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1. DETAILED APPLICATION EXAMPLES (TUTORIALS)

1.1. Tutorial 1: typical soil-nailed wall

The purpose of this example is to show how to check the stability of a typical soil-nailing
project (illustrated on the following figure).

The geometry of the project is defined on Figure 2.

= Calculation methad ; Bishop
2 Setof partial safety factars | Clouterre accidentalistandard

Figure 1: form project of a nailed wall
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Figure 2: project geometry

Copyright TALREN 4 - TERRASOL — February 2005 Page 3



=
N ' TERRASOL

1.1.1.

TALREN 4 Manual
D - Tutorials and examples

Step 1: general settings

Run TALREN: use Windows [Start] menu or click on the desktop icon.

Select menu [File] then option [New] or click on the toolbar button Q

Select menu [Project data] and option [General Settings]. Fill in the dialogue box with
the requested information (Figure 4).

o0 Concerning Xmin and Xmax: they are used for more than just graphical
display: Xmin_and Xmax define the width on which the project has to be
defined. The slope boundary will be for example automatically calculated
between Xmin et Xmax: if no segment of the project geometry reaches these
boundaries, the slope boundary will not be identified, and the calculation will
be impossible.

o Units: the selected units will be valid for the whole project. However, it is
possible to change units later. You will have the choice between: conversion
all the data already defined, or no conversion of the data already defined (in
case of an inconsistency between the units display and the data values
themselves).

o Calculation method and default partial safety factors: these are choices which
will be saved as default values for this new project (but it will be possible to
change thses choices for each situation individually). For example, if you
define a project with multiple stages and multiple situations, and that you
would like to perform all the calculations for the project using one single
calculation method and one single set of partial safety factors, define these
values as default values in the general settings: they will then be proposed for
each new situation. If you don't define these choices as default choices for
your project, you will have to define them manually for each situation.

Note: It is not compulsory to define default partial safety factors. This choice
can remain "empty". In that case, you will have to be select them manually for
each situation.

o Default partial safety factors: click on the button [Safety factors wizard].

Select the set you want from the global list on the right (1) and click on the
button [Transfer to local database] (2). The last set transferred is selected (red
frame in the left list). Complete, if necessary, the missing values (3). Then
validate with [OK] (4).
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Figure 3: Selection of a partial safety factors

Important note: in the above window, the partial safety factors for anchors and struts
have been completed in order to be able to validate the window, but will not be
considered for the calculation in our example (no anchors or struts will be used).
Thus, these values should not be considered as an example or reference to copy:
each project should refer to relevant standards and recommendations, and to the

corresponding partial safety factors.

Project number (1987 0DEY

x|

Calculation fitle [Tutorial Talren

Lacation |

vpical example of soil nailed wall

Comments

Hpmin |—1 00.00  m
Hmax ISD.DD m
v |15.DU m

Units |kM kPa kNim3 =
T |1D kMim 3

Default calculation method IBiSth 'I

Default safety factors IClouterre fundamentalfstandard:l

Safety factors Wizardl

(o] | Cancell Help |

Figure 4: general description

e Select menu [File] then option [Save]. Select a destination directory and define a

filename.
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1.1.2. Step 2: geometry

The coordinates of the points defining the slope profile and the limits of the soil layers are
indicated in Figure 2.

Important: it is also necessary to define in the Data mode all the earthwork levels which will
be used in the stages/construction mode.

In order to define this geometry with TALREN 4, you have several choices: drawing with the
mouse, typing in the coordinates in the main window, or using the geometry dialogue box.
We will detail in this example successively all 3 methods.

First of all, to facilitate the mouse drawing, it is advised to activate the grid display and
attraction. To do so, click on menu [View] then on option [Grid]. You will then be able
to define the grid spacing (choose 0.25 m for example), then activate both
checkboxes and validate. The mouse will move on the screen by increments of
0.25 m. The smaller the grid spacing is, the more accurate the drawing will be.

In order to draw the geometry with the mouse, select the toolbar button ﬁ Click on
the first point of the geometry to draw (using the horizontal and vertical rulers, and the
mouse coordinates displayed in the status bar), then move the mouse, without
releasing the button, to a 2™ point. When the button of the mouse is released, the 2"
point and the segment between both points are created. To define points without
connecting them with segments, simply click on the points and release the mouse
button after each click. The purpose is to obtain the same layout as in Figure 8.

Drawing tip:
o If segments are drawn while maintaining the “Shift” button pressed, Talren 4
will draw either horizontal, or vertical lines.
0 To delete a point: click on it to select it, then click on the "Del" key, or right
click on it then select [Delete] from the pop up menu. The same method can
be applied to segments or any other object in the graphical view.

o If you placed a point at a wrong position, click on the toolbar button ﬂ then
double-click on the misplaced point: you can change and validate its
coordinates.

0 The mouse coordinates are always displayed in the status bar.

0 You can display the numbers of the points and segments on the graphical
view using menu [View], option "Points numbers" and "Segment numbers".

0o Many tools allow you to zoom in the Traphical view: options [Zoom] in menu

[View], toolbar buttons b , Ig and El options in the pop up menu (right
click with the mouse on the graphical view). One of the zoom options (“View
whole model”) allows to adapt the zoom (scale) to display the whole model.
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IMPORTANT:

When the groundlevel definition has been completed, the slope boundary is
displayed with a bold line:

§ TALREN 4 w154 - C:\Program Fes) Talren 4 [uemples tutorislor)

T Dt s o dis Cplose e
p|#|E|a]=| o] BKE ] 2] 5] 228 B s
T T N

Figure 5: automatic identification (calculation) of the slope boundary

e In order to type in the points coordinates in the main window, select toolbar button

ﬁ. Type in the coordinates of each point with the keyboard: click in the cell that
appears in drawing mode (in the status bar at the bottom of the screen): type in the X
and Y coordinates of the point (X and Y values should be separated with a blank
space). Then press the "Enter" key. The background of the cell will then become blue:
this means that the next point typed in will be connected to the previous one with a
segment. To “pull up the pen”, press the keyboard “Esc” button. The cell background
turns white again, meaning that the next point typed in will not be connected to the
previous one with a segment. One can at any time change from the "mouse drawing
mode" to the "coordinates drawing mode".

[107515 [48.06 m ¥ [7038 m|]

¢ In order to define the geometry using the geometry dialogue box (most similar way to
previous version Talren 97), or check points coordinates: select menu [Project data]
then option [Geometry]. The window of Figure 6 is displayed ("Points" tab). If you
already defined geometry points with the mouse, they will be displayed in the table,
otherwise, the table is empty.

To change coordinates, simply click in the corresponding cells. To add new points,
click on the “Add” button.

ﬂ x
Pairts | Segmentsl Slope boundaryl Points Segments | Slope boundaryl
H#(m) ¥(m) Point 1 Point 2
1 -100.00 15.00 d 1 1 2 :I
2 -10.75 15.00 2 2 3
| -2.00 10.00 3 3 4
4 0.00 10.00 4 4 5
] 0.00 2.00 5 5 B
& |00 2.00 B 3
7 |Fiovoo 0 |
= IS
Add Add
Delete Delete
Delete all Delete all
Mote: possible selection on drawing Mote: possible selection on drawing
o] ¢ | Cancel | Help ‘ QK ‘ Cancel ‘ Help |

Figure 6: Geometry dialogue box, "Points" and "Segments" tabs

Copyright TALREN 4 - TERRASOL — February 2005 Page 7



= TALREN 4 Manual
N W TERRASOL D - Tutorials and examples

Tip: To go from a cell to the other (left to right on a same line, or change to the line
below), the user can use the "Tab" key. "Shift"+"Tab" allow moving from one cell to
the other but backwards.

When all points have been defined, click on the “Segments” tab (Figure 6): the table

containing all the defined segments appears. It is possible to modify or to add
segments.

When all segments have been defined, click on the “Slope boundary” tab (Figure 7).
By default, Talren 4 automatically defines the slope boundary considering the project
geometry. It will appear with a bold line on the graphical view.

If necessary, it is possible to deactivate the checkbox “Automatic slope boundary” and
to modify manually the slope boundary (change the list of segments composing the
slope boundary). However, it is recommended to keep to the automatic mode (so that

the slope boundary can be changed automatically for each stage during the staged
construction).

Define points x|

Autornatic slope boundary W
Segment
i =
2 2
3 3
i s
4 H]
I
Add
[Deleta
eleteall
oK | Cancel| Help |

Figure 7: Geometry dialogue box, "Slope Boundary" tab
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& TALREN 4 v1.15d - C:\Program Files'Talren 4'Exemplesitutorial.prj & x|
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Figure 8: graphical view after geometry definition

Important note:

1.1.3.

The projet should always be defined with the uphill on the left of the model (the failure
must happen from the left to the right, from Xpin t0 Ximax)-

If you defined your model in the wrong direction, you can reverse it automatically with
menu "Options", item "Reverse model".

The order of the points of a segment (left and right) is not important.

Step 3: loads definition

To define loads in TALREN 4, you have many choices: mouse drawing, input of coordinates
directly in the main window, or dialogue box for loads definition. We will describe here
successively all 3 methods. For this example, one load should be defined at groundlevel,
between X =-100 and X =-10.75.

In order to draw the load with the mouse, click on the toolbar button E Click on the
left point of the load and then, without releasing the mouse button, move the mouse
to the right point of the load (be careful, with a grid spacing of 0.5 m for example, you
cannot draw the coordinate -10.75: you should get close to it, then change manually
the coordinate in the dialogue box for load properties). The load is displayed on the
graphical view (default orientation is vertical downwards). The load dialogue box must
be activated to define the load value (right click on the load base line, then select
[Edit] option from the pop up menu, or select menu [Project data] then [Loads]).

In order to draw the load with data input in the main window: click on the toolbar

button E Click in the cell that appears in the drawing mode (in the status bar at the
bottom of the screen): type in the X and Y coordinates of the first point (X and Y
values should be separated with a blank space: for example, type in: 10.75 15). Then
press the "Enter" key, and type in the coordinates of the second load point and press
"Enter" again. The load is displayed on the graphical view (default orientation is
vertical downwards). The load dialogue box must be activated to complete the load
value (right click on the load base line, then select [Edit] option from the pop up
menu, or select menu [Project data] then [Loads]).
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e In order to input the load using the corresponding dialogue box (most similar way to
previous Talren 97 version), or to complete the load definition with the load value:
choose menu [Project Data] then option [Loads]. The window of Figure 9 is displayed
("Distributed loads" tab). If you already defined a load with the mouse, it will be
displayed in the table.

To change some values, simply click in the corresponding cells. You can request
display of load labels on the graphical view using menu [View]: option “Loads
identification”.
x|
Distributed losds I Linear laads and maoments I
[ ar.l I;I Mame [Sr1 |
wiet[ronon m
YIeﬂI15.DD m
alet[lo kPa
iright [10.88 | m
m
1] kPa

vright[rs00
g right |1

Angfhorizantal IQI] o

Add

Delete

Duplicate

Delete all

Ok | Cancel ‘ Help |

Figure 9: loads dialogue box, “Distributed loads" tab

1.1.4. Step 4: definition of the nails
Four nail levels have to be defined. They should all be defined in the "Project Data" mode.
Then, they will be activated progressively in the successive construction stages.

Nails all have the same properties except for their length. Their properties are provided in
Table 1:

Nail | @bar Ce Sp. X Y (L(m)|Angle| LB | ALB Re Ind
(m) |(MPa)| (m) ) | (m | ) *)

0.04 | 500 2 12 10 2 10 | 0.065

0 9
0.04 | 500 2 0 7 12 10 2 10 | 0.065
0 5

1 1
2 1
3 0.04 | 500 2 12 10 2 10 | 0.065 1
4 0.04 | 500 2 0 3 9 10 2 10 | 0.065 1

(*): The value of 1 means "calculated traction/imposed shear". In the event, we want to calculate the
traction and use no shear forces.

Table 1: nail properties

For the 4 nail levels, we will also define:

e Rsc or gs nails from: curves (that choice decides the partial safety factor applied to
pull-out resistance);

e Rsc (pull-out resistance) calculated based on gs;
¢ No variable shear force;
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¢ Calculation of the traction on the external part of the failure surface only.

Here again, you have many choices to define reinforcements in TALREN 4: mouse drawing,
or reinforcements dialogue box. We will describe here successively both these methods.

e |n order to draw the nails with the mouse, click on the toolbar button -al Click on the

Copyright TALREN 4 - TERRASOL — February 2005

position of the first nail head, and without releasing the mouse left button, move the
mouse to the nail end. Release the mouse button. The nail is displayed on the
graphical view.

In order to complete the data (or to define the nail if you did not define it on the
graphical view), choose menu [Project data] then option [Reinforcements] (or right
click on the nail, then select “Edit” from the pop up menu). The window of Figure 10
appears ("Nails" tab). If the nail geometry has already been defined with the mouse, it
will be displayed in the left list. Complete the missing data (simple click in the
corresponding cells or "Tab" key to switch from one cell to the other).

Since the other nail levels have almost the same properties, it is advised to click on
the “Duplicate” button 3 times. 3 new nails are then created in the left list. Select each
of them (click on each label in the left list), and change only what is necessary: level
of the nail head and nail length. Then validate.

It's possible to display the nails labels on the graphical view using menu [View]:
option “Reinforcements identification”.

The nail properties can be edited with a right click on a nail in the graphical view (then
select [Edit]).

Mails: I Anchursl Stnpsl Sln.dsl

x|

=

| Mail 1
Nail 2

Mame [rail 1 ‘

* W m

Y W m

Length [1200  m

Horizantal spacing W m
Anglemorzontal [0 ®

Width of diffusion base |2.00 m
Diffusion angle [10.0 °

MNail 3

MNail 4

Inputvalue oftensile strength ? ™

obar 0040 m
e |500000  KPa
gs nails fram W
Rsc calculated from gs 7 W
Equivalentradius [0.065  m
Tension/shear rule l‘m

Shear force varying {along nail) 7

Impaosed shear force Reis |0.0 kM

Add

Delete

Duplicate

Calculation method for tensile resistance |external B

Delete all

Display database

Ok | Cancel | Help ‘

Figure 10: Reinforcements dialogue box,"Nails" tab

After definition of the 4 nail levels, the graphical view looks like Figure 11.
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Figure 11: graphical view after nails definition

1.1.5. Step 5: definition of soil properties:

Two soil layers should be defined. Their characteristics are given in Table 2.

Layer | y (kN/m?®) 0 (°) c (kPa) | gs (kPa)
1 20 35 5 -
2 20 30 10 130

Table 2: soil properties

TALREN 4 Manual
D - Tutorials and examples

o Select menu [Project data] then option [Soil characteristics]. Click on the [Add] button,
then fill in the data for the first layer (Figure 12). Click again on “Add”, and define the
data for the 2" soil layer (Figure 13). To switch from a soil layer to the other; click on

the labels in the left list of the dialogue box.

The units to use are those defined in the project settings. They are repeated in all the

dialogue boxes (for our example, units are, kN, m and degrees).

Copyright TALREN 4 - TERRASOL — February 2005



TALREN 4 Manual
D - Tutorials and examples

Figure 12: soil properties dialogue box (layer 1)

Define soil characteristics

Linear =]

Figure 13: soil properties dialogue box (layer 2)
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Tips:
0 You can change the default name for each layer.

0 You can also change the colour for each layer: click on the coloured cell below
the layer name.

IMPORTANT

The nails cross layer 2 only and we requested the calculation of pull-out resistance
based on gs values (in the nails definition). A gs value for layer 2 (130 kPa) should
thus be defined.

However, Talren displays only the strictly necessary data, and the layers (soil
properties) haven’t been assigned to soil clusters yet. So Talren does not “know” that
the nails go through layer 2. The gs data is thus not available yet on Figure 13.

We will have to define this gs value for layer 2 after layers will have been assigned.

e To assign soil properties to a soil cluster, let's use drag & drop: click with the left
mouse button on the soil layer that you want to assign (in the left list of soil properties
dialogue box), then, keeping the mouse button pressed, move the mouse onto the
soil cluster you want to assign the layer to. Release the mouse button: the soil cluster
will be painted with the same colour as the soil layer. Repeat the same operation to
assign soil properties to all soil clusters. Close the dialogue box. The layout now looks
like Figure 14.

£ TALREN 4 v1.15d - C:4Program Files', Talren 4\Exemples’ tutorial.prj ;lilil

File Edt ‘ew Propct dsta Optiors Help

Dls(E|a|a|2]e ]| [=@[E[E | 2] =]7] 2lE|E[kE] 2] smcoun]
80 |3I] Ta : Im | -50 -40 -30 =20

-100

1 | 1 1 1 | I | I | 1 l 1 L : I | I | 1 | 1 |

: Layer 1
Layer 2 §
-——ﬂ

Figure 14: graphical view after soil properties assignment

To change the soil properties assigned to a soil cluster, another solution consists in
right clicking on the soil cluster and selecting “Edit” from the pop up menu. You can
then select another set of soil properties.
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surfaces x|

@ Soil layer |
=l

Layer 2

| Annuler |

Figure 15: "Edit" dialogue box for a soil cluster

o After assigning the soil layers, open again the soil properties dialogue box if you
closed it, or click on layer 1 and layer 2 again in the left list (the layer should be
changed to update the display).

Now the gs cell for layer 2 is displayed (Figure 16), but it is not for layer 1: gs is only

displayed if nails go through the layer (and nails don't go through layer 1 for this
project).

x
] Mame |Layver 2
Layer 2

i Colar J

v |20 kN/m3 Favorakle [

Anisotropy T

|10 kPa L, |0 kPaitn
Cohesion |Effective vl
¢ |30.0 - Mon-linear curve ILinear |

g3 nails 1130 kPa s wizard |

Specific partial safety factors for this layer

{independently from partial safety factors selected in conditions definition)

Al

Delete

Duplicate

Delete all

Display database

(o]34 | Cancell Help |

Figure 16: soil properties dialogue box (layer 2)

Note: at any moment, you can display tables summarising soil properties, reinforcements
and loads data: select menu [View], and one of the 3 options [Table of...] (example below).
Be careful: these summarising tables allow to view, but not to edit the data.

