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1. Material properfties

1.1. Non-linear supports

This new type of elements is limited to the support of 1D bodies, disconnected from any surface body
(2D and 3D) or volume body (3D).

The support behaviour will be one of the followings:

1. Linear elasticity

2. Linear elasticity + perfect plasticity

3. Linear elasticity + perfect plasticity + brittle failure

Example in 2D Example in 3D

Generation of non-linear supports

Step1: geometry
1. Under GEOMETRY, select one node, located at the end of a 1D-body.

2. Activate tool % Nonlinear supports. It displays the following edition grid.
o Give a label to the body (facultative): if no label is given, a default one is given by the
program.
o Select one of the definition types:
= Per point: each selected end-point will become an independent nonlinear support
with its own set of properties
= Per points group: all the end-points are merged in a group with a single set of
properties.
3. Click "Apply”.

Apply Show
<1 General
Body label
* Definition type

@ Per point
) Per point group




Step 2: properties

L ]

1. Under PROPERTIES, select “Supports” EEE in the list of “Properties of multinodal bodies”. A new

toolbox is displayed for the edition.

For each of the degree of freedom (3 in 2D, 6 in 3D), define the type of behaviour:

- Inactive

Linear elasticity
Linear elasticity + perfect plasticity
Linear elasticity + perfect plasticity + fragile
2. For each selection, edit the related parameters.
3. Click "Validate".

Material name Elascil1(2)

Non-linear supports

Example of non-linear support edition

MNon-linear supports

| + “ﬁ] ¢;I WI Properties set name |IMOD=1 ~
Behaviour 1 K (N/m.,Nfrad)| Fmax (MN) AccCoef
x Inactive -
¥y Linear elasticity ~ | 1.000e+00 10000000000.00
z Inactive hd
L A




1.2. Improved data edition for unsaturated porous materials

For unsaturated soils, CESAR offers various models for the flow in porous media.
The permeability and saturation laws included are:

- Preprogrammed curves based on works of Vauclin et Vachaud (1979),

- Van Genuchten and Gardner.

As the preprogrammed curves can also be edited point by point, the version 2026 allows a more
comfortable edition.

Editing data for “Flow in unsaturated porous media - curve point by point”

1. Under "PROPERTIES, select “Properties of surface bodies".

2. In the list of models for “Flow parameters”, select “Flow in unsaturated porous media — curve point
by point”.

3. After the edition of the initial permeability coefficients, click on "View/Define"” for the edition of the
permeability and saturation curves.

@ Properties of surface bodies X

il m N E -
+ G’ Properties set name [Mat_3 -
Default
B Flow parameters
Flow in unsaturated porous media - curve ;:J
Ko [misec] 0.000e--00
Kys [m/sec] 0.000e+00
Ky [m/sec] 0.000e+00
Cell 0.000e+00
Ces [V/m] 0.000e-+00
Permeability and water content values ( View/Define |
e e

Use the following features to edit the data:

- "Open file": import of data from a csv formatted file.

- "Save file": export of data in a csv formatted file.

- "Add": aline of data is added after the last one edited or after the last selected.
- "Delete": deletes the last line of data or the last selected one.

Example for display of permeability and saturation curves

@ Permeability and water content values

Open file... P_h Kr 8r
200005 |9.900e-03 2.500e-01 ok
Savefil=s 1.600e-05 | 1.550e-02 2.500e-01 . —
Add -1.360e-05 | 2.120e-02 2.500e-01
-1.190e-05 | 2.740e-02 2.500e-01 054
Delet -1.060e-05 | 3.420e-02 2.500e-01
-9.560e-06 | 4.190e-02 2.510e-01
-8.670e-06 | 5.060e-02 2.510e-01 0.6
-7.890e-06 | 6.040e-02 2.510e-01 .
-7.200e-06 | 7.160e-02 2.510e-01 o
-6.500e-06 | 8.440e-02 2.510e-01 0.4
-6.030e-06 | 9.900e-02 2.520e-01
-5.530e-06 | 1.160e-01 2.520e-01
-5.060e-06 | 1.350e-01 2.520e-01 027
-4.630e-06 | 1.570e-01 2.530e-01
-4,230e-06 | 1.830e-01 2.530e-01 0 . ] | |
-3.850e-08 2.120e-M 2.540e-01 -2e-05 -1.5e-05 -1e-05 -5e-06 0
-3.500e-06 | 2.460e-01 2.550e-0 Pressure [MM/m2]
Validate Close

Reference: Vauclin M., Khanji D., Vachaud D. (1979) Numerical Study of a Transient, Two-Dimensional
Unsaturated-Saturated Water Table Recharge Problem, Water resources research, 15(5) : 1089-1101.
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2. Loads

2.1. Imposed strain on shell - surface bodies (3D)

This new load allows to assign an imposed strain on a shell.
3 types of prescribed strain are proposed:

- Isotropic strain,

- Along an axis,

- Perpendicular to an axis.

