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1. PREVIEW

1.1. Tutorial Objectives

Before analysis of any retaining wall, it is important to have an accurate picture of the job site conditions.
Every retaining wall must be engineered to withstand the pressure from the soilsthedloads behind and
above them. Standard gravity wall analysis considers sliding, bearing and overturning forces. On sites with
slopes or surcharges, a global stability check will also be necessary.

With CESAR.CPC, we easily model the gravity wall ahe stages of construction. The use ioterface
bodiesto model the behaviour at the seditructure interface is introduced. This will help to get an accurate
value of forces applied to the wall.

1.2. Problem Specifications

General assumptions:

- Planestrain problem,
- Static analysis,
- No watertable.

Geometry definition:

Backfill

3m

Boundary conditions:

A substratum is identified as the vertical bottom limit of the model.
Thus supports conditions of the model are:

- Blocked horizontal displacementsi, on vertical sides.
- Blockedboth horizontal, u, andvertical v, displacements on bottom side.

The model dimensions are chosen according to the followiagalrecommendations.
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Figure 1 : Recommended dimensions for the modelling of a retaining wall
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Figure 2 : Final dimensions of the model

Material Properties:

o E n c

(KN/m®) (MPa) kPa) (9

Soil Sand 19 50 0.3 0 36
Wall Concrete 25 35000 0.2 - -
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Constructionprocess:

Stage 0: Initial stress field

Stagel: Excavation isoilfor the wall foundation.

Stage 2: Building of the concrete wall with introduction a@fterface bodiesat the soil-foundation

interface (marked in reccolouron the figure below).

Stage3: Backfill with introduction ointerface bodiesat the sandwall interface(marked in reccolour

on the figure below).

Backfill
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Stage4: Analysis of the global stability, search of the safety factor using tphiaeduction process.

CESAR Tutorial 29.03

esar

X



2. GEOMETRY AND MESH

2.1. General settings

Run CLEO2D.

Set the units in the men@references > Units

In the tree, select the ledBeneral/Lengthand set the unitm in the bottom left combo box.
In the tree, select the ledflechanic/Forceand set the unikN in the bottom left combo box.
In the tree, select the ledflechanic/Displacementand set the unimm.

Click onApplyto close.

o g kM~ wbdhpR

7. In ]I==» Working plane st thevisiblegridto 1m (dX = dY = 1m)
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2.2. Geometry edition

A new project always starts in tH@EOMETRYab.

Drawing of the geometry:

Using the toolsPoints -/K or Lines -/and the grid snap, user will easily complete theometry, as
detailed below.

(0;3) (21;3)

L

(0:0) . (34,0

(0;-6) (34 :-6)

Figure 3: Edition of the geometry

Interfacebodies
Note here that we generate 2 sets of interfaces so that wediatinguish their behaviour.

1. Select the edges of the bottom part of the wall inside send

.

2. Activate Interface bodies v .

- Activate Interface bodies
- Set 'Interface wallsand' as bodyabel

- Apply.

‘ 3. Select the edges of the top part of the walldantact with the sand.

(@}

@ .
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‘ 4, Activate Interface element bodies@ .

- Set 'Interface wallbackfill' as name of the body.
- Apply.

Figure 4: Final geometry

Bodiesdefinition:

This step is facultative but it easd®e recognitionof bodiesif more than one has been generated.
1. Click on® Body properties
2. Right click orthe area corresponding to thelopemass. EntefSoil as a nameApply.

3. Repeat previous operation for other bodies

i} User can display the body names on the geome#egtivat the option."'}:= Body labelon the seledbn
toolbar. This can also be set in Preferences > Geometry Display, tick "Body label".

2.3. 2D Meshing

Density definition:

& Define dense divisions in the areatogh strains, i.e. below the loaded foundation.
Use a progressive density definition to generate a progressive evolution from small segments to large
segments on the boundary edges.

om
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-

| 1. Go to theMEesHtab on theproject flow bar to start the definition of divisions along lines.
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d
2. Select the contour of the gravity walClick on"% [ Fixed lengthdivisionto impose a length for
the divisions of this segment. Ent&;25 min the dialog box. Click oApply.
d
3. Select the extrnal contours of the modeClick ond% I Fixed lengthdivisionto impose a length
for the divisions of this segment. Ent8m in the dialog box. Click oApply.

