q (kPa)
2
=
Volumetric strain (%)

%]
=3
S

=
=4
T

— 100KP

200kP
e MOKP
6 l\ lh 15 Zb 6 % lb 1‘5 Zb
Axial strain, (%) Axial strain, (%)

e
T

Figure 5.15 Loading settings in this example.

5.4 Displacement-controlled Undrained

The previous two sections demonstrate the triaxial compression (strain control and displace-
ment control) in the drained condition. In this section, the displacement control undrained triaxial
compression test is presented.

Forthe displacement control type of undrained drained triaxial compression demonstrated herein.
It is basically the same as the displacement-controlled drained triaxial test shown in the last
section. The boundary condition (Gmail) is the same (no pressure is introduced in this case).
However, the problem of analysis and the constitutive law are different.

1. Creation of the project, simulation and Gmail.

2. From the LAGAPROGS toolbar, click on Data and then on Analysis and problem type . A
new window pops up where you can select the type of analysis and the type of problem.
Our case can be simplified as an axisymmetric problem for a purely 2D mechanical analy-
sis (no hydro-mechanical coupling is considered). Select 2D Hydro-MECHANICAL under

ANALYSIS TYPE and AXISYMMETRIC under PROBLEM TYPE.

Geometry Remarks: Apply LICHA elements on the right side (stress control for constant confin-
ing pressure). Since we will monitor the position of the top nodes in the y-direction, it is required
to fix the corresponding degree of freedom at the top of the sample (DOF number 2). See (Figure
5.9).

Detailed steps are:

1. Goto Data —> Geometry and boundary condition .
2. Edit —> Charactrerize point . Then define the points. Then Quit —> Preview —> Fit to window .

3. Options —> Division of segment —> Edit —> segment . Click New to create the segments
one by one. Then Quit .

4. Now, define the boundary by Edit —> Boundary . New —>select Type 2—>select all the four
boundary and click OK. In the new window, select CSOL2 (note that the 1st mechanical law
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is given to the soil here, and the law number 2 is given to the flow law). Click OK. (see Fig.
5.16)

5. Now, set the boundary condition. Click New —>select Type 5. Click the bottom one then
click OK, select DOF FIXED with 2 (y direction), and click OK. Click New, click the left one
then click OK, select DOF FIXED with 1 (x direction), and click OK. New, click the top one
then click OK, select DOF FIXED with 2 (y direction), and click OK. New, click the right one
then click OK, select LICHA and change mechanical law to 3, and click OK. Finally, Quit .

File —> Save Data —> Yes .

6. Execution GMAIL by clicking the GMAIL logo—>Click OK—> Refresh —>click the LAG file—
>click |Select .

Data :
Number of integration points : | & 4
[csoLz u integration poi E F
PLALS s Mechanical law N*: % |_
MWAT2 v
Flow law N*: & 2
@
Flow law N*: | &
cll
[ A
ar
Element type comments :
|B idimensionnal coupled element 9

oK [

Figure 5.16 Loading settings in this example.

LAcALAW Now we define the laws.

1. Use a PLASOL model for the mechanical law of the PLXLS elements. Enter the parameters
as shownin Figure 5.10. Namely, Data —> Lagalaw —> Interal Friction —>PLASOL model for

the mechanical law of the PLXLS elements. Enter the parameters by clicking 'Parameter
then filling the table as shown in Figure 5.17. Click OK.

2. Click New Law , now the Law Number is 2 which is for the flow boundary. Select Diffusif model -
> FLUID DIFFUSION —>ECOU-S —> Parameter , set parameters as shown in Fig. 5.18.

3. Click New Law , now the Law Number is 3 which is for the right-side boundary. Select
Boundary condition —> LICHA -> Parameter, set PRESSF1 to 100e3 and others as 0,
then click OK. Define a LIC file is needed. The LIC file of this example is shown in Fig. 5.11.
Note that, in this example, we don not need the consolidation process, hence, in the LIC file,
the FMULT is directly set as 1 at the initial time 0. (the same as the drained case except the
law number)

4. Click OK to complete the definition of LagaLaw.
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T4 INTERNAL FRICTIONAL LAW - PLASOL X
OPTIONS
Yield surface - Dilatancy - Cameation
(@ Drucker-Prager (® Constant [ Rice criterion
T f st -
O Van Eekelen O Taylor rule et
o
REAL PARAMETERS
Young modulus : [3E8 Poisson coefficient : 0.2
Init. friction angle [Compression] :  [3g Init. friction angle [Extension) : [
Final friction angle [Compression) : [30 Final friction angle [Extension) : [
Bp coefficient 0 Specific mass il
Dilatancy angle [Compression] : 20 Iritial cohesion : 1e5
Dilatancy angle (Extension] : 0 Final cohesion : 165
Constant for Taylor rule : 0 Bc coefficient 0

1[0 ]

Figure 5.17 Parameter of the law PLASOL in LAGALAW

OPTIONS

Analysis : Permeability

C Fl lysi v -
el (@ Isotropic permeability

® 5
i () Anisotropic permeability
Unsaturated case Number of anisotropy directions :

[0 Retention curve

@ [0 | Relative perm. curve [~ Updated permeability (Kozeni-Karman)

REAL PARAMETERS
Isotropic intrinsic permeability : [4e.17 Soil porosity : 0.4
Fluid specific mass : 1000 Fluid viscosity : 0.001

Storage coefficient : Compressibility coef. [14<HIMW] : Se-10

s = 5 ) =

Figure 5.18 Parameter of the law ECOU-S in LAGALAW

.DEP file The position of every fixed node can controlled using a .DEP file. Refer to Section D
for the handling of .DEP files. In this example, the domain is 10 x 10 elements (when setting the
segment as 10). Go to DESFIN, input 1 (then press enter,same for following)->1->3->1->0.
You will see the ID of the nodes. As we control the displacement of the top boundary, we need
to take down the ID of the nodes at the top. (Or we can Check your .LAG file to find which nodes
to fix as it depends on the creation order of the points in LAGA-G.) After that, define the DEP file
according to Appendix D. The DEP file is shown in Fig. 5.12. It demonstrates 20% of axial strain.
(the same as the drained case)

Initial stresses The initial situation simulates the isotropic compression of the sample. In the
window "Manual Initial Stresses" (Figure 5.13), assign an initial vertical stress o, of -100 kPa
(compressive stresses are negative). Assign a lateral earth coefficient K, of 1 to emulate an
isotropic situation, and check the box "Identical stress state". Operations are: Data —> Initial stresses —

> Manual . (The same as the drained case)

Execution of Prepro click Prepro logo (or Data —> Prepro ), then click OK.
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Loading file Figure 5.14 shows the configuration of the automatic strategy for the displacement-
controlled simulation. The difference with the stress-controlled simulation is that IPRES is set to
18 for using both .LIC and .DEP files. Special note that, since in the LIC file and DEP file, the
final time is set at 100 s, therefore, in Figure 5.14, ALAMBF should be set to 100 to be consistent.
DMAXMU can be set to 1to speed up. (The same as the drained case)

Detailed steps are:

1. Creation of the loading file: File —> New —> File button , select Loading file. —> Click select
file in the loading File panel.

