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B.1. Introduction

B.1.1. Presentation of K-Réa

K-Réa is used to study the behaviour of planar or circular retaining walls subjected to a
series of construction phases, using the reaction coefficients calculation method.

K-Réa analyses two types of projects:
e “Single wall” projects: for a single retaining wall;

ol

Figure B1 : Examples of “single wall” projects

o “Double wall” projects: for two walls joined by a set of anchors.
Note: in this manual the term double wall refers to both double walls and back walls.

e

or

Figure B2 : Examples of “double wall” projects

K-Réa runs in a Windows® environment, which makes the interface intuitive and particularly
simple to use for data input. In addition, the graphical display of the calculation phasing
allows “real time” monitoring of the input of validated actions.

The main steps in the definition of a project are as follows:

1.

Define general project data: project type (single wall or double wall), units system
(metric or imperial), hydraulic options, consideration of 2" order moments and
activation of ULS checks;

Define characteristics of soil layers (numerous wizards are available);

Define wall properties (several wizards are available);

Define calculation phasing: creation of phases and choice of actions in each
phase (excavations, installation of anchors, etc.);

Start calculations;

Display results.

Part A of the manual is devoted to installation of the K-Réa software.

8/147
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This part B presents all the interface elements and summarises the operations to be
performed for defining and exploiting a K-Réa project.

Part C of the manual is devoted to the technical manual defining the theoretical framework of
the calculation methods used in K-Réa.

Part D gives application examples, tutorials and details K-Réa interface operations.

B.1.2. Conventions

B.1.2.1. Units

Two units systems are available in K-Réa: the metric system and the imperial system. The
metric system can itself be broken down into 3 subsystems based on kN, MN or t. The units
system is chosen for each project in the Data, Title and Options Menu.

The K-Réa calculations are performed for a unit length of wall, so virtually
all the data and results are relative to this convention. The /ml (per linear
metre) or /Ift (per linear foot) unit is explicitly recalled for all the parameters
defined per unit length (data and results). If this suffix (/ml or /Ift) is absent,
this means that the parameter in question is not expressed in terms of unit
length.

*——

The following table gives the correspondences for each type of physical quantity between the
“metric (kN)” and “imperial” units systems. The (/ml) or (/Ift) suffix is also added to the
physical quantities expressed per unit of length or surface.

Physical quantity Unit in the metric system Unit in the imperial system
Distance or elevation m Ft
Displacement mm In
Force KN/ml Kip/Ift
Pressure KN/m/ml Kip/ft/Ift
Unit weight kKN/m? Kcf
Product of inertia kKNm?/ml| Kip.ft?/Ift
Linear stiffness KN/m/ml Kip/ft/Ift
Surface stiffness KN/m?/ml ksf/Ift
Moment kKN.m/ml Kip.ft/Ift

Table B 1: Correspondence between metric and imperial units systems

In this manual, the units corresponding to each type of data or result will be given in “metric
(kN)” system and “imperial” system. However the “metric (MN)” and “metric (t)” systems are
also available in the software.

B.1.2.2. Double wall projects

For double wall projects, K-Réa uses the notation Wall 1 to designate the left-hand wall and
the Wall 2 to designate the right-hand wall.

For wall 1 it is advisable to define that which will have the longest construction phasing. This
is not an obligation, but a simple recommendation for optimising the operations during
definition of the phasing.

For a double wall project, each side of each wall is identified by convention using the
following notation:
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o ‘“Left” or “Right/E.2R” for wall 1 (left-hand wall);
o ‘“Left/E.2R” or “Right” for wall 2 (right-hand wall).

B.1.2.3. Sign conventions

These are described in part C of the manual.

B.1.2.4. Conventions concerning phasing actions

All the phasing actions are graphically represented in the K-Réa interface. What is taken into
account in the calculation therefore corresponds to what is represented on the screen.

All K-Réa projects consist of an initial phase and a set of standard phases. As indicated by
its name, the initial phase is used to define the status of the soil prior to any interaction with
the wall; in other words, this is a stress and resistance initialisation phase. The actions
applicable during this particular phase are listed below:

e Hydraulic action;

e Excavation and Backfill actions;

e The reduced earth pressure action, which is in fact only applicable in the initial phase;
e The Caquot Overload and Boussinesq Overload actions.

During the standard phases, a large number of actions is proposed. These are placed in
action groups, each dealing with a particular aspect of the problem being studied.
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These actions are summarised in the following table:

Group Actions
Hydraulic Hydraulic action
Earthworks Excavation ()
Fill ™

Installation of sheeting (soldier pile) @

Soil properties Redefinition of soil layers®)
Imposed pressure diagrams ¢

Wall properties Modification of wall stiffness®)
Modification of wall structure ©®

Anchors Tie ®
Strut(®)
Circular waling ©)
Clamping(”
Surface support ©)
Linear anchor ©)
Slab anchor @)

Loads — Forces - Moments Caquot overload ®
Boussinesq overload ©)
Graux overload ®
Line force ©
Linear moment ©
Horizontal load ©

Action (X) is applicable:

(1) once per phase / wall / side. In a given phase, the "Excavation" and "Fill" actions cannot
coexist on the same side of the wall;

(2) only on the wall sections concerned by the “reduced active earth pressure” action defined in

the initial phase;

once per phase / wall / side / soil layer;

per phase / wall / side as many times as necessary;

per phase / wall as many times as necessary;

per phase / wall / side as many times as necessary. This action can also be modified and/or

deactivated during phasing;

(7) per phase / wall as many times as necessary. This action can also be modified and/or
deactivated during the course of phasing;

(8) per phase as many times as necessary. It is only accessible in double wall projects. This
action can also be modified and/or deactivated during the course of phasing;

(9) per phase / wall as many times as necessary. This action can also be modified and/or
deactivated during the course of phasing.

