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1. Material properties

1.1. Automatic definition of interface properties

Under PROPERTIES, access the @ Properties for interface bodies.

G m @ Q.J Properties set name |H1_fr

= Type
T @ Joint
ype " Contact (compatibility with revious version)
B Definition type
e~
Definition type (:. :/Iuat:ua\

B Interface

Type Coulomb's friction j
Interaction coefficient [] 03

Interaction coefficient

validate Close

When the user integrates interfaces in his model (1D or 3D), he has to define:

- the type of contact: bonding, sliding or friction

- the values of parameters associated with the type of contact. In the case of friction: E¢, Ry, ¢¢, @«.

If the interface crosses several materials (e.g. a pile founded in a multi-layered soil), the definition must
be adjusted according to the properties of the materials (soils).

In common cases (geotechnical engineering in particular), interface properties can easily be deduced
from the properties of the materials in contact.

- E, stiffness coefficient of the fictitious material. Its value equals 100 times the lowest modulus of the
materials in contact,

- Ry, tensile limit. Its value is generally taken at a very high level to prevent delamination,

- C,, cohesion. Its value is generally taken null if we want to link directly the normal stress to the shear
stress. Else, cc can be considered as the unit lateral coefficient gs.

- @, friction angle. Its value generally defines the relation between the maximal tangential stress t and
the normal stress on: T =tan ¢c . on

The aim of the "Auto” option is to provide the user with an "automated" definition of interface properties.
The input is simplified as the user will now define
- The type of contact: bonding, sliding or Coulomb’s friction.
- In the case of “coulomb’s friction” selection, the value of an interaction coefficient so that:
T = coef_int . on
From this identification, we establish the following properties:
- Ec = 100 x min( E1, E2)
- Re = 10° MPa
-cc=0
- ¢c = tan™! (coef_int)



1.2. New elastic models (IELAS=18/19)

The software offers a number of elastic constitutive models for solid bodies, but the proposed range
does not include a general anisotropic model.

This lack is corrected, in a particular framework, which aims to exploit the calculations of modules by
homogenization for periodic materials.

We therefore add two values of the IELAS indicator (IELAS = 18 and 19), but new variants could be
introduced later depending on the needs.

As an illustration, the model can be used for masonry. A vault under pressure is presented below. The
user provides homogenized moduli (brick + mortar) and the geometry of the mean ellipsis that defines
the orientation of the masonry blocks.

ev=075m ’7 p=100 kPa
H=25m .
L=45m \ 1
(Xc, Ye) = (0,0 en=0,75m
Geometry (half-vault) Stresses oxx

1.3. Associate a colour to a property set

In the process of "stage construction” process, the user is assisted by assigning a colour per property set
(surface and 1D bodies in 2D; surface, volume and 1D bodies in 3D).

The “"colour” option has been added in the property definition toolbox. The selected colour is associated
with the name of the property set.

The option is then activated by an "On/Off" button on the display toolbar.

£~ Properties of surface bodies

E"‘ m @ Ep._] (‘; Froperties set name |parail

] Elasticity parameters
Type Isotropic linear elasticity
£ [Kg/m3] 1900.000
E [kN/m2] 2.440e+07
vl 2.000e-01
Porous v
e [Kg/m3] 1950.000

p_sat, density of saturated soil

Validate Close
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l‘ Coloring of bodies using the properties color | I
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This allows user to visually check the assignment of properties but also to follow the evolution of the
stages in a more intuitive way.

The example below illustrates the evolution of the stages with or without activation of the feature.
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2. Geometry edition

2.1. Interactive rectangle - surface

In GEOMETRY, use the ’ Plane surface tool.

This tool is available in 2D and 3D to facilitate the generation of rectangular surfaces (e.g. 2D ground
layers or 3D slabs).

The user can interactively define a rectangular surface by giving 2 or 3 points. These points are on the
working grid or given by the interactive coordinates on the working space.

In 3D, a button makes it possible to toggle between the interactive generation and the usual “Selection”
option: the user selects the contours (contained in the same plane) that close a surface.

4

Plane surface a3 x

- Plane surface

[~]

© Interactive
() Selection

<
D Dx:im ‘.'

Body label -

2.2. Scripts > Tunnel sections
Use the Script Eand then select the “TunnelM.xml" file.

It is now possible to define coordinates of the centre of the tunnel section.
In 3D, it is also possible to specify in which plane the section will be drawn.