2. Execution —> Loading file —> Automatic strategy

Note that in figure 5.14, the PRINT FILE is checked. If there is no PRI file defined, then execution
of Lagamine here will give an error. You can run Lagamine without checking PRINT FILE to see
whether the program works well. Otherwise, before the next step (Execution of Lagamine), you
need to define a PRI file.

Execution of Lagamine Click on the Lagamine icon to run the code.

57



Chapter 6

Tunnel excavation (mechanical analysis)

6.1 Description of the problem

The excavation of a circular tunnel in an initially stressed rock mass is considered. The radius of
the tunnel is equal to 3 m. In this example, the problem is investigated from a purely mechanical
point of view and in 2 dimensions. The finite elements used to represent the rock mass are
therefore PLXLS elements.

Let 0,0 = 5 MPa and o, = 4 MPa be the initial normal stresses along the = and y directions
(assumed to be principal stress directions). The excavation of a tunnel results in a modification
of the state of stress in the vicinity of the excavation. In particular, in an unsupported excavation,
the stress component normal to the excavation wall (i.e. the radial stress) is equal to 0" on the
tunnel wall.

The approach adopted in this example to simulate the excavation of a tunnel consists in:
+ Meshing the rock mass, but not the tunnel
« Applying a distributed force on the tunnel wall (using LICHA elements) such that:
- the rock mass is initially in equilibrium, i.e. 0, = 0,0 and o, = 0,9 in the whole domain
- the radial stress on the tunnel wall is equal to 0 at the end of the excavation process.

Therefore, the magnitude of the force applied by the LICHA element will be progressively
decreased during the simulation.

y Vv

> <€
. Ok
Cd €

% A A A

Figure 6.1 Fixed boundary conditions of the soil domain

A section of the tunnel far from the excavation front is considered.

58
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6.2 Definition of the geometry, finite elements and boundary conditions

A 2D mechanical plane strain analysis is assumed here. Given the symmetry of the problem, only
a quarter of the excavation needs to be modeled. This leads to the simplified geometry shown in
Figure 6.2.

VYV Ve
> €
<€
>
€

Figure 6.2 Simplified model and boundary conditions

Create a project, a simulation and a GMAILL file. Go to 'Analysis and problem type and select
2D MECHANICAL under ANALYSIS TYPE and PLANE STRAIN under PROBLEM TYPE.

Geometry The domain as shown in Figure 6.2 is a 50 m x 50 m square with a 3 m-radius tunnel.
The geometry must be cleverly drawn to obtain a proper mesh with sufficient refinement where
the most deformation or stress concentration are expected.

@ A structured mesh (i.e. a mesh with regular connectivity) can be generated only if

S each group of elements defined in the geometry has 4 sides.

The following steps for the geometry can be followed to:

1. Define the following 13 points:

Node 1 2 3 4 5 6 7 8 9 10 1 12 13

x (m) 0 3 212 0 6 4.24 0 12 12 0 50 50 0

y (m) 0 0 212 3 0 4.24 6 0 12 12 0 50 50

Table 6.1 Coordinates of the nodes defined in GEOMETRY.

@ Although the node (0,0) will not be part of the mesh, it is useful to define it
here. Indeed, it corresponds to the center of the arcs that will be used to draw
the tunnel wall.

Exercise currently revised by Anne-Catherine. What follows has not been
checked yet.
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S

% o Y 9
Figure 6.3 Definition of the points in Geometry
2. Then segments must be defined: both straight lines and arcs. Create straight segments

as displayed in Figure 6.4. Do not worry yet about the division of the segments, it will be
configured later.

(40

e O O

Figure 6.4 Definition of the straight segments in Geometry

To define the arcs, select the option Arc on the left panel and click respecting this order
on the points 5, 10 and 6. A window should open to choose the type of arc segment, select
the type N4=1. Repeat the same operation for the triplets (10,4,6), (8,7,6) and (7,9,6). You
should obtain Figure 6.5.
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ARC OF CIRCLE

Type of arc segment :

(N

m =2 EF omm

TYPE : N4=-1 TYPE - N4=1 TYPE : N4=0

’ N \J ;

Figure 6.5 Definition of the arcs in Geometry

Four quadrilateral groups of elements have been then defined. Moreover, with four different
groups of elements, one can obtain a finer mesh close to the excavation and a coarser mesh
further away.

3. Fixities: Segments 1and 2 must be fixed in the y-direction to model the symmetry condition
at this interface. For similar reasons, segments 5 and 6 must be fixed in the x-direction.
Segments 3 and 4 must be fixed in both directions.
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T

e
|
I

&

AR e S T T B

Figure 6.6 Definition of the fixities in Geometry

4. Mesher: select the boundary "2" Structurated Mesher and apply it to every element one by
one. Remember to select the edges of an element counter-clockwise. Choose PLXLS as a
type of elements and assign the same mechanical law number for each meshed element

group (Figure 6.7).
| | m | .
[ _‘i I J_ v I J_ I T
li
Data :
G) Poas Number of integration points |§| ’74
u %ﬁ Mecarca . [&] [
E1E
CIN
CIN
=
Element type comments :
Bidmensionnal mechanical clement m
OK

%

, (A0 |
B S I HERN AN 'L

Figure 6.7 Definition of the elements for the structured mesher in Geometry

5. LICHA: To model the force distribution at the interface of the tunnel, use a LICHA element
(boundary nb° 5). Click first on the segment 10 and then on the segment 9 to make sure the
force is applied towards the soil body (figure 6.8).

62



CHAPTER 6. TUNNEL EXCAVATION

6.2. DEFINITION OF THE GEOMETRY, FE AND BC

| | m | |
5 T T e
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b 1
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it~ .
¥
IR G S m

Figure 6.8 Definition of the LICHA in Geometry

6. Save your progress, quit the Geometry window and open the .GML file, the geometry can be
manually updated here. Increase the total number of finite elements NEL from 200 to 800
(Figure 6.9) and assign the division of the segments as defined in Figure 6.9. It is important
that the division of segments is symmetrical to obtain a good mesh. At last, execute GMAILL
to create the .LAG file.
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=

MNMAOOO OO0 W

nin

mxzn nden
4 2
Y_coord

[
[«
-]

P00 We®

[

(%))

(%)
[ I~ B~ I I

ha

=

10
20
20
1@
10
1@
10
1@
10

20
geom

El
[7)
-+

|

Fichier Edition Format Affichage 7

npts nseg nlis mxpl nzon
le 12 a 8
] X_coor
1 208.8
2 20.@
3 a.o
4 e.e
5 3.0
6 e.e
7 5.657
8 8.0
9 a.o
1e 2.121
N Type N1 N2
1 1 5 8
2 1 8 1
3 1 1 2
4 1 2 3
5 1 3 9
6 1 9 4
7 1 1e 7
8 1 7 2
9 2 5 1e
18 2 18 4
11 2 8 7
12 2 7 9
N TYPC NSEG jtyp
1 12 2 2