All the actions are presented in detail in chapter B.5.
B.1.3. K-Réa v4 data file extension

The extension of the K-Réa v4 data files is .K4P. Only this file is necessary when you wish to
exchange your calculation data with another K-Réa v4 user.

K-Réa v4 can be used to read and import K-Réa v3.1 projects. The extension of the K-Réa
v3.1 data files is .K3P.

K-Réa v4 can also be used to read and import K-Réa v3.0 projects. The extension of the
K-Réa v3.0 data files is .KRP.
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B.2.

B.2.1

General presentation of interface

. Start window

K-Rea v4.0.1.16 — *

-Reg VL

Software for retaining walls design with "subgrade reaction coefficients” calculation method.
K-Rea, K-Rea v3 are Terrasol registered trademarks. c’ terrasol

contact: software@terrascl.com

Inter Deposit Digital Number: IDDN.FR.001 4%0026.002 R.C.2003.000.30500 setec
Key type Language
i Local E Network I . Francais
s —
M i3 Espafiol

Demonstration
||

License granted to: Terrasol ] [

Figure B3 : K-Réa start window

The start window is used to:

Choose the language to be used by the K-Réa interface;

Select the type of licence you have. If you do not have a licence, you will only be able
to access the demonstration mode;

Start the K-Réa software;
Send an email to the Terrasol Software Departement;
Access the Terrasol website (click the Terrasol logo).

The installed version of K-Réa is also indicated.

12/147
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B.2.2. Main window

The main window of K-Réa is used to access all the functions available for defining a project.
The secondary windows correspond to the data input windows, wizards or results.

A

= E e

Fle ~ Data  Wiards  Seve Caloulte Resuls EC7checkigs | Help
[ (@ Poo I @ P ] (@ P02 I @ Po3 | @ros x ‘ (@ Pos I @ Pos ] @ Po7 I - } ~ List of available actions Prive radier
Displacements [mm] R
Hydraulic act -] [ >
draule acton @ Wall 1-Slab
2 Earthworks @ wal2-siab
& Excavation - [
4 Soils properties
R New sol properties -] [
Wall properties
4 —
7 Wodification of wall bending stiffiess | (=
@
AL Anchors. Seismic calculation =]
-1z t t + + Anchor ~| (*] [ envelope
20 10 i 10 20
Loads - Forces - Moments
m m Caquot surcharge = [
Moments [kNm/ml] Shear forces [kN/mi]
12 12 Definition of a slab
8 8 “
i ActivationiDeactivation
4 4
0 [ :-- @ Activate
. . > j H
- Hodity -
-1z -1z + + + Definition of a slab
600 -400 200 [ 200 400 600 300 -200 -100 0 100 200 300 d
Slab n® 1
zbase: -2.00 m
@ wal 1 Earth resistance ratio: Charts legend H 1.00 m ‘
Owarz R1=2513 — Characteristic values - o6 .
©) Grouped R2=3.248 — Design values .
Ks 1430000 N/ .
Slab and linking anchors are the only
[] Prestress. interactions taken into account between
the two walls. There is no interaction
Comments | Drawing setiings N Operate unde o A
R considered between the two walls
Operate under compression through the soil.

Figure B4 : Main window

The following are displayed in the main window:

The title bar specifying the project name and file path;

The menu bar, described in detail in chapter B.2.3;

The buttons bar and menu lines, presented in chapter B.2.4;

The project cross-section, presented in the form of a tab per phase;
The phasing management frame, detailed in chapter B.4;

A “Comments” tab, which will be printed in the graphic summary of the phase (1
comment per phase);

A “Drawing settings” tab, used to display the characteristics of the actions. This tab
concerns the entire project;

The unit and elevation (or depth), corresponding to the position of the mouse when it
is on the drawing of the project cross-section, shown at the bottom left of the graphic.
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B.2.3. Menus
El K-Rea - Z:\Logiciel TS\03 - K-Rea\K-Rea 4\K-Rea vd\K-Rea v(...)s\102_Etape 4_Ecran double.K4P - O X
& ¢ B 7 E ) @
File: Data Wizards Save Calculate Results ECT checkings Help

Figure B5 : Main menu

The menus are accessible simply by clicking their title and can call up sub-menus. They are
used to manage all the functions linked to the Windows® environment and those specific to
K-Réa.

B.2.3.1. File menu
This menu allows access to various file and print options.

EI K-Rea - Z\Logiciel T5\03 - K-Rea\K-Rea £\K-Rea vA\K-Rea v4 Examples\ 102d_Example2 K4P

G W = = @

File Data Wizards Save Calculate Results ECT checkings Help

L | New Ctri+h
\= Cpen Ctrl+0
H save Cirk+S
E;' Save as... Ctrl+Maj+5
- Print Ctri+P/

o Program options.
Z\Logiciel T3\03 - K-Rea\K-Rea 4\K-Rea v4\K-Rea v4 Examples\102d_Example2.K4P
Z\Logiciel TS\03 - K-Rea\K-Rea 4\K-Rea v4\K-Rea v4 Examples\102_Etape 4 Ecran double K4P
Ed Quit
Figure B6 : File menu

The sub-menus are described below:

o New | |: define a new project by accessing the first K-Réa dialogue box (Title and
Options).

e Open 5: access the operating system tree to select an existing project to be
opened. The project file extension in K-Réa v4 is ".K4P". It is also possible to import
projects created with older versions 3 and 3.1 of K-Réa, for which the project files
carry extensions ".KRP" and ".K3P" respectively, by changing the extension filter
(drop-down list at bottom-right of window).

e Save H: save the data input in the file corresponding to the current project.

e Save as [ : save the data input in a file other than that activeoine. The name given
to the new file must comply with Windows® writing format.

e Print = : access the print dialogue box. This function is only accessible if the project
has already been calculated.

e Program options _:: display the default settings: the folder in which the project files
are saved and the unit system:
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] Program options >
Default settings
Project files default folder location:
CAExamples
Unit system:
(@) Metric, kN, kNim? () Metric, MN, MNim® () Metric, t, tm? ) Imperial
| Cancel | | Walidate and Quit |

Figure B7 : Program options

o History: this display groups shortcuts for the last five projects opened. Direct access
is only possible provided they have not been moved or deleted.

e Quit & : quit current project.