CESAR-

MESH PROPERTIES BOUNDARY CONDITIONS LOADS ANALYSIS RESULTS

File name TunnelMxml .
© Tunnel geometry
z 3 z
PYEIFS
Clx[m] 0.000
Cly[m] 0.000
Cl_z[m] 0.000




3. Mesh

3.1. Generation of interfaces at the end points

When a structural element (1D block or shell) immersed in a massif is surrounded by interface blocks
(joints), we propose a better modelling of the ends.

The interface body generation process:

- detects the end of the interface

- at this end, merges the nodes of the "classic” interface. As a reminder, these elements have 6 nodes in
2D et 12 or 16 nodes in 3D.

\IY

Example for a 1D body Example for a shell



4. Loads

4.1. New options for the definition of the water level in 2D and 3D

The definition of the initial water table (first stage of a staged calculation) or the variation of the water
table between two successive stages of a staged calculation has been updated to be more flexible.

4.1.1. Method #1

First, we have the possibility to define the free surface by successive mouse clicks on the model. In 3D,

we first select one of the two vertical planes for this edition.

Step 1:

- Click "Variable"

- Click on [P*] to define the points by successive clicks. The user will then have an interactive
representation of the coordinates of the points successively clicked on a grid.

Step 2:

- Validate. The number of points and their coordinates are then entered in the grid.

Validate Delete
Initial hydrostatic field
| Copy from other load set...

v

_' Constant
© Variable
_ File
) Model
Number of points o E
Points
Actual hydrostatic field
[ Copy from other load set...

4.1.2. Method #2
The pressure field can also be recovered from a flow calculation (HYDROGEOLOGICAL modules) in
steady state or transient mode.

Step 1: hydrogeological calculation.
Example below, free surface (p=0) at the end of a transient NSAT calculation (5 time steps).

Modéle=6 - Nom du modéle=Transitoire - Solveur=NSAT - Pas de temp=4/5 (t=10800.000sec)




Step 2: In the mechanical model, use the "WTB — Water table variation” tool.
- Selection of the model
- Selection of the time step from those identified (if transient calculation)

Example: use of the previous NSAT model “Transient” and selection of time step 4/5.

WTB - Hydraulic head variation ax
Validate Delete
< Initial hydrostatic field

| Copy from other load set... |

o e /

() Constant
() Variable
() File
@ Model
Model Transient m
© Step
) Time
Step 4/5 (-]
- Actual hydrostatic fi{1/5
| Copy from|2/5
. 3/5
4/5
- e
L

4.1.3. Copy of the WTB loads

In order to ease the data input between stages, it is now possible to copy a water table state from a
previous calculation.

In the editing window of the "WTB - Water table variation" tool, clicking on "Copy another load case"
displays the window box below.

It lists:

- All models with at least one WTB type load,

- The list of WTB loads by model,

- The water table state retained from the selected WTB load: initial state or final state.

{- Copy from other load set 4

Models Loading sets Status

Initial slope Initial hydrostatic field
Actual hydrostatic field

Validate Cancel



S. Calculation settings

5.1. Accelerated c-phi reduction process

The “c-phi reduction” calculation procedure for calculating the safety coefficient on the stability of
structures has been enhanced with a faster method.

The user is therefore offered 3 methods:
- Method 1 (standard, by default):
e Resolution method: initial stresses
e Number of iterations: 500
e Precision: 0.001
- Method 2 (accelerated):
e Resolution method: initial stresses + secant method
¢ Number of iterations: 200
e Precision: 0.001
- Method 3 (custom settings):
e Resolution method: “free”
e Number of iterations: “free”
e Precision: "free”

The "accelerated” method will go more quickly to the result of the safety coefficient. However, it will be
less precise for the representation of the failure mode.

[~ Settings for the module MCNL X

General parameters B Analysis type
Boundary conditions Analysis type C-Phi reduction
Loading sets Detection of non convergence 4
Pore water pressure -
Min value [] 5.000e-01
Max value [] 2.000e+00
Accuracy [] 1.000e-02
Options for c-phi reduction Standard J
O lteration process Standard
Max number of increments Accelerated
Max number of iterations per increment Custom settings
Tolerance [] 1.000e-03
= Solution method and algorithm type
Solution method 1- Method of initial stresses J
Algorithm type Pardiso
B Displacement initialisation
Displacement initialisation v
B Storage
Storage of total strains v
Storage of plastic strains v

Validate Cancel

User can refer to recently published works of Bourgeois et Remaud:

- Geotechnical structures stability: ULS calculations using the Finite Element Method, Proceedings
ECSMGE 2024, Lisbonne.

- Une procédure numérique alternative pour les calculs de c-phi réduction dans CESAR-LCPC, Actes
des INGG 2024, Poitiers. (in French)



5.2. Edition of default settings for all construction stages

In the model tree, it is now possible to assign/modify the calculation settings for all the models defined
with “Staged construction” type.