0.0 a.o

@EMD PR REREDOEEEEE® R

@

NEL|[TYPE PROG SMTH
8ee 4 @ 8 a 8 a 8 4

k/, Number of finite element

a==l

k/. Division of segments

format: « 15 »

=1

young nu thick/LISZ
e e
0.0 8.0

Figure 6.9 .GML file

Now let’s visualize the mesh in DEsfiN (Figure 6.10) The mesh looks satisfactory: it is symmetric
and finer close to the excavation.
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Figure 6.10 Mesh around the tunnel (DEsfiN)

6.3 Constitutive laws and parameters (LAGALAW)

We now define the parameters of the mechanical laws in LAGALAW. We have five mechanical laws
in total: four for the PLXLS elements and one for the LICHA. Select Internal Friction and Plasol for
the first four laws and fill the parameters as in Figure 6.11.

iE INTERMAL FRICTIONAL LAW - PLASOL >
OPFTIONS
Yield surface : Dilatancy : timreLiT 2
[ Rice citerion
) Drucker-Prager (@ Constant
Type of stress :
(@ ¥an Eekelen () Taylor rule w
o=
REAL PARAMETERS
Young modulus © |3 E8 Paisson coefficient : 0z
Init, friction angle [Compression) : [3p Init, friction angle [Extension] 1 [30
Final friction angle [Compression] : [3g Final friction angle [Extension] = 30
Bp coefficient : i) Specific mass ; i)
Dilstancy angle [Compression] : 0 Initial cohesion : 1.E5
Dilztancy anale [Extension) : 0 Final cohesion 1.E9
Conztant for Taplar rule : i B coefficient : i)
7 (@) [E o=
[o7T]

Figure 6.11 Parameters window in LAGALAW.
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6.4. DEFINITION OF THE INITIAL STRESSES

COLAW

3.E8 8.2 @. 8. 8. 8. 8.
20. 20. 8. 20. 20 -8.229
3.E5 3.E5 8.
295 PLXLS
& @
1.E6 a. 8. 8. law n“2
9 1.E6 9. 0. LICHA  ITYPE =
VAL = 6

PLXLS

Figure 6.12 .LAG file - section COLAW about the constitutive laws.

The definition of the LICHA is a bit more tricky here since the force is applied normally to the
curved interface of the tunnel. To model the LICHA, we need to define the vertical and horizontal
stresses in global axis at point A and B (Figure 6.13). This can only be done by modifying the
.LAG file directly. This law is the fifth of our simulation, and LICHA's number is 95. To choose a
linear description in global axis of the LICHA element, we set IVAL to 6. At point B, the horizontal
stress is set at 1 MPa and the vertical stress at 0 Pa. At point 1, the horizontal stress is set at
0 Pa and the vertical stress at 1 MPa. For further information, please refer DOKUWIKI (Prepro —
Law — Mechanical constitutive laws — Loads — LICHA).

Figure 6.13

Do not forget to update the number of constitutive laws in .LAG file. This is defined by the tenth

number of the first line (Figure 6.14).

Fichier Edition Format Affichage 7

1 2 2231

8 8

5 738

8

number of constitutive laws

Figure 6.14 .LAG file

6.4 Definition of the initial stresses

For this simulation, we consider a situation with isotropic initial stresses. It is important that the
initial stresses are consistent with the stresses of the LICHA in order to assure the equilibrium at
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the initial stage. Set the values as shown in Figure 6.15. Kj is set at 1 to simulate the isotropic
condition. Remember that compressive stresses are conventionally negative.

24 Manual Initial Stresses P
DATA :
GroupN*: [ @ Element type : [PLXLS
Initial stresses : SIGYD= [qgg  DSIG= [p i
L b

X K0X = K0.Z o b

Value of the Biot coefficient :  Biot = ’D—
[ Identical Biot Attention : & nil Biot coefficient will be put to one

[m = e e

e

Figure 6.15 Manual initial stresses window

6.5 Loading files

The excavation of the tunnel is simulated by the decrease of the LICHA element on the tunnel
interface. Therefore, a .LIC file is used to decrease the force multiplier from 1 to 0. Refer to
Appendix C for background information on .LIC files.

Fichier Edition Format Affichage 7

2
8.
1. e
8.1
& e

Figure 6.16 .LIC file: 2 moments are defined here

Fill the parameters for the automatic strategy as displayed in Figure 6.17. Execute then LAGAMINE
to run the simulation. The deformed mesh is shown in Figure 6.18, we can observe the conver-
gence of the excavated area.
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{§ AUTOMATIC LOADING FILE X
[NTIN: | [ INTEGRATION SCHEME : | FIRST INCREMENT DEFINITION -
L E2lEIE ) GALERKIN DELTAT [ np PRECF 0.001
) FO3 FILE
O ZIENKIEWICZ
O 0TO FILE FMULT [“o7 v
) CRANCK-NICOLSON
T NTOUT -
© FO2 FILE @ IMPLICITE DHULT 0.0 IPRECT |4
@ F03 FILE
e=[T p=[T PRECU [ ggai
C/0TO FILE :
| STATEGY PARAMETERS :
FILE TITLE : | IPRES R
IDENT Ig 1oLD |1 DHINMU 1.0E-05
ISTEP e MAXT 5 DMAXMU [ oo
ISAME 9999 FACHU Ig ETAGM [i]
ISAVE |.1 ALAMBF 1.0 DELEPS 1.0E-05
[~ ELEMENT SWITCH ™ PRINT FILE
[~ CONTACT BETWEEN Tw0 DEFDRMABLES SOLIDS ~ ALSAY ~

cancet

Figure 6.17 Automatic strategy window

DEFORMEE
TIME DMuLCUM
0.100 0.00

VUE EN PLAN X Y

LIV

’//////T'

ERIE QIIE,
[MEASS}

DESFIN 9.4 19/07/2020

THH

BERRN
AN

Figure 6.18 Deformed mesh.
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Chapter 7

Tunnel excavation (hydro-mechanical
analysis)

7.1 Description of the problem

This example illustrates the coupled hydro-mechanical behavior of a tunnel’s excavation. Water
will be the fluid considered in this simulation. The geometry is similar to the example 6 in order to
explain and highlight the main differences between a 2D mechanical analysis and a 2D hydraulic
or 2D hydraulic-mechanical analysis.

7.2 Hydro-mechanical problem

Analysis and problem type Select 2D HYDRO-MECHANICAL for ANALYSIS TYPE and
PLANE STRAIN for PROBLEM TYPE.