B.2.3.2. Data menu

This menu gives access to the dialogue boxes defining the project data: the project type
(single wall or double wall), the calculation options, the characteristics of the soils and of the
wall(s). The content of these boxes and their use are described in detail in chapter B.3.

Data )

Asc Title and options

@ Soil layers

ﬁ Retaining wall

Figure B8 : Data Menu

o Title and Options =< : choice of the project type, input of a title and definition of the
calculation options (units, calculation pitch, ULS checks, 2™ order moments,
advanced options, etc.).

e Soil layers definition [E : definition of the characteristics of the soil layers (intrinsic
parameters, characteristics of the soil-wall interaction). In the case of double wall
projects, a “soil model” is allocated to each wall so as to be able to differentiate
between the layers specific to wall 1 and those specific to wall 2.

e Retaining wall definition & : definition of the characteristics of the wall(s)
(dimensions, properties).

B.2.3.3. Wizards Menu

This menu is used to access the wizards dialogue boxes to determine the active/passive
earth pressure coefficients and the reaction coefficient, as well as to define the load cases.
The content of these boxes and how they are used are described in detail in paragraphs
§B.3.2 and §B.3.5.
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|
Wizards )
E Table for active and pas=ive earth pressure J KERISEL and E.ABSI
E COULOMB active and passive earth pressure formula
RAMNKINE active and passive earth prezsure formula
E Subgrade reaction coefficients

Ij’ Definition of lnads cases
Figure B9 : Wizards Menu

Table for active and passive earth pressure J. KERISEL and E. ABSI & : determine
the active and passive earth pressure coefficients as a function of the internal friction
angle and the characteristic values needed for reading of the
J. Kérisel and E. Absi tables (see § B.3.2.2 and part C of the manual);

COULOMB active and passive earth pressure formula [ : calculate the active and
passive earth pressure coefficients using the sliding wedge method (see § B.3.2.2
and part C of the manual);

RANKINE active and passive earth pressure formula B : calculate the active and

passive earth pressure coefficients using the Rankine formula (see § B.3.2.2 and part
C of the manual);

Subgrade reaction coefficients @ : evaluate the reaction coefficient using the Balay

or Schmitt formulas or by reading the Chadeisson curves (see § B.3.2.4 and part C of
the manual);

Definition of load cases [ : create load families used to examine the influence of
several load combinations in a single project (see § B.3.5 and part C of the manual).

B.2.3.4. Calculate/Results/EC7 checks Menus

The 3 menus enable to start the calculation and explore the results.

—a _| E;:j
Calculate Results ECY checkings
Figure B10 : Calculation/Results Menu

This menu is used to manage the calculations and results.

Calculate D start calculation of the whole project;

Results 1: open a window containing the summary of results and the envelope
curves, preceded by a summary of the data and followed by results per phase in the
form of graphics and tables;

EC7 checks & : open the EC7 checks if they were activated in “Title and Options”.

Three types of checks are available: passive earth pressure safety check, vertical
equilibrium and stability of the anchoring block (Kranz).

16/147
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B.2.3.5. Help Menu

2

-

Help
i About
¥ Updates history
E] MainForm.Coentrol.ianuall
l@ Terrasol Website
Figure B11 : Help Menu

This menu is used to access the following options:

About @ : gives information about the software (the version number in particular)
and access to information about the system;

Updates history @ . opens the file logging the various software updates;

Terrasol website @ : link to the Terrasol website where the manuals are available in
the “Downloads” section.

B.2.3.6. Phasing management

Phasing is managed using the context menu on the tabs of each calculation phase (right

click.

@ P02 x | (@ Po3 ] (@ Po4 ] @ P05 ‘
B Add
3 Insert

44 Move to the left | ‘

+% Move to the right

£ Delete
= | Results
fig ECT checkings

Figure B12 : Phasing management Menu
Add: creates a new calculation phase after the last phase created. It is also possible

to add a phase by clicking the tab to the right of the last phase! * I

Insert: inserts a new calculation phase before the phase selected;

Move to the right: modifies the calculation phases sequence by moving the selected
phase forward by a single position in relation to the others;

Move to the left: modifies the calculation phases sequence by moving the selected
phase backward by a single position in relation to the others;

Delete: deletes the selected calculation phase after confirmation;

Results: opens the results window for the selected phase, accessible if the project
has already been calculated;

EC7 cheks: opens the checks window for the selected phase;

These modifications are applied in the context of phasing management presented in chapter

B.4.2.
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B.2.3.7. Keyboard short-cuts

Some of the menu options previously described can be accessed directly. The following list
summarises all the keyboard shortcuts available in K-Réa (some of them are also explained
in the menus):

e Ctrl+N: creates a new project;

e Ctrl+0O: opens a file to be selected from the file explorer;
e Ctrl+S: saves the current file;

e CtrI+Shift+S: saves the current file under a new name;
e Ctrl+P: opens the print wizard dialogue box;

e Ctrl+Q: starts calculations;

e Ctri+A: interrupts calculations;

e Ctrl+R: opens the results window.