A typical use of this feature is found in the domain of underground construction when one wants to
model the shrinking of the lining due to the TBM advance.

Example of imposed isotropic strain on a shell

[3
mmzm SPECALZEDTOOLS  MESH  PROPERTIES  BOUNDARYCONDITIONS  LOADS  ANALYSS | RESULTS  CHARTS  SPECIFICRESWLTS OPTIONS -

Modell - | Incremene=ii I B LAY XXX Mo 08 +F 4§ ﬁ%ﬁ@%ﬁﬁ‘*
Che WBEITPCOEAR VM &% LND 2o -DL]Eestee Mases ax
LCesar:no o p—— -
Model=1 - Model name=Madel1 lver:=MCNL - Increment=1/1 : & t:ﬂﬁ
& 514715
" 0 STAGED CONSTRUCTION
£ (11Modent
[1]Propertics
o B e
Max=t70 @ mummu
4 Losdings
Imposed strain on shell - 153 : Eﬁ;ﬂzﬁim
-ns L .
Apply Show B i - s
4 Imposed strain on shell 1 - iy
Imposed strain type Isotropic volumic strain 102 Cl '
v (%] -1.000 =
85 =
u
68 =
L]
51 ]
u
34 u
u
u
17 n
Min=0.0
L]
[
]
[
|u|_max=17.0mm
[ul{min)=0.0 mm - ju[{max)=17.0 mm

Activate the tool ﬁ Imposed strain on shell
1. Select the type of imposed strain in the proposed list.
2. Input the strain value.

Note: The unit of strain is either [micro-def] — for udef — or [%] ; it can be fixed in “Units” of the program.

Imposed strain on shell x

Apply Show
4 Imposed strain on shell

Imposed strain type Isotropic volumic strain | *

£ [micro-def] Isotropic volumic strain

Prescribed strain along axis
Prescribed strain perpedicular to axis




2.2.

2.5.

2.4.

Thermal loading on soils with HSM constitutive model (2D & 3D)

This existing load feature is improved so that it is now possible to define a thermal loading on soil bodies
with the Hardening Soil Model; it works also for the other constitutive models with a non-linear elasticity.

For these types of models, as the elastic moduli depends on the stress path, it requires to provide a
reference model where to read them.
Pt |
Activate the tool < Thermal loading
1. Define the reference model with current Young modulus.
Select the model in the proposed list.

2. Input the dilatation coefficient.
Define the reference temperature (constant).
4. Define the current temperature field among the 3 options:

a. Constant temperature

b. Model: selected in the list of models with thermal type.

c. File: input the name of a file where the temperature field has been stored after a previous
thermal calculation.

w

Thermal loading on 1D bodies (2D & 3D)

This new type of load allows the definition of a thermal load on a 1D-body (beam or bar).

| &
L

Activate the tool “~ Thermal loading on 1D-body

Edition with a uniform temperature

1. Input the dilatation coefficient

2. Define the reference temperature (constant).
3. Define the current temperature

4. Activate “Uniform temperature”

Edition with a uniform temperature and a gradient
1. Input the dilatation coefficient

2. Define the reference temperature (constant).

3. Define the current temperature

4. Activate "Uniform temperature with gradient”

- Input value dT/dX

- Input value dT/dY

Surface forces (2D)

This load that already existed in 3D is now available in 2D.
It is a variation of “uniform pressure” where user can set a horizontal and a vertical component of a
pressure at the surface of a surface body.

Activate the tool “~= Surface forces
1. Input the value of pressure component along x-axis, Px.
2. Input the value of pressure component along y-axis, Py.



3. Calculation setfings

3.1. Display of load increments or fimes steps

In mechanical algorithms (MCNL, MEXO), one can set a number of increments to pilot the load sets
and/or the boundary conditions sets. When performing hydrogeology, dynamics or thermal analysis,
one can define the time sequence.

With the new version, it is now possible to have the real-time display of these edited fractions of load or
time.