Geometry The geometry of the simulation is the same as for the previous purely mechanical
example of a tunnel’s excavation. The differences between a mechanical analysis and a hydraulic
analysis for the software Geometry concern the type of elements for the simulation:

« Structured mesh The PLXLS elements used in the previous examples are only valid for a
purely mechanical analysis. In order to allow for both a mechanical law and a flow law, one
should use the CSOL2 elements for the structured mesher (Figure 7.1). Mind the numbering
of the laws of the simulation, as a unique number is assigned to each law.
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Structurated mesher

Data :

CsOoL? Mumber of integration points : |§| |—4
Elgéll__% L Mechanical lavw N™: |§| |—1
MwiaT2 &

Flows lawa M*: |§| |—2
Flowa lav N™: |§| |—U
|re

Element type comments :

EBidimensionnal coupled element

Figure 7.1 Choice of elements for the structurated mesher in Geometry.

* Fluid flux at a boundary: To simulate a flow at a boundary, use a LICHT element (Figure
7.2). The flow law number is assigned to 4 in Figure 7.2, as the law number 3 is already
assigned to the LICHA element at the tunnel’s interface (see Figure 6.8).

Data :

LICHT Murnber of integration paints © |§| |—2
LICHA A Flow lava N™: |§| F

DOF FIXED e
ClE
ClN
El

Element type comments :

|Linear flux element

oK |

Figure 7.2 Choice of elements for the flow boundary condition in Geometry.

+ Imposed a fluid pressure: If necessary, it is possible to impose the fluid’'s pressure at a
given interface by fixing its corresponding degree of freedom. For a 2D analysis, the fluid
pressure corresponds to the degree of freedom number 3 (Figure 7.3).
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LAGALAW

Boundary condition

Data:
poOFAxED DIOF FIXED N* @ |—3
G Elm
ElN
ElN
ElN

Element type comments :

|F|x|t|es

Figure 7.3 Fixing the fluid’'s pressure in Geometry.

+ The initial pore pressure must be specified in the main window of LAGALAW (see Figure
7.4). The pore water pressure is either uniformly defined by a single reference value, or by
a hydrostatic distribution with a gradient and a starting value given by the user.

+ The flow law for the CSOL2 elements is defined in LAGALAW by selecting Diffusive model,
and then Fluid diffusion with the model ECOU-S (Figure7.4). Fill the hydraulic parameters
as shown in Figure 7.5: the porosity, the intrinsic hydraulic conductivity, the fluid specific
mass (water in this case) and the water compressibility. Select the Fully coupled analysis
option to simulate the hydro-mechanical behavior. Be careful that the intrinsic permeability
must be provided and not the permeability coefficient. More features and explanations of
this diffusive law are detailed in the manual Lawther.

@ LAGALAW - DATA FILE x

MATERIAL DATA -
Law NUMBER - [T [] O MECHANICAL MODEL NEW LAW
@ DIFFUSIF MODEL

[PARAMETER]

LD DIFFUSIGN MODEL - [EEO0S MATERIAL :  [\adats
HEAT TRANSFERT ~ Nodata
ECOUP
THM
INTERFACE
POLLUTANT TRANSPORT ¥
PRESSURE AND TEMPERATURE :
% WATER PRESSURE ' Uniform Wl ater pressure value [i]
Walentable evel [ Y-atis ) Hydwostatic  [wter table level [ Y csis = | Gradent [
[~ GAS PRESSURE  (+ Uniform  [Gas prssurs value —
 Hydiostatic Gaslablelevel (v-asis): [ | Gradent:[
[~ TEMPERATURE Temperature value —

OPTIONS
ISTAR KZONE IPRIN IFOND ITYREN  BDFAC

W DOF RENUMEROTATION il a 0 0 0 0

I~ GRAVITY VALUE: [T REMESHING CRITERION: [gne <]
\ s | [Paec | [ Cwext | [ oo |

Figure 7.4 Selection of the flow law in LAGALAW.
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E551 FLUID DIFFUSION - ECOU_S

OPTIONS

Analysis :
) Flow analysis

(@ Fully coupled analysis

Unsaturated case -
[0 | Retention curve

% [0 | Relative perm. curve

REAL PARAMETERS

lsotropic intrinsic permeability [ 1 E.10

Fluid specific: mass : 1000
Storage coefficient : ,U—

Permeability -
® Isotropic permeability
() Anisotropic permeahility
MNurnber of anisotrapy directions ,_

[~ Updated permeability (Kozeni-Karman)

Soil porosity 033
Fluid wiscosity : 0.001

Compressibility coef. [1/<HMW) | GE-4

Figure 7.5 Hydraulic parameters LAGALAW.

+ The flow law for the LICHT element is also defined LAGALAW by selecting Diffusive model,
and then Boundary condition with the model LICHT (Figure 7.6). Click on the button Param-
eter to set up the flux law (figure 7.7). The flow is given per unit surface. An outgoing flow
is considered as positive and an entering flow is considered as negative. During the non
linear analysis, FMULT will be multiplied by the force multiplier ALAMBF while DMULT will
be multiplied by the displacement multiplier ALAMBD.

(3 LAGALAW - DATA FILE x
MATERIAL DATA :
) MECHANICAL MODEL NEW LAW
LAW NUMDER :[;— [ap] " MECHANICAL MOL PARAMETER
® DIFFiSTF MODEL
[BOUNDARY CONDITION MODEL = |LicHT MATERIAL - |No data
FLUID DIFFUISION ~ RACO Ho data
THM
FMILC
OMLC
BOLNDARY CONDITION |4
PRESSURE AND TEMPERATURE :
X WATER PRESSURE ¢ Uniform  ‘ater pressure vale : [ o
Waler table level ['f-asis |- Hydrostatic | [y/aer table level | aie »] | Gradient : |
[~ GAS PRESSURE & Uniform  Gas pressure valie : [
© Hydrostatic ~ Gias table level [ -xis ) [ Geden |
[~ TEMPERATURE Temperature value [
OPTIONS :
ISTAR  KZONE  IPRIN  IFOND ITYREN BDFAC
¥ DOFRENUMERDTATION [0 o o & o o
[~ GRAVITY VALUE: [ REMESHING CRITERION: [lore  +]
‘ oK | [ erec | [ x| ‘ CANCEL |

Figure 7.6 Selection of the flow law in LAGALAW.
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Figure 7.7 Configuration of the flux law in LAGALAW.

& BOUMDARY CONDITION : LICHT x

PARAMETERS

DDL number N*: [ %

Real parameters - Flow (FRLUILT] : 0
Flow [DULT]) 2

Comment :

+ The mechanical laws (number 2 and 3) remain unchanged compare to the previous exam-
ple (see Figure 6.11 and Figure 6.12).

Loading file .LIC Justlike the mechanical analysis, the excavation of the tunnel is simulated by
the removal of the LICHA element on the tunnel interface. In this hydraulic example, the DMULT
multiplier is used for the water flux at the top of the mesh, and remains constant throughout the

simulation (Figure 7.8).