!
4. Click on" "} Variable division to divide the segment with a variation of lengths. Tiekst/last
division to define the method. Entef,25 masFirst divisionand2 masLast division. Click on
horizontalssegmentlinking the wall with external borders

e’i\r The position of the click defines where the initial division is.

Surface meshing:

1. Select the area corresponding to tli&ravity wal| the Sandand theBackfill

2. Click onthe Surface meshingool @ ChoseQuadratic as interpolation type. Chos@&riangle
as element shape.

3. Click onApplyto generate the mesh.

& CESARLCPC proposes 3 levels for the surface meshing procedure, giving the possibility to generate a
coarse or dense mesh. Adjust itSitudy settings >Preferences linear = coarse, cubic = dense.

Figure 5: Example of mesh

Figure 6: Zoom on the wall
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3. CALCULATIONS SETTINGS

3.1. Initial stress field

The staged construction processquiresthe definition of an initial stress field before applying loads. For
OEEO POT EAAOh xA AEi111x OEA POT AAAOOA -AA0BEG A A# EA D @
O)T EOEAl OOOAOO £Z£EAI Ao 8

As the soil is composed of horizontal layers, the indiagss field is initialized with the Ko procedure.

Model definition:
On the right side of the working window, the "Tree view" winddiaplaysthe list of physical domains.
1. Right click on STATICE&Ilick onAdd a model A new toolbox is open for definitioof the Model.
Enterlnitial stress field as"Model rame'".
SelectMCNLas "Solver".
TickPlane strainas model configurationwith Staged construction.

TickGeostatic stressesas initialization type. Click obefinition of geostatic stresses
‘ - Click oninsertto defineanew layer.

o s~ e

- Enter the following values:

Height(m) Volumic weight(MN/m3) KO_x(-) KO_z(-)
0 0,019 0,5 0,5
‘ - Click onvalidate.

| 6.  Click onValidate.

Model type

B Model definition

Initial stress field

Comment

Domain STATICS ~|
Solver MCNL J

( Plane strain
" Axisymmetrical
" Plane stress

(¥ Staged construction
" Initial parameters
" Subsequent calculation

(¥ Geostatic stresses
" General initial stress field

Definition of geostatic stresses

Validate Cancel

. /
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The date tree is now as illustrated below.

B

v = Models
v ) STATICS
v [ [1nitial stress field
D [1]Properties
v D Boundary conditions
() (11BcSet1
v D Loadings
() M]LoadSet1
D [1]Analysis settings

AN NVAARICS

Material propertiedor the solidbodies

We initially define the material library of the study.

1. Go toPROPERTIE$ab
2. Activate @Propertiesfor surface bodies
3. Give a name for the properties set nam€g@hcrete' for example).
4 In Elasticity parameters, chose "Isotropic linealasticity” and define , E anch.
5. Click oto create another properties set
6. Give a name for the properties set nam&#&hd' for example).
7. In Elasticity parameters, chose "Isotropic linear elasticity” and defingk anch.
8. In Plasticity parameters, chose "MohCoulomb without hardening” and define jc,andy .
9. Click onValidate andClose
Name of thebody Law ofelasticity Plasticity criterion & E n ¢ J y
(kg/m3)  (MPa) (MPa) () ()
Wall Isotropic linear - 2500 35000 0,2 - -
Sand Isotropic linear Mohr-Coulomb 1900 50 03 0,005 36 0
Material properties for the interfacbodies
Properties of interfaces in CESARCPC can be adherent, slippingtoi O1 T i A6 0 AOEAQOEIT 18 )1
#1 0111 A6O EOEAOQOEI1T xEOE A EOEAOQOEIT Al ci A ANOAI O OI

1. Click ong Properties forinterface bodies
Give a name for the properties set nam8dghded' for example).
AsType, chose Coulomb's frictiofl and defineEij, Rt, cj andy.