B.2.3.8. Context menus

These additional menus are not permanently displayed in the K-Réa main window. Right-
clicking certain zones calls them up.

Context menu for graphics and tables

Each results graphic or table has a specific context menu. This context menu is accessible
by right-clicking the graphic or table in question.

A right click inside the frame of a graph calls up an export wizard for exporting the graphic in
image format:

Export wizard >

Choose an option to export datas
() Buffering image
Buffering selected datas (xlz)
Buffering selected datas (csv)

@ Send selected datas to image file (.png)

Z\Logiciel TS\03 - K-Rea\K-Rea 4\K-Fea v4\K-Rea

Send selected datas to Excel (. xls)

Export | | Cancel

Figure B13 : Help Menu

o Copy to clipboard as an image: copies the graphic in image format to the
Windows® clipboard so that it can be pasted into a document (Microsoft Excel®,
Microsoft Word®, etc.);

e Save as image (.png): creates an image file with extension ".png" in your
environment.

18/147 Copyright © K-Réa v4 — 2016 — March 2022



‘; terrasol

setec

B — User’s Manual K-Réa v4

Note: the other export formats are shaded because not applicable to graphics. They are
functional when exporting tables.

Right clicking in a table (see figure below) calls up a table export wizard:

e Copy to clipboard (xIs) = copies the selected table in Excel format to the Windows
clipboard so that it can be pasted into a document (Microsoft Excel®, Microsoft
Word®, etc.);

o Copy to clipboard (csv) = copies the selected table in CSV format (values
a document (Microsoft Excel®, Microsoft Word®, etc.);

. . , ion " xls" taining th

e Save as Excel file (.xIs) & creates an Excel file with extension ".xIs", containing the

| pata | Resuts syntnesis | envelope phases 1103 | 1:Phase1 [ 2 phase2 | 2:Phases

Display
T Calculation converged after 4 iteration(s).

@) Tables

phk phk uk uk sv.k svk pak pak pbk pbk
foﬂ x?‘;‘g;“’[’; ; Deptceisg kN":"‘;‘m k:";:‘ St:trurs :g':: LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT LEFT RIGHT kN;‘r:m kz ‘,’r‘n
m] b 1 ¢ ) ¢ g [kN/mimi} [kNdm/mi] [kN/m/mi} [kN/mJmi] [kNm/mi]) [kN/mimi] [N/ [kN/mimi} [kNdm/mi] [kN/m/mi) I 1l I )
14.00 -260157 0.00 0.00 excav. elast. 0.00 14.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1858 14.08 0.00
13.80 -260214 -0.37 421 excav. elast. 0.00 3071 0.00 0.00 0.00 627 0.00 0.63 0.00 3123 307 -073
1380 -260214 -0.37 -4.21 excav. elast. 0.00 3338 0.00 0.00 0.00 627 0.00 0863 0.00 3123 3338 073
1360 -260699 -1.82 -9.85 excav. elast. 0.00 2298 0.00 0.00 0.00 1251 0.00 125 0.00 4383 2298 -184
1360 -260699 -1.82 -9.85 excav. elast. 0.00 2298 0.00 0.00 0.00 1251 0.00 125 0.00 4383 2298 164 |5
13.40 -262123 -4.17 -13.40 excav. elast. o 1284 nnn nnn 00 1868 0.00 1.87 0.00 56.30 1254 -1.94
13.40 -262123 -4.17 -13.40 excav. elast. g Export wizard x 1868 0.00 1.87 0.00 56.30 12.54 -1.94
1320 -2164832 -7.05 -15.05 excav. elast. 2477 0.00 a4 0.00 68.60 455 -1.85
Cheese an option te export datas
1320 -2164832 -7.05 -15.05 excav. elast. 2477 0.00 a4 0.00 68.60 455 -1.85
13.00 269002 1018 1653 excav. elast. Buffering image 3076 0.00 7.57 0.00 8067 961 -187
13.00 -2:69002 -10.19 47.45 excav. elast. O Buffering selected datas (xls) 3076 0.00 7.57 0.00 2067 961 -187
12.80 -271679 -0.92 45.08 excav. elast. O Buffering selected datas (csv) 3661 0.00 1087 0.00 5249 14.04 -1.40
12.80 -271679 -0.92 4508 excav. elast. 3661 0.00 1067 0.00 5249 14.04 -1.40
1280 269989 778 4184 excav. elast. Frrilezzanlinms e Te(e) 232 0.00 1389 0.00 10401 1838 07
1260 -269989 778 4184 excav. elast. 4232 0.00 13.69 0.00 104.01 18.38 -1.07
12.40 -264247 15.75 aTT4 excav. elast. 4788 0.00 16.63 0.00 11523 2260 -0.70
@ Send selected datas to Excel (xis)