FICNIEr  EQION  FOMMAt  ATTICNage

Figure 7.8 .LIC file for the simulation

Loading file The loading file is quite similar to the previous simulations. Be careful that coupled
simulations with a implicit time scheme require the time step DMINMU to be sufficiently small
to allow convergence. Is this time step is not large enough, an error is likely to occur (see Figure
7.10). In that case, some adjustments with the time scheme, the mesh or the parameters are

required.
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@ AUTOMATIC LOADING FILE

[ ELEMENT SWITCH

NTIN : INTEGRATION SCHEME : FIRST INCREMENT DEFINITION :
(] A
®:F02FILE ) GALERKIN DELTAT [ oo PRECF [ qom
©) Fo3 FILE
() ZIENKIEWICZ
® T AlLE FMULT [ g5 [
() CRANCK-NICOLSON
NTOUT :
o RS @ IMPLICITE DMULT [ g5 IPRECT [j
® FO3 FILE
e=[1" p=[0 PRECU [“gog1
C 0TO0 FILE oot
STATEGY PARAMETERS :
FILE TITLE : | IPRES i
IDENT C— 10D — DMINMU [ o1
ISTEP — [ B a— DMAXMU [ w00
ISAME Er—— [ — ETAGM —
ISAVE | E— ALAMBF [ Zoono DELEPS [ ToEm5

[~ PRINT FILE

[~ CONTACT BETWEEN TW0 DEFORMABLES SOLIDS ~ ALSAY v

==

Figure 7.9 Automatic strategy of the simulation. Please mind the minimum time step DMINMU

DEsfiN

| NO CONVERGENCE BECAUSE OF ISTRA(20)

MINIMUM STEP REDUCED BECAUSE OF ISTRA(20)

NO CONVERGENCE...INCREMENT IS REDUCED

THE PREVIOUS TIME STEP WAS NOT SAVED ON FILE NTOUT
VELOCITIES AT THE BEGINNING OF THE STEP WERE LOST

=> THEY WILL BE SET TO ZERO

STOP BECAUSE OF TOO SMALL MULTIPLICATOR
etime 0002E-02

Lagamine X

‘0\ Lagamine terminated

Figure 7.10 Error message

It is possible to display contour lines and flow vector in DESfIN. When selecting the data

after completion and convergence of LAGAMINE, tick the box Liquid Water Flow (Figure 7.11).

54 SELECT - DESFIM RESULTS FILE

NODAL VALLES ILP. YALUES

DIAGRAMS :

| Coupled interface (FAIL2) |

| Pipes |

| Coupled interface [FAINZ) |

| Contact [CNTCP)

|
| LICHA |
| Coupled interface (FAIF2) |
| |

TRUSS

SYMBOLS -
| STRESSES |

| STATE VARIABLES |

| DEFORMATIDNS |

[

CONTOURS T ISOSTATIC LINES

CROSSES :
[~ STRESSES

[~ MATURAL DEFORMATIONS
[~ BIFURCATION

[ BIFURCATION CONE

[~ PERMEABILITY TENSOR

VECTORS :
[ CONTACT FORCES

QU0 WATER FLOWS!

[~ AR FLOWS

[~ THERMAL FLOWS

[ VAPOUR FLOWS

[~ WATER FLOWS [ LIO. + VAP )

[ POLLUANT FLOWS

‘ | Restore | | Cancel |

Figure 7.11 Select Liquid Water Flow to display contour lines and flow vectors in DESfIN.
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Chapter 8

Thermo-meca-hydro coupled problems

This section highlights the main differences when dealing with coupled Thermo-mecha-hydraulic
(THM) problems. As we have seen in the previous section for the hydro-mechanical coupled
simulation, the main changes between concern the type of elements used and the flow laws. For
THM coupled simulation, it is important to remember the numbering of the degrees of freedom
(see table ??), where p,, is the liquid fluid pressure (usually water), p, is the gas pressure, and T
the temperature.

Table 8.1 Numbering of DOF in Lagamine

2D 3D
X 1 1
Y 2 2
VA - 3
Pw 3 4
Pa 4 5
T 5 6

Geometry The MWAT2 elements as a structurated mesher boundary are appropriate fora THM
simulation. Both a mechanical law and a flow law need to be numbered. MWAT2 elements also
support multi-phasic fluids. The LICHT elements can be used to model both a fluid flow or a heat
flow.

Lagalaw

« Law n°1: A Mohr-Coulomb model has been chosen as a mechanical law for the MWAT2
elements. The mechanical properties are detailed as follows: Young modulus £ = 135MPa,
Poisson’s coefficient v = 0.3, friction angle ¢ = 18.2°, a dilatancy angle ) = 0°, a cohesion
c = 78kPa, and a specific mass p = 2682kg/m3.

COLAW
1 591 Clay Morh coulomb
%] 1 %] %] %]

1.35E8 0.3 0. 2682, 0. 0.
18.2 . .

7.8E4 7.8E4 a. a.

Figure 8.1 Law number 1: mechanical law of the MWAT2 elements

74



CHAPTER 8. THERMO-MECA-HYDRO COUPLED PROBLEMS

« Law n°2 The diffusive model WAVAT is used as a flow law for the MWAT2 elements. A few
explained are given in the figures below, check the lawther manual for thorough details of

the law.
Definition Definition
. . iqui Definition
porosity tortuosity temperature Liquid pressure
gas pressure
2 171 wayat Clay
) 2 ) 0 2 0 2 1 1 0 0 1 ) 0
4.c419
[ @.30 | [ _e. || 289. |[2.256] [ 1.E5
0.001 0. 16000. 5.E-10 3.E-4 0. 0.
4184, 0. 0.
1. 0. 1. 0. 0. 0. 0.
1.E-5 0. 0. 0. 0.
0.6 . 0.
8. Q. 0.
0. Q. 0. Q. . 9. ]
a. 1.35 0. Q. 2.84E6
0. Q. 0. Q.
Figure 8.2 Law number 2: flow law of the MWAT2 elements
Liquid Lo
iquid q ibili Liquid thermal
Liqui Liquid density compressibility expansion
viscosit .
Y coeffcient
2 171 wavat Cla
] 2 ] 0 0 1 e 1 0 ]
0. 89. 2.25€6 1.E5
0. 1000. | [ 5.E-10] [ 3.E-2 0. 0.
. 0. 0.
1. 0. 1. 0. 0. 0. )
1.E-5 0. 0. 0. 0.
8.6 Q. 0.
0. Q. .
0. 0. 0. 0. 0. 0. 0.
0. 1.3 0. 0. 2.84E6
0. 0. 0. 0.

Figure 8.3 Law number 2: flow law of the MWAT2 elements
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Liquid
specific

heat

* Lawn°3
* Lawn°4
* Law n°5
* Lawn°®6
* Law n°7

« Lawn°8

Solid thermal expansion

Gas viscosity

wayat Clay

Q 2
9.
Q.
9.
Q.
Q.
9.
Q.
9.
1.35
9.

coefficient

Gas density
1 7]
1.E5
3.E-4
0.
0.
Q.
2.84E6

1 4} 0
0 Q.
4] a.
0 Q.

Figure 8.4 Law number 2: flow law of the MWAT2 elements

Intrinsic permeability coefficient

2 17

wavat Clay

e 2 <} %]

4.E-19
0.39
0.001

=
\®!®®®®®®®®

2

289.