Table of soil characteristics... |
Export...
Mame | vikiind) | o) | ctkPa) | sctkpaim) | gs railstkPa) | gs anchorstea) | @ | pikpa) | keBckea |
20 | 350 &0 0.0 0 0
Layer 2 20 |300 | 100 o] 130 0 0
QK | Help |

Figure 17: table of soil characteristics
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1.1.6. Step 6: definition of the intermediate excavation levels

We just finished the definition of the geometry for the final project configuration. But we will
also have to check the stability for the temporary construction stages. It is thus necessary to
define additional points and segments on the excavation side: excavation levels 10, 8.5, 6.5,
4.5 and 2.5 (Figure 18). The drawing of these additional points and segments can be
performed either with the mouse on the graphical view, or with the geometry dialogue box
(step 2).

The slope boundary is automatically updated according to the current groundlevel definition.
It is necessary to assign layer 2 to all these new soil clusters.

4 TALREN 4 v1.15d - C:\Program Files', Talren 4'Exemples'tutorial.prj - IEllll
File Edit Wiew Projectdata Options Help

D|@|u|§|f333|@|ﬁlllﬁﬁﬁlL'Iﬂ El?l a|?1|§|t:|5| Stages(caiculation
-00 -80 -70 -60 -

-100

-60 -40 20 -20 -10 a 10 20 2

Figure 18: graphical view with intermediate excavation levels

IMPORTANT:
We could have defined directly the whole geometry in step 2.

Definition of all project data is now finished.

We can switch to the stages definition, using menu [Project data], option
[Stages/Calculations], or clicking on the toolbar button [Stages/Calculations]: the
stages/calculations mode is activated, and the first stage is automatically created (with a
default geometry identical to the one defined in the Data mode, and all loads and
reinforcement deactivated by default).
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1.1.7. Step 7: definition of stage 1

This construction stage corresponds to the following operations:
¢ Excavation to level 8.50 (which will allow to install the first nail level).
¢ Installation of the first nail level.
e Excavation to level 6.50.

By default, the first stage is generated automatically with all soil clusters activated and with
all loads/reinforcements deactivated.

In order to change the geometry for a stage, it's possible to activate or deactivate soil
clusters: click the clusters with the left mouse button (they will be alternatively
activated/deactivated). The same procedure applies to loads and reinforcements.

To create the first excavation level, click on the top soil cluster (Figure 19). To activate the
nail, click on it. Then click the second soil cluster corresponding to the second excavation
level (these 3 operations can be defined in any order).

In this example, there are no hydraulic conditions to define (no phreatic line for example).

Note: this operation is not necessary for our example here, but it would also be possible to
change the soil properties assigned to soil clusters (to simulate a ground improvement for
example): to do that, double-click on a soil cluster (or right-click and select “Edit” from the
pop up menu), and select the soil layer to be assigned (it must have been defined in the data
mode).

Calculation conditions should now be defined for the first stage: we will consider here 2
different situations (i.e. set of conditions).

Figure 19: definition of the 1% construction stage

Tip:

0 To easily identify stages, it is possible to change their name: select the first stage,
then click again with the left mouse button on the stage name: the name of the stage
is edited, and you can change it. You can also right click on the stage name, then
choose “Rename”, and type in the new name for the stage.

1.1.7.1 Definition and calculation of situation 1

The first situation (i.e. set of conditions) for each stage is created automatically. It is however
compulsory to edit and define its properties (for example partial safety factors and failure
surfaces to be explored).

To access the situation properties, select menu [Stages and conditions], option [Define
selected set of conditions] or right-click on the situation title, and choose option [Define
selected set of conditions] from the pop up menu. The dialogue box of Figure 20 appears.
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Calculation method: Bishop (project default option as indicated in the General
Settings).

Partial safety factors: Clouterre Fundamental/standard (project default option as
indicated in the General Settings).

Seismic: we will not define seismic conditions for this situation.

Definition of failure surfaces: we will choose for example for this first situation circular
failure surfaces passing at the excavation bottom, with an automatic search. The
requested data appear on Figure 20 and Figure 21 (the dialogue box of Figure 21 is
displayed after selection of “Circular surfaces” and "Automatic search", and click on
button “Define failure surfaces”).

The value “Min abscissa for emergence” equal to -1.00 guarantees that Talren will not
search for circles which a right emergence point "before" X = -1.00. For our example,
we don't want to check the stability of the upper slope in layer 1: we want to check the
general stability for the whole project. Validate.

Note: The number of slices is by default equal to 100. The project below has been
defined with 150 slices to show that the number of slices can be increased.

Define the situation x|

Calculation methad for this situation [EIETY [~]

Sawing slice results [For critical failure surface only 7|

Safety factars for this situation |Clouterre fundamentalfstandard;l Safety factors wizard ‘

Seismic characteristics [~

Failure surfaces |Circu|arsurraces 'I Search type Eutnmatic 'I

Circular failure surface (automatic moded Define failure surfaces

Mumber of slices |150

Impose passane conditions for soil layars [

0K | Cancel | Help |

Figure 20: definition of the 1% situation for the 1 stage

Circular Failure surface {automatic mode) x|
MNumber of intervals |1

0
Increment for circle radius ID.SD m
hin aks. for emergence |—1

Search type [Imposed passane point = |

¥fooo  m ved m Yy

(0124 | Cancel | Help |

Figure 21: definition of failure surfaces for the 1% situation of the 1*' stage
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o0 To easily identify the situations, it is possible to change their names: select the
situation, then left click with the mouse again on the situation name, and change its
name, or right-click on the situation name, then choose “Rename”, and define the
new name for the situation.

o0 The button M enables to click the passage point on the graphical view (rather than
typing in its coordinates).

Representation of the
imposed passage point

i

Figure 22: graphical view after definition of the 1% situation for the 1* stage

Calculation and results

e To calculate the situation, choose menu [Calculation and results] then option

[Calculate the selected set of conditions], or click on the toolbar button 2 | The
calculation is performed and the result is displayed (Figure 23): the red circle(s) are
those corresponding to the critical failure surfaces (smallest calculated safety factor).

ITR=2,1015=0

Calculation methad : Bishop
* Set of partial safety factors - Clouterre fundamentalistandard
Fmin = 1.42

Figure 23: default output for situation 1 of stage 1

e The safety factor value displayed next to each centre is the minimal value obtained
for all circles calculated with the same centre (if you defined a radius increment). Click
on a centre to view the circle corresponding with the minimal safety factor obtained
for this centre.
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e The button enables to copy the graphical view to the clipboard in order to paste it
in another application (in a report for example).

¢ In order to change the settings for the output display, choose menu [Calculations and
results] then option [Graphical display settings for output], or click on the toolbar

+H
button L . You can also right-click in the graphical view, and select this same
option. The dialogue box shown on Figure 24 is displayed. It enables to request the
display of:

— o All calculated circles;

—— 0 Allcircles corresponding to a certain range of safety factor values;

0 Isovalues (colour shadings): here also, a range of safety factor values can be
defined;

——0 Indications on the design criterion for the reinforcements: this display, if
requested, consists in texts "ITR = xxx; ICIS = xxx". These codes and their
legends (usual reinforcements codes in Talren) can be viewed from the
dialogue box for detailed reinforcements results).

Graphical options for output displ ﬂ

Display all caleulated circles [

v

> Define which surfaces yvou want to view [

v

Display shadings forF

—_—> Critical criteria for reinforcerments

(0] 4 Cancel Help

Figure 24: graphical output display settings
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i TALREN 4 v1.17e - C:\Program Files\TALREN 4eng!Examples\Tutorials\tutorial1.prj -[ol x|

Fle Edt Wiew Stagesandcondions Calculation andresuts Options  Help

O |E| & e[ 2] 0 o 0| ] popae] =@ = | || | =2
I \-BO 1 I-?5 1 I-m I I-Ess I ‘-ao I I-55 1 \-50 1 \-46 I ‘-aol‘ s i

=4 Btage 1
-

# Situation 2
] Stage 2
| Stage 3
] Phase perm 4

-2(& Calculation methad : Bishop
= Setof partial safety factors | Clouterre fundamentalistandard

= Fmin- 1.42 =
| 3

License TERRASOL 19870DEVIT torial Talren
Scals: 1/604

LR

MNetwork hardock

Figure 25: display of all the calculated circles (option "Display all...")

o ltis possible to display other types of results, essentially as tables:
0 The table of detailed results for failure surfaces can be displayed with menu

[Calculation and results], option [Detailed output], or with the toolbar button %:
Figure 26. The green highlighted line corresponding to the critical failure surface
is selected when opening the dialogue box. The table contains only the most
critical failure surface obtained for each centre: if there are radius increments,
the program calculates the minimum safety factor obtained for all circles with
the same centre, and displays only the circle associated with this minimum. The
checkbox "Display all results" below the table enables to request the display of
all calculated circles.

0 The table of detailed results for reinforcements can be displayed with menu
[Calculations and results], option [Forces in reinforcements], or with the toolbar

button Iél: Figure 27. The button “Legend for reinforcements” on this screen
enables to view the legend for the different columns of the table.

0 The table of detailed results for slices can be displayed with menu [Calculation

and results], option [Slices results], or with the toolbar button El This dialogue
box enables to view for the critical circle the table of detailed results for slices,
and the curve of normal stresses and pore pressures along the failure surface.
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Detailed output {circular Failure surfaces)

Export. ..
gy | voomy | Rediusge | wmoTgen | Fsol | Fsurce | FotoTad |
-1.94 1424 9.07 4657 3.563 1.426 1.426 1.587 ;I
-1.45 | 14.94 10.06 A895107 | 1.41°7 1417 1.6545
-0.97 | 15.54 10.08 2165.872 | 1.310 1.310 1.600
-0.48 16.14 10.64 942116 1.283 1.283 1.486
0 16.74 11.23 AEEG.034 1.248 1.248 1.474
.48 17.24 11.684 A9AT. 264 1.256 1,266 1.487
0.87 17.94 12.47 B229.332 | 1.2558 1.265 1.499
1.44 18.54 1312 BE00.996 1.264 1.264 1.520
-4.07 13.48 9.07 5543.748 1.835 1.835 1.883
-3.62 1411 9.97 BYH9.489 1.720 1.720 1.748
-318 1474 987 BOBY.944 1.4582 1.4582 1.663
-2.73 | 15837 10,27 G386.6E2 | 1.489 1.489 1.684
-2.29 16 10.76 BEEZTT 1.422 1.422 1.530
-1.84 16.62 11.28 B9R0.622 1.373 1.373 1.493
-1.4 17.25 11.684 T301.656 1.327 1.327 1.4a7
-0.95 17.88 12.42 TEZ21.184 1.294 1.294 1.434
-0.581 18.51 13.02 1.272 1.272 1.422
-0.08 1.200 | 1.200 1
-5.27 13.61 9.34
-4 87 1427 1016 TO35.947 1.948 1.948 1.948
-4.47 | 14.93 10.53 T3ara.062 | 1.810 1.810 1.824
-4.07 | 15.58 10.45 GE52.192 | 1.669 1. 669 1.728
-3.67 16.24 10.91 F953.314 1.474 1.48748 1.6450
=327 16.9 11.4 TZE2.647 1.502 1.4502 1.591
-2.87 17.56 12.42 8803.028 1.476 1.476 1.542
247 | 18.22 12.47 T894.095 | 1.358 1.388 1.602
-2.07 | 18.88 13.05 8193.71 1.3549 1.359 1.484
-1.67 149.54 1364 2516.4904 1.326 1.326 1.462
-6.43 13.7 10.65 raaG.a2 2.4450 24480 2.4450 j

[ Display all resufts

0]:4 Help Legend for F values

Figure 26: detailed results for failure surfaces

Forces in reinforcements (circular Failure surfaces) ﬂ
o) | o) | Restusge) | nais |
085 | 1788 | 982 [ ame [ Ligry | TRea | TR | TR | Teta | 1o | Pol |
093 || 7.k B4z Mail1 | 518 [15277 [ 2 [ 1 [ o [ o [ 0 |
-0.95 | 17.88 8.92
-0.51 18.51 12.02
-0.51 | 1851 12.52
-0.51 18.51 13.02
-0.51 | 1841 13.52
-0.81 | 183 14.02
-0.51 18.51 11.542
-0.51 | 1851 11.02
-0.51 18.51 10.52
-0.51 | 1841 1002
-0.81 | 183 9.52
-0.06 | 1914 12.64
-0.06 | 1914 13.64

———— ""I»I_I

Forces in reinforcements should be considered for all failure surfaces and are not always maximum far the critical failure surface.

QK | Help | Legend for F values | Legend for reinforcements
Figure 27: forces in reinforcements
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1.1.7.2 Definition and calculation of situation 2

First of all, a new situation should be added to stage 1. Several methods are available: menu
[Stages and conditions] then option [Add a new set of conditions], or right-click on the first
situation of the first stage then select [Add a new set of conditions]. It would have also been
possible, in a similar way, to duplicate or copy/paste situation n° 1.

It is then possible to change the name of the new situation or to define its properties as for
situation n° 1.

Define selected set of conditions. ..

Comments about the selected set of conditions. .
&dd 5 new set of conditions

Rename...

Remove the selected set of conditions. ..

Duplicate the selected set of conditions

Copy conditions
Paste conditions

Calculate the selected set of conditions
Calculate all conditions of the selected stage

Calculate al

Figure 28: example of pop up menu (right-click on a situation)
Access to options “Duplicate” or “Copy/Paste”

Note: the duplication of conditions only works "inside" one same stage. However, the
copy/paste option enables to copy a set of conditions in one stage and to paste it into
another stage.

o We will define the same properties as for situation 1, except for failure surfaces: we
will use manual search.

B
Calculation method for this situation [SIE ]l [~ |

Saving slice results |F0r critical failure surface only ;l

Safety factars for this situation |Clouterre fundamentalistandard > | Safety factors wizard |

Seismic characteristics [

Failure surfaces ICircuIarsurfaceS vl Search type IManuaI VI

Circular failure surface {manual made) Define failure surfaces

Mumber of slices |150

Impose passage conditions for sail layers [

Ok | Cancel | Help |

Figure 29: definition of situation 2 for the 1* stage

o When clicking on the button “Define surfaces”, the dialogue box of Figure 30 is
displayed. Fill in the settings with the values indicated on this figure (this will allow for
a more accurate scan of the circles around the minimum safety factor located with the
automatic search of situation 1).
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Circular Failure surface {manual mode} ﬂ

Distance between 2 centers (¥ |1.00 l
Analefhorizontal (0.0

Mumber of centers 1% |2

Increment for circle radius (050

Min ahs. far emergence |-1

Search type |Imposed passage point ;I

¥ |-1.00 m ¥ |22.nu m N
Distance between 2 centers Y |1 o0 m

Anglefvertical lﬂni ®
Mumber of centers =% IB
rm Mumber of increments for circle radius |1D

111

:

% [o.00 m v [5.50 m |

Ok

Cancel | Help |

Figure 30: definition of failure surfaces for situation 2 of the 1% stage

Calculation and results

Proceed similarly as for situation 1. The output for situation 2 is displayed on Figure 31.

25 °

5 -
T Calculation method : Bishop
7 Setof partial safety factors : Clouterre fondamentalfcourant

- Fmin = 1.4

-t - - -}
1F21531401451 421411 41142

i3

. o+ .
il ] ,:I,-l-H,-HI,-H\,—HI,f—&
[ T N T I
I;F4I.4€'I.4GI.42I.4II.-IO\.-EI#H
It"lrlBIrHl. .II-.HItU
521481441 A4 5
e A0
1501461421 I.40I.42I.48I,1-T
LA L T T N 4
1421441 414 401 411 45152155

-l

Figure 31: default ouput for situation 2 of stage 1
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1.1.8. Step 8: definition of stage 2

This construction stage corresponds to the following operations:
e Installation of the 2" nail level;
o Excavation to level 4.50.

To add a stage, select menu [Stages and conditions] then choose item [Add a new stage], or
right click on stage 1, then select [Add a new stage]. By default, the new stage is created
with the same configuration as the last stage (here as stage 1).

The definition of this stage configuration is done similarly as for stage 1:
activation/deactivation of soil clusters and nails. The layout you should define is displayed on
Figure 32.

Lo ls

Figure 32: definition of 2" calculation stage

We will consider one single situation for this stage.

The properties for the default situation (situation 1) of stage 2 should be defined:
o Partial safety factors: Clouterre fundamental/standard
e Seismic: we will not consider seismic conditions for this project.

o Definition of failure surfaces: we will choose here circular failure surfaces passing at
the bottom of the excavation, with an automatic search. The requested data are
provided below: the position of the passage point is Y = 4.50 instead of Y = 6.50. The
number of intervals and the radius increment have been changed for the example.

Circular Failure surface {automatic mode x|
Murmher of intervals IB

Increment for circle radius |1.00 Im

tin abs. for emergence |-1

Search type |Imp|:|sed passage pc:int;l

oo mov[dsn  m Y

[0]14 | Cancel Help |

Figure 33: definition of situation 1 for the 2" calculation stage
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Calculation and results

Proceed similarly as for situation 1 of stage 1. The output is displayed on Figure 34.

-45 -40 -35 -30 25 -20 -15 -10 -5 0 5 | 10 15 20 25
IR [P [P TP P PO PO R PO PO VU TR PP PO I e | | IRTIA F T F TO T
A
40_-
25
.t
3 4 1 A8 1
3 1.3
20 )
25
20
= 1
15
10
5 _-
= -
3 =)
o
0 _-
- Calculation methad : Bishop J
- Setofpartial safety factors : Clouterre fondarmentalicourant
-5_2 Fmin=1.2 =l

Figure 34: default output for situation 1 of stage 2

1.1.9. Step 9: definition of stage 3

This construction stage corresponds to the following operations:
e Installation of the 3™ nail level;
e Excavation to level 2.50.