12.40 -264247 15.75 3774 excav. elast. 4788 0.00 16.63 0.00 11523 2260 -0.70
1220 254850 2282 3281 excav. elast alK-Rea 4\K-Rea v4IK-Rea v4 Examplesitabled xis 5328 0.00 1945 0.00 12614 2666 028
1220 -2.54850 2282 32381 excav. elast. 5328 0.00 19.43 0.00 126.14 2666 -028
12.00 242276 2883 2700 excav. elast. S el 5852 0.00 2225 0.00 13672 3083 018
12.00 -242276 2883 27.09 excav. elast. 8 5852 0.00 13.56 0.00 155.30 2243 018
11.80 -2.27053 R 223 excav. elast. 0.00 2613 0.00 0.00 0.00 63.60 0.00 16.25 0.00 165.57 26.13 0.55
11.80 -227053 77 223 excav. elast. 0.00 2613 0.00 0.00 0.00 6360 0.00 16.25 0.00 165.57 2613 0.55
1160 -2.09680 3767 16.66 excav. elast. 0.00 29.55 0.00 0.00 0.00 68.54 0.00 18.86 0.00 175.53 29.55 0.96
1160 -2.09680 3767 16.66 excav. elast. 0.00 29.55 0.00 0.00 0.00 68.54 0.00 18.86 0.00 175.53 29.55 0.96
11.40 -1.90696 4039 1043 excav. elast. 0.00 3264 0.00 0.00 0.00 7333 0.00 21.39 0.00 185.21 3264 1.43
11.40 -1.90698 4039 1043 excav. elast. 0.00 3264 0.00 0.00 0.00 7333 0.00 21.39 0.00 18521 3264 1.43
1120 -1.70704 41.80 363 excav. elast. 0.00 3534 0.00 0.00 0.00 7799 0.00 23.86 0.00 19461 3534 1.96
1120 -1.70704 41.80 363 excav. elast. 0.00 3534 0.00 0.00 0.00 7799 0.00 23.86 0.00 19461 3534 1.96
11.00 -1.50364 41.81 =367 excav. elast. 0.00 37.58 0.00 0.00 0.00 8252 0.00 26.25 0.00 20376 37.58 255
1100 -1 50364 4181 -3ART EXCAV elast 0non A7 58 nno 000 nono 8252 000 2625 000 202 7R 7 58 288 T

Forces in anchors (characteristic value)

Print
Strut n*1 | longitudinal force 63.97 kN/ml - it

Figure B14

: Results table context menu
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Summary tables context menu

The same menu as described above appears when right clicking on the table in the data tab,
where it is possible to export the definition of soil layers. The copy to clipboard option is also
accessible for the wall definition table.

| Results — m}
Data | Results synthesis | Envelope phases 1 to 8- Wall1 | Envelope phases 1108-Wal2 | 1:Phase 1 | 2:Phase2 | 3:Phase3 | 4:Phase 4 | 5:Phases | 6:Phases [ 7:pn -+
Walls
@) wall 1
() wall 2
GENERAL SETTINGS
Units system: Metric, kM, ...
Weight density of water: 10.00 kNim®
Number of iterations: 100
Calculation step: 020m
Taking account of anchors ... No
Project definition: Cotes Export wizard 5
S0OIL PROPERTIES Choose an option to export datas
Buffering image
Layer z W Y ¥ P O i c kpc kh dkh Galp Gplp
m m UM KNmE Buffering selected datas (xis) KNITE... KNI
Sits 5.00 0.00 2000 10.00  30.00 O Buffering selected datas (csv) o0 0.000 10000 O 0.660  -0.330
Vases -5.00 0.00 19.00 9.00  25.00 Send selected datas to image fie (.png) 387 4264 3000 O 0660 -0.330
WMarl -11.00 0.00 2000 10.00 30.00 37 4935 100000 O 0660 -0.330
WaLL PROPERTIES @) Send selected datas to Excel (xls)
lea\K-Rea 4\K-Rea v4\K-Rea v4 Examples\data.xls C]
z0 5.00m
m KNmR/ml RNIE RNimvml
1 -13.25 18104 0 147

Figure B15 : Soil layers definition table context menu

20/147 Copyright © K-Réa v4 — 2016 — March 2022



‘; terrasol

setec

B.2.4.

B — User’s Manual K-Réa v4

Buttons bar and menu items

Each menu item has an icon illustrating the corresponding action. They are listed below:

Buttons corresponding to the items of the File menu |T|

€] ] [=] [m] [ D

el

Initialises creation of a new project;
Opens an existing project from file explorer;

Saves changes to current project;

Saves current project under a new name and/or path;

Opens print dialogue box (only accessible if the project has already been calculated);

Opens the “Program options” dialogue box (default choice of project files folder and

unit system);

Closes current project.

Buttons corresponding to items of Data menu |_|

AL

B

Opens the “Title and Options” dialogue box;
Opens the “Soil layers” definition dialogue box;

Opens the “Retaining wall” definition dialogue box.

Buttons corresponding to items of Wizards menu lﬁ|:

@ & [=)n)[s

KERISEL and ABSI active and passive earth pressure coefficients wizard;
COULOMB active and passive earth pressure coefficients wizard;
RANKINE active and passive earth pressure coefficients wizard;
Subgrade reaction coefficients wizard;

Load cases wizard.

Buttons corresponding to items of Help menu |§|:

@l (@ [s] [

Opens the “About” K-Réa window;
Opens the updates history;
Opens the K-Réa manuals;

Opens the Terrasol website.

Copyright © K-Réa v4 — 2016 — March 2022
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Buttons

] [ [@

Save: saves the current project;
Calculate: starts the calculations for the current project;

Results: displays the project results (only accessible if the project has already been
calculated);

EC7 checks: displays the results of the Eurocode 7 checks (only accessible if the
project has already been calculated), if they were requested upstream in the “Title
and Options” window.

B.2.5. Overall procedure for defining a new project

This paragraph summarises the procedure to be followed for defining data, running the
calculation and viewing the results of a K-Réa project:

1.

W

5.
If a

Start K-Réa and select the type of licence to be used: Local, Network or Demonstration.
Demonstration mode gives access to all K-Réa functions but does not enable a
calculation to be started;

Click| ox |

Choose New Project;

In the Title and Options dialogue box, define the type of project (Single wall or Double
wall) and fill out the general project options. If necessary, activate consideration of 2™
order moments, ULS checks and define the corresponding parameters. Then click
| Validate and Quit ‘;

Save the project.

Single wall project was selected:

6.

10.

11.
12.

In the Soil layers definition dialogue box, define the parameters of the various soil layers
using the available wizards. These data can be imported from the general soils database
or conversely saved in the database, then click: | Vaiidate and Qut|.

