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1. PrREVIEW

1.1. Tutorial Objectives

Excavation works in urban arease often requiredfor foundations of buildingsDuring these works, one
must limit the interactions with eisting constructions at the surface as well @asth underground
constructions (tunnels, sewers, other deep foundations)stagedanalysiswith appropriate modelling of
structures, sol/structures interfaces and soil behaviour is therefore very helpful focdheputation of
differential settlementsand efforts in the structures

The present tutorial will guide the user through the steps ofstruction of the model, introducing the
relevanttools offered by CESAR 2D.

1.2. Problem specifications

Stages of construction

1. Effective nitial stress field

"Wished in placésetup of the walsetupandWTB loweringat -5 m
First excavatiorat -5 m

Anchor #1 setup

Water table loweringat -10m

Excavation at10 m

Anchor #2setup

Water table loweringat -15 m

9. Excavation at15 m

In the scopeof the tutorial, we will limit to the description of the 6 first stagddser carproceed with the
following stages ofhe analysiscopying of previous ones.
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Materials

The medium considered is made of two layefsandy soil. The constitutive model chosen is the Hardening

Soil Model

The concrete wall is 80 cm thick. The anchors are in steel and will be prestressed.

Sand #1 Sand #2
r (kg/m3) 1900 1900
Eur " (MN/m?2) 180 300
Es0 ref (MN/m?) 45 75
n 0,2 0,2
¢' (MN/m?) 0,015 0,025
1) 35 38
y (°) 5 6
m 0,55 0,55
Pl (MN/m?) 01 01
Rf 0,9 0,9
Type r E n Dimension Prestress
(kg/m3) (MPa) force (kN)
Wall Beam 2500 25000 0,25 e=0,8m -
Anchor #1 Bar - 300 - S= 7’5‘1-(5t m2 334
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2. GEOMETRY AND MESH

2.1. General settings

1. Run CLEO2D.
2. Set the units in the menlnits.

- Select theGeneral/Lengthoption andsetthe unitm in the bottom left combo box.

- Select theMechanial/Forceoption andsetthe unitMN in the bottom left combo
box.

- Select theMechanial/Displacementoption andsetthe unitmm.

- Select theMechanial/Surfaceoption andactivate the scientific display (E).

- Click onvalidate to close.

‘ 3. In L Working plane st thevisiblegridto 5m (dX= dY =5m)

General Type Name Accuracy E A
Force MN ~ | 0.000 v
Groundwater Moment MNm ~ | 0.000 v
Energy of cracking Pa/m ~ | 0.000 +|
Distributed forces per unit length  MN/m ~ | 0.000 ~
Distributed moments per unit lenc MN ~ | 0.000 +
Pressure MN/m2 ~ | 0.000 >
Modules of elasticity MN/m2 ~ | 0.000 - 4
Stresses MN/m2 ~ | 0,000 ~
Stress gradient MN/m3 ~ | 0.000 v
Density Kg/m3 ~ | 0.000 |
Volumetric weight MN/m3 ~ | 0.000 |
Angle for properties deg ~ | 0.000 ~
Gravity acceleration m/s2 ~ | 0.000 +\d
Displacement mm ~| 00 >
Rotation deg ~ | 0.000 v
N Velocity mm/sec ~ | 0.000 +
. Angular velocity deg/sec ~ | 0.000 +
Acceleration mm/sec2 ~ | 0.000 |
Surface m2 ~ | 0.000 A 2
Validate Close Save as default
Y 508 03A0RA AO AAEAGI 06 O OAO OEEO OUOOAI 1 A& O
2.2. Geometry
A new project always starts in tHeEOMETRYab.
Drawing of theproject
Use thePoints -/K and/or theLines -/ featureto draw the geometry with help athe grid. We set the
top of the upper layer at y =0.
3

8 CESAR T ial 29.01
wesar utorial 2g.



2.3. Bodies

Wall
1.
2.
| 3.
Anchors

Select the edges from 0 t85 m at x =30 m.

Activate tooIlDbodies/ .

- Definition option:  "Selection"
- Body properties:  "Generi¢

Apply

First, define the attachment point dhe anchoson the wall.

1.
2.
3.

A w bR

Use theon Points A .