The definition of this stage can be done similarly to that of the previous stages:
activation/deactivation of soil clusters and nails. The configuration you should define is
displayed on Figure 35.

g

Figure 35: definition of 3" calculation stage
We will first consider a first calculation situation, using automatic search.

Define the properties for the default first situation, with the same settings as for situation 1 of
stage 2, except for the position of the passage point (level equal to 2.50), and for the number
of intervals, chosen here with value of 10 in order to reduce the calculation time.
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Calculation and results

Proceed the same way as before. The output is displayed on Figure 36.

-20 -15 =10 -5 o il 1 | 15 20 25
|

Calculation method : Bishop
Set of pattial safety factors © Clouterre fondarmentalicourar
min = 1.0

Figure 36: default ouput for situation 1 of stage 3

The scan above doesn’t look accurate enough, and we have to examine a 2" situation with a
manual search: we will define a grid for the centres around the critical centre located with the
automatic search. The result of this 2™ situation is provided on the figure below: the safety
factor is less than 1.00.

36 5 ) T BT = o = 0 =
1 L | L 1 L | 1 1 L | 1 | L | 1 1 L 1 1 P L F L |x
o
E - e .
- 142 100 106 103 101 100 080 180
& b b
3 B 1e ke
E 182 1ds
3 v
. .o
- 106 180
= vio 1da
A . H
2 vis 1k
E -
- 122 128
an_

Cakculabon mathod : Bishop
Set of partial gafety factors | Clouterre fundsmertalistandard

Figure 37: default output for situation 2 of stage 3
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1.1.10. Step 10: definition of stage 4 (final stage)

This construction stage corresponds to the following operations:
e Installation of the 4" nail layer;
e Excavation to level 2.00.

The definition of this stage is done similarly to that of the previous stages:
activation/deactivation of soil clusters and nails. The final layout is provided on Figure 38.

Figure 38: definition of the 4™ calculation stage (final stage)

1.1.10.1 Definition of situation 1
We first consider a calculation situation with automatic search.

Properties for this first stage should be defined, with the same settings as for situation 1 of
stage 1, except for the position of the passage point (level at 2.00).

Tau 26 20 15 -10 5 o 5 10 15 20 26 30 35 =_4Phase 1
| | . . ':O Situation 1
# Situation 2
=—_4 Phase 2
L& Ssituation 1
- _4Phase 3
':o Situation 1
# Situation 2
=—_4 Phase 4
e

440

[
E 13 15
5 = 1P 1
e 1 i
E o
o _-
E Calculation method @ Bishop J
—: Setof partial safety factors | Clouterre fondamentalfcourant
_ 2 Fmin=1.03 -|

Figure 39: default output for situation 1 of stage 4

1.1.10.2 Definition of the situation 2

We will add a situation and define its properties:
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o Partial safety factors: Clouterre Accidental/Standard. To change the set of partial
safety factors, click on the button [Safety factor wizard], then follow the steps
indicated on Figure 40.

If the set "Clouterre Accidental/standard" wasn't defined in the Data mode, you will
first have to switch to the Data Mode, add it to the Partial safety factors local
database (use general settings or option "Partial Safety factors").

Safety factors for this situation |Cluuterre fundamentalrstandardj Safety factars wizard

£ _pefine partial safety factors X

Clouterrefundamental!standard;l Export...

Mamie Cloutexre accidentalistandard |::>
Mame I Triiry I
Clouterre fundamentalistandard | 1 |

Clouterre accidentalistandard

Traditional

i) artithemts 7
3 HP P 94-240 fundamental 1-2a
XP P 94-240 fundamental 2h
¥P P 94-240 accidental 1-23
HP P 94-240 accidental 2h
P P 94-220 fundamentalistandard
¥P P 94-220Tundamentalisensitive
HP P 94-220 accidentalfstandard
HP P 94-220 accidental’sensitive
TraditionaliProvisional
TraditionaliPermanent 1.8

re'

_|
o
=

—
[=]

L RNARERNEREN

rgsna ab

Mysha es

[gysan ab

rgsan es

Fgsstrip 1

=
=

-
2| | »

Al

Fanail |1

[aanc |1

w
&
=

Delete

Duplicate oy |1

Hide database

4 K1 i

m Cancel | Help |

Figure 40: selection of a different set of partial safety factorsy

Important note: in the dialogue box above, the safety factors concerning the
anchors, the strips and the braces have been defined in order to be able to validate
the screen, but will not be used in the calculations for our example (only the factors
for the nails are defined). These defined values are not in any way an example or a
reference to use again: you should refer for each project to the relevant standards or
recommendations, and thus to the corresponding values for the partial safety factors.

e Seismic conditions: we will consider here the accidental situation with earthquake.
Therefore the checkbox “Seismic characteristics” should be activated, and the
following values should be taken into account: ay/g = 0.12 et a,/g = 0.06.

Important note: in the case of seismic sollicitations, it is advised to check the stability
with the 4 possible sign combinations for the couple (an/g, a./g). Indeed, depending
on the geometry, it is not always the same combination that leads to the most
unfavourable results.

e Definition of failure surfaces: we will choose here the same failure surfaces as for
situation 1.
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Define the situation =

Calculation method for this situation [SIEls

Sawing slice results [For critical failure surface only |

Safety factors for this situation |Clnuterre accidentalfstandard j Safety factors wizardl
Seistmic characteristics [

ahlg ID.12 awlg Iu_ua
Failure surfaces [Circular surfaces = Search type [Automatic

Circular failure surface (automatic mode) Define failure surfaces'

Murmber of slices |15E|

Impose passage conditions for sail layers [

0K | Cancel | Help |

Figure 41: definition of situation 2 for the 4™ stage

35 30 25 25 30 35 40 -4 Phase 1
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= 2 e i El # Situation 2
45 ° . [+ _4 Phase 2
1 R R L situation 1
= 2 108 [E-_4 Phase 3
: . # Situation 1
40_* 117
E # Situation 2
= . . . —_4Fhase 4
- el 116 138 *® Clouterre for
= L @ Traditionnel
30_5
25 = [l
20_E
15 <
10_3
E 1
= 1 1
5 _5 1 1
3 1 i
0 _:
= Calculation method : Bishop
— Setof partial safety factors : Clouterre accidentelfcourant
5 o Fmin = 1.06 -|

Figure 42: default ouput for situation 2 of stage 4
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1.1.10.3 Definition of situation 3

Duplicate situation 1 (of stage 4), and change the set of partial safety factors to “traditional
method”.

This set is not complete in the database provided with Talren 4: you should go back to data
mode, choose menu [Options], then [Partial safety factors], add a new set of factors (Figure
43) then validate. Switch again to the stages mode, select situation 3 of stage 4, and edit the
situation properties again: select this new set of partial factors.

=
a
3
T
o
o

=
=

S

£

LR PR

Imin |1
sl |1

sl 1

phi |1

re' |1

leu |1

ra 1
Fgsna ab |2
Mysnaes |1.5
Fgsan ab |2
lgsanes [1.4
Mgsstrip 1
ol |2
lanail 1.5
[aanc 1.5
[astrip 11
Mbu 11
rsan

Figure 43: example of partial factors for the traditional method

Important note: again, these values do not constitute in any way an example or a reference
to use again: you should refer for each project to the relevant standards or recommendations
and thus to the corresponding values of partial safety factors.
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_4Phasze 1

= Calculation methad : Bishap

— Set of partial safety factors : Traditional method

_ I Fmin=141

Figure 44: default output for the situation 3 of stage 4

1.1.10.4 Calculation and results for the 3 situations of stage 4

We will calculate the 3 situations at the same time:

o Select stage 4 (click on its name).

# Situation 1

# Situation 2
_4Phase 2
L—® Situation 1
_4Phase 3

# Situation 1

# Situation 2
_4Phase 4

# Clouterre for

# Clouterre ac

Ll Traditionnal

-

e Choose menu [Calculation and results], then option [Calculate all conditions of the

selected stage], or click the toolbar button = .

e The 3 situations are then calculated successively. To view the results, click

successively on each situation.

¢ Please note that the names of the situations that have been calculated (i.e. for which
results are available) are displayed with a bold font.

e |If you change the properties of a situation, the corresponding results will be
automatically erased. In the same way, if you change the properties of a stage (for
example activation/deactivation of a soil cluster), the results of all situations for this

stage will be erased, etc.
e Select menu [File] then [Save].
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1.2. Tutorial 2: stabilisation of a slope with piles (loading of a .tal file)

1.2.1. Step 1: presentation of the project

We will check the stability of a slope:
e Inits natural state;
e Considering 2 rows of piles.

This example was already provided with version TALREN 97, as an example file
(exampl22e.tal).

We will load for this tutorial this .tal file, and work from this file with TALREN 4.

1.2.2. Step 2: loading file examp22e.tal
¢ Run TALREN: use Windows [Start] menu or click on the desktop icon.

e Select menu [File] then option [Open] or click on the button g in the toolbar.

e Select the file extension: TALREN 97 (.tal). Then select file examp22e.tal (provided in
the folder "/Examples/Examples tal" in the Talren 4 installation directory.

Look in: Ilji'l Exatnples tal ;I E -2 =
E examplie tal exampl e tal

examplie tal ewarnpl 2e tal
My Recent D.... examplie tal exarmpl Ge tal
w EI exampl4e tal exampl e tal
examplae tal examp! Ge tal
D examplEe tal examp 9e tal
‘ examplve tal examp2le tal
examplde tal examp2e tal
Wy Documents exampl9e tal EI exarnp22e tal
E; examplDe tal =] examp23e tal
™ = exampiietal
Iy Computer examp12etal

'ﬁ exampl3e tal
-

File name: Iexamp22e.tal Dpen I
Files oftype: IT.&LREN 97 datafile ( tal) :| ganceli

Figure 45: opening file examp22e.tal

Wy Network .

e Select menu [File] then option [Save] or click on the toolbar button El This file has to
be saved with the prj format (it's not possible to save it with the former format .tal).
Select the directory and the filename (by default, Talren 4 proposes filename
examp22e.prj. We chould change it here for example to tutorial2.prj).

Tip: It is possible using menu [File] to define or change the default working directory (used
when opening ans saving files).
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1.2.3. Step 3: data changes to carry out

The graphical view enables to check that the geometry was loaded and that the geometrical
data are consistent with the Talren 97 file. Both figures below compare graphical views
displayed by TALREN 97 and TALREN 4: geometry, soil layers, reinforcements, etc. indeed
are the same.

.., TALREN 97 Principal Form - [Principal Drawing] =18 x|

1 Imposéd
||| Soilna| 1 2 =l I
ne 19 18 |20
Is1 1.05 1.05 [1.05
1 Le 0 20 20
| lac(z) |0 5 0
1| [Tc 15 15 15
& 35 0 35
T 1.2 1.2 1.2

Units : kM meters and degrees
H| Calculation method : Bishop
L | Conditions concerning soil 2 are verified simultaneously.

TRIEZEE o] PN PR N B E D

H Sd 1

Fams

[ P A A A

:_ _._._._.;é._.-._.-.,\;._._..¥.-._._._g_._._._._.‘%._._._._.g._._._._..g ......... Ve e oo ] I

1 |

Data * 21/02/2005 Time : 15:40:28 Scale . 1/ 200

Copyright () TERRASOL 11l
I I I I I I 1 I 1

SLOPE STABILIZATION USING PILES WITH ] _——
TALREN 97| AVARIABLE SHEAR FORCE Study made by : Figure :
V2.2-01/04/2002 | ULS CALCULATION TERRASOL
TERRASOL File : exemp22e tal Proj : EXAMPLESY U
PEE [ Y1004 | 21mesz0s 15402 |

Figure 46: examp22e.tal file, displayed with Talren 97

4 TALREN 4 v¥1.17e - C:\Program Files, TALREN 4 ang'Examples’Examples prj\examp22e.prj

File Edit “iew Project data Options Help

Dlﬁlﬂlgl r‘|/®|‘E’|-||HBG| ilﬁl El?l ll.l.l:l!l Stages.l’calculationl
-80 -G0 -40 -20 20 40 B0 eo

o
Lonnallonnalananllinnnlonanlannollonnnllannallonanlonanllonenllonnnlonnallonnolonanllonndllonanlonnalls

o

£

5

=] =]
T r e P Ty Pl w R T R T P T P

Figure 47: examp22e.prj file, displayed with Talren 4 (Project data mode)
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We will browse a few data dialogue boxes to draw your attention on some specific aspects of
tal file loading.

e General settings: the titles, comments and units are those defined in the .tal file. The
model dimensions are automatically initialised depending on the .tal file geometry, as
well as the default calculation method and the default partial safety factors (figure
below).

General settings x|

Project number [EXAMPLES

Calculation title |SLOF'E STABILIZATION LISING FILES

Location |

ITH AVARIABLE SHEAR FORCE
ULS CALCULATION

Comments

Hmin |—90.DD m
Hmax |1 Qo.o0 il
Y EK Id_su m

Units [k kPakiim3 =]
Yo |1 0 Kiim3

Default calculation method |Bishop

Safety factors wizard

Default safety factols [SllEMEN

Ok | Cancel| Help |

Figure 48: examp22e.prj file, general settings

For each .tal file loaded with Talren 4, a set of partial safety factors is automatically
created: it includes all the partial factor factors defined in the .tal file.

£ pefine partial safety factors ll

—_—
Coefficients TAL =

Mame |Coefiicients TAL

min

17
W
=

Tphi

2 o
= =

_|
=]
[

WWTWTWWH

[gsna ab
Mgsna es
[gsan ab
Mgsan es

Mysstrip

-
=

[anail
=]

Add [aanc

Delete [astrip

—
=
=

Duplicate

_|
w
o

Display database

QK Cancel | Help |

Figure 49: examp22e.prj file, partial safety factors "Coefficients TAL"
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e Geometry: click on menu [Project data] then on option [Geometry]; you can view the
project points and segments. Click on the [Slope boundary] tab. When loading a .tal
file, the slope boundary is never set to "automatic" mode (Talren 4 reads the slope
boundary defined in the Talren 97 file). Except for special cases (slope boundary on

purpose different from the groundlevel), it is recommended to activate the automatic
mode (as shown below).

zl
i s S
Automatic slope boundary ¥
Segmeﬁ |
L =l
2 2
3 3
4 4
=
Al
[Delete
melete all

(8124 | Cancel| Help |

Figure 50: examp22e.prj file, slope boundary definition

e Loads: there is no special comment about loads here: a distributed load is defined in
the .tal file, and is read without any problem by TALREN 4.

e Reinforcements: the project includes nails (simulating piles), for which shear only is to
be taken into account (no traction). Shear is defined as variable along the nail.
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Define reinforcements

Anchors I Strips I Struts I

x|

Mail 2

Add

Mail 1 =

Mame [Mail 1 |

by

=<
.
s|=1=]=] &
[ [ [ o

Length

= = =2 =

Horizontal spacing

Angle/harizontal

Width of diffusion base

Diffusion angle

Delete

Cuplicate

Celete all

Dizplay database

Input value of tensile strength ?

05 nails from... |Curves *

4
il

] g‘q
3

<l

R=c calculated from gs 7

Equivalent radius (0150 m

Tensionishear rule I'-rcal, Cimp vl

:

Shear force varying along naih ? W

Variahle shear farce ‘ariahle Shearwizardl

Calculation method for tensile resistance |externa| 'l

OK

| Cancel |

Help |

Figure 51: examp22e.prj file, properties of nail 1

St s
(17 pile)
variable shear force |
Expart...
Yim) Te kM) 500
oo 0.0 =
2 1.00 180.0
3 2.00 3200 400
4 3.00 2ro.0
5 4.00 2200
4] 5.00 140.0 100
T 6.00 140.0
8 F.00 160.0
g [an0 200.0 A
10 |9.00 500.0
11 |10.00 0.0
_I 100
0
0 2 4 B 8 10

Yariable shear force

Figure 52: examp22e.prj file, variable shear along nail 1
(1% pile)
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Soil properties: the important point here is the use of the “specific partial safety
factors” when reading a .tal file. Indeed, Talren 97 allowed you to define partial safety
factors, but individually for each soil layer (not as full sets of factors associated with a
given standard). Talren 4, when reading .tal files, can not therefore associate a set of
partial safety factors (for example Clouterre) wirh the .tal file data. Moreover, it was
possible in the .tal files to define different safety factors for each soil layer. Hence the
use of these specific safety factors for each layer in Talren 4: they will replace during
the calculation, for each layer, the partial factor set chosen in each situation, and thus
guarantee that the calculation will give the same result with Talren 4 as previously
with Talren 97.

Nevertheless, if the .tal file is consistent for example with a Clouterre calculation,
fundamental/standard (i.e. if all soil layers use these same partial safety factors), it is
possible to deactivate the checkbox "specific partial safety factors" for each layer, and
then use for each situation the set of factors "Coefficients TAL" (automatically
created), or even the predefined set Clouterre fundamental/standard for example).

Be careful: in this case, you should select for each layer the relevant cohesion type
(effective or undrained); this choice decides which safety factor will be applied to the
cohesion value. In the same way, you should check for each layer if the weight is
considered as a favourable or unfavourable action. Finally, in the nail properties
window, you should indicate whether the gs,is values are issued from curves or from
tests (all these elements also decide choices for partial safety factors to apply).

x|
| ] Mame |Layer 1
Color J
W |19 kMim3 Favorahle [~
Anisotropy [
C ID kPa & |u kP alrm
Cohesion |Effective 'I
o |35.D Mon-linear curve ILinear vl

s nails ID kPa s wizard ‘

Specific partial safety factars far this layer W

(independently from partial safety factors selected in conditions definition)

Ty |1.05 e |1.5
Maniy) |1.2 pl |1
Fyshails |1.D Iysanchors |1.D

Add

Delete

Duplicate

Delete all

Display database

(0]24 | Cancel| Help |

Figure 53: examp22e.prj file, soil properties

1.2.4. Step 4: definition of the stages

When reading a .tal file, Talren 4 automatically creates a stage and a situation, which are
consistent with the calculation options of the .tal file: in our case, the piles and load are

activated, the failure surfaces are circular, with a manual search.
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But we want to consider 2 different stages: one without the piles and the other with the piles.
It is therefore necessary to either add or insert a second stage. The option we chose for this
example is to insert a stage, in order to define stage 1 without piles, and stage 2 with the

piles.