Example for a thermal calculation

£ Settings for the module DTNL : Field of temperature {transient)

Time steps B Select the current set
s mthod ST VT Y s T on i -]
ETNil R SR Initizalization from file J
Loading sets
Subsequent calculation Definition of parametric function Fix)
Storage for visualization of reg
Time functions
Coefficient | Rel
1 15.0 1.0 25 |
2 17.0 1.0
3 19.0 1.0
4 21.0 1.0 20
5 23.0 1.0
] 240 1.0
7 |20 10 = 157
8 |240 10 2
9 1.0 1.0 E 10 4
10 80 1.0
n 6.5 1.0
12 5.0 1.0 54
13 40 1.0
14 4.0 1.0
15 |40 1.0 T 10 20 1 4
16 17.5 1.0
= 30 10 Increment
Cancel

Example for a mechanical calculation

Settings for the module MCHNL : Loading of the pile

;- General parameters
E--Bnundary conditions
i--Loading sets

i...Pore water pressure

B Select the current set
Select the current set

Initizlization from file

Pressure on the pile head

l)<

B 17T 7T W T T 4T 0 110

Increments
Coeffident
1 0.0 1004
2 1.0
3 4.0
4 9.0 80 -
5 16.0
6 250
7 36.0 = 801
8 490 2
9 64.0 =
40 4
10 210 e
1 100.0
204
0-— T T T
0 3 5 g
Increment

Cancel
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3.2. Editing a parametric function of load increments or times steps

When the piloting signal is derived from a mathematical function, the user can define it using Python
pre-programmed functions.

Open “Calculation settings”.

Activate the "Boundary conditions” or the "Loading sets” tab.
Select the current set (if more than 1 has been edited).

Click on “Definition of the parametric function F(x)".

Edit the initial step value “i_0"

The number of steps “N”

The function "F(x)"

Click "Validate”

AN =

an oo

Example of definition of a x*cos(x) function.

Definition of parametnic function F(x)

B Preset settings

Step (s) 168.000
Max number of steps (N max) 43

B Values range
Initial step index (il}) 0
Mumber of steps (M) 43

B Fix)

5 i=i0..i0+N

1/ Write a function of parameter 'x' in Python syntax (eg sin{x))
2/ Define the function definition range:

-Index of the first step

-Number of steps

Validate Cancel

@ Settings for the module DTNL : Field of temperature ({transient)

Time steps B Select the current set
Solution ’“Eﬂ"m_j_ Select the current set Initial T* J
B o Initizlization from file |
Loading sets
Subsequent calculation [ Definition of parametric function Fix) )|
Storage for visualization of reg
Time functions
Coefficient R i 800000
1 100 1.0
2 69483 1.0 500000 -
3 |12421.7 1.0
4 [115117.7 1.0 400000
5 |14061.3 1.0
6 |87282 1.0 200000
T |-8764 1.0 ‘E
3 [-14193.1 1.0 = ey
9 |-301387 1.0 2
10471936 10 200000
11 | -63535.3 1.0
12| -772107 10 “oeeee
13 | -86328.8 1.0 500000 4
14 | -89258.6 1.0
15 | -848123 10 i 30 80 o0
16 | -72397.2 1.0
17 1-521203 10 Increment

The list of mathematical functions can be found here: math — Mathematical functions — Python 3.14.5
documentation.
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https://docs.python.org/3/library/math.html

4. Staged construction:
staggered consolidation

New options have been integrated to get access to the excess pore pressure field generated by the
mechanical loadings in the case of undrained evolutions of ground layers.

This allows now to edit a staggered analysis for simulating a consolidation, by mixing undrained analysis,
transient flow and transient evolution of the water table.

1. Generate a 15t stage (mechanical analysis) where we apply the load — weight of an embankment for
example - with undrained behaviour for some of the soil layers.

Example of undrained properties

B Properties of surface bodies

+
E"' M ¢§,_.| t?_] (" Properties setname |layer3_ND |
Elasticity parameters B Elasticity parameters
:‘::ﬁ‘gg parameters Type Linear isotropic elasticity (+) j
Imposed strains # [kg/m3] '900.000
E [MN/m2] 5.000e+ 00
sissssnsnsnsnnnnndilsinnnnnnnnnnnns
B Porous 2
B b lkym3) 900.000
§ Undrained behaviour ~
B K [MN/m2] 2.000e+03
}: nll 3.500e-01
‘.llllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

The excess pore pressure field is calculated and stored.

Example of analysis settings for undrained analysis

B Settings for the module MCNL : Short-term settlements

General parameters B Storage of pore water pressure (if undrained analysis)

EdedarV conditions Subsequent calculation v

-~ Loading sets -

W ore voater pressure File used for storage pres.rst J

2. The evolution of the pore pressure field in the model is calculated with a transient hydrogeological
analysis.

This model is initialised with the previous head water field, calculated in the undrained analysis.
Generate a GROUNDWATER FLOW calculation (DTNL - if saturated behaviour of the porous materials

- or NSAT - if unsaturated behaviour).
Define it as a "Subsequent calculation” with the initialisation from the previous stored file.