Set thefirst attachment point withcoordinatesx =30 m : y & m.

Apply.

Now, we define the first anchor free part (nodeo-node 1Dbody) anda bondedpart @nchored 1D-body).

Activate toolAnchor-bodies \ .

Action; "Creaté'

Body properties: "Node-to-node anchot
Creation method

\Z
- L "Length/Angle"
- Setlength L =12m and angle A=335°

Click on the attachment point (on the wall).

Cesar®
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Actions:

() Anchored

| @ Node-to-node
<1 Creation method

| \./ Z

T

|| Generation of anchors with length and angle

Angle [deg] 335
Length [m] 12

6. Change body properties: "Anchored"
7. Creation method:

\&
- L "Length/Angle"

- SetlengthL=8 mand angle A=335°

| 8. Click on the attachment pointhe end of the previous nod®-node anchor

Actions:

@ Anchored

| ©MNede-to-nede
<1 Creation method

| \/ =
- L

<1 Generation of anchors with length and angle

Angle [deg] 335

k]

The second anchor is simply generated by copy of the first one.

BT
‘ 1. Activate Operations on bodiesl #*

- Operation type:"Translation"

- Number of operations: 1

- Translation: VX =0; Vy-5m
2. Select both parts of the first anchor.
3. Apply.
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Translation / Rotation / Symmetry

(@ Translation
() Rotation
() Symmetry
<1 Translation
Move selected items
MNumber of operations 1
<1 Vector 0.0; -5
VX [m] 0.0
VY [m] -3

Transformation of the selected objects using an
operation type:

- Translation

- Rtatinn arnund an avic

Figure 1: "Preview" of the second anchor before trans

Interfacebodies

1. Selectthe part of thewall in layerSand #1

- Activate the featurelnterface bodies . .
- Set the "Body label'Wall-Sand#1

- Apply.
2. Select the part of the wall in lay&and #2

- Activate the featurdnterface bodies. .
- Set the "Body label'Wall-Sand# 2

- Apply.
L ] |

lation action

Figure 2: View of the model after colours application
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2.4. Mesh

Density definition:

& Define dense divisions in the area of high strains, inethe vicinity of the wall and the anchars
Use a progressive density definition generate a progressive evolution from small segments to large
segments on the boundary edges.

1. Go to theMEesHtab on the project flow bar to start the definition of divisions along lines.

Selectallthe contoursin the box from (0 ; 0 ) to (6035)
d
3. Clickon d% l Fixed length densityto impose a length for the divisions ofékesegmens. Enter
1min the dialog box. Click oApply.

4, Select the external contours of the model (segmeatsx = 150 m and y-200 n).
d
5. Click ond% I Fixed length densityto impose a length for the divisions of this segment. Eril@m
in the dialog box. Click oApply.

6. Click on" PI Progressivedensity to divide the segment with a variation of lengths. TiEkst
division and Last division to define the method. Entefl m asFirst division and 10 m asLast
division. Click onthe segments between the box and external edges

\’i\ The position of the click defines where the initial division is.
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1D-Body meshing
1. Selectallthe 1D bodies

Click onthe 1D-Bodymeshingtool \ . Chose&Quadratic as interpolation type.
Apply.

Select the nodeto-node anchors.

Choselinear as interpolation type.

Apply.

o gk wDd
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Surface meshing

It is important to notice that the anchors must be meshed before the surface bodies so that the surface
mesher can connect to them.

1. Selectthe surface bodies

2. Click onthe Surface meshingtool ’ ChoseQuadratic as interpolation type Triangle as
element diapeandNative as surface mesh generator.

3. Click onApply to generate the mesh.

& CESARLCPC proposes 3 levels for the surface meshing procedure, giving the possibility to generate a
coarse or dense mesh. Adjust it Rreferences>Study settings: linear interpolation = coarse, cubic
interpolation = dense.

Figure 3: view of the mesh

_ .
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3. CALCULATIONS SETTINGS

3.1. Stage #1: initial stress field

The staged construction processquiresthe definition of an initial stress field before applying loads. For

OEEO DPOT EAAOR xA A 111 x OEKEIR AU Dandad tk A BBRADA O

O0O00AOO ~&EEAI Ads

The initial stress field is here an effective one defined by the water table position.

Model definition:

1.