It will be necessary for each stage to complete the hydraulic conditions.

Switch to the Stages/calculation mode, using the menu [Project data] or the toolbar
button.

Select stage 1 (left click once on the stage label).

Click on the button :I to access the hydraulic conditions definition. The option
“Phreatic level” is selected. Click on the button “Define phreatic level’ to view the
definition of the phreatic level. A dialogue box displaying the table of the points
describing the phreatic level pops-up, but it contains only one point: a unique point
was enough in Talren 97 to define a horizontal phreatic level. However, in Talren 4, it
is necessary to define the phreatic level from Xy, to Xnax- S0 it is necessary to add a
point with coordinates (100, -1,0). The dialogue box is shown in Figure 54.

x|
iy i) Angi)
1 fooon  [ro0 0 =]
10000 |-1.00 0 |
Add
Delete
Celete all
Mote: possible selection an drawing

Ok | Cancel‘ Help ‘

Figure 54: examp22e.pr;j file, definition of the phreatic level

Then, to insert a stage, select menu [Stages and conditions], option [Insert a new
stage], or right click on stage 1, and choose [Insert a new stage] from the pop up
menu.

Talren 4 inserts a new stage in position 1. It is initialised identically to the project data
configuration (because it is inserted before stage 1), i.e. with all soil clusters
activated, reinforcements and loads deactivated, and without any hydraulic
conditions. It is therefore necessary to activate the load (click on the load base line),

and define the hydraulic conditions (phreatic level): click on the toolbar button :I
select option “Phreatic level” then click on the button “Define phreatic level”, and
define a water table at level -1.00, from Xyin t0 Xmax (like before). The definition of
stage 1 is displayed on Figure 55.
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e The other stage (now stage 2) remains unchanged after insertion of stage 1: select it
to display the corresponding graphical view: the piles and load are active (Figure 56),
and the water level is still defined.

£ TALREN 4 ¥1.15d - C:\Program Files', TALREN 4 ExemplesExemples pri‘exemp22f.prj - | =) |5|

Flle Edit Wiew Stages and conditions Calculation and resulks  Cptions  Help

05[] &8 2] 9] [ B8] o] =[] = 5[5
)

-20 i 20 40 60 20 -1

-80 -60

[-_4 Phase 2
L gituation 1

Figure 55: examp22e.pr;j file, definition of stage 1 (without piles)

£ TALREN 4 ¥1.15d - C:\Program Files, TALREN 4% Exemples'Exemples prj',exemp22f.prj - | = |£|

Fle Edit Wiew 3Stages and conditions Calculation and results Options  Help

D||@[&| =[]0 | |8 roeome| =[T| = | %%
.40

-20 o 20 40 &0 a0 1 ~1Phase 1

-80 -60

L Situation 1

80 "

Figure 56: examp22e.prj file, definition of stage 2 (with piles)

1.2.5. Step 5: calculations for stage 1

We have to define at least a set of conditions (i.e. a situation) to allow calculations for
stage 1.

The situation created by default is “empty”.

But the situation 1 of stage 2 is fully defined (settings loaded from the .tal file). We will
therefore copy/paste this situation:

e Click on situation 1 of stage 2.
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¢ Right-click on this situation, and choose the option [Copy conditions].

o Click on stage 1, then right click on stage 1, and select [Paste conditions]: the pasted
situation is added in second position.

e Delete situation 1 ("empty") of stage 1: click on it, then right click and choose
[Remove the selected set of conditions] (or click on the [Del] button on the keyboard).

e To view the settings of situation 1, right click on it and choose [Define the selected set
of conditions] in the menu. All the settings were initialised from the .tal file (Figure 57).
To view failure surfaces, click on the button [Define failure surfaces]. Here too, all the
settings are initialised from the .tal file (Figure 58).

x|
Calculation method for this situation IEiishnp 'I

Saving slice results |Fnr critical failure surface anly ;l

Safety factars far this situation [Ty THLH Safety factors wizard

Seismic characteristics [

Failure surfaces [Circular surfaces x| Search type Ihﬂanual "I

Circular failure surface (manual mode) Define failure surfaces|

Mumber of slices ISD

Impose passage conditions for soil layers W

Soil characteristics set ||_agrer 2 vI Passage condition |ru1ust passin "I
Soil characteristics set ||_ayer 2 vI Passage condition |ru1ust passin "I
Combination of criteria |and "I

Ok ‘ - | Help | [Combination of criteria|

Figure 57: examp22e.prj file, definition of situation 1 for stage 1
x|

b IW tm f IF m M
Distance between 2 centers : X W I Distance between 2 centers : Y W m
Angle/horizontal IDD— " Angleivertical IDD— B
Mumber of centers : X |5— MNumber of centers oY Is—
Increment for circle radius IF - Mumber of increments for circle radius Is—
Min abs. for emergence IW

Search type I'I'angenttntup of layer ;l

Soil layer |La\,rer3 *I

0K Cancel‘ Help ‘

Figure 58: examp22e.prj file, definition of situation 1 for stage 1 (failure surfaces)
e Calculate the situation of stage 1: click for example on the toolbar button 2 . The

results are displayed on Figure 59. The calculation provides F, = 0.85 (unstable
slope).
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] o
Fie Edt View Stagesandcondions Calculation and resuls  Options Help
propeta] = (0| 2| B %] k| =(3(%
12 -10 8 -8 -4 -2 [ 2 4 8 8 10 A Without piles 1
1 | I | I | 1 | 1 | 1 | 1 | | | 1 | 1 | | Z: [ i sation 1]
Bl 4 \With piles 2
[

# Situation 1

Calculation methad : Bishop
Setof partial safety factors | Coefficients TAl
min = 0.85

= License TERRASOL EXAMPLES/SLOPE STABILIZATION USING PILES

j TALREN 4 Scale: 11182

MNetwork hardock

Figure 59: examp22e.prj file, default ouput, stage 1 / situation 1

You can define additional situations (copy/paste this first situation): for example, you can
define a situation with an automatic search of circles tangent to soil layer 3, or an automatic
search with an imposed passage point.

1.2.6. Step 6: calculations for stage 2

The set of conditions is already completed (loaded from .tal file).

e Calculate the single situation of stage 1: click for example on the toolbar button =

The result is displayed on Figure 60. The calculation provides F,, = 1.00: same result
as the result obtained with Talren 97 for the examp22e.tal file.
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£ TALREN 4 v1.17e - C:\Program Files\TALREN 4 ang\Examples'Examples prj\examp22e.prj -[ol x|
File Edt Wiew Stagesandcondions Calculation andresuts Options  Help

2 3 < A Without piles 1
| ' # Situation 1

_A'With piles 2
e

Calculation methad : Bishop
Setof partial safety factors | Coefficients TAl
& min = 1.0 -

License TERRASOL EXAMPLES/SLOPE STABILIZATION USING PILES
Scals: 11112

M.

MNetwork hardock

Figure 60: examp22e.prj file, default output, stage 2 / situation 1

You can define additional situations (copy/paste this first situation): for example, you can
define a situation with an automatic search of circles tangent to soil layer 3, or an automatic
search with an imposed passage point.

1.2.6.1 Other output types

As indicated for tutorial 1 (refer to this tutorial for further details), it is possible to change the
settings for ouput display, as well as to display additional results:

¢ In order to change the settings for the output display, choose menu [Calculations and
results] then the option [Graphical display settings for output], or click on the toolbar

+H
button h . You can also right-click in the graphical view, and select this same
option. The dialogue box enables to request the display of:

0 All calculated circles;
o0 All circles corresponding to a certain range of safety factor values;

0 Isovalues (colour shadings): here also, a range of safety factor values can be
defined;

0 Indications on the design criterion for the reinforcements.

e Itis also possible to access other types of results (mainly in tables):
0 The table of detailed results for failure surfaces can be displayed with menu

[Calculation and results], option [Detailed output], or with the toolbar button %
The green highlighted line corresponding to the critical failure surface is
selected when opening the dialogue box. The table contains only the most
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critical failure surface obtained for each centre: if there are radius increments,
the program calculates the minimum safety factor obtained for all circles with
the same centre, and displays only the circle associated to this minimum. The
checkbox "Display all results" below the table enables to request the display of

all calculated circles.

The table of detailed results for reinforcements can be displayed with the menu

[Calculations and results], option [Forces in reinforcements], or with the toolbar

button Iél: Figure 61. The button “Legend for reinforcements” on this screen
enables to view the legend for the different columns of the table.

The table of detailed results for slices can be displayed with menu [Calculation

and results] menu, option [Slices results], or with the toolbar button Iil This
dialogue box enables to view for the critical circle the table of detailed results for
slices, and the curve of normal stresses and pore pressures along the failure

surface.

Forces in reinforcements (circular Failure surfaces) ﬂ

xoqm) | vogn | Redust) | ails |
2 | &5 85 |2l ["ame [ Lo [ 1roeo [ 1R [ PR [ Tesen [ 105 [ pal |
§ j: 3: Nail1| 28 | 0 | 1 | 0 [13304] 0 [ 5 |
; T oF Mailz[ 278 | o [ 1| 0 [72s57 [ 0 [ & |
0 45 6.5
0 4.5 a5
0 4.5 3.4
-8 6.5 9.5
-8 6.5 8.4
-8 6.5 75
-8 6.5 1.5
-G 6.5 9.5
-G 6.5 8.4
-G 6.5 7.A
-G 6.5 1.5
-4 6.5 9.5

Forcés in re}n;orceme;n; should be considered far all failure surfaces and are not always maximum for the critical failure surface.

QK | Help | Legend for F values | Legend far reinfarcements
Figure 61: forces in the piles
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1.3. Tutorial 3: stability of a slope with various hydraulic conditions

1.3.1. Step 1: presentation of the project and general settings

This example deals with the stability of a dike, for different hydraulic conditions: permanent
groundwater level, short-term drawdown and long-term drawdown.

We will define a stage for each of these hydraulic conditions.

Note 1: in this example, we will not detail the operations as much as in tutorial 1: for further
details, please refer either to tutorial 1, or to part B of the manual.

Note 2: for stages 2 and 3, this example is based on the importation of pore pressure
meshes calculated with Plaxis v8. The Plaxis files to import are provided with the example
files.

e Run TALREN: use Windows [Start] menu or click on the desktop icon.

o Select menu [File] then option [New] or click on the toolbar button Q

e Click on the button _#_ or select menu [Project data] then option [General settings],
and fill in the data for this dialogue box as shown on the figure below.

e For the default partial safety factors, click on the button [Safety factor wizard]. In the

window that appears, click on [Add], then define the set of partial safety factors as
shown on Figure 63.
Important note: these partial safety factor values do not constitute in any way an
example or a reference to use again: it is necessary for each project to refer to the
relevant standards or recommendations, and to define the corresponding partial
safety factors.

General settings x|

Project number [19870DEY

Calculation title |P|axis Importation

Location |

Caomments

Hmin I-1D.DD m
Kmax IZZ.DD m
Ymax IS_DD m
Units |kN,kF'a,kNIm3 'I
Ty |1D kflirn 3

Default calculation method IElisth vI

Default safety factors [Traditional i permanent x| Safely factors wizard

QK | Cancel| Help |

Figure 62: general settings
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Figure 63: definition of partial safety factors

1.3.2. Step 2: geometry definition

The model dimensions and geometry are consistent with the figure below.

e To define this geometry in TALREN 4. use one of the 3 following methods: draw with
the mouse, input the points coordinates directly in the main window, or use the
geometry dialogue box.

Figure 64: model geometry
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1.3.3. Step 3: definition of the soil properties

Two soil layers should be defined. Their characteristics are given in Table 3.

Soil y (KN/m®) | @ (°) ¢ (kPa)
1 (upper) 18 30 10
2 (lower) 22 35 1

Table 3: soil properties

¢ In order to define these characteristics, select for example menu [Project data] then
[Soil characteristics]. Click on the button “Add”, and fill in the data for the 1°' layer
(Figure 65). Then click again on “Add” and fill in the data for the 2" soil layer. To
switch from a soil layer to the other, click on the layer labels in the left list of the
dialogue box.
x|

Mame [Upper soil

Upper sa
L il

ower Soll colar !

k] kNim3 Favorable T~

Anisotrapy [

el kpa s fo kpaim
Cohesion [Efectve =]

q IW = Mon-linear curve m

Specific partial safety factors for this laver [~
(independently fram partial safety factors selected in conditions definition)

Add

Delete

Duplicate

Delete all

Display database

Ok | Cancel| Help |

Figure 65: properties of the upper layer

e To assign these properties to soil clusters, use the drag & drop method (from the left
list onto the soil clusters). Layer 1 is the upper layer, and layer 2 is the lower layer.

e The data input is now finished for this model.

1.3.4. Alternative method for steps 1, 2 and 3

Rather than defining the geometry and the soil characteristics, it would have been possible to
open the Plaxis file corresponding to the same model. This could have been possible this
way:

e Run TALREN: use Windows [Start] menu or click on the desktop icon.

o Select menu [File] and option [Open], or click on the toolbar button ﬂ
o Choose file extension .plx (Plaxis v8 files), then select the Plaxis file you want to
open.

o The Plaxis model is then converted into a Talren 4 file, and a warning is displayed
about the limits of this conversion (refer also to chapter B of this manual).
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o The geometry is complete. When viewing the soil properties, you can check that they
are also complete.

o Nevertheless, it is necessary to complete the project general settings (except for the
model dimensions, automatically calculated with the model geometry). Click on the

toolbar button _#_ and complete the missing data (Figure 62).

1.3.5. Step 4: definition of stage 1 (permanent groundwater level)

For this first stage, we will consider the permanent groundwater level at +6.00.

e To define it, switch to the Stages/calculation mode (using menu [Project data] or the
toolbar button). The first stage is automatically created with all soil clusters activated.

—t
¢ Click on the toolbar button _| to open the hydraulic conditions dialogue box.

e Choose option “Phreatic level”, and click on the button “Define phreatic level”. A
dialogue box with the table of phreatic level points is displayed. Define the
groundwater level: either click on “Add” and input the coordinates of both points
defining the horizontal phreatic level, or click on the graphical view at the position of
both points. The data are displayed in Figure 66.

i
i) {m) Ang(®)

i JFrooe [sen o =
2 2200 5.00 [o

Add

Delete

Delate all

Maote: passible selection on drawing

(0] 4 ‘ Cancel‘ Help ‘

Figure 66: definition of the phreatic level

e An external water level should also be defined here. Activate the checkbox “Define an
external water level”, then click on the button [Define an external water level]. In the
dialogue box that pops-up (Figure 67), activate the checkbox “Automatic calculation”
(the external phreatic line will be calculated depending on the relative positions of the
groundwater level and of the groundlevel).
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External phreatic level x|

Automatic calculation [

i) | i) |

Aol

Delete

Delete all

[Hote: possible selection an drawing

(0] 4 | Cancell Help |

Figure 67: definition of the external preatic line

e The groundwater levels are displayed on the graphical view (the external preatic line
is displayed with a bold line).

£ TALREN 4 v1.15d - C:\Program Files\ Talren 4'Exemples',tutorial3.prj =1
File Edit W¥iew Stages and conditions Caleulation and results  Options  Help

0[] &[5 9] [ [ momsose] ~|B] =] =[%]
8 -8 2 4 5]

4 2 o
1 1

{a 10 12 14 16 18 20 2[=-4 Phase 1
B - tustion 1

Figure 68: display of hydraulic conditions for stage 1
(phreatic level and external phreatic level)

Definition of situation 1

The first situation has been automatically created. It's however necessary to define its
properties (for instance: partial safety factors and failure surfaces).

To access the situation properties, choose menu [Stages and conditions], option [Define the
selected set of conditions], or right click on the situation name, and choose option [Define the
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selected set of conditions], or click on the toolbar button . Complete the dialogue box that
appears with the following data (Figure 69 and Figure 70):

Calculation method: Bishop (project default setting).

Partial safety factors: traditional method / permament situation (project default
setting).

Seismic: we will not consider seismic conditions for this project.

Definition of failure surfaces: we will choose circular failure surfaces passing at the
bottom of the excavation, witn an automatic search. The corresponding data appear
on Figure 69 and Figure 70 (we get to the screen of Figure 70 after selecting “Circular
surfaces” and “Automatic search”, and then clicking on the button [Define failure
surfaces]).

Please remember: the imposed passage point can be selected on the graphical view

after clicking on the button E in the dialogue box displayed on Figure 70).

The value of the parameter “Min abscissa for emergence” (equal to 12.00)
guarantees that Talren will not search for circles which a right emergence point at X
smaller than X = 12.00. Validate.

Define the situation |

Calculation method for this situation [SEEgA]

Saving slice results |For critical failure surface anly ;l

Safety factors for this situation | raditionalfpermanent'l Safety factors wizard ‘

Seismic characteristics ™

Failure surfaces |Circu|arsurfaces vl Search type F\utomatic 'I

Circular failure surface (automatic mode) Define failure surfaces

Mumber of slices |1DD

Impose passage conditions for soil layers

QK | Cancel| Help |

Figure 69: definition of the 1% situation for the 1 stage

Circular failure surface (automatic mode) x|

Mumber of intervals |1IZI
Increrment for circle radius ID.SIJ m
Min abs. for emergence |12

Search type |Impcnsed passage pnint;l

xhzoo m ovfooo  m Y

]9 ‘ Cancel| Help |

Figure 70: definition of failure surfaces for the 1% situation of the 1% stage
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To carry out the calculation for this situation, choose menu [Calculation] and option

[Calculate the selected set of conditions] or click on the toolbar button 2 . The
calculation is performed, then the default output is displayed (Figure 71): the circles
are those corresponding to the minimal value for the safety factor.