4. Click on to create another properties seRepeat operations and 3. for definition ofthe
friction interface

5. Click onValidate andClose

- CESAR Tutorial 29.03 8
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Ei Rt c i y
Name of the bod Interface type a
Y YPE (MPa) (MPa) (MPa) () ()

Friction Coulomb's friction 5000 1 0 24 0

«’l\, Recommendations for the properties ffint bodies
- Youngmodulus, Eijsthe 100 times thevalue of the less stiff of two neighbouring materials;
- Tensile strength, Rt, is thiémit value of thetensile stress normal to the interface necessasycause
debonding.Thus; hput of a high value of Rt prevesithe debonding.

Assignment of data sets:
As data sets are created, we affect themth® bodies of the model.

1. Click on. Assignpropertiestool. On the left sidethe grid is updated

2. Click on? Properties forsurfacebodies

- Select the set of parameter "Sand"
- Selectthe bodies of the soil masghe backfilland the base of the wall.

- Apply.

‘ 3. Click onﬁ Properties forinterface bodies
- Select dl the interfacebody on the model anthe set of parametersFriction' in the

list.
- Apply.
Properties o x
Apply Show Edit
-1 Definition
Material name Sand(2)
Active/inactivebodies
1. Select thebodiesabove the soil mass at the initial state

2. Click onl}D Activate/deactivate bodies
- Inthe grid, ticK'Inactive".
- Apply.
Thebodiesare now marked with the neutral colofgrey is the default one)

Figure 7: Status of the model when bodies are set inactive at stage #1

- CESAR T ial 2g.03
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Boundary conditions:

1. Activate theBOUNDARY CONDITION&D.

2. Onthe toolbar, activate@ to define side and bottom supports.

3. Apply.
Supports are automatically affected to the limits of the mesh.

Figure 8: Display of the boundary conditions

& Default name of the boundary conditioBCSet1, set can be edited using the [F2] key.

Loading:
There is no loatb be definedat this step of the analysis as we are initializing the initial stress field.

Analysis settings:
1. Activate theANALYSIStab.

-
2. Click o= Options. Set the numbering optiond "No renumbering".

a
3. Click on Analysis settings In the General parametersection, enter the following values:
- Iteration process:
Max number of increments: 1
Max number of iterations per increment: 1000
Tolerance: 0,01
- Algorithm type:
Solution method: 1-Method of initial stresses
Algorithm type: Pardiso
- Analysis type: Standard
‘ 4, Validate to close.

& User can also use tI&TUDY tredo access these settingsight click on the calculation title. In the
displayd list, selectAnalysis settings

I

| Models 4 x|
B2
v [&| Models
v B stancs
v [ [Mlinitial stress field
D [1]Properties Model properties
v D Boundary condi Activate the model
D H1BCeat Delete the model
v D Loadings
D [1]LoadSet1 Copy of the model
D [1]Analysis setti Analysis settings
& DYNAMIC I
P
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3.2. Stage #1, excavation for wall foundation

In this step, weemove the soil where the wall will be constructed.

Model definition:

Models 4 x

- Q i Add a model

C Collapse tree
v. C Expand tree

v D Loadings
My rass

- o.a

1. In the STUDY tree, right click on STATICS. In the displayed list, Fedeich model
A toolbox is displayed for definition of this new model.

- Setthe model nameStage #1.
- Select staged construction. Default order is set to 2.
- Validate.

| 3. Using "drag and aip" action, copy the Properties set bfitial stress fieldto Stage #1.

- Select "Properties" ofnitial stress field,
- Place it on "Properties" @tage #1
- Atoolbox is now displayed, proposing several options:

Choice of the drag and drop action X

Share Cancel
SelectCopy:.

4, Using "drag and drop" actionppy the Boundary conditions set bfitial stress fieldto Stage #1.

- Select the Standard fixitie$ set oflnitial stress field,

- Place it on "BCSet1" &tage #1

- Atoolbox is now displayed, proposing several options:
SelectShareas the boundary conditions will not change during all the calculation
stages.