=
@
=
@

00000 0 Fr O

Thermal conductivity
of the soil

2.25E6
5.E-10

1.E5
3.E-4

5] 0.
e Q.
(5] 8.

Equivalent volumetric
heat capacity

Figure 8.5 Law number 2: flow law of the MWAT2 elements
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Chapter 9

Interface element implementation

9.1 Description of the problem
This section describes the simulation of a simple test in LAGAMINE using the interface element.

Focusing on the deployment of the interface element. To demonstrate the procedure, we do a
simple test in this chapter. The test is described in Fig. 9.1.

Free

. Applying compressive
Fix X DOF 11 m Interface displacement

I m 1 m
Fix Y DOF

Figure 9.1 Geometry and initial boundary conditions for the test.

Analysis and problem type Select 2D MECHANICAL for ANALYSIS TYPE and
Plane strain for PROBLEM TYPE.

9.2 Steps

1. Creation of the project, simulation and Gmail.

2. From the LAGAPROGS toolbar, click on Data and then on Analysis and problem type . A
new window pops up where you can select the type of analysis and the type of problem.
Our case can be simplified as an axisymmetric problem for a purely 2D mechanical analysis
(no hydro-mechanical coupling is considered). Select 2D MECHANICAL under ANALYSIS

TYPE and Plane strain under PROBLEM TYPE.

Geometry Define the geometry. Detailed steps are:

1. Goto Data —> Geometry and boundary condition .
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2. Edit —> Charactrerize point . Then define the points. Then Quit —> Preview —> Fit to window .
Note that: the nodes at the interface should be defined twice at the same places, see Fig. 9.2.

3. Options —> Division of segment —> Edit —> segment . Click New to create the segments

one by one. Then Quit. Note that. segement should also defined at node2-node3, and
node8-node5 respectively. So in total, 8 segments you have defined.

4. Now, define the boundary by Edit —> Boundary . New —>select Type 2—>select the left four
boundary and click OK (note that boundary id2 which generated from node2-node3 belongs
to the left part). In the new window, select PLXLS (note that the 1st mechanical law is given
to the soil here). Click OK.

5. Do it again for the right part: select the right four boundary and click OK (note that boundary
id8 which generated from node8-node5 belongs to the right part). In the new window, select
PLXLS (note that the 1st mechanical law is given to the soil here). Click OK.

6. Now, set the interface boundary. Click New —>select Type 7(Foundation), click on boundary

id 8 (this is the one at the right side of the interface, see Fig. 9.2) and click OK. _
the mesh mush be from node 5 to node 8 as indicated in Fig. 9.2.

7. Click New —>select Type 6(Unidimentional), click on boundary id 2 and click OK, select
FAIL2-> change mechanical law to 2->0K. The parameters set in FAIL2 can be found in Fig.
9.4. Note that: The flow law number should be different to the mechanical law number.
The relative foundation number is set as 1, as their is only one interface element in this test.
If there are multiple interface elements, then set this value to different numbers. The type
of contacts here is set as 2.

8. Now, set the boundary condition. Click New —>select Type 5. Click the left one then click
OK, select DOF FIXED with 1 (x direction), and click OK. Do the same for the right boundary
by fixing its DOF 1 (x direction). Do the same for the bottom but fix DOF with 2 (Y direction),
and click OK. Finally, Quit . File —> Save Data —> Yes . The gmail is shown in Fig. 9.3.

9. Execution GMAIL by clicking the GMAIL logo—>Click OK—> Refresh —>click the LAG file—-
>click Select .
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Interface
FAIL2B (at the left Found (at the right
side of interface) ¢ side of interfact)
4 3 8 7
1 2 5 6

Node number
Attention: mesh mush

Attention: mesh mush from node 5 to node 8

from node 2 to node 3

Figure 9.2
" ) : ) Iq
}_
) (=) )
}_
B (1 ¥ —(O— G

Figure 9.3 Geometry in Gmail.
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Unidimensionnal element

Data :
FAIL2 Mumber of integration points : g
}5328 & Mechanical law N* g
CNTCP v b d

Flow lawe M*:

Relative foundation N™:

4

]
NREERRN

Type of contact :

14

Element type comments :
|Bidimensionnai fault element ? |

Figure 9.4

LAGALAW Now we define the laws.

1. Use a ELA model for the mechanical law of the PLXLS elements. Enter the parameters as
shown in Figure 9.5. Namely, Data —> Lagalaw —> ELASTIC —>ELA model for the mechan-
ical law of the PLXLS elements. Enter the parameters by clicking Parameter then filling the
table as shown in Figure 9.5. Click OK.

2. Click 'New Law , now the Law Number is 2 which is for the interface element boundary.

Select Interface —> INTME —> Parameter , set parameters as shown in Fig. 9.6, then click
OK.

3. One bonus setting is that: check box DOF RENUMBEROTATION and set ITYREN as 3 (oth-
ers just left blank), shown in Fig. 9.7. In this way it can speed up the simulation by renum-
bering the metric components.

4. Click OK to complete the definition of LagaLaw.
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@ LAGALAW - DATA FILE X

MATERIAL DATA :
LAW NUMBER :[i [«»] @® MECHANICAL MODEL | NEW LAW | I

) DIFFUSIF MODEL DELETE

[ELASTIC MODEL : MATERIAL : o data

~ Mo data
INTERMNAL FRICTION ELA-TR
CaMCLay ot

3 FLASTIC LAW - FLA

PARAMETER |

PARAMETERS

Type of stiess : [0

— - —
Young modulus : 1 EG Poisson coefficient : |3 -

Specificmass: [, W-

OTHER PARAMETERS
Number of sub-steps : ID ITYREN  BDFAC

Cornment : | |3_ ID_ E

—@.—

Figure 9.5 Parameters used for Ela.

lllllll

& MECHANICHAL INTERFACE - INTME1 X ‘

PARAMETERS
Type of stiess : [0 [£] [~ IFRAC

Real parameters :

Penalty coeff. on contact presswre: [~ 1gg Cohesion: o
Penalty coeff. on shear stress | 1ES Coulomb's coefficient : |1

M axirurn contact friction : |1E+2D
Exponent coefficient gamma ﬁ— Initial fault aperture : ﬁ—

Cammt:|

o @ canCEL

Figure 9.6 Parameters used for the interface element.
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(i LAGALAW - DATA FILE X

MATERIAL DATA :

® MECHANICAL MODEL NEW LAW
LAW NUMBER : 2 [4p] PARAMETER
O DIFFUSIF MODEL DELETE

INTERFACE MODEL :  |INTME MATERIAL :  [No data

CAP MODEL A No data
YISCOUS COU2D-3D
v

PRESSURE AND TEMPERATURE :

[~ WATER PRESSURE (* Uniform ‘Water pressure value :
‘Water table level [ Y-axis ]: ¢ Hydrostatic i\,,/de, table level [ Y-axis LI | Gradient : |
[~ GAS PRESSURE & Uniform Gas pressure value
¢ Hypdrostatic [Gas table level [ Y-axis | I Gradlent"
[~ TEMPERATURE Temperature value [
OPTIONS :

ISTAR KZONE IPRIN IFOND ITYREN BDFAC

v DOF RENUMEROTATION E| E
[T GRAVITY VALUE :

oK | | erec. | NEXT | [ cance

Figure 9.7 Speed up simulation

.DEP file The position of every fixed node can controlled using a .DEP file. Refer to Section D for
the handling of .DEP files. Go to DESFIN, input 1 (then press enter,same for following)->/1->3 -
>1->0. You will see the ID of the nodes. As we control the displacement of the right boundary,
we need to take down the ID of the nodes at the right. (Or we can Check your .LAG file to find
which nodes to fix as it depends on the creation order of the points in LAGA-G.) After that, define
the DEP file according to Appendix D. The DEP file is shown in Fig. 9.8.