Z TALREN 4 v1.15d - C:%Program Files', Talren 4% Exemples) tutorial3.prj
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Figure 71: defaut output for situation 1 of stage 1

1.3.6. Step 5: definition of stage 2 (short-term drawdown)

Let's consider, in a 2™ stage, the stability of the dike with short term drawdown conditions
(undrained Plaxis calculation).

Select menu [Stages and conditions] then click on [Add a new stage], or right click on
stage 1, then select [Add a new stage]. By default, the added stage has the same
configuration as the first stage (same phreatic level for example).

Click on the toolbar button il to display the dialogue box for hydraulic conditions.

Instead of “Phreatic level”, select “Triangular mesh of pore pressures”, then click on

the button [Import a Plaxis mesh].

Choose the file “vidange tal fin.pIx’ (Figure 72), then the calculation step n° 34 (Figure

73).
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x|

Laoakin: I[ﬁ irmport Plaxiz ;I I ,.-ﬂ

173 widange tal fin DTA,
@ vidange tal fin plx

File name: Ividange tal it pl Open |
Files of type: IPLA}(IS VB datafile (o) Ll gancell

Figure 72: selection of the Plaxis file for pore pressures importation

£ Select a calculation step |

Lookin:  |C3) vidange tal fin DTA R s 2'_'5'

vidange tal fin.000
vidange tal fin.001
vidange tal fin 031
fem| vidange tal fin.034
vidange tal fin 064
vidange tal fin.074
vidange tal fin.104

File name: |vidangeta| fin.034 dpen |
Files of type: |ggu ﬂ gancell

Figure 73: choice of the calculation step for pore pressures importation

In order to view the nodes and triangles of the pore pressures mesh, as well as the
pressure values, click on the button [Define nodes and triangles], then use tabs
[Nodes] and [Triangles] (Figure 74). The imported mesh in our case contains 265
nodes and 647 triangles. Validate this dialogue box.
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Define a triangular mesh of pore x| Define a triangular mesh of pore x|
I Trianglesl
my | Yim) uikMy | Point2 | Faint3 |
22.00 -6.00 108.556 IEI ;I
G625 |254 206 154
2 22.00 -5.00 9354
G626 |288 305 251
3 20493 -6.00 108.574
GaT |304 280 251
4 22.00 -4.00 28,4493
G328 |300 335 306
g 2116 -4.15 894977
639 |3345 32 306
G 22.00 -2.00 53.2485
G40 |340 187 25849
T 20493 -2.00 53.234
B41 329 86 174
2 -6.80 -6.00 118.451
B42 |2058 364 1489
9 -8.73 -6.00 117.936
F43 364 3645 1489
10 |-6.90 -5.31 111.604
644 322 332 174
11 |-4.67 -6.00 117.421
G45 332 329 174
12 |-4.E66 -5.149 1049 288
LI G46 | 321 340 249
12 2 EN = onn 141 E NNo
Add B47 |340 259 249 ZI
Delete Al
Delete all Delete
Mote: possible selection on drawing Delete all
(8118 Cancel Help (0] 4 Cancel Help

Figure 74: dialogue box displaying nodes and triangles of the pore pressures mesh

o After defining the hydraulic mesh, it is necessary to complete the hydraulic conditions:
we need to define the external phreatic line, which is now at the drawdown level (level
2.00 m). In the hydraulic conditions dialogue box, keep the checkbox “external
phreatic line” activated, then click on the button [Define external phreatic line].

This external phreatic line can be automatically determined from a phreatic level
(stage 1), but with a pore pressure mesh, it cannot be calculated automatically, and it
is necessary to define it manually (either in the table, or by drawing on the graphical
view), after deactivating the checkbox “automatic calculation” (Figure 75).
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Figure 75: definition of the external phreatic line for stage 2

e The hydraulic conditions for stage 2 are displayed on the graphical view below.
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Figure 76: hydraulic conditions for stage 2
(triangular pore pressures mesh and external phreatic line)
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Definition of situation 1

The first situation was automatically created. However, rather than defining its settings, we
will use again the settings defined for the situation of stage 1 (the calculation settings are the
same). To do so, we will copy/paste the situation 1 from stage 1 into stage 2.

e Click on situation 1 of stage 1.

¢ Right click and select option [Copy conditions] from the pop up menu.
e Click on stage 2.

¢ Right click and select option [Paste conditions] from the pop up menu.

e Then click on situation 1 of stage 2 to delete it (it is not possible to delete it first,
because it is impossible to delete the single situation of a stage).

Calculation and results for situation 1

¢ Calculate the situation of stage 2 (the calculation is longer than for stage 1, because
of the hydraulic mesh). The result is displayed on Figure 77.

Z TALREN 4 v1.15d - C:%Program Files', Talren 4% Exemples) tutorial3.prj - |ﬁ||1|
File Edit “iew Stages and conditions Calculation and results Options  Help
nlsl@|al= I@IBIHI%IHBGIPrmeMataI -“III | le’le —IE\If!EI
-6 -4 I 0 ‘ 10 12 14 18 18 z0 _AWater table at rest
bt B B Bl Ll Y Y O PP Y Y P PO PO PP I O L& Situation 1
= 2 * =
E i -ﬁ-ﬁ . JQulckEmmylng 2

Calculation method : Bishop
Set of pattial safety factors : TraditionneliSit. définitively
min = 1.27

4

Situation 1

_ [
18870DEYIPIaxis Imporiation

— TAL REN 4 Licence ailcwrdéE a: TERRASOL Echelle 11/242

Local hardlock

Figure 77: default output for situation 1 of stage 2

1.3.7. Step 6: definition of stage 3 (long-term drawdown)

Let's consider, in a 3" stage, the stability of the dike with long term drawdown conditions
(drained Plaxis calculation).
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e Proceed as in the previous stage to add a stage, then click on the button _| to
access the hydraulic conditions definition.

e Click on the button [Import Plaxis mesh], and choose the same Plaxis file as for the
previous stage, but calculation step n° 74, corresponding with the Plaxis calculation
for the long term drawdown.

e Confirm that you wish to delete the previous mesh (to replace it with the new mesh).
Validate.

e The new mesh is geometrically identical to the previous one (since it is the same
Plaxis file and hence the same Plaxis mesh), but the pore pressure values are
different.

e The external phreatic line remains unchanged compared to the previous stage (same
drawdown level).

Definition, calculation an results for situation 1

o Proceed as for previous stage to copy/paste a situation.

e Calculate this situation. The result is shown on Figure 78.
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Figure 78: default output for situation 1 of stage 3
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1.3.8. Summary of the results

The 3 calculations carried-out (all of them according to "traditional method") gave the
following results.

Hydraulic conditions Result: safety factor

Permanent water table F=2,05
Short term drawdown F=1,27
Long term drawdown F=1,14

Table 4: summary of results for tutorial 3
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1.4. Tutorial 4: stability calculation with polygonal failure surfaces

1.4.1. Step 1: presentation of the project and general settings

This example deals with a natural slope that was stabilised with piles. We will consider
polygonal failure surfaces, and compare the stability of the slope with and without piles, for
several different failure surfaces.

Note: in this example we will not detail the operations as much as in tutorial 1: for further
details, please refer to tutorial 1, or to part B of the manual.

¢ Run TALREN: use Windows [Start] menu or click on the desktop icon.
o Select menu [File] then option [New] or click on the toolbar button Q

-

e Click on the button _#_ or select menu [Project data] then option [General settings],
and fill in the data for this dialogue box as shown on the figure below.

General settings x|

Project number i ag70DEY

Calculation title |UNSTABLE SLOPE

Location |

REINFORCEMENT WITH YERTICAL PILES

Comments

Hmin I-2DEI.EID il
Hma IED.DD il
fma |2?.DEI il

Inits IkN,kF‘a,kNImS vl
T |1D ki3

Default calculation method |F'er1urhati|:|ns vI Exponent for tgo |1 vI
Default safety factors |Clouterre fundamentalistandard;l Safety factors wizard
Ok ‘ Cancel ‘ Help |

Figure 79: general settings

1.4.2. Step 2: geometry definition

The model dimensions and geometry are defined on the figures below.

e To define this geometry in TALREN 4, use one of the following methods: draw with
the mouse, input of data directly in the main screen, or use of the geometry dialogue
box.
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Figure 80: model geometry
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Figure 81: model geometry: zoom on the central part
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3 rows of piles are to be defined. The piles are modelled in this example with nails working in

shear only.

To define these 3 rows of nails in TALREN 4, use one of the 3 methods described in
tutorial 1.

The nail characteristics are defined in the table below.

Name X(m) | Y(m) L(m) Ang(°) | eh(m) | Diffusion width Diffusion angle
Lb (m) ANGD (°)

Pile 1 -62.0 | 22.0 16.0 90.0 2.4 1.0 20.0

Pile 2 -59.6 | 21.75 16.0 90.0 2.4 1.0 20.0

Pile 3 572 | 215 16.0 90.0 2.4 1.0 20.0
Name Calculation TR (kN) Rsc calculated | Equivalent grout Rcis(kN)

mode with qs ? radius re (m)

Pile 1 Teal, Cimp Yes 1,0 540.0
Pile 2 Teat, Cimp Yes 1,0 540.0
Pile 3 Teal, Cimp 0 Yes 1,0 540.0
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x|
Anchorsl Stripsl Strutsl
. rFY
I Pile 1 [4] Marne ’F'lle1—|
File 2
Fila 3 H I—EE.DD m
ki IEQ.DD m
Length [16.00 m
Harizantal spacing |2_4D m
Anglefharizontal IQD i
Width of diffusion base |1 .00 m
Diffusion angle IED.D "
Inputvalue oftensile strength 7 W
TR ID.D kK
s nails from... ICuNES 'I
Rsc calculated from gs 7 W
Equivalent radius |1_DDD m
Tensionfshear rule I cal, Cimp 'I
_| Shear farce varying (along nail * [
w
Add Imposed shear force Reis |54D_D kM
Delete
Duplicate
Delete all Calculation method for tensile resistance Iexternal vI
Display database

Ok ‘

Cancel | Help ‘

Figure 82: example of properties for nail 1 (pile 1)

1.4.4. Step 4: soil properties

4 soil layers are to be defined. Their characteristics are given in Table 6.

Layer v (kN/m?) ¢ (°) c' (kPa)
Layer 1 19.0 25.0 0.0
Layer 2 19.0 13.0 0.0
Layer 3 19.0 10.0 0.0
Layer 4 20.0 35.0 20.0

Table 6: soil characteristics
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To define these characteristics, select for example menu [Project data] then option
[Soil characteristics]. Click on the [Add] button, and complete the data for the first
layer. Click again on [Add] then define the data for the second soil layer and so on. To
switch from one soil layer to the other, click on the layer names in the left list. The
input for layer 4 is illustrated on the figure below.
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B Mame |Layer 4
Layer 2
i Color J

Layer 4 ¥ IED kMim3

Anisotropy [

© IED kPa
Cohesion IEﬁective 'I

9 ISSID ® Mon-linear curve ILinear vl

Favorable [

A |u kPaim

s nails |130 kPa

Specific partial safety factors for this layer [~

(independently fram partial safety factors selected in conditions definition)

s wizard ‘

Add

Delete

Duplicate

Delete all

Display database

QK | Cancel| Help |

Figure 83: characteristics for layer 4

1.4.5. Step 5: definition of stage 1

In this first stage, we will check the stability of the slope without piles (nails are deactivated
by default when stage 1 is created).

A groundwater level should be taken into account for this project:
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Click on the button :l to open the hydraulic conditions dialogue box.

Choose the "Phreatic level" option, then click on the button [Define phreatic level]. A
dialogue box containing the table of points describing the phreatic level is displayed.
Define the phreatic level either by clicking on [Add] (and then typing in the
coordinates of the points defining the phreatic level), or by clicking on the position of
the phreatic level points on the graphical view. The data are illustrated on Figure 84.

To assign these soil properties to soil clusters, proceed for example with drag & drop
from the left list onto soil clusters (refer to Figure 80 for the position of the layers).

Switch to the Stages/calculation mode, with the [Project data] menu or the toolbar
button. The first stage is automatically created.
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x
Xm) | Y(m) | Ang() |
-200.00 20.00 1] =
2 -100.00 20.00 o
3 -93.00 18.40 0
4 -70.00 17.40 0
] -41 .60 13.20 o
] -16.80 10.80 o
7 340 9.40 o
g 50.00 9.20 0
=
Al
Delete
Delete all
Mote: possihle selection on drawing

[0]14 Cancel Help

Figure 84: definition of the phreatic level

We are going to define now 4 polygonal failure surfaces. One single polygonal failure surface
can be defined for each situation. 4 situations are therefore going to be defined for stage 1.

1.4.5.1 Definition of situation 1

The first situation is automatically created. It is however necessary to define its properties,
and particularly: partial safety factors and failure surfaces.

To display the properties of the situation, choose menu [Stages and conditions], and option
[Define selected set of conditions], or click with the right mouse button on the description of
the situation, and choose option [Define selected set of conditions]. Fill in the data in the
dialogue box according to the following indications (Figure 85 and Figure 86):

e Calculation method: Perturbations (project default option in the general settings).

o Partial safety factors: Clouterre fundamental/standard (project defaut option in the
general settings).

e Seismic accelerations: we will not consider seismic conditions for this project.

o Definition of failure surfaces: we will choose polygonal failure surfaces. The
corresponding data appear on Figure 85 and Figure 86 (the dialogue box of Figure 86
is displayed when clicking on button “Define failure surface” after selecting “Polygonal
surfaces"). The values of u are zero in this example because the hydraulic conditions
have been defined with a phreatic level (and not by pressures given along the
polygonal failure surface).
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Define the situation x|

Calculation method for this situation F'Em_lr't:u;atiu:un:;;ﬂ Exponent for tgo |1 vl

Saving slice results |Fc|r|:ritical failure surface anly ;I

Safety factars for this situation |Clnuterre fundamentalistandardj Safety factors wizardl

Seismic characteristics [

Failure surfaces [Palygonal surfaces |

Falygonal failure surfaces Define failure surfacel
Mumber of slices I.-.ig

Impose passade conditions for sail layers [

0k | Cancell Help |

Figure 85: definition of the 1% situation for the 1 stage

Polygonal failure surfaces x|

®m) | Y(m) uo
-53.00 24.00 0 |-
2 |-B0.00 18,80 0
a2 |-58.00 17.00 ]
4 |-55.00 16.00 0
5 |-41.40 14.50 0
B |28.20 16.00 ]
=
Add
Delete
Duplicate
Delete all
kote: possihle selection an drawing

ok | cancel Help

Figure 86: definition of the polygonal failure surface for the 1% situation of the 1* stage

Copyright TALREN 4 - TERRASOL — February 2005 Page 64



TALREN 4 Manual
i TERRASOL D - Tutorials and examples

File Edt Wiew Stages and conditions
D|=|@| & o]0 |m|m

140 130 ‘7120

Figure 87: graphical view for the 1% situation of the 1% stage

Calculation and results for situation 1

e To calculate this situation, choose menu [Calculation and results] then option

[Calculate the selected set of conditions] or click on the toolbar button 2 | The
calculation is performed and the result is displayed (Figure 88): the circles
represented on the graphical view are those that correspond to the minimum safety
factor value.

i TALREN 4 v1.17e - C:Program Files', TALREN 4 ang'Examples’, Tutorials' tutoriald.prj

File Edit View Stages and conditions Calculation and results  Options  Help

D|c|E &0 || B | rroecona] =T = | %% B =2 %¥|
100 a0 80 70 60 50 a0 30 20

=0~

Figure 88: default output for situation 1 of stage 1

1.4.5.2 Definition of situation 2

Instead of redefining the settings for this situation, we will use the settings defined for
situation 1, and change only the definition of the failure surface.

e Click on situation 1 to select it.

e Click with the right mouse button on situation 1 and select option [Duplicate the
selected set of conditions].

e Other possible operations are: click with the right mouse button and select option
[Copy conditions] from the pop up menu, then click again with the right mouse button
and select option [Paste conditions].

o Display the situation properties and edit the failure surface definition: change it with
the data below (Figure 89).
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My | im) u_
}sz_nu 78.00 0 =]
2 |-70.00 149.50 0
3 |B2.40 17.20 u
4 -55.00 16.00 0
g -41.40 14.50 I
] 3g.z0 15.00 a
=]
Add
Delete
Cuplicate
Dialete all
Mote: possible selection an drawing
(14 Cancel Help

Figure 89: definition of the failure surface for the 2" situation of the 1% stage

Calculation and results for situation 2

e Calculate situation 2. The result is displayed on Figure 90.

& TALREN 4 ¥1.17e - C:\Program Files', TALREN 4 ang'Examples’,Tutorials' tutorial4.prj
File Edit Wiew Stages and conditions Calculation and results  Options  Help

D|&|@|&[ (O] o[ o] roecoe] ~|Q =] %] ki
00

-110 -100 -20

-70

-60

N

Figure 90: default output for situation 2 of stage 1
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1.4.5.3 Definition of situation 3

The operations are the same as for situation 2. Definition of the failure surface for this
situation is presented on Figure 91.

x
iy ) L
-94.00 26.00 1] =
2 -87.00 18.30 1]
3 -33.00 16.00 1]
4 -70.00 14.00 1]
] -58.00 12.20 1]
] -40.00 11.60 1]
7 -35.60 11.60 1]
g -32.00 12.00 1]
g -27.20 14.40 1]
=
Addd
Delete
Duplicate
Delete all
Mote: possible selection on drawing

0] Cancel Help

Figure 91: definition of the failure surface for the 3" situation of the 1% stage

Calculation and results for situation 3

e Calculate situation 3. The result is presented on Figure 92.