In the Retaining wall definition dialogue box, define the characteristics of the wall using
the wizard, then click: | Veisszandout |.

Apply the actions of the initial phase via the Choice of actions frame. Once the action
has been correctly defined, its graphical representation appears in the phasing
management tab. At the same time, the action is given a green tick &@ in place of the red
cross &, the behaviour of the associated phase tab is the same if all the actions have
been correctly defined;

Click tab + in the phasing management frame to add a phase. Apply the required
actions to the new phase via the List of available actions frame;

Repeat the previous step until the final phase is performed;

Start calculations by clicking the Calculate D button on the buttons bar;

Finally, click the Results ZI button on the buttons bar to view the results. They contain a
synthesis, envelopes and results detailed per phase. If the ULS checks were activated in

“Title and Options”, the results of these checks can also be accessed via button | &

22/1
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If a Double wall project was selected:

The principle is the same as for a Single wall project. By convention;

10.

11.
12.

e Wall 1 corresponds to the left-hand wall, its actions are shown in black in the actions
definition frame;

o Wall 2 corresponds to the right-hand wall, its actions are shown in blue in the actions
definition frame.

Phase 5

e Wall 1 - Linking anchor
@ Wall1-Fil
&@ Wall 2 - Linking anchor
@ WallZ-Fil

Figure B16 : Double wall project: List of actions

In the Soil layers definition dialogue box, fill out the soil model parameters for wall 1,
using the available wizards. These data can be imported from the general soils database
or conversely saved in the database;

Choose tab “Wall 2”, define the soil model for wall 2 repeating the same approach as
followed for wall 1, or click | imprtmeser | to import the soil model of wall 1, then click
| walidate and Quit |

In the Retaining wall definition dialogue box, define the characteristics of wall 1 using
the wizard if necessary;

Choose tab “Wall 2”, do the same as for definition of the characteristics of wall 1 or click
| mporimosel | to import the properties of wall 1 to those of wall 2, then click | vaisie and aut |

clicking tab | = ). The only difference lies in the definition of actions, each of which also
needs to be assigned to one of the two walls;

Start calculations by clicking the Calculate button E| on the buttons bar;

Finally, click the Results button | 1| on the buttons bar to consult the results. On each of
the tabs in the results window, it is possible to switch between the wall 1 and wall 2
results.

This summarised procedure is described in detail in the rest of this document and through
the tutorials provided in part D of the manual.
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B.2.6. Operation of the updater

By default, the K-Réa shortcut activated at initial installation of the software starts K-Réa
(TerrasolUpdater).

The Updater allows for automatic updating of the K-Réa software. The TerrasolUpdater utility
automatically logs into an updates server to check whether a new version of the K-Réa
software is available. If it is, it prompts the user to update their software and they may then
either accept or refuse.

o If they accept, the Updater downloads and installs the update then automatically
starts the K-Réa software;

o If they refuse, the Updater does not install any update and automatically starts the
K-Réa software.

Finally, if no new update is available, the Updater automatically starts the K-Réa software.

If a user is several updates late when starting the Updater, they are all proposed in turn. If
the user refuses a given update “n”, the following ones (n+1, etc.) are not proposed, until
update “n” has been accepted.

When no internet connection is available, or the various security gateways prevent access to
the updates server, the Updater does not appear and starts the K-Réa software directly.
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B.3. Project data

Data input, except for phasing, is performed through 3 dialogue boxes: Title and Options,
Soil layers definition and Retaining wall definition, all accessible from the Data menu. An
additional dialogue box, in the Wizards menu, can be used for Load cases definition.

Chapters B.3.1 to B.3.3 describe the working of the Data menu dialogue boxes using the
case of a single wall project.

Chapter B.3.4 gives the input particularities of double wall projects.
Chapter B.3.5 is devoted to the definition of load combinations.
B.3.1. Title and Options

B.3.1.1. General options

The project general options are to be defined in the Title and Options dialogue box
accessible from the Data menu.

[H] Title and options *

Title / Project number Project type

Calculation title: |Example1

Project number: Example1

Units

Units system: (@) Metric, kN, kNim? () Metric, t, tim?
[ ! Metric, MM, MN/m? [ ! Imperial Simple wall Double wall
Definition of the project in Calculation options
Depths — . Warning: Activation of checks
Number of iterations per phase: 100 requires to define the nature
Additi | check Calculation step: 0.20 m of the phases and loads.
fHonnalchecks Please check the nature of
Perform the ULS checks [T] Accounting for 2nd order moments the phases and loads already

defined in your project.
Approach 2 (EC7 .. |= [ .|

Advanced calculation options

Curves display Water options
Same horizontal scale for curves Water weight: W kNI

Language for output Hydraulic gradient definition mode:

[ ! French 0 English [ | Espaiiol ° HIETITE : QeSS | Cancel | | Validate and Quit

Figure B17 : “Title and Options” dialogue box (single wall project)
This dialogue box is divided into frames presented below:

o Title / Project number: this zone is used to input a Title and a project reference
(filling out not mandatory);

e Units: it is possible to work in the metric system (kN, MN or t) or the imperial system.
The units chosen are valid for the input data and results. If the project input data
already exist, K-Réa converts these values to the new system of units;

o Definition of the project in: this option is used to orient the vertical axis upwards
“Levels” or downwards “Depths”. It is valid for all project levels and can no longer be
modified once the project has been created. The “Levels” option is selected by
default;
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Additional checks: this frame is used to activate the ULS checks, in particular
concerning the passive earth pressure safety checks, vertical equilibrium and stability
of the anchoring block (Kranz). The set of partial factors chosen by default
corresponds to the 2/2* approach of standard NF P94-282, although the sets resulting
from the other Eurocode 7 approaches are also available. Modification of an existing
set or creation of a personalised set is feasible by clicking the button to the right of the
drop-down list| ... | (see chapter B.3.1.2);

These checks are accessible for both single wall and double wall projects.