For example, this option is helpful to modify the precision of the iterative process or the number of
iterations and affect them to all stages.

v [E Models
~ [ STATICS
v ﬁ STAGED CONSTRUCTION|
W = [110 - Initial Collapse tree
. [1Prope T E R ——

e D Eounday Staged construction settings... I
B 110 = et i

w D Loadings
() []Loadsett

5.3. Storage of total strains for LINE / LINH

{_ Settings for the module LINE

- General parameters B Algorithm type
Algorithm type Pardiso J
B Solver settings: direct method
Method New analysis without sterage of the factori: ~
B Storage

Storage of total strains I3

5.4. Multifrontal algorithm for MODE (eigen-values)

This option allows the faster computation of the eigen-values.

[~ Settings for the module MODE

- General parameters B Analysis |
—Storage of Egenmodes " Find eigenfrequencies < VD
Content of the listing (¥ Find eigen modes near VD
Given frequency VD [Hz] 0.000
B Analysis settings |
Number of eigen modes []
Subspace dimension [] 0
Max number of iterations [] 20
Tolerance [] 1.000e-03
Check 12
B Algorithm type |

* Multifrontal
" Direct-Skyline method

B Initial stresses |
Initial stresses r

File name J

Validate Cancel




6. Results

6.1. Modification of the increment/time step

When the user accesses the RESULTS tab, the last increment (or time step) calculated is automatically
displayed (if there are several increments or time steps calculated).

In the case of time steps, the time value is displayed.

i zEPIO

GEOMETRY MESH PROPERTIES INITIAL PARAMETH

Transitoire = || Time step=5/5 (t=4.0) L@
Time step=1/5 (t=0.0h)
Time step=2/5 (t=1.0h)
Time step=3/5 (t=2.0h)
Time step=4/5 (t=3.0h)
| Time step=5/5 (t=4.0h)

L7

6.2. Display of the safety factor

After a calculation of “c-phi reduction” (on shear strengths parameters) of “safety factor” (on loads) type,
the calculated safety factor is displayed as a label on the working window.

DEER
FICHIER

} . []
:‘9“:' e Modéle=39 - Nom du modéle= 8 - C-Phireduction - Saolveur=MCNL - Incrémen '}1r| - FoS=1.3262 . n
sgende lsvaleur —~ =
Pobce. Aok 123t \ Lesar o
Largeur [%] 15
& (S| n
e #5425 325571 5)
v
Couleur de fond [ rrerer = — 137420
— 4EE13T
— ]
— 42704558
e 39814270 L]
o 38923081
o 34033602
L]
e 311432403
o 2253114 n
. 25362825 n
2482538
1959-2248
1670.1959 "
13811670
[
1092:438.1
8031082 L]
514603 n
25514
<225 (Min=-6.4) -
L]
L]
jul_max=2.821m ¢_1=5715%
|




6.3. Modification of the tree of results

The results tree is modified so that it is easier to identify the type of result and the body in which we are
looking for this result:

e User can identify the bodies by their name

e Results are sorted per body

Example of the new tree configuration

-------

v [ [22]wtb +8m
~ [ Time step=1/1 (t=0.000sec)
w P Surface body

v U 1] 5urf 2
K (1) Hydraulic Head [1]
‘ (12) Water content [1]
ﬁ (23) 2D Hydraulic Head gradients [1]
w (34) 2D Hydraulic Head velocities [1]

~ | @ [2] Front - Layer
1 (2) Hydraulic Head [2]
w (13) Water content [2]
‘ (24) 2D Hydraulic Head gradients [2]
ﬁ (25) 2D Hydraulic Head velocities [2]

> U [3] Embankment - layer #1

] W [4] Surf_21

» |/ @ [5] Embankment - layer #2

- i an

6.4. Additional scalars

Volumic deformation

When the deformation tensor is available in the results, the volumic deformation is proposed in the list
of scalars to be displayed.

It is calculated as follows:

&v= &x T gy plane deformation
ev=2¢&r + &z axisymmetric

&= &x t &y * €z plane stress

&v= &x + &y + &z 3D

Norm of the gradient of water head
In NSAT (flow in unsaturated soils) and DTNL results.

[AH] = V(AH_x*+AH_y?)

Norm of the flow velocity
In NSAT (flow in unsaturated soils) and DTNL results.

[VH| = v (vH_32+vH_y?)

Norm of the gradient of temperature
[AT®] = V(A T3 +AT_y?)

Norm of the temperature velocity

[VT°] = V(v T°x+v T°_y?)