No gk wDd

On the right side of the working window, the "Tree view" winddisplaysthe list of physical
domains.

Right click on STATICE&Ilick onAdd a model A new toolbox is open for definition of the Model.
Enterlnitial stress field as"Model rame'".

SelectMCNLas "Solver".

Tick"Plane stran" as model configurationwith "Stagedconstructiori'.

Tick"Generalinitial stress field as initialization type.

Click onvalidate.

[~ Model type x
N
B Model definition
Model name Initial stress field
Comment Stress field definition with WTB position

Domain STATICS

" Geostatic stresses
* General initial stress field

Validate Cancel

p~
w.esar

CESAR Tutorial 2g.01 9

(



The date tree is now as illustrated
B O
v - Modek A
v B STATICS
v [ [1)initial stress field
D [1]Properties
v [ Boundary conditions
O 1ecsett
v D Loadings
) (MILoadSett
D [1]Analysis settings
& DYNAMICS
& GROUNDWATER FLOW
& THERMAL ANALYSIS

AN EARIV.AGE CONCRETE

Material propertiedor the solidbodies

We initially define the material library of the study.

1. Go toPROPERTIE$ab

2. Activate g:’Propertiesfor surface bodies

3. Give a name for the properties set nang&and#1 for example).

4, In Elasticity parameters, chose Nonlinear elasticity (HSM) (+)and defire the requested
parameters (cf. tabl@f propertieg. Let "Undrained behaviour" as inactive.

5. In Plasticity parameters, chose Plasticity criterions (user'sombination)' then "Hardening Soil

Model (HSM) (+)" as Criterion #lefinethe requested parameters (cf. table below).

6. Clickon to create other properties seRepeat operatios 3to 5 for definition d a second
set of material properties foBand #2

7. Click onValidate andClose

Material propertiedor the interfacebodies

Properties of interfaces in CESARCPC can bbond, slidingl O #1 O1 1 | Anéh pragécErktOE | 1 8
behaviouris set betveen wall and so#o that we can have an interaction coefficient of 2/3.

Click onﬁ Propertiesfor interface bodies
Give a name for the properties set name ("Contact walid #1' for example).
Use "Joint" as interface element (default type).

As Type, chose Coulomb's frictiofl and defineEj, Rt, ¢,j andy . with a friction angle equals to
2/3 of the soil one

Ao PR

5. Click on to create other properties set.Repeat operations 2nd 3. for definition ofthe
contact between wall and sand.

6. Click onValidate andClose

Ei Rt c j y

Name of theset Interface type a a
YPE MPa)  (MPa) (MPa) () ()

Wall/Sand #1 #1 61 11 Ad C 18000 1 0 233 0
Wall/Sand#2 #1 61 11 Ad C 30000 1 0 25,3 0

«’i\, Recommendations for the properties f@fint elements:
- Youngmodulus, Eijs 100 timesthe value of the less stiff dfvo neighbouring materials;
- Tensile strength, Ris thelimit value of the tensile stress normal to the interface necessarnyause
debonding.Input of a high value of Rt would prevent tHebonding.

& - 2
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Material propertiesor the wall

The model isuilt under plane strairtonditions;therefore, user must keep in mind that we consider lirm
out-of-plane direction When defining the wall properties set, this one has to be adapted tactiglition.

The wall is made of concrete and is 80 cm thick.

1. Click oné\ Propertiesfor 1D bodies G0 ™ stasstraa g
Give a name for the properties set name . .
(Wall for example). P Mot g m:
3. Select "Beam"” as type. P Tt
4, In "Mechanical properties" input the ”S""ﬁ'b”"“n o|T|T
conaete propertiesr, E anch.
5. In "Geometrical properties" J
- Select the section type vin e

- Inputb =1 m (1 min horizontal
depth) and h =0.8 m.

6. Click onValidate andClose

Material propertiesfor the anchors

For supporting the wall during excavation, 2 layers of prestressed anchors are installed.