Calculation options: in this frame it is possible to take account of 2" order effects
(see Part C of the manual) by simply ticking the corresponding box (“Accounting for
2" order moments”, which is unticked by default). It is also possible to modify the
maximum number of iterations per phase, by default equal to 100, as well as the
calculation step, corresponding to the wall breakdown step, by default given a value
of 0.20 m (or 0.66 ft in the imperial system).

In this same frame, a button gives access to the advanced calculation options, the
content of which is illustrated in the following figure.

il Advanced calculation options X
Calculation options Kranz options

Allowance of the convergence: 0.00M Taking account of anchors sealing length (Kranz):

Accuracy of geometry interpretation: 0.001 m Calculation method for Kranz Spiral surface (Bishop) -
Calculation method for bank/berm: Simplified method - Slices number: 100

Maode

Activation at the activation phase | Calculation step: 5.00

Activation at the activation phase
Activation in 2 steps if a prestress iz defined

| Cancel | | ‘Walidate and Cuit

Figure B18 : “Advanced calculation options” dialogue box

The “Calculation options” frame is used to specify the following:

o The relative tolerance controlling convergence, by default set at 104;

o The accuracy of geometry interpretation (in m), by default equal to 10 m, or one
mm;

o The choice of calculation method for banks and berms:

» Equivalent loads: the effect of a bank or berm is simulated by
superposing overloads equivalent to their weight. This approach is not
recommended, in accordance with standard NF P94-282;

» Simplified method: the effect of a bank or berm is simulated in
accordance with the approaches proposed in appendix D to standard
NF P94-282;

= Slope calculation (line surfaces): the effect of a bank or berm with
respect to the limit active/passive earth pressure diagrams is estimated
using the kinematic yield design method considering plane rupture
kinematics;

» Slope calculation (arc surfaces): the effect of a bank or berm with regard
to limit active/passive earth pressure diagrams is estimated using the
yield design kinematic method considering rotational failure kinematics
with arcs of logarithmic spiral.

o Anchors work mode (except for embedded anchors): it is possible to choose
between operation as of the activation phase or operation only as of the next
phase (then only pre-stressing is taken into account in the activation phase). This
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choice applies to all the anchors which will be defined in the project (see part C of
the Manual for the theoretical differences between to these two options);

o Reference method for recalculation of ka/ky: to be chosen from the three methods

available: Kérisel (corresponding to the Kérisel and Absi tables), Coulomb and
Rankine.
Comments: Depending on the parameter applied to the tangent of the friction
angle (y., see B.3.1.2), the friction angle calculation value may differ from its
characteristic value defined by the user. In this case, the values of ki/k, will be
automatically recalculated by the calculation engine. The above option can be
used to set the recalculation method for these parameters.

The “Kranz Options” frame defines the parameters for checking the stability of the
anchoring block (Kranz):

» Taking account of anchors embedded length in the equivalent anchor
force calculation for a wall anchored by several tie-rods. This option is
activated by default.

= Calculation method for Kranz for examining the limit equilibrium of the
anchoring block: slices method (Bishop) with a choice between Planar
Surface or Spiral Surface, or yield design method with multi-spiral failure
surface.

The theoretical aspects of these options are detailed in part C of the manual.

o Curves display: by ticking the “Same_horizontal scale for curves” box, a common
scale is assigned to all the graphics presenting the same type of result. By default,
this box is not ticked.

¢ Language for output: these buttons are used to select the language used to print
the project. The default language corresponds to that chosen by the user on opening
K-Réa. If a different language is chosen during definition of the project, only project
printing will be affected and not the interface.

o Water options: this frame is used to declare the water weight and the hydraulic
gradient definition mode (Potentials or Pressures). By default the water weight is
taken as equal to 10 kN/m?® (0.0624 kcf in imperial system) and the hydraulic gradient
is defined in terms of hydraulic potentials.

e Project type: this frame is reserved for the choice of the type of project (Single wall
or Double wall) by selecting the corresponding icon. If a double wall project is
selected, K-Réa asks for input of the distance between the two walls, in the Double
wall options frame. As this chapter is devoted to the single wall case, refer to
chapter B.3.4 for the particularities of double wall projects.
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B.3.1.2. Definition of partial factors dialogue box

Wizard for the definition of partial factors - Approach 2 (ECT - NF P84-282) X
SSIM | LEM
Actions Effect of actions
Soil - Water - Wal Forces and mobilized passive earth pressure YE 1.00
Limit active soil pressure pa 1.00
Soil parameters
Water pressure Ypw 1.00
. Cohesion ¥ 1.00
Wall weight YW 1.00
Friction angle Yo' 1.00
Loads applied on soil Undrained ghear strength: Ye,u 1.00
Permanent YG 1.00 Undrained friction angle: Ypu 1.00

“Wariable Y 1.00 -
Resistances

Loads applied on wall Limit passive earth pressure

¥G,inf 1.00
Permanent favorable ' permanent phase ¥pb,D 1.00
Permanent unfavorable G, sup 1.00 T TTEs Ypb.T 1.00
Wariable unfavorable Y0,sup 1.00
Anchor and linking anchor
X X | PP E—— Anchor strength Yanc 1.00
Methed for automatic ka'kp calculation: Kerisel -
Destabilising force on anchor block Ykrz 1.00
Unit values | | Default values | Approach used: Approach 2 (EC7 - ... | = Cancel | | oK

Figure B19 : Partial factors definition dialogue box

This window is used to view and modify the partial safety/weighting factors used in the ULS
calculations and checks. Two sets of parameters are available, each grouped under a tab
LEM |, one corresponding to the SSIM calculation and the other to the LEM. Some
parameters are common to the two sets of parameters and can be modified in the SSIM tab
and only viewed in the LEM tab.