The date tree is now as illustrated below.

v E Models
v B sTancs
v [ [1]initial stress field
D [1]Properties
v D Boundary conditions
B [1]5tandard fixities
v D Loadings
) [1]LoadSet1
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Active/inactivebodies

1. Select the bog of the lower part of the wall.

2. Click on|:|+I Activate/deactivate bodies
- Inthe grid, tick "lactive".
- Apply.

Figure 9: Status of the model when bodies are set inactive at stage #1

Boundary conditions:

No changes.
Loading:
1. Activatethe LoADStab.
" iy s
2. On the toolbar, activate A Excavation forcesThis feature is described in theser manual
- Activate the excavation forces,
- Set the value of lambda to 1,
- Selectlnitial stressfield as stress field origin
3. Apply.
[Excavation forces - DEC 4 x
Apply Show
Excavation forces
Active )
Definition

Stress release coefficient
Lambda [] 1.000e+00
Stress field before excavation
Stage Champ de contraintes initiales q

Excavation forces

Figure 10: Display of the excavation forces

Analysissettings:
No changes.

@ CESAR Tutorial 2g.03
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3.3. Stage #2, wall construction

In this step, we activate the wall. To unbalance the model, thewelfjht of the wall concrete is applied.

Model definition:

1. In the STUDY tree, right click on STATICS. In the displayed list, edeich model
2. A toolbox is displayed for definition of this new model.

- Setthe model nameStage #2.
- Select staged construction. Default order is set3to
- Validate.

| 3. Using "drag and dip" action, copy the Properties set 8fage #1to Stage #2.
- Select "Properties" obtage #1,
- Place it on "Properties" &tage #2
- Atoolbox is now displayed, proposing several options:
Choice of the drag and drop action X

Share Cancel
SelectCopy.

4, Using "drag and drop™ action, copy the Boundary coruis set ofStage #1to Stage #2.
- Select the Standard fixitie$ set ofStage #1,

- Place it on "BCSetl" &tage #2

- Atoolbox is now displayed, proposing several options:

SelectShareas the boundary conditions will not change during all the calculation
stages.

The date tree is now as illustrated below.

3 =3
B2 O
v =] Models
v B STATICS
@ []initial stress field
- (@ [215tage #1
D [2]Properties
v D Boundary conditions
@ [115tandard fixities
v D Loadings
D [2]Excavation forces
D [2]Analysis settings
v D [3]Stage #2
D [3]Properties
v D Boundary conditions
B [11Standard fixities
v D Loadings
) BlLoadSet1
D [3]Analysis settings
« M (R1S2ma nhaca

§

Active/inactivebodies

1. Activate thePROPERTIESAD.
2. Select the bodiesf the Wall.

N

3. Click onl:| |:| Activate/deactivate bodies

4, In the grid, tick Active".

5. Apply. Thebodiesare now marked with the initial colour.

- .
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Figure 11: Status of the model when groups are set  active at stage #2

Interface properties

1. Activate thePROPERTIESAbD.
2. Click on. Assign propertiegool.

3. Click onﬁ Properties forinterface bodies
- Select dl the interfacebodiesandthe set"Sliding' in the list.
- Apply.

Boundary conditions:

There is no change in the boundargnditions.

Loading:
We assign the selfveight of the wall.

1. Activate theLoADstab.

2. On the toolbar, activate ﬁ Gravity forces
- Click onAutomatic selection This feature detects the activatdabdies
- Apply.

The gravity forces activation imentioned as a label at the bottom left of the model window.

Figure 12: Gravity forces applied on the wall

Analysissettings:
There is no change in the analysis settings.
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3.4. Stage #3, backfill works

Model definition:

1.
2.

In the STUDY tree, right click on STATICS. In the displayed list, edeich model
A toolbox is displayed for definition of this new model.

- Setthe model nameStage #3.

- Select staged construction. Default order is setto

- Validate.
Using "drag and dip" action, copy the Properties set 8fage #2to Stage #3.

- Select "Properties” obtage #2,
- Place it on "Properties" &tage #3
- Atoolbox is now displayed, proposing several options:

Choice of the drag and drop action X

SelectCopy.

Share Cancel

Using "drag and drop" action, copy the Boundary conditions s&tafe #2to Stage #3.

- Select the Standard fixitie$ set ofStage #2,

- Place it on "BCSetl" &tage #3

- Atoolbox is now displayed, proposing several options:
SelectShareas the boundary conditions will not change during all the calculation
stages.

The date tree is now as illustrated below.