Again, as the model is built under plane strain conditions; we must adjust the sections and rigidity of the
anchors so that it takes into account tlspacing between the anchors dut-of-plane direction as a ratio of
anchors per meterin the present exercise, the anchoff§ S) are set ever m (L), thereforeh(equivalent) =

S/ L; andto keep the equivalencExA= E(equivalent) x S(equivalent)

- E(equivalent) = E
- S(equivalent) = b x dth b= 1 m (plane strain hypothesis)

Under the samdaypothesis the prestress force I8/ L. This prestress is activated when the anchors are setup,
before theexcavation of next lower level.

L Clokon=h Properties for 1D bodies.
Give a name for the properties set name . @ &%

Propertes set name |nchors

(Anchor for example). B
3. Select Bar' as type. E.
4. In "Mechanical properties" input the ﬁﬁmﬂ .
elasticity modulus E= 210000 MPa
5. In "Prestresproperties™ —
- Activation = Yes
- Force = (B34 MN
‘ 6. In "Geometrical properties":
‘ - InputS = 7,5.10 m2
‘ 7.  Click onvalidate andClose it

Assignment of data sets:

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

1. Click on. Assign propertiegool.

2. On the left side a newgrid is displayedClick on@ Properties forsurfacebodies

{ CESAR Tutorial 2g.01 1
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- Selectthe first layersurface boékeson the model window anthe setof parametes
Sand #1in the list. Apply.

- Repeat the operation foother surfacebodies of thesecond layewith Sand #2
properties set.

- Definiti

T NENEYT

Material name Sand(2)

3. Click oné\ Properties forlDbodies
‘ - Select the wall on the model, select thall set of properties in the gridApply.

- Select the anchors on the model, select thachor set of properties in the gridApply.

‘ 4, Click ong Properties forinterface bodies

- Selectthe interface bodies of th&Vallin Sand #1 Select theset ofproperties
Wall/Sand #1in the grid Apply.

- Select the interface bodies of th&/all in Sand #2. Select the set of properties
Wall/Sand #2in the grid.Apply.

& Another method for assigning properties possible with the too Assign/view body properties

Active/inactive elements

1. Select the followingobodies: Wall, Anchor 1and Anchor 2

+

2. Click on|:| I Activate/deactivate bodies

3. In the grid, tick "Inactive".

4. Apply. Thebodiesare now marked with the neutral colofgrey is the default one)

Figure 4: Display of the activated bodies
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Boundary conditions:

1. Default name of the boundary conditions set, BCSet1, can be edited using: [F2] Keynet+
[Enter] key.Default name of the boundary conditions, BCSet1, set can be edited using the [F2]
key. Rename it t&standard fixities.

2. Activate theBOUNDARY CONDITIONSD.

3. On the toolbar, activatéﬁ to defineclassicside and bottom supports.
4, Apply. Supports are automatically affected to the limits of theodel.

& Several boundary conditions sets are possible. Right clicBaundary conditions, in the data tree, to
generate another one.

Figure 5: Display of the boundary conditions

Loading:
The principle of the effective stress field initialization catsiof 2 steps:

- definition of the water table position,

- definition of the dry and satrated unit weights of the soil masses.

1. Activatethe LoADStab.

2. On the toolbar, activate! WTB- isotropic pressure
- Water head input: Constant

- Value: -3m
- Waterunit weight: 0.010 MN/m310 kN/nf) (default value)
- Validate

3. On the toolbar, activate! WTBz unit weights.

- Unit weight 0.019MN/m?3 (20 kN/nr¥)
- Saturatedunit weight: 0.020 MN/m? (20 kN/n¥)
- Select all the surface bodieApply.
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Analysissettings:
Activate theANALYSIStab.

1

2.
3.

4.

Figure 6: Display of the WTB

4 |[= MODELS |
4 () STATICS
4 | [1]=+ i1 |
Calculation properties
4 Activate the model
Delete the model
“ Copy of the model
gom
& GROUND

(5 THERMAL ANALYSIS
() EARLY-AGE CONCRETE
9 CONSOLIDATION

(5 COUPLED PROBLEMS

In theSTUDMree, right click on the calculation titlén the displayed list, seleénalysis settings
In theGeneral parametersection enter the following values:

Validate.

Iteration process:

Max number of increments: 2

Maxnumber of iterations per increment: 500

Tolerance: 0,01

Solution method: 1z Method d initial stresses
Algorithm type: Pardiso

Analysis type: Standard

Storage: activatestorage oftotal andplastic strains.