12



Example of initialisation of the water head before transient flow calculation

@ Model type

B Model definition

Model name Transient flow

Comment

Demain GROUNDWATER FLOW j

Solver NSAT =l
Solving of a mechanical problem with non

Solver description linear behaviour (material properties,

interfaces, staged construction...).
{* Plane problem
" Axisymmetrical

I . - Plane: 2D Geometry .
2D-dirmension description -

BNt Pl S I NSNS NS EEEEEEEEEEEERR
(¥ Subsequent calculation

Calculation using a previously calculated

Initialisation type description stress field.
Subsequent calculation
Subsequent calculation file pres.rst

Example of initial pore pressure field, calculated at step #1
Cesar

Model=5 - Model name=Transient flow - Solver:=DTNL - Time step=0/46 (t=0.0h)

H[m]
Max=4.394

4500
3038
3375
2813
2250
1688
1125
0563

0.000

Min=0.000

Generate a second stage after the initial undrained analysis.
In this stage, we model the evolution of the pore pressure with several increments (considered as time
steps).

Under PROPERTIES, the porous materials have now a drained behaviour.

As LOADS, we define the evolution of the pore pressure field in several time steps (identified time steps
that reflects the behaviour of the soil mass).

Activate the “Pore pressures” tool. Select the previous calculated model as reference, set step 1 as
initial hydrostatic field and set another time step for the current hydrostatic field. The variation will
generate a stress gradient that will load the soil mass.

13



Example of edition variation of pore pressures between initial state and time step #10.

Pore pressures 1 x
Validate Delete
<1 Initial hydrostatic field

‘ Copy from other load set...

Transient flow

© Step

) Time

Step 1746
1 Current hydrostatic field

‘ Copy from other load set...

Transient flow

© Step

) Time

Step 10/46
<1 Unit weight of water

Vol. weight [MN/m3] 0.010

Repeat the previous operations for the desired number of time steps (increments).

In analysis settings, define for each load its coefficient of activity through the various increments.

Example of load activity definition — Time step #10.

Settings for the module MCNL : Staggered consolidation

-~ General parameters B Select the current set

-~ Boundary conditions Select the current set Time step #10

ading sets Initialization from file
re water pressure

Ll

Definition of parametric function Fix)

Increments
Coefficient
1 0.0 1
i....,ﬂﬂ.......
10
WJ"'I pEEEEEEEN 0.8
5 0.0
6 0.0
7 00 z 067
8 [ =
]
3 044
0.24

0 T t t
0 2 4 [

Increment

validate Cancel

14



After the calculation, we can analyse evolution of water head inside the model and the evolution of

the settlements with time.

Compatrison of staggered analysis and coupled analysis (based on tutorial 2g.02).

<A
-t P3
— 3.5
E
= 3 Coupled - Point 2
[}
o
< 25 Staggered - Point 2
E 2 Coupled - Point 3
z 15
T
1
0.5
0
0 10 20 30 40 50

Increment (Number of time steps)

Staggered - Point 3

Settlement (mm)

This process of consolidation allows for the following analyses:

-10

-20

-30

-40

-50

Increment (Number of time steps)

10 20 30 40 50

- Calculation of safety factors (c-phi reduction process, determination of a limit load)

- Integration of joints, structural blocks (1D blocks, shells, etc.).

5. Python API

New features, new documentation.

15



6. Other GUI updates

6.1. Study information
Under the FILE menu, user can edit the information of the study.
This information is stored and is a useful for a quick overview of the study.
Study properties

Project name  Stability analysis Project client  MyCompany

Project address  MyTown Project date ~[28/05/2026 B-|

Project author  Myzelf

Comment  Information of the study for a better identification|

Validate

This information is integrated in the layout of the document when printed.

6.2. Dynamic analysis (DYNI): selection of time steps storedin the listing file

Dynamic calculations are sometimes demanding a hight number of increments (time steps) for piloting
the load sets of the boundary conditions sets.

User can now define the ones to be stored :

- Inthe listing file

- Inthe results files.

Hence, the size of the resulting files is optimized.

6.5. Tables edition

When edition requires tables, the user can insert a line of data. The new version is proposing a more
intuitive method.