7 tuto_interFacefle_gmail.DEP - Notepad

File Edit Format View Help
2 ]
2.

3
7
182
1e5
186
187
1es
183
110
111
112
113
114
115
116
17
118
119
128
121
122

e pleppprlebub v el

O T T o WOr A U U AR I Y

3

7
184
185
186
107
168
109
110
111
112
113
114
115
116
117
118
119
120
121
122

Figure 9.8 DEP file in this example.

Initial stresses In this example test, the initial vertical stress o, is set to |0 kPa . Checked the
box "Identical stress state". Operations are: Data —> Initial stresses —> Manual .

Execution of Prepro click Prepro logo (or Data —> Prepro ), then click OK.
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Loading file Figure 9.9 shows the configuration of the automatic strategy for loading param-
eters used in this simulation. The IPRES is set to 1 as we only use the DEP file.

since in DEP file, the final time is set at 50 s, therefore, in Figure 9.9, ALAMBF should be set to 50
to be consistent. DMAXMU can be set to 1to speed up. h check box

Contact between two deformables solids , otherwise the interface will not come into effect.
Detailed steps are:

1. Creation of the loading file: File —> New —> File button , select Loading file. —> Click select
file in the loading File panel.

2. Execution —> Loading file —> Automatic strategy

{3 AUTOMATIC LOADING FILE %
NTIN : INTEGRATION SCHEME : FIRST INCREMENT DEFINITION :
@ FO2 FILE O GALERKIN DELTAT [gor PRECF [gpo
O FO3 FILE
O ZIENKIEWICZ
€ 0TO FILE PMULT [o NIV [
O CRANCK-NICOLSON
NTOUT :
O Fa2 BILE @® IMPLICITE DMULT |g IPRECT |4
@ FO3 FILE
e=[1 p=[0 PRECU 7007
) 0TO0 FILE
STATEGY PARAMETERS :
FILE TITLE : | IPRES (I
IDENT O 10LD (T DMINMU  [1o5
ISTEP (I MAXIT [ DMAXMU [
ISAME I FACMU [ ETAGM O
ISAVE 1 ALAMBF [s5p DELEPS 1.0E-05
[ ELEMENT SWITCH ™ PRINT FILE

[XCONTACT BETWEEN TWD DEFORMABLES SOLIDS: ALSAY -

0K ‘ \E\ | CANCEL

Figure 9.9 Loading settings in this example.

Execution of Lagamine Click on the Lagamine icon to run the code.

Results Tovisualise the deformed structure in desfin. We goto results —> select —> desfin file ,

on the box, select File OTO (for all the time step), then click reading and click selectall . We
can choose Nodal Values —> DISPLACEMENT.

Then, we go to results —> desfin . Go to 2—>7->3 to select which step we want to visualise. We
here input 9 (a step of output file), then 0 to see the structure at that moment. The structure is
shown in Fig. 9.10.
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1

= EEE=E=EEE==

Figure 9.10
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Appendix A

File description: format and structure

LAGAMINE and the related programs deal with different working files. They may take these files
as input but, they may also fill them in or modify them. Therefore, these files are formatted and
structured in such a way that it is readable for the programs, mostly written in Fortran. The global
structure of the simulation files obeys specific rules that must be learned if the user want to
modify the files directly.

Most of the files of your simulation can be read with your favorite text editor. This section doe
not aim at explaining the meaning of every value written in the files as this is already elaborated
in the manuals and DokuWIkI. However this section emphasizes how to read those manuals and
the rules that must be adopted when writing in the simulation’s files.

(,) It is recommended to use the free text editor NOTEPAD++, which enables different
s tabs in a same window, updates files and contains several useful macros.
A.1 Format

The simulation’s files are made of several lines, each of them containing specific information.
Each line can be seen as a collection of numbers and letters or words. Let us consider that the
document is a giant table where each cell is either left empty or filled with a single digit or a single
letter.

The format for each line is given in the manuals and follows the same pattern: one letter flanked
with two numbers.

+ The central letter indicates the type of object. It can be either an integer (1), a floating (G),
or a string (A).

+ The left number indicates how many objects are in the line considered for the given type.

+ The right number indicates how much space these objects take or how many cells are
allocated for each one of these objects.

The symbol "/" is used to indicate that a new line should start.

These formats describe the maximum number of items that can be read on the
same line (or on several lines when the symbol "/" is used). If some items are not
present, the program will consider them as equal to zero.
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APPENDIX A. FILE DESCRIPTION: FORMAT AND STRUCTURE A.2. STRUCTURE

Example 1. A line with the format "315" consists of 3 integers, each integer being allocated with
5 cells. Typically, the digits are written starting from the rightmost cell (as shown below for 1 and
20), but this is not compulsory. In the example below, each blank or empty cell corresponds to
one space.

Lo LUy

Figure A.1

Example 2. Let us suppose we want to write the two floating numbers 0.2 and 5- 108 on a line
whose format is "2G8.0" (2 floats, 8 cells allocated to each floating number). The decimal point
and the exponent both take up one cell, as shown below.

L L i 0y 12y

Figure A.2

Example 3. A last example is provided below, with the format on the left-hand side and the cell
numbering at the top and bottom.

1415 -2 4 2493 1 1752 0 0 0 0 1
1415 0 0 0 30 60 18 10

1415 0

1415 0

A5 NODES

I5,8G10.0 1 0.000000 0.000000 0.000000 0.000000
I5,8G10.0 2 0.000000 0.000000 0.400000 0.000000
I5,8G10.0 3 0.000000 0.000000 0.800000 0.000000
15,8G10.0 4 0.000000 0.000000 1.200000 O0.000000
I5,8G10.0 5 15.000000 0.000000 0.000000 0.000000
I5,8G10.0 6 15.000000 0.000000 0.400000 0.000000

Figure A.3

A.2 Structure

Each file obeys to a very specific structure that is thoroughly described in the manuals. It is
primordial to respect the structure; otherwise, the sub-programs will not be able to run.
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Manuals

The finite element code LAGAMINE, and its associated programs, are documented in a series of
manuals and the DokKuWIKi.