£ TRIREN 4 v1.17e - C:\Program Files), TALREN 4 ang',Examples’ Tutorials'tutorial4.prj

File Edit “iew Stages and conditions Calculation and results Options  Help

D= || &|= L]0 | [Bh) | roctcaa| ~|Q] =| % [5| Ei| =[2|%|
120 110 100 00 &0 70 60

30_~

Figure 92: default output for situation 3 of stage 1
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1.4.5.4 Definition of situation 4

The operations are the same as for situation 2. Definition of the failure surface for this
situation is presented on Figure 93.

x|
Mmy | vom) i
}99.20 23.00 0 Iﬂ
2 |9z00 15.00 0
3 |00 14.00 0
4 |8500 12.50 0
5 |-64.60 12.60 0
6 |-38.00 7.60 0
7 |26.80 B.60 0
& |1za0 5.80 0
g |-z00 7.00 0
10 |4.80 10.40
=
Add
Delete
Duplicate
Delete all
Mote: possible selection on drawing
(0]34 Cancel Help

Calculation and results for situation 4

Calculate situation 4. The result is presented on Figure 94.

TALREN 4 Manual
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Figure 93: definition of the failure surface for the 4™ situation of the 1% stage

& TALREN 4 v1.17e - C:\Program Files\TALREN 4 ang\Examples', Tutorials\tutoriald.prj —[@ x|
File Edit Wiew Stages and conditions Calculation and results  Options  Help
Project data| == bt "zl’&l [ Elﬂlfl
-00 B0 -70 60 50 30 20 -10 c [=_4 Without piles 1
i | ! 1 ! | 1 1 ! 1 1 1 | | 1 & Surface 1
] = # Surface 2
302 ® Surface 3
E LS urface 4
] With piles 2

Figure 94: default output for situation 4 of stage 1

1.4.6. Step 6: definition of stage 2

In stage 2, we will check the slope stability with piles. The 3 rows of piles should therefore be
activated. The groundwater conditions remain unchanged: it is therefore unnecessary to
define them again.
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e Select menu [Stages and conditions] then click on [Add a new stage], or click with the
right mouse button on stage 1, then select [Add a new stage]. By default, the added
stage is defined with the same geometrical configuration as the previous stage
(groundwater conditions are the same for example).

e Click on each nail (pile) to activate it.

o Definition of stage 2 is finished.

1.4.6.1 Definition of situations 1 to 4

The same conditions are going to be defined (same failure surfaces) as in stage 1.

Instead of defining all the situations again, the situations defined in stage 1 are going to be
copied and pasted into stage 2.

¢ Click on situation 1 of stage 1 to select it.

e Click with the right mouse button on this same situation and select option [Copy
conditions] from the pop up menu.

e Click on stage 2.

o Click with the right mouse button on this same stage and select option [Paste
conditions] from the pop up menu.

o Repeat these operations for situations 2, 3 and 4.
e Then click on situation 1 of stage 2 (the "empty" one) to delete it (it is not possible to
delete it at first, because it is impossible to delete a single situation in a stage).
1.4.6.2 Safety factors obtained for situations 1 to 4

Table 7 summarises the results obtained for stage 1, and completes them with the results
obtained for stage 2.

Stage 1 (without piles) Stage 2 (with the piles)
Situation 1 0,89 22,50
Situation 2 0,74 2,63
Situation 3 0,76 1,25
Situation 4 0,79 1,05

Table 7: summary of the results for tutorial 4

£ TALREN 4 v1.17e - C:\Program Files\TALREN 4 ang'Examples', Tutorials\tutoriald.prj (&1

File Edit Wiew Stages and conditions Calculation and results  Options  Help
‘—40 -30 20 -1a ‘ﬂ 10 _A Without piles 1
1 1 L 1 # Surface 1
# Surface 2

110 -100 T

80
| 1 | 1 | I | I | I | 1

I3

mEEIEEEE EE T I EEEIRES|
o E 70 60 -60
| 1
# Surface 3

# Surface 4
4 With piles 2
# Surface 1
# Surface 2
# Surface 3

[ Jsurtace 4]

Figure 95: default output for situation 4 of stage 2
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2. ADDITIONAL APPLICATION EXAMPLES

This section briefly presents some application examples: graphical views and comments.

The following table indicates for each example its most important characteristics.

WARNINGS:

e For most examples, only one family of failure surfaces is tested. It is obvious that in
most of the examples presented, other families of failure surfaces should be
calculated such as those corresponding to: temporary stages, passage of the circles
in different layers, different passage points or search conditions, etc.

¢ For some examples, the calculations presented correspond to a stability analysis for
structures previously designed with another calculation method such as: retaining wall
design, bearing capacity of a foundation, etc.

e Some geotechnical structures designed with TALREN must be submitted to additional
verifications. Example: nailed structure with small slenderness ratio (length of nails
relatively short compared to support height) which can lead to important deformations
of the soil nailed structure and high stresses at the bottom of the structure. These
additional verifications should be decided by the design engineer.

o Partial safety factors: the choice "sensitive" or "standard" along with the action
combinations (fundamental or accidental) are specific to each project. They cannot be
extended to cases similar to the examples.

e The values provided in the examples for all parameters (geometry, material
characteristics, safety factors, etc) are only example values, and cannot be used as
references.

The files corresponding to these examples are provided both in .tal and .prj formats in the
Talren 4 installation directory.

Copyright TALREN 4 - TERRASOL — February 2005 Page 70



5002/20/22 002 - TOSVHYIL - ¥ NIH VL ybuAdod

sjuiod Z 1sea) 1e aulsp PINoYs NoA :aJowAue § ualfel Ul 8sed ayl 1,Us! SIy) :[9A3] Jalem [ejluoziioy e aulap 01 yénous sem juiod ajBuis suo ‘ajiy [ey ayi ui : (4)

. rrr ¢ rxr o SNOILIGNOO OINSI3S
SNOILIANOD JINSIFS
N N e s I I ST ST O
S3IAJVHINS FdNVL TvdIdS
N N A A TS S N O O I S30VRNS FUNTIVS TYNOIATOd
S3IOVLHINS ANV TYNOODATOd
X X X SHIAVT INOS NI SNOILIANOD FOVSSVd ASOdINI
3dO7S FHL ONILdIDHALNI F12dID 1ST / HOHVAS TVNNVIN
X X X X X X X X X H3AVT 110S NIAID V OL LINIONVL I10dID 1ST / HOHVAS TVNNVIN
X X X X X X X X X X X X X INIOd I9VSSVd A3SOdII / HOYV3S TVNNVYIN
X HIAVT TOS NIAID V OL LNIONVL 310dID 1ST / HOHVIS JILVINOLNY
X X X X 1INIOd 39VSSVd A3SOdINI / HOYVES JILVINOLNY
SIOVL4HUNS FHNTVH IV INDHID
NOILVINDTVO NOIS3A ATIIA
X X X X X X X X X SNOILVadNnLlyd3d
X X X X X X X X X X X X X X X X X X X X dOHSIg
SNIN3T134
AOHL3IN NOILVINDIVO
X X X X T3ATT 3LV TVNH3TLX
X IN310I4430D Ny
X X X HS3N S3dNSS3dd 3H0d
X FOV4dNS 3dNT1VH TVNOOATOd ONOTV N
X 3Sv4a 319VL d31VM
DX | Gx | x x| x | x X | X ()X X X X | X ()X INIT DILVIYH
SNOILIANOD J2ITNYHAAH
T T T T T T v T T T T T T T T T T T T € T T T eElv|T T € JOVLIS/SNOILVNLIS 40 438NN "XV
T T T T T T T T T T T T T T T T T T T T T T T L ¢ |1 €| € ¢ | v S3IOVLS 40 439ANN
S3AOVIS
JAOW SNOILVYTND1VO/SIADVILS
X IAHND HLIONIHLS dV3IHS dVINITNON
X AdOYLOSINY NOISTIHOD
X X X HL1d3d HLIM 3719VI4VA NOISTFHOD
X X ANNLVYYLSaNsS
4 € € L 4 S| v |V ]| ¢ € eElSs|v ]| € € € € L1e€|S |19 |V |[Cc|]€ |V |C ¢ | € 4 SY3IAVT 1I0S 40 ¥38ANN
S31143d0dd T110S
X X 1IVN ONOTV 319VIHVA dVIHS
Z g | ¢ T Z > Z S371dO™IIN JO S3TId
T ST S3LX3L03AD
[« S1NYlS
1% SdidLs
[ [ (soueisisal 1no-||nd 10j poyldw [euoniodoid) SHOHIONY
T e T v T (eoueisisal no-||nd 10} poylaw [euoiriodoid uou) SHOHONY)
€ 14 T | v L 14 STIVN
SININIDOHOLINIFH
Z SLININOW TV¥NOILLIAAV / SAVO1 dVIANIT
T T 14 T € T € € S 4 T T T € T € T T SAavo1d3lnaidisia
Savo’l
X (xid) 8A SIXV1d
X X X X X X X X X X X X X X X X X X X X X X X X X (rey) 26 NIdVL
x [ x | x| x| x| x|[x | x| x|x]|x|[x]x]|x|[x]x|[x]|x]|x|[x]x|[x]x]x]|x x [ x | x (id') ¥ N3E VL
IdAL 374

SINVN STTdNVXT

[enuew  ualre] jo @ Ja1deyd ul pajuasald sajdwexs Jo Arewwns : 8 a|qel TO0SvHEIL W



T TERRASOL

2.1. Example 1: underpinning of a building

TALREN 4 Manual
D - Tutorials and examples

This example presents the temporary underpinning of a building exerting high loads on the
underlying soil. The reinforcement consists in two rows of piles placed by jet-grouting with a
centre to centre spacing between rows of 1 m, and a row of anchors spaced horizontally
2.5 m centre to centre.

The design of the inclusions included a preliminary analysis to determine the internal forces
in the piles (normal forces, shear forces, and bending moments) and to estimate
displacements. The aim of the study, whose results are shown on the figure below, is to
check the stability of the excavation with respect to circular failure surfaces.

Table of loads...

Table of soil characteristics... =]
Expott...
Mame | yikiim3) | o) | otkpay | actkpainy | gs naiskea) | s anchorstkpag | o | pikea) | keBekea |
19 39.0 Q.o Q.o 260 3000 BY500
Layer 2 19 0.0 | 998.0 on 300 5000 | 10000

8]14 | Help |

Expott...

Marme | X lettgny | v lettgmy | o letoepa | crigktony | v rahtem) | o rigktca) | angmerizantaicsy | width of ditfusion hase(m) | Diftusion angiec?) |

Fle Edt Wew Stages and condtions Calodstion sndresuks  Options  Help.

D|=(a| 8| 2o w6 E rwase] =@ =] =% k) =[2]¥]

o
| PP PP

m

Ld 1 -100 4.5 165 -10.2 4.5 165 90 0 0
Ld 2 -10.2 4.5 ara -4.2 45 ara 50 ] ]
Ld 3 -4.2 4.5 165 ] 4.5 145 90 ] ]
Ok | Help |
£ TALHEN 4 w11 Je - L2\ Progeam Fikes, TALREN 4 sng ' Examples Fxanmples priesampll L e.pr =10 =]

2

H
I
|
1
1
i
I
1
i 2065
I

i

1

|

a

= Caleutation method | Bishop

< Fumin = 2.65

]

= Sat of partial saltty

Cloutim 8

— TERRASOL -
HNatwark handock Seak . 1HER
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2.2. Example 2: stability of atemporary slope

TALREN 4 Manual
D - Tutorials and examples

This example presents the analysis of a temporary slope which appears unstable

(considering Clouterre recommendations).

TALREN 4 w1.17e - [\ Program Files) TALREN 4 ang) Examples' Examples prf examplze.pri

Fin Bl View Siages s condbionn Caleulalion sred reculls  Oplions Help

D||i|ﬂ|l|n ﬂ|ﬂ|h|ﬁ.\|m|mw! -|I]| =| r:|‘i:| ii| -|a| |

e o e e e O O O O o O e o

I A O A

BBt bt

Eod

Caltulation mathod * Bxshap

1 = Frmin = 0.92
4

Licenss TERRASOL

Heake: 26T

F TALREN 4

Hebwork hardock

MWAMPLES/STABIUTY OF A TEMPORARY SLOPE

I+

=4 Pnase 1

| * ST
® Situation 2

E-_4Fhase 1
.
.
. 1able of sod characteristis |
o Egort...
v | i) [ o | ctup | otupate) | st | s nchorstir | o | pra) | smem |
E W01 [250] 150 | 00 [] ]
L3 185 (250 200 on a a
185 |00 00 | 00 [] []
E rd 195 [250 ] 200 0.0 ] 1]
lag : Callnlwonmmbﬂ'al“]\o:oﬁ
= Fmin = 0.52 T~ Dispiay ordy metivabond sbsrmsrd s
a1l
Ukange : TERRASOL oK Holp
' TALRE'{V 4 Hetwork hardock
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2.3. Example 3: stability of a support by geogrids

This example deals with the case of the extension of a parking lot near a slope. The solution
calls for placing a crib wall retaining system reinforced by geogrid layers.

The stability analysis was accompanied by an analysis of the local equilibrium of the crib
wall, along with a traditional stability analysis of the geogrid reinforced structure.
In Talren, the geogrids are defined as reinforcing strips (similar behaviour). The geogrid
characteristics were obtained from the charts provided by the manufacturer.

Name Level Width Horiz. sp. | Length TR uo* u1* il (kN/m®) Load factor
(m) (m) (m) (kN) on fill weight
Band 1 30.0 1.0 1.0 5.0 16.9 0.32 | 0.32 19.0 0.95
Band 2 29.5 1.0 1.0 5.0 16.9 0.32 | 0.32 19.0 0.95
Band 3 29.0 1.0 1.0 5.0 16.9 0.32 | 0.32 19.0 0.95
Band 4 28.5 1.0 1.0 5.0 16.9 0.32 | 0.32 19.0 0.95
Band 5 28.0 1.0 1.0 5.0 16.9 0.32 | 0.32 19.0 0.95
Band 6 27.5 1.0 1.0 5.0 16.9 0.32 | 0.32 19.0 0.95
Band 7 27.0 1.0 1.0 5.0 16.9 0.32 | 0.32 19.0 0.95
Band 8 26.5 1.0 1.0 5.0 16.9 0.32 | 0.32 19.0 0.95
Band 9 26.0 1.0 1.0 5.0 16.9 0.32 | 0.32 19.0 0.95
Band 10 255 1.0 1.0 5.0 16.9 0.32 | 0.32 19.0 0.95
Band 11 25.0 1.0 1.0 5.0 16.9 0.32 | 0.32 19.0 0.95
Band 12 24.5 1.0 1.0 5.0 16.9 0.32 | 0.32 19.0 0.95
Band 13 241 1.0 1.0 8.5 36.47 | 0.32 | 0.32 19.0 0.95
Band 14 23.75 1.0 1.0 9.0 36.47 | 0.32 | 0.32 19.0 0.95
Band 15 23.4 1.0 1.0 9.5 36.47 | 0.32 | 0.32 19.0 0.95
4 TALREN 4 v1.17e - C:\Program Files\ TALREN 4 ang\Examples'Examples prj'exampb3e.prj =10 x|
File Edit Wiew Stagesand condtions Calculation and results  Options  Help
D]=|E|&|0]| 8]0 [ [B] | roecoe| ~|Q] =] =[] K| =[2[F
¥ IV25 I IV2El 1 IV15 1 IV1El 1 IV5 1 ‘u 1 |5 1 ‘10 I-|5 1 |ZU \25 1 | . EF‘JP.haSE :
= T TR R = ® Situation 2
e T SR ST PR A
35,
g Caleulation method : Bishop
W; Set of partial safety factors | Clouterre fundamentalistandard
= Fmin = 1.06 -
%‘ :i;i:;i{:hammk TERRASOL E;{;S-PLFSETABIUEING OF A 5LOPE BY’A CRIB
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2.4. Example 4: reconstruction of aroad following a slide

TALREN 4 Manual
D - Tutorials and examples

This example deals with the repair of a road damaged by a slide. The uphill part of the slide
was reinforced by an anchoring system. The downhill part was stabilised by a drainage

system.

Prior to the calculation, the shear strength properties of the soil leading to failure were
determined along the known failure surface, considering the hydraulic conditions existing at
the moment of the slide.
It was considered that the structure was non-sensitive, even though it was located in a sliding

zone. This choice was based on the fact that the shear strength properties were relatively
well known, since they were determined from actual failure.

Mame | yomnd) | g | copay | acomam |

18 23.0 0.0 0.0
Layer 2 18 23.0 0.0 0.0
Layer 3 21 35.0( 30.0 0.0
22 35.0 | 400 0.0
Layer 5 20 30.0 0.0 0.0
Name Y (m) Horizontal Inclination Free Grouted TR RQS
spacing (m) /horizontal (°) | length (m) | length (m) (kN) (kN)
Anchor 1 | 435.0 5.0 25.0 9.0 10.0 1110.0 1500.0
Anchor 2 | 433.0 5.0 25.0 5.0 10.0 1110.0 1500.0
Anchor 3 | 431.5 5.0 25.0 5.75 8.5 1110.0 1500.0
Anchor4 | 429.5 5.0 25.0 5.75 8.5 1110.0 1500.0
£ TALREN 4 v1.17e - C:\Program Files\, TALREN 4 angExamples\Examples prj'examp04e.prj =10 x|
File Edit Wiew Stages and conditions Calculation and results  Options  Help
D[o|@[ &[0 2] 0|t i ropctem| [ =] =[] k| =%
00 ) ‘rsu lr?n ‘ ‘—ED ) ‘rsu ‘ quu ) ‘rau ) |—2D ) 10 ) lu ‘m ‘QD ‘ ‘30 [ER | P.hasg 1
] = # Situation 2
460° # Situation 3
380_; Calculation method : Bishop o
= Setr uf_pfi;t:;l safety factors : Clouterre fundamentalistandard _
___{Imm— .| | ,
% License : TERRASOL E?;:_PLF;?QR]ECONSTRUCTION OF ROAD AFTER A S5LIDE
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2.5. Example 5: retaining wall (soldier piles)

TALREN 4 Manual
D - Tutorials and examples

This example deals with the case of a "soldier pile" or "Berlin wall" retaining structure
composed of temporary vertical micropiles fixed by a row of anchors at the top, and by 3 nail

rows.