3 1 =
B O
v || Models
v B STATICS
> @ [1]initial stress field
> [ [2IStage #1
v [ 315tage 22
D [3]Properties
v [ Boundary conditions
B [1]Standard fixities
v [ Loadings
) [BlLoadSet1
() [31Analysis settings
v ) [6iStage #3
D [6]Properties
v [ Boundary conditions
B [11Standard fixities
v D Loadings
() [6]LoadSet1
D [6]Analysis settings

P o

Active/inactivebodies

Activate thePROPERTIESaD.
Select thefirst backfill layer behind the wall

+
Click onl:| D Activate/deactivate bodies
In the grid, tick "Active".
Apply. The body is now marked with its initial colour.

p~
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Figure 13: Status of the model when groups are set active at stage #3

Boundary conditions:

As we activate the sanadyer, we fix the boundary on its limit.

1. Activate theBOUNDARY CONDITION®&D.

2. On the toolbar, activatdlﬁ to define side and bottom supports.

3. Apply. Supports are automatically updated to the limits of the meisicjuding the activated sand
layer.

Figure 14: Status of the model when  boundary conditions are updated at Stage #3

Loading:
1. Activate theLoADstab.

2. On the toolbar, activate Gravity forces

- Click onAutomatic selection This feature detects the groupsctivated in the actual
stage (the sand body).

- Apply.

Analysissettings:
There is no change in the analysis settings.

. 1€
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3.5. C-phi reduction analysis

The cephi reduction starts from the existing stress field statthe one calculated at stage3 Nochanges

from the Stage #Bedition, exception made of the loading sets (no load is applied) and the calculation
settings.

Model definition:

1. In the data tree, right click on the previous model titBigge #3). In the displayed list, sele€opy
of the model.
2. A toolbox is displayed for definition of this new model.
‘ - Change the model name-phi reduction.
- Select staged construction. Default order is setto
3. Validate.
4. A toolbox is displayed for setting the sharing options.

- Untick "Properties",
- Tick "Boundary anditions",
- Untick "Loadings".

The date tree is now as illustrated below.

v Ei Models
v ) STATICS
> Q [1]Initial stress field
> [ [215tage #1
> [ (BIstage 22
> [ [6]Stage #3
v a [7]1c-phi reduction
D [7]Properties
v D Boundary conditions
B [11Standard fixities
v [ Loadings [
D) mEmpty
D [7]Analysis settings
D [7]Results
& DYNAMICS
€ GROUNDWATER FLOW
€ THERMAL ANALYSIS
) EARLY-AGE CONCRETE
) CONSOLIDATION
) COUPLED PROBLEMS
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Analysis settings:
Activate theANALYSIStab.

1.

2.

B

o

Clickon Analysis settings In the General parametersection, enter the following values:

- lteration process:

Max number ofncrements:
Max number of iterations per increment: 1000
Tolerance:

- Algorithm type:
Solution method:
Algorithm type:

- Analysis type:

Detection ofnon convergence:

Min value:
Max value:
Accuracy:

Validate to close.

1
0,01

1-Method of initial stresses
Pardiso

c-phi reduction

X

0,5

3

0,1

( Settings for the module MCNL X

General parameters
Boundary conditions
Loading sets

Pore water pressure

B Iteration process
Max number of increments

Max number of iterations per increment

Tolerance []

B Solution method and algorithm type

Solution method
Algorithm type
B Analysis type
Analysis type
Detection of non convergence
Min value []
Max value []
Accuracy []
B Displacement initialisation
Displacement initialisation
B Storage
Storage of total strains
Storage of plastic strains

1
500
1.000e-02

1 - Method of initial stresses -
Pardiso ¥

C-Phi reduction |
7

5.000e-01

3.000e+00

1.000e-01

Validate Cancel

Cesar®
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SOLVE

We launch the calculations simultaneously. It is obviously possible to launch the calculations one by one.

1. Activate theANALYSIStab.
> -

Click on¥4& Analysis manager

Selectall themodels

SelectCreate input files for the solver and calculateClick orivalidate.

The iteration process is displayed dhe Working window. 10 AT AO xEOE OEA
AT AT UOEO ET wsw# 11 AARo6S8

ok~ wbd

«’l\, We detetect hereif the models are ready for calculationll Ateps(PROP, COND, CHAR)ould be
validated with a tick mark.

All the messages during the analysis will be shamrthe working spaceEspecially, one needs to be very
cautious about warning messages, besauhese messages indicate that the analysis results may not be
correct.

120 :
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