* Lagamine.pdf: general description of the code

*+ Intro.pdf: structure of the data file NAMDAT . LAG

* Lagamex.pdf: structure of the loading file NAMEX . DAT

* Annexes.pdf: description of some specific sections

* Elmec.pdf: description of the mechanical elements

* Elthe.pdf: description of the thermo-mechanical elements
* Elcou.pdf: description of the coupled elements

* Lawmec.pdf: description of the mechanical modems

* Lawther.pdf: description of the flow or thermal models

* Lawcou.pdf: description of the coupled constitutive models
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Appendix C

Control of the loading history (.LIC file)

The loading history (i.e., the evolution of external forces or fluxes) can be controlled using a .LIC
file. This .LIC file is used to impose the evolution over time of both the force multiplier FMULT
and the displacement multiplier DMULT. These multipliers will multiply constant values defined
in the constitutive laws (i.e., in LICHA or LICHT).

strategy window. In the case of both .LIC and .DEP files, IPRES = 18 should be

o In order to use a .LIC file, the user must use IPRES = 8 in the automatic loading
used.

{fag AUTOMATIC LOADING FILE X
NTIN : INTEGRATION SCHEME : FIRST INCREMENT DEFINITION :
@ FO2 FILE ) EETAT DELTAT | PRECF [
C FO3 FILE
C ZIENKIEWICZ
O 0ToFILE FMULT | TV |
C CRANCK-NICOLSON
NTOUT
DMULT IPRECT
© ro2 FILE @® IMPLICITE \ [
@® FO3 FILE
e=[1" p=[0 PRECU [
C 070 FILE
STATEGY PARAMETERS : ‘
FILE TITLE : | IPRES CO—
IDENT 10LD DMINMU
sTEP [ MAXIT [ DMaxMU [
ISAME [ FACMU [ ETABM [
ISAVE ALAMBF DELEPS
[~ ELEMENT SWITCH [ PRINT FILE
[ CONTACT BETWEEN TW0 DEFORMABLES S0LIDS  ALSAV 5
e

To create a .LIC file, go to the toolbar in LAGAPROGS and select Options, then Tools and
LIC file. A new text document opens, the NAMDAT.LIC file, which has the same name as the
NAMDAT . LAG file.

There is no user-friendly program to fill in the .LIC file, which needs to be completed manually.
The format' is the following:

"Refer to Chapter A to understand the format.
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Line 1 (115): number of time moments of the imposed values

+ Line 2 (1G10.0): definition of the first time moment ¢;

Line 3 (2G10.0): imposed value of FMULT at t; and imposed value of DMULT at ¢,

(
(
Line 4 (1G10.0): definition of the second time moment ¢,
+ Line 5 (2G10.0): imposed value of FMULT at t, and imposed value of DMULT at ¢,

 and so on for all time moments.

Note that the linear interpolation is performed between two consecutive time moments ¢; and
Lit1-

Example We want to impose the following evolution of FMULT and DMULT.

FMULT/DMULT

FMULT(t2)=1
DMULT(t1)=0.7
- FMULT
—2 DMULT
DMULT(t2)=0.4 |-
FMULT(t1)=0 t
t1=0 12=100
Figure C.2
The .LIC file should then be written as shown below.
| 0edoGMLLLIC - Bloc-notes - [m] X

Fichier Edition Format Affichage 7

a. 0.7

1. 8.4

Figure C.3

The international system of units is used in LAGAPROGS so that times are expressed
in seconds.

More information on the .LIC file can be found in the DoKUWIKI.

90


http://www.lagamine.uliege.be/dokuwiki/doku.php/appendices/a3

Appendix D

Control of the evolution of prescribed
degrees of freedom (.DEP file)

It is possible to control the evolution of prescribed degrees of freedom through the whole simu-
lation using a .DEP file.

To create a .DEP file, go to the toolbar in LAGAPROGS and select Options, then Tools and

DEP file . A new text document opens, the NAMDAT . DEP file, which has the same name as the
NAMDAT . LAG file.

All degrees of freedom that are controlled using a .DEP file must be fixed in the
corresponding .LAG file.

In order to use a .DEP file, the user must use IPRES = 1 in the automatic loading
strategy window. In case of both .LIC and .DEP files, IPRES = 18 should be used.

There is no user-friendly program to fill in the . DEP file, which needs to be completed manually. An
example of a . DEP file is given below to control the position of the top nodes in a strain-controlled
triaxial test.

_| triaxial_strain8controlled - Bloc-notes — O X
Fichier Edition Format Affichage ?
| 2 3 o
0.} Time = 0s
4 2 0.060
3 2 0.060
7 2 0.060
1.} Time =1s
4 2 0.0599
3 2 08.0599
7 2 0.0599 ]
Nodes Imposed
number value

Figure D.1

The first line made of three integers (315) is formatted as follows:
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APPENDIX D. CONTROL OF THE EVOLUTION OF PRESCRIBED DEGREES OF FREEDOM (. DEP
FILE)

+ Number of time moments for which the values are imposed (format 15)
« Number of definitions at each time moment (format 15)
+ Set to 0 by default (format 15)

In this example, the second degree of freedom is imposed for three nodes (3, 4, and 7) at two
different time moments: 0 s and 1 s.

More information on the .LIC file can be found in the DoKUWIKI.
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Appendix E

Printing output values (.PRI file)

Itis possible to configure the printing options in a . PRI file in order to obtain the following outputs:
* nodal values (z, y, z, pw, py and T') for specific nodes, given in a . IPN file.

« particular values at integration points (stresses and state variables) for certain elements,
givenin a . IPEfile.

« values of reaction for specific nodes, given in a . IPR file.

When using a . PRI file, the user must check the box PRINT FILE in the loading file window.

{23 AUTOMATIC LOADING FILE X
NTIN : INTEGRATION SCHEME : FIRST INCREMENT DEFINITION -
® FOZ FILE ) GALERKIN DELTAT PRECF
€ FO3 FILE
) ZIENKIEWICZ
O OTOFILE FMULT [ v [
) CRANCK-NICOLSON
NTOUT :
DMULT IPRECT
P02 FILE @ IMPLICITE i
@ F03 FILE
e=[1" p=[0 PRECU [

€/ 0TO FILE

STATEGY PARAMETERS -

FILE TITLE : | IPRES —
IDENT [ 10LD — DMINMU [
ISTEP |7 MAXIT [ DMARMU [
ISAME [ FACMU [ ETAGM —
ISAVE — ALAMBF [ DELEFS [

[~ ELEMENT SWITCH % PRINT FILE
[~ CONTACT BETWEEN TW0 DEFORMABLES SOLIDS ~ ALSAY -
e
Figure E.1

To create a .PRI file, go to the toolbar in LAGRAPROGS and select Options, then Tools and

PRI file . A new blank document opens, the NAMDAT . PRI file, which has the same name as the
NAMDAT.LAG file. There is no friendly-user sub-program to fill the .PRI file, which needs to be
completed manually. Explanations on how to fill the file can be found in the DOKUWIKI.
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