Mame | ity | o) | copay | acopaim) | as neisteay | gs ancharsieay | o | piea) | KeBeay |

20 200 0.0 0.0 1] 1] 0.1
Layer 2 21 350 200 0.0 130 ann Fann
Layer 3 23 0.0 (10000 n.o 1] 1] 0.1
Name | Level Length Horiz. Inclination/ | Equivalent | Calcul. | Rcis El Mmax
(m) (m) spacing horiz. (°) radius (m) mode (kN) | (kN.m?) (kN.m)
(m)
Nail 1 | 157.25 9.0 2.5 10 0.047 Teals Cimp 0 0 0.0
Nail 2 155.0 9.0 2.5 10 0.047 Teals Cimp 0 0 0.0
Nail 3 | 152.75 7.0 2.5 10 0.047 Teals Cimp 0 0 0.0
Nail 4 160.0 13.0 1.25 90 0.1 Timps Ceal | 271 2074 0.0
Name Level | Ungrouted Grouted Horizontal Inclination RQS TR
(m) length (m) length (m) spacing (m) | /horizontal (°) (kN) (kN)
Anchor 1 | 159.5 6.0 8.0 2.5 10.0 800.0 900.0
& TALREN 4 v1.17e - C:\Program Files\, TALREN 4 ang'Examples'Examples prj‘examp05e.prj =1oi x|
File Edit Miew Stages and conditions Calculation and results  Options  Help
D|| | &S| 2] 2 |8 | B[] proeceome]| =|Q| =] %=[%| | =|3(F]|
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2.6. Example 6: shallow stabilisation of a slope

This example presents the stabilisation of a slope where the shallow layer is deteriorating
with time.

The characteristics of the upper layer (composed actually of 2 layers) have been determined
at the limit state of the existing slope.

Mame | viktim3) | o) | oty | ackpaimy | gs railsgra) | gs anchorsikpay | o | pikea) | ksBikea) |

Layer 1 20 [300] 230 0.0 a0 1000 | 15000

21 30.0 | 450 0.0 120 2000 | 22200

Laver 3 21 a0.0 | 1500 0.0 160 4000 | 186000

20 17.0 | 250 0.0 0 1000 | 15000

ayer | 20 [300] 00 0.0 0 750 | 18240
18 [260] 00 0.0 0 0 0.1

20 [450] 00 0.0 0 780 | 19280

& TALREN 4 v1.17e - C-\Program Files\ TALREN 4 ang'Examples'Examples prj\examp06e.prj - |E| il
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Calculation method : Bishop
Set of partial safety factors | Clouterre fundamentalistandard
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2.7. Example 7: geotextile at the base of an embankemnt on soft soil

This example deals with the stability of an embankment placed on soft soil. The upper 50
centimeters of soft soil were replaced with good fill and the stability was ensured with a
geotextile.

In Talren, the geotextile is equivalent to a reinforcing strip, since its behaviour is similar.
The soil/inclusion friction coefficient was considered to be equal to tan(o).

Mame |yt | o) | coesy | scpmaim |

Laver 1 18 34a.0 0.0 0.0
15 0.0 | 23.0 0.0
Layer 3 20 0. al.0 0.0
Name Width Horizontal Length TR (kN) uo* (Th Ysin Ts1in
(m) spacing (m) (m) (kN/m3)
Strip 1 1.0 1.0 17.0 100.0 0.7 0.7 18.0 0.95

& TALREN 4 w1.17e - C:\Program Files TALREN 4 ang',Examples'Examples prjiexamp07e.prj - |EI|1|
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2.8. Example 8: cohesion anisotropy
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This example deals with the case of a retaining wall composed of a material with cohesion
anisotropy. The curve for cohesion anisotropy is given below.

Sip surfoce Soil 3
N® | e
[T o 0 1 =90 370
2 -65 375
3 -50 260
4 -25 [
s00l 5 5 a
4 & 45 140
7 65 300
300, 8 |90 370
200
100
-80 ¥ 90
x|
Export...
Angi™ (kM 400+
-30.0 ar0.0 Iil
2 -65.0 arsn
3 -50.0 2600
4 -25.0 a2a.0 00+
il a.0 nao
G 450 140.0
¥ f5.0 a00.0
g [aoo 370.0 A
1001
il —t —t "
=100 -40 20 20
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2.9. Example 9: non linear shear-strength curve

This example presents the stability calculation for an embankment built up on soft soil. The
characteristics for soft soil layer (non-linear shear-strength curve) are presented below.

Mame | y(kim3) | 9 | cepa) | acgram) |
20 35.0 0.0 0.0
Layer 2 16 Mon Lineaire n.o n.o
Layer 3 21 35.0 20.0 0.0

Scil 2 : Strength curve

T (kPa) 7 1
N 0 T
1 =80 [#]
2 -40 25
3 '] 35
4 300 65
5 500 a0
1004
50|
+ } f t f ¥ !
-100 o] 100 200 300 400 500 T (kPa)
x|
Expatt...
ki) T{kMN) a0
-SD.D 0o lil
2 -40.0 250 70
3 0.0 3a.0
4 3000 £5.0 60
5 500.0 80.0
a0
40
30
20
_I 10
Delete 0
-200 i 200 400 BOO
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File Edit Wiew Stages and conditions Calculation and results  Options  Help
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2.10. Example 10: excavation supported with struts in a sensitive area

This example examines the case of an excavation located near an existing building. The
excavation walls were supported by 4 rows of temporary struts.

Mame | vikiiinz) | o) | corasy | scgeaim |

Laver 1 19 30.0 0.0 0o
20 200 | 16.0 0.0
Layer 3 21 26.0 | 200 0o
Name X(m) | Y (m) Horizontal Inclination TR
spacing (m) /horizontal (°) (kN)
Strut 1 0.0 9.0 2.5 0.0 500.0
Strut 2 0.0 7.0 2.5 0.0 500.0
Strut 3 0.0 5.0 2.5 0.0 500.0
Strut 4 0.0 3.0 2.5 0.0 500.0
Strut 5 0.0 1.0 2.5 0.0 500.0

& TALREN 4 v1.17e - C-\Program Files\ TALREN 4 ang'Examples'Examples prj\exampl0e.prj - |E| il
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2.11. Example 11: dam with seepage

This example presents the stability analysis for an earth dam in which the seepage was
simulated by approximating the equipotential lines by straight lines.

Mame | yikim3) | o) | cikray | actkpaimy |
20 | 350 100 0.0
Layer 2 20 | 500 00 0.0

20 400 | 0.0 0.0
Layer 4 19 200 | 120 0.0

/ Relief well

hvd
B .=
! L L L L L I ]
x =
reatic leve
Hydraulic conditions [JlEEEGE]
Phreatic line Define phreatic lsval| > ¥im) | v(m AN |
Foooo  [eoo 0 =
Defing a water table base 7 2 -26.00 8.00 a0
Definition of the water table base Define base ufwatertablel 3 -21.00 g.00 20
Define an external phreatic line 7 [V |Definiti0n of the water table base 4 -18.00 n.oo -20
External phreatic line  Define extermal phreatic line 5 .3 00 0.on -0
ru for layers [ 8 0.00 0.00 0
OK Cancel | Help | 7 |toooo oo 0

External phreatic level x|

x| Automatic caleulation [~
— aw | v

|1 |-1uu.nu -5.90 |:| 1 |-1|:||:|.|:n:| |E.|:||:| |—|‘
2z |100.00 -5.90 7 |_g?,|;||;| |g,|:||:|
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2.12. Example 12: stability of a Reinforced Earth abutment

This example presents the stability calculation for a Reinforced Earth (R.E.) abutment in
which the failure circles pass below the foundation of the R.E. facing panels. The internal
stability of the R.E. mass was determined according to the specific recommendations for

Reinforced Earth.

The soil/reinforcement friction coefficients are those proposed in the recommendations for

Reinforced Earth.

x
Distributed loads | :
sL1 = Mame 3L 1 |
H |-1.4D m
Y |2.T5 m
Q I-1DD.D kM
Angrhorizontal ID °
Width of diffusion hase |1 .00 il
Diffusian angle |2D.D ®
M I-3T5 kM.m |
Mame | wikiin3) | o) | ckPan | dctkpaim) | Add
20 36.0 0.0 0.0 DElEs
LAyer 2 20 36.0 0.0 0.0 DuaInE®
Layer 3 18 250 | 15.0 0.0 el &l
Layer 4 20 350 | 10.0 0.0
— Ok | Cancel Help
Layer 4 20 36.0 0.0 0.0
1I
Mails | Anchors SlﬂpSI S‘trutsl
_—
Strip 1 ;l Mame W|
Strip 2
Strip 3 x ID.DD m
Strip 4 e IQ 40 m
Length I?_DD m
width [oosa m
Harizantal spacing ID_SD m
Angleharizontal ID °
‘Width of diffusion base ID_SD m
Diffugion angle IQD.D ®
TR ISD.D ki
y hackfill |18 kMIm3
‘Weaighting factor |Min0rating(<1)'l
Calculation method for tensile resistance |externa| =
po* |1 5
p1= ID.?E
=
Add
Delete
Duplicate
Delete all
Display database
oK | Cancel Help
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2.13. Example 13: setting of the characteristics on a failure

This example presents the failure analysis of a slide for which the geometry and hydraulic
conditions during failure are known, and for which we need to determine the shear strength
properties that lead to failure from back analysis.

The pore pressures were defined along the polygonal failure surface in this example.

Polygoenal Failure surfaces X|
Mm) | v{m) v
l4gnoo  |z0.00 0 }ﬂ
""" 2 |-47.30 27.00 0
""" 3 |-45.00 21.00 0
""" 4 |-40.00 16.50 30
|l L Specified pressure heods
used in computing the pore & -35.00 14.20 35
..... T préssure ab each peint.
T 2 N & |-25.00 10.00 40
7 |1s.00 7.30 35
g8 |s5.00 1.80 20
 |zm 1.80 15
............... 10 |0.01 3.01 0
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2.14. Example 14: diaphragm wall with two water levels

This example deals with the case of an anchored diaphragm wall. The design of the wall and
the active anchors was predetermined from an elasto-plastic analysis. We imposed that the
circles pass below the bottom of the wall.

This circular failure analysis was used to determine the anchor lengths necessary to ensure
global stability. The lengths could not be determined directly from an elasto-plastic analysis.
Some cases could require the verification of non-circular failure surfaces passing beyond the
fictitious anchor point, which in TALREN corresponds to the mid-grouted length.

This example, in which the pore pressures are defined at the nodes of a triangular manual
mesh, presents the particular case of 2 water tables having different pressures heads and in
which a head loss was caused by the presence of a low permeability soil layer separating
them.

Mame |yt | o) | coesy | scpmaim |

20 30,0 | 10.0 0.0
Layer 2 20 250 | 150 0.0
20 350 10.0 0.0
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Define a triangular mesh of pore pressurp.1

Trianglesl

Xm | vom | ug)
-40.00 19.00 n.o I:I
2 |-3033 19.00 0.0
3 -6.24 12.50 0o
4 0.oo 12.40 0.o
& 40.00 12.50 0.0
f n0.oo 10.00 250
7 40.00 5.00 750
a 0.oo 5.00 140.0

40.00 0.oo 190.0
10 |-40.00 -5.00 240.0
11 |0.00 -5.00 2400
12 [40.00 -5.00 240.0 -
Add
Delete
Delete all

Mote: possible selection on drawing

(0l

Cancel

Help
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2.15. Example 15: nailed retaining wall with seismic conditions

This example presents the case of a soil nailed structure where seismic loading was
simulated by the introduction of horizontal and vertical acceleration coefficients.

Mame | yoeind) | o | coray | ackeam |
20 | 350 &0 0.0
20 | 300 100 0.0
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Seismic characteristics [

ah/y ID.12

avig ID.DE
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2.16. Example 16: stability of a quay wall (concrete cylinders)

This example deals with the stability of a quay wall composed of concrete cylinders and fill.
The critical state in which the internal water level is higher than the external water level was
examined.

DISTRIBUTED LOADS

L a2 ra
sdl |20 20

Mame | yiktimd) | o) | coPa) | scgeaim |

20 ano | 1a.0 0.0
20 0.0 0.0 0.0 External phreatic level
20 0.0 | 10000 0.0

Laver 4 a0 450 00 on Automatic calculation W |

£ TALREN 4 v1.17e - C:\Program Files\TALREN 4 ang\Examples'Examples prj\examp16e.prj
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2.17. Example 17: stabilisation of a sliding by piles

This example presents the case of an embankment on an unstable slope reinforced with 3
rows of piles, equivalent in Talren to vertical nails working in shear.

The effective shear strength characteristics of the soil leading to failure were determined
using back calculations.

The purpose was to increase stability by 20 to 30 %.

Mame | yikiind) | o) | coea |

Layer 1 149 250 0.0
19 13.0 | 0.0
Layer 3 149 10.0 0.0
Laver 4 20 350 200
Name Length Horizontal Inclination Calculation | Rsc El Mmax
(m) spacing (m) /horizontal (°) mode (kN) | (kN.m2) | (kN.m)
Nail 1 16.0 1.0 24 Teal, Cimp 540 0 0
Nail 2 16.0 1.0 24 Teat, Cimp 540 0 0
Nail 3 16.0 1.0 24 Teat, Cimp 540 0 0

£ TALREN 4 v1.17e - C:1Program Files' TALREN 4 ang‘\Examples’Examples prj\examp1 fe.prj - E||5|
File Edit Wiew Stages and conditions Calculation and results  Options  Help

|| E|&|c 2] 2|5 En| | rocas] =T =] B |%| k| 5[] %]
~140 -120 -100 -20 -60 -40 -20 [+] 20 EJ Phase 1

1 | 1 | 1 | 1 | 1 | 1 | | 1 | 1 | 1 # Situation 1

] # Situation 2

| v

# Situation 3

40_" L3 Situation 4

40
~_ Calculation method : Perturbations
- Setof partial safety factors | Clouterre fundarmentalfstandard
_ Fmin= 095 -
[
ﬂ | »
= TALREN 4 License TERRASOL EXAMPLES/STABILIZING AN UNSTABLE SLOPE
X Natwork hardock Slle el

Calculation method : Perturhations Caleulation method | Perurbations
Set of partial safety factors - Clouterre fundarmentalistandard Set of partial safety factors : Clowterre fundamentalistandard
Fmin = 1.62 Fmin = 1.01
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2.18. Example 18: stabilisation of an embankment on a soft soil with micro-piles

This example deals with the reinforcement of an embankment built up on a highly
compressible soil with 5 rows of micropiles. In Talren, the inclusions are equivalent to nails
working in shear.

The effective shear strength characteristics of the soil resulting in failure were determined
from back calculations.

Marme | yikiuin3) | o) | ctPa) | acteaim | gs naista) | os ancharstea) | o | piteay | KeBieea) |

Soil weight =

Layer 1 18 300 0.0 0.0 40 400 g500 f bl "

16 | 00| B.O 0.0 20 40 180 <+— fﬁ‘r’?:rgr 29 action

Layer 3 16.5 100 ] 12.0 0.0 20 a0 200 Y

17 [100] 200 0.0 20 140 240

Layer 5 20 350 0.0 0.0 a0 800 17000
Name | Length Horizontal Inclination Equivalent | Calculation | Rcis TR Mmax El

(m) spacing /horizontal | grout radius mode (kN) | (kN) | (kN.m) | (kN.m2)
(m) () (m)

Nail 1 13.0 3.0 110.0 0.166 Tean, Ceal -1110 | -2220 183 7644
Nail 2 13.0 3.0 95.0 0.083 Tean, Ceal -1110 | -2220 183 7644
Nail 3 13.0 3.0 90.0 0.083 Teat, Ceal -1110 | -2220 183 7644
Nail 4 13.0 3.0 85.0 0.083 Teat, Ceal -1110 | -2220 183 7644
Nail 5 13.0 3.0 70.0 0.166 Teat, Ceal -1110 | -2220 183 7644

£ TALREN 4 ¥1.17e - C:\Program Files', TALREN 4 ang'Examples'Examples prj\exampl8e.prj ;IEIZI

File Edit Wiew Stages and conditions Calculation and results  Options  Help

D|2|@[g|=| 2o o B[] roenwe| = |0 =| 5[5 B =[3(%|
35 30 26 20 15 10 &5 ] 3 10 15 E-_4 Phaze 1

| I | I | ! | ! | I | ! | ! | I | 1 | [ ation 1

| v

|$4 1,1 102 1,41 1
|
0 X [
1
1, :
I.fO 10 104 1,19 237
N 1
=3 : |
1 + + 4
)
L 17 1, 2 s 138 -mla
1
|
4 + . —
= (F =) 12 156 245 120
ANTRS '
|
o o b s _ s
Bl T

2]

Calculation method : Bishop
Set of partial safety factors | Clouterrs fundarmentalistandard

20 ‘min = 1.02 Z
__‘I »
P TALREN 4 License TERRASOL EXAMPLES/EMBANKMERT REINFORCED WITH

i Network hardlock Scale: 1/386
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2.19. Example 19: retaining structure for a sloped embankment

This example deals with the case of a retaining structure for an embankment whose slope
angle is close to the soil friction angle. Under these conditions, the retaining structure is
generally not adequate to provide an acceptable safety factor for large radius failure
surfaces. The traditional approach consists in calculating the safety factor for the slip
surfaces in which the horizontal distance between the bottom of the retaining structure and
the upper or lower emergence point of the failure surface is limited to 3H (H being the
excavation height near the structure).