Cesar®

CESAR Tutorial 29.01



3.2. Stage #2: wall setup andWTBIlowering at-5 m
In this step,we model the setup of the wall ("wishdd-place" hypothesis) and we lower the water level
inside the excavation area froA3 m to-5 m.
Model definition:

Study 1 x

v |=| MODELS
v B sTATCS
v m [ Add a model
[ Collapse tree

v Expand tree

T
v D Loadings
[ (11wWTB initialisation
™ M1Anaksic cettinas

1. In theSTUDtree, right click orSTATICSIn the displayed list, sele&dd amodel.

2. A toolbox is displayed for definition of this new model.
- Change the model namé&VIP + WTB lowering
- MCNL Solver
- Plane strain
- Select"Staged constructiori. Default order is set to 2.
- Validate.

3. Using "drag and drop™ aiin, copy the Properties set of Stage #1 to Stage #2.

- Select"Properties”of Stage #1
- Place it on "Properties" of Stage #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 Boundannditions set of Stage #1 to Stage #2.

- Select theStandard fixities set of Stage #1,

- Place it on "BCSetl" of Stage #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.

TP
&

]
Q

v |=| MODELS
v ) STATICS
v [ [1initial stress field
D [1]Properties
v [ Boundary conditions
B [115tandard fixities
v [ Loadings
() [11WTB initialisation
D [1]Analysis settings
v m [2]WIP + Lowering
D [2]Properties
v [ Boundary conditions
B [115tandard fixities
v D Loadings
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Activation of the wall and interface properties

1. Activate thePROPERTIESD.
2. Select thetwo rows of anchors

- Click onD%I Activate/deactivate bodies
- Inthe grid, tick "Inactive".

| 3. Apply friction properties to the interfaces of the wall wiand #1and Sand #2

Boundary conditions:

There is no change in the boundary conditions.

Loading:
We generate the loading set for the WTB lowering.

1. In the Calculationgree, the default name of he loading set, LoadSet1, can be edited using: [F2]
key +Namet [Enter] key. Rename WTB lowering.

2. On the toolbar, activate! WTB- isotropic pressure

| - Define thelnitial hydrostatic field
0 Water head input: Constant
o Value: -3m
Define theActualhydrostatic field
o0 Water head input: Variable
0 Number of points: 4

o Paints; (0;-5) (30 :5) (30 :3) (20 ;-3)
- Water unit weight: 0.010 MN/m3 (default value)
- Validate

3. On the toolbar, activate! WTBZz unit weights.

- Unit weight: 0.019 MN/nd (20 kN/n)
- Saturated unit weight: 0.020 MN/n%¥ (20 kN/n)
- Select all the surface bodieApply.

Hi "WTB - isotropic pressure’-type stresses

Water head input Constant
Value [m] -3.0
-1 Actual hydrostatic field

Water head input Variable
Number of points 4

<! Points
X1[m] 0.0
Y1[m] -5.0

Figure 7: WTB lowering inside the excavation
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Analysis settings:
The displacements are reseb that the settlements associated tdé¢ initial stress field are not takento
account.
1. Activate theANALYSIstab.
In the STUDY tree, right click on the calculation titlethe displayed list, seleétnalysis settings
All other parameters are unchanged.
Validate.

a M w DN
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3.3. Stage #3: excavation at-5 m

Model definition:

1.
2.

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

- Changethe default model name:Excavation #1.

- Select "Staged construction". Default order is set3to

- Validate.
Using "drag and drop" action, copy the Properties set of Stagéo#Stage #8.

- Select "Properties" of Stage2

- Place it on "Properties" of Stage3#

A toolbox is now displayed, proposing several options:
Choice of the drag and drop action X

Share Cancel
SelectCopy.

Using "drag and drop" actioropy the Boundary conditions set of Stag@ o Stage #3.

- Select theStandard fixities set of Stage 2,

- Place it on "BCSet1" of Stag8#

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

The date tree is now as illustrated below.

Active/inactivebodies

1.
2.

Activate thePROPERTIESD.
Select thetwo rows of anchorgand the excavated soil.

. _ _
Click on Activate/deactivate bodies

- Inthe grid, ticK'Inactive".

- Apply. The body is now marked witthefault neutralcolour.
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