First, in the table, the selection of a line defined the next action :

- Theline is edited if click on “Edit"

- Theline is deleted if click on “"Delete”

Example of table edition: geostatic stresses)

S B |1]BLSet]
@ Geostatic stresses X | I o O L mndine I ]
@ Geostatic stresses X
Height [m] Vol. weight [MN/m3] Ko X [1 Ko Z ] %
0.000 0.018 5.000e-01 5.000e-01 = Geostatic stresses
-3.000 0.020 3.840e-01  3.840e-01 I Height [m] -18.000
L , Vol. weight [MN/m3] 0.021
Ko X[ 5.000e-01
-20.500 0.011 4.260e-01 4.260e-01 KoY 5.000e-01
-26.000 0.011 3.570e-01 3.570e-01
Insert ‘ Validate Cancel
Delete
| ~ @ [4]tirant1 - terrassement 2
Edit B [11]Properties
~ @ Boundary conditions
B [1]BCSet1
~ D Loadings
Validate Cancel <

0 [4]LoadSet1(3)
0 [4]Analysis settings
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6.4. Improved object information (Id-body type, meshinfo...)

On mouse over an object, the information about the object is displayed.

Example for 1D bodies : Anchored (ANC) or Node-to-Node (N2N)

L5 Body [16] | Line_16 | N2N

Body[19]|une_wm~c

6.5. Display of results

Several improvements:

- Colour legend: more compact, text between colour boxes
- The titles are displaying more information (safety factor...).
- Min/Max values are displayed in lower legend

A new tool allows now to reorganize the view of the model and the legend in a default state. The default
view also avoids to override details of calculations -et the top - and maximal values — at the bottom.

&

" to reset the display to the default state.

Click on to

Initial view Default view

Cesar. e —— Cesar.
MoO=2 - Mol rameMooei1_oopy - SOVE=MCHL - Iicaement=111 MoO=2 - Mol rameMooei1_oopy - SOVE=MCHL - Iicaement=111

g 3 Fs £

Mz 438

R

H

R R
EEE)CEEEN
g

NN OEEEE

B
i
5

—~

w_y{min}=-0 804 mm -
30 stressesieni=-10.100 M - 10 shisssssimax)=7 152 MHE

Hi

6.6. Settings of graphs

Additional options have been integrated for a better edition of the charts.
e Display calculated model information in the Charts view.
e  Optimize the definition of the primary curve grid so that the grid is not too dense.
e The font size adjustment tool is not available to control the size of the text in graphs.
e The colour palette for curves is modified to improve contrast with white background.
e For analyses function of time (NSAT, DYNI, CSNL, MPNL...), it is now possible to select the time
steps values as abscissa, preferable to increment steps.
e Improve the display of increments in line-graphs property grid

17



6.7. Colour palette

6.8.

The colour palette has been enriched.
Its behaviour has been improved. On mouse over one of the colour patches, the items of the model with
the same colour are highlighted.

Import of dxf files

The import of has been improved.
The list of entities imported are sum up below.

DXF Entity

Notes

LINE

edge straight curve

CIRCLE Full circle edge

ARC Partial-circle edge

ELLIPSE Ellipse edge

SPLINE Spline edge

POLYLINE Supports flags: Closed Line (1), 3D Polyline (8), 3D Polygon Mesh (16/17),
Polyface (64)

LWPOLYLINE Lightweight polyline; supports open (0/128) and closed (1) types

VERTEX Sub-entity consumed while building POLYLINE / Polyface

POINT Imported as vertex

3DFACE Imported as face

INSERT Block reference — exploded into its constituent entities before transfer

6.9. New default theme

User will notice a new default theme of colours
for the graphical user interface.
This theme is named "MS Visual Basic 2015 Light".

If user wants to come back to the previous state,
he activates OPTIONS at the top right of the GUI.
Select here a new theme.

It's the opportunity to remind that user can also
set here a new layout, display scheme or font.

Theme: Microsoft Office 2007 Blue
Theme: Microsoft Office 2007 Silver
Theme: Microsoft Office 2010 Blue
Theme: Microsoft Office 2010 Black
Theme: Microsoft Office 2013

Theme: Microsoft Yisual Studio 2015 Light
Theme: Microsoft Visual Studic 2015 Blue %
Layout: Property left / Tree left

Layout: Property left / Tree right

Layout: Property right / Tree left

Layout: Property left / Tree left-below
Display scheme: light

Display scheme: black

Display scheme: blue/white

Display scheme: white/blue

Display scheme: dark

Font scheme (Arnial)

Font scheme (Segoe UI)

Font scheme (Candara)

m
m
m
m
m
i
i
N
i8]
i8]
1
1
1
1
1
T
T
T
Ly

Font scheme (SimSun)
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