A second approach is to apply different partial safety factors to the soil properties (ULS
method). This approach consists in applying the classical safety factors to the soils located
within the reinforced zone. Outside the reinforced zone, the partial safety factor applied to the
soil properties is equal to the safety factor of the original slope before construction of the
retaining structure. This value in then adjusted by the partial safety factor related to the
calculation method TI's3. The design of the retaining structure will thereby ensure that its
construction will not affect the stability for large failure surfaces. For this example, the slope
angle is equal to 30° with respect to the horizontal and the internal friction angle is 35°. This
results in a safety factor of 1.213 for the original slope. Consequently, we imposed a partial
safety factor I',, for the soil located outside the reinforced zone equal to 1,21/ I's3, which leads
to a value of 1.078.

£ TALREN 4 ¥1.17e - C:4Program Files' TALREN 4 ang\Examples'Examples prj\examp19e.prj =lal x|
File Edit ‘"iew Stages and conditions Calculation and results  Cptions  Help
n|2|@|&[c[H] 0|5 |8 | rorae] =|U| =| %% B =[2[F]

0 -60 -50 -40 -10 0 10 20 30 I E-_4 Phase 1

-30 -20
1 | I | 1 | I | 1 | 1 | 1 1 1

# Situation 1

Ll Situation 2

L

|

_7 Calculation method : Bishop

- Setof partial safety factors - Clouterre fundamentalistandard

- Fmin = 1.02 -
] -1 »
License TERRASOL EXAMPLES/RETAINING WALL FOR SLOPED EMBARKMENT
Scale: 1/705

o 1%

MNetworl hardiock
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File Edit “iew Stages and conditions  Calculation and results  Cptions  Help

TALREN 4 Manual
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3 112 qpa

100 K S 3
] . * 114 .

3 12 108 % 189
= Aot 130 1o
2 o [ far 188
3 140 101 29 qg7
50_- . .
] 112 * 1 96
3 13 126 4 ggq
E F IR
= |331g o182
E l.a_gﬁso
o0_-
_3 Calculation method ; Bishop
-| Set of partial safety factors © Clouterre fundamentalistandard

.sp -| Fmin = 1.02
1

— License : TERRASOL

JF TALREN 4

Metworlhardloclk
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2.20. Example 20: anchored retaining structure

This example presents a calculation in which the pull-out resistance is determined as a
function of the grouted length beyond the failure surface.

Mame | yomd) | o) | coeay | scoram |

Layer 1 19 25.0 | 10.0 0.0
19 35.0 | 100 0.0
Layer 3 19 35.0 | 200 0.0
19 36.0 | 300 0.0
Layer & 20 40.0 | 200.0 0.0

17 30.0 | 200 0.0
Lawer ¥ 1] 0.0 0.0 0.0

£ TALREN 4 v1.17e - C:\Program Files\ TALREN 4 ang'Examples’ Examples prj\examp20e.prj - E||5|

File Edit Yiew Stages and conditions Calculation and results — Options  Help

D|2|QA[&[=]2| o |58 paece] ~|W| =] (% E| =[2(F]
-40 ] -2 o 20

70 G0 -50 -3 0 -10 10 30 40 50 B0 70 E-_4 Phase 1
e

"= Galeulation method : Perturbations
10 = Set of partial safety factars © Clouterre fundamentalisensitive

= Fmin = 1.01 .
——ﬂ »
TALREN 4 License TERRASOL EXAMPLES/STABILITY OF ANCHORED RETAINING WALL
i Network hardloek Scale: 11036
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2.21. Exemple 21: backfill on a soil with a variable cohesion with depth

This example deals with the case of a backfill constructed on a soil (layer 2) which has a
cohesion varying with depth.

Mame | yomd) | o) | ey | scomam |

19 35.0] 0.0 0.0
18 00 | 600 5.0
20 35.0 ) 200 0.0

£ TALREN 4 v1.17e - C:\Program Files\ TALREN 4 ang',Examples'Examples pri‘esamp2le.pri =1of x|

File Edit Yiew Stages and conditions Calculation and results  Options  Help

[
W
faul

DlS|@[g[=]0| o || Hi| poean] < |G| =] %% ki
45 -40 35 -30 25 | -20 -15 =10 -5 o 5 l'm i ‘15 ! = _4 Phase 1
-

-—————
121

=l
i
=il
e
“
i
=4
B
=1
5
=il
4
Al
i)
=4

. - . . .
130 111 109 12 112 119 133

. . .
1fa 1ba 1te 1ls

. + +
QQ 192 108 e 1o
s e e
0fo 108 124 14
P Y
104 114 136 I‘%T

i
e — - -4
130 162 218

Calculation method : Perturbations
Set of partial safety factors © Clouterre fundamentalistandard;
min = 0,99

TERRASOL EXAMPLESNVARIABLE COHESION WITH DEPTH

K| .
f TALREN 4 e Scale: 11442

Metwork hardiock
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2.22. Example 22: slope stabilisation with piles(using variable shear option)

For this example, the shear forces in the piles were determined using the PILATE program
(LCPC), imposing a soil displacement to the portion of the inclusion located within the active
zone. PILATE allows for the determination of the shear force mobilised in an inclusion
embedded in a multi-layered medium for each node in which the shear force will be imposed
in Talren.

P=235°

c=0

py =BO0kPa

k, B=15000 kN/m’

Cohesion
c kPa
Zﬂ o EIL— ) :
H F
% =0
5= Ac 1 o
1 p' = 250 kPa

ky B= 3 700 kN/m?

%

zim) ¢ =352

L Tk
£ e 3 p ¢ =0
%he EEFE? § § . P
ar
Shear (kFa) ky B= 45000 kN/m

Sections : H-beam type B (h=300mm) 2 rows - T, =240 MPo - Horz, spacing =2m

(HEB 300}
B= 300 mm
EI =52 850 kN.mé
Myjqer® 00 kN.m  {moximum bending moment)
Shear for nail 1 Shear for nail 2
¥ariable shear force il Yariable shear force 5‘
Export... Export...
() | Ty IA - Yirm) Telw oo
(oo .0 = | 0.0 =
2 100 190.0 2 |1o0 1400
3 fzoo 330.0 - 3 [z00 1750 -
4 fao0 270.0 4 [a00 1050
5 [400 230.0 5 [a00 B5.0
6 |500 140.0 e & |s00 B0.0 i
7 [eoo 140.0 7 |eoo 80.0
8 [r.oo 160.0 5 [roo 140
g f@oo 200.0 S00 R ET 400 200
10 |ao0 500.0 10 |00 4500
11 1000 0o 11 1000 00
_| 100 = 100
0 i
0 2 4 & 8 10 D 2 4 & & 10
0K |
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=101 x|

File Edit ‘iew Stages and conditions Calculakion and results  Opfions — Help

D/ W[&[a[L] 0 [Be | B[ bi| ropctoma] ~ || = % || K
24 22 20 18 d 14 12 10 8 ) -4 2 o 2 4 8 10 1.’f without piles 1
[lhnnllmnnllaansflunanllnasflansllsnnllsanallsnsallhaslinnllnnllnsflnssnllsssllansallsssflnssdlsonfsasllnsinssllasnflssollonaflecn]honsllansallasflunllaanllsasllessflsssallnalione b L& situation 1
| =l
E ith piles 2
1473 L N
12_;
E D N
10_= \%7 114 100 117 \52
1
|
1 . . 1
(=] 128 100 104 113 \,F’S

Calculation methad : Bishop
Set of partial satety factors : Coefficients TAl
i 1.0

= Li EXAMPLES/SLOPE STABILIZATION USING PILES
FF TALREN 4

Metwork hardlock
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2.23. Example 23: ru coefficient
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For this example, the pore pressures are calculated using the ru coefficients: u = r,.yh.

Table of ru coefficients

x|

2

Soil layer name |

U

Layer 1

0.4

=

Layer 2

Reset all ruvalues in the tahle to zera |

0.4

Il

Ok

Cancel

Help |

] 9]

File Edit Yiew Stages and conditions Calculation and results  Options  Help

oz & =22 8] reem] <3| =| %[%| E| =|2]%]

-26 24 .22 -20 18 16 14 -12 -10 ) -6 -4 -2 o 2 4 ] 3 10 12 {14 E-_4 Phase 1

Newrllusllneels el lbailvellssf e koel sl losesflonrllunseloselnee ool o/l el benslnd e lonsolbse sl lnolonnbosabeslbensloel o) [P
b £ (=

E 19 EET-7SET PR "t
22 =

E | |

3 |
0= b 1o

14 =

12 =

o<,
EE
=
e
b =

alculation method : Bishop

= Setof partial safety factars | Partial factors = 1
. = Fmin = 1.17 -

] | .

% License TERRASOL EXAMPLESIPORE WATER PRESSURES CALGULATED

MNetwork hardiock Seale: 1/288
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2.24. Exemple 24: construction of a highway retaining wall

This example illustrates a staged calculation: 6 temporary stages and 1 final stage.
Several types of failure surfaces have been analysed for each stage.

e

Stage 7: final stage
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Stage 1 / Situation 1 (automatic search, passage point at the bottom of the wall)

-1ol x|
Options  Help
0[5[@] & 2] ©] 2 8|t romsse] (@] = [ =[] ] m[2[%]
-60 -50 -40 -30 20 10 [] 10 20 30 40 50 4 Stage 1
! | ! | ! | 1 | 1 | ! | ! | [ ! | 1 | 1 | 1 | ! .
770- A 1 154 - # Autatangent 2
E 187 148 # Railway 3
E | Stage 2
E 1 Stage 3
| pe! 1 Stage 4
o0 2h - | Stage 5
E 182 1% . | Stage B
- 141 s
- . |.::\ 1 Stage 7
E 150
7e0- . 282
- 202 .
| 143
] + .
E B3l 154 .
a0~ 136 .
E . 140
E 240
E .
= 131
710=
7on-
60~
= Caleulation method : Ferturbations
680~ Setof parial safety factors : Clouterre fund/standard temp
- Fmin=1.25
&l |
= TALREN 4 License : TERRASOL 18980/ Test
j Metwork hardlock Seale: 11878
Stage 1 / Situation 2 (automatic search, first circle tangent to layer 3)
£ TALREN 4 v1.17e - C:\Program Files', TALREN 4 ang'.Examples',Examples prj\highway wall.prj =
File Edt Wew Stagesand condiions Calculation and results  Options  Help
Dlﬁ‘lﬁlél{::!l@lpll ijemdatsl J—llil ’}:l’%—l!l
-70 -60 -50 -40 -30 -20 -10 a 10 20 30 40 50 I 60 4 Stage 1
| 1 | I | 1 | 1 | I | 1 | I | 1 | 1 [ 1 | I | 1 | I | 1 E
E 2 .
= 152,
e B . . s 2
E I 2 ane
o0 () A ) Stage 3
g ! - ] Stage 4
= 3 [ 5tage §
E . _15tage 6
750 182 . | Stage 7
E 148
E .

~.
Lo B

E]
=]

= ]
g F]
FoaolanooHaan

ssu; Caleulation method : Perturbations
- Setof partial safety factors : Clouterre fundistandard temp

——= Fmin=1.33
]
= License TERRASOL 18980Test
BF TALREN 4 | nardick Scale 11938
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Stage 3 / Situation 1 (automatic search, passage point at the bottom of the wall)

£ TALREN 4 v1.17e il ALREN 4 ang'Examples’Examples pi way wall.prj -0 EI
File Edit Wiew Stages and conditions Calculation and results  Options  Help

||| &|s]o 0 zl=s(El=
1 \-m Iu I

El Project dahal —'-|

70 G0 50 -30 10 .’ru 30 40 50 60 70 4 Stage 1
Mo llonallnrnnllnnr s Ml ! [lnwrnllinsnlhrnnfinnnlnananallinnaflnnnlnnnlnnon sl lnon & Autowall 1
# Auto tangent 2
“‘H # Railway 3
* .
1532 151
473
.
171
.
438
L] 120 .
152
.
s . 303
152 “mHBl:\ .
- 141 «
|132|;Q‘. 15

680° Calculation method | Perturbations
= Setof partial safety factors | Clouterre fundistandard termp
= Fmin=1.4
4 |
x Scals: 171050

MNetworle hardloclk

Stage 3/ Situation 2 (automatic search, passage point at the base of the SNCF slope)
£ TALREN 4 v1.17e | Lpri =10l x|

File Edit ‘iew Stages and conditions Calculation and results  Opt

Dlﬁ“‘lﬂl@li:ﬂl@l,@ll|:REE:|ijamdata| —'-|

40 .30 .20 10 0 10 J a0 a0 50 60 70 E-_4 Stage 1
o | 1 | 1 | I | I | I | 1 | 1 | 1 | | I | 1 | 1 & Autowall 1
0~ 130 -
- . 2 # Auto tangent ...
] e 147 e ® Raitway 3
= . 134 . 1Gtage 2
] 134 4 2p4
N » 155
N 148
[*5 1 134
- .
3 185 132,
N . 149
7 151 *
E 142
N 134 -
730 .
E + 143
: 156 %, (L6
3 T as L
= 0 * 170
138

=

=

=
T

@
o
=]

=
@
=1

Calculation method | Perurbations
- Setof partial safety factors : Clouterre fund/standard temp
azg~Fmin=13
A | T
= License : TERRASOL 18980/ Test
JF TALREN 4

MNetwork hardiock
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Stage 6 / Situation 1 (automatic search, passage point at the bottom of the wall)

-0 x|
File Edit View Stages and conditions Calculstion and results  Options  Help
D@ G| ]o] oo |8 rorwe] = (0] =] =% k| =[2%|
70 -60 -50 -40 -30 -20 -10 o 10 20 30 40 50 50 70 80 o0 | =—_4 Stage 1
el llnnesnllnanallonnllonnn s ool nnnllnnsdlon oLl [N RN PN RN RPN AURPY PPN RWRRN PP FUVUN ERAN | PRPRYPer FUVVY[ERS  Auto wall 1
= 3
mnE 156 [~ | # Autotangent ...
0 . ® Railway 3
E 71 {1 Stage 2
= _dStage 3
780= 1 ® Wall 1
E # Railway 2
= ¢ . . +
E F72 217 333 .
7roc
e .
E 184 1
_; # Railway 2
7o0= Teso ae8 a0 ] 5tage 7
= .
E 2712 .
750> 314 .
E N 12700
E 183
a0 Jt 2%
e 215 .
E 6128
E .
73 242 .
E 280 N
= - 30,63
E 228
720~
E .
E 295 .
= 144
710=
7o
oo

Calculation method : Petutbations
i3t of partial safety factors : Clouterre fund/standard ternp
Fmin = 1.65

4

=
@
=]

. o

FF TALREN 4

License : TERRASOL

Metworlc hardlock

189800 Test

Seale: 11173

Stage 6 / Situation 2 (automatic search, passage point at the base of the SNCF slope)

£ TALREN 4 ¥1.17e - C:\Program Files4 TALREN 4 ang*Examples’Examples priihighway wall.pri [ 3]
Fle Edit Wiew Stages and condiions Calculation and results  Options  Help
D|2|E|&[0[P] || 8| Hilrpees| ~|Q| = | B[] k| =2 F|
70 60 50 -40 30 20 ET) o 10 20 30 40 50 60 70 80 ‘ - _4 Stage 1
Mhnanllananllnnnallnnsflonsdlianaflsson lanaflassallassflasoslandlasnallasslonnal o ool [fosallansnllannnflunnallananlnannlbssallnnsn/lnadlanalan Lol o © Auto wall 1
H . =
E 1358 # Auto tangent ...
780 - ‘ rlligu
= # Railway 3
E +-_ | Stage 2
E —}-_4 Stage 3
[770= * Wall 1
E # Railway 2
E - | Stage 4
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= 74 Btage &
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E . 2
750 £ | Stage 7

740

=
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=
o

“.
=
AN

=3
o
=]

" Calcuiation method : Perturbations

_= Setafpartial safety factors : Clouterre fund/standard temp
= Fmin =133

4

ty

License : TERRASOL

F TALREN4

Metwork hardlock

18980 Test

Scale: /1128
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Stage 7 (final) / Situation 1 (automatic search, passage point at the bottom of the wall)

Z TALREN 4 v1.17e - C:\Program Files TALREN 4 ang'EramplesEramples prjihighway wall.prj - E||1|
File Edit Yiew Stages and conditions Calculation and results  Options  Help
D|S|Q[&[=]0| o |56 | paccana] =@ =] %[%| K| =|3[F]
70 -60 -50 -40 -30 20 -10 o 20 30 40 50 60 70 20 =—_4 Stage 1
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E # Railway 2
75075 .
E 40,05 J
o
- .
E E<rey]
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720_5
710_E
700_E
590—5 Calculation method ; Perturbations
= Betof partial safely factors : Clouterre fundistandard permanent
| = Fmin=1.47 -
4 | 3
= TALREN 4 License TERRASOL 18980 Test
X Metwork hardlock i L
Stage 7 (final) / Situation 2
(automatic search, passage point at the base of the SNCF slope)
Z TALREN 4 v1.17e - C:\Program Files TALREN 4 ang'ExamplesExramples prjihighway wall.prj - Dlil
File Edit Yiew Stages and conditions Calculation and results  Options  Help
D|2|Q[&[=] 0|9 |5 B[] pacene] ~|E| =] %[5 K| =|2[F]
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z ] Stage 2
== 5% |E-_45tage 3
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E # Railway 2
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E | Stage &
= F-_4 Stage 6
on= e * Wall 1
- # Railway 2
E =-_4 Stage 7
E ® Wall 1
R L JRailway 2
4 .
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mu_E
E
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— TAL REN 4 License TERRASOL 18980/Test
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Stage 7 (final) / Situation 2
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(automatic search, passage point at the base of the SNCF slope, shadings display)

£ TALREN 4 v1.17e - C:\Program Files\TALREN 4 ang'Examples'Examples prj\highway wall.prj =10l %I
File Edit Yiew Stages and conditions Calculation and results  Options  Help
ol E| 2| 2] 2 5| 8| ] roetom] =|@] =] =[5 E] =
70 -60 -60 -40 -30 -20 =10 1] 10 =_4 Stage 1
oo ! ‘ ! ! ! * Autowall 1
# Auto tangent ...
3 # Railway 3
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