The default values proposed are those resulting from one of the approaches (1, 2 or 3) of
Eurocode 7 and its French application standard NF P94-282. It is however possible to modify
them to adapt to application of other regulatory references.

The | pefautvaies | button is used to reset the factors with the values corresponding to the

approach chosen from the “Partial factors” drop-down list, which is also summarised in the
title of the wizard window.

The| untwswes | button is used to assign a value of 1.0 to all factors. In this way, it is possible
to run checks without applying any weighting.

The definitions of the various factors are presented below:

Actions and Effects of actions:

e Soil — Water — Wall: factors applied to the limit active soil pressure (ypa), water
pressure (ypw) and weight of the wall (yw);

¢ Loads applied on soil: factors applied to overloads acting on the soil as a function of
their nature (permanent y¢ / variable yq);

¢ Loads applied on wall: factors applied to overloads applied directly to the wall as a
function of its nature (permanent/variable) and their  character
(favourable/unfavourable). Several possible combinations: permanent favourable
(yainf), permanent unfavourable (ycsup) and variable unfavourable (yq,sup);

o Effect of actions (ye): factor applied to the forces, loads and mobilised passive earth
pressure.
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Resistance parameters:

* Yo : applied to soil layers cohesion for drained behaviour;

o vy : applied to the tangent of the friction angle of the soil layers for drained
behaviour;

*  Yeu : applied to soil layers cohesion for undrained behaviour;

* You : applied to the tangent of the friction angle of the soil layers for undrained
behaviour;

Resistances:
e 7vpbp and ypu1 : applied to the soil limit passive earth pressure as a function of the
nature of the phase (permanent or transitory respectively);
®  Yanc : applied to the resistance of anchors;

®  Yikrz : applied to the destabilising anchor force when checking the stability of the
anchoring block (Kranz).

The yanc and yir> factors apply exclusively for an SSIM type calculation.

The following table summarises the set of default values proposed for the SSIM model, for
each calculation approach:

Approach
Category Partial factor Symbol 1.1 1.2 2/2*(") 3
Soil-Wat Limit active soil pressure YPa 1.35 1.00 1.00 1.00
V\?Ellli ater water pressure YPw 1.35 1.00 1.00 1.00
Weight of wall Tw 1.35 1.00 1.00 1.00
Load Permanent Ye 1.00 1.00 1.00 1.00

applied on |Variable

soil Ya 1.11 130 1.11 1.30
Load Permanent favourable YG,inf 1.00 1.00 1.00 1.00
applied on |Permanent unfavourable YG.sup 1.35 1.00 1.00 1.35
wall Variable unfavourable YQ,inf 150 1.30 1.11 1.50
Effects of actions YE 1.00 1.00 1.35 1.00

Cohesion (drained behaviour) Yo 1.00 125 1.00 1.25
Soil Friction angle (drained behaviour) Yy 1.00 125 1.00 1.25
parameters |Cohesion (undrained behaviour) Yeu 1.00 140 1.00 1.40

Friction angle (undrained behaviour) You 1.00 1.40 1.00 1.40

Limit passive soil pressure —

Permanent phase Ypb,D 1.00 1.00 1.40 1.00

. Limit passive soil pressure —
Resistances Transitory phase Ypb,T 1.00 1.00 1.10 1.00
Resistance of anchors Yanc 110 1.10 1.00 1.00
Destabilising anchor force (Kranz) Yirz 1.00 1.00 1.10 1.00

Table B 2: Default values of partial factor sets proposed in Eurocode 7

(") Model 2* is only valid for the SSIM method (see part C of the manual for more details and
in particular for the values proposed for the LEM model).
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B.3.2. Definition of soil layers

B.3.2.1. Soil characteristics definition dialogue box

This dialogue box is accessible by clicking the Data menu then Soil layers. For each wall, it
is used to define the intrinsic parameters and the characteristics defining the soil-wall
interaction (behaviour law).

Soil layers O X
Select the line to edit
. Layers z v v 9 c dc kh  dkh pmax
M iy o g g BEhar Bl m., W RV ey Kk kec ke b0t Balp Bplp  kaymin i
1 Bank 12.00 18.00 9.00 Drained 33.00 0.00 0.000 0.455 0.249 6416 0.455 0.455 0.000 0.000 100... O 0.667 -0.... 0.100 10000.00
2 Sandyloam 2.00 20.00 10.00 Drained  30.00 5.00 0.000 0.500 0.282 4.980 0.500 0.500 1.238 6283 8000 0 0667 0. 0.100 10000.00 Data summary and
3 Finesands -200 20.00 10.00 Drained 3300 100 0000 0455 0248 6416 0.455 0455 1.154 7169 250.. 0 0667 -0 0.100 10000.00 Se|ecti0n table
Validation of this window will reset the LEM coefficients. Delete | ‘ — | ‘ Validate Soil
Phreatic level v 5.00m
Characteristics of the layer
Name Bank [ |
General Behavior law
z 1200 m | Automatic wizards | [C] Modify advanced parameters
¥ 16.00 {jrnlcy k0: 0.455 | k0 |
v 9.00) km* kay: 0.249. | kayikpy |
—T — — Input frame
Behavior: Drained - kpy: 5.416 | KA | p
P 33.00 ° kac: 0.000 o
- _ | kacikpc |
o 0.00 kN/m* kpc: 0.000 —
kh: 10000 KNfR/m | kh |
Balp: 0.667
Bpip: 0857

Validate and Quit | Cancel and Quit ‘ | Show soil database

Figure B20 : Soil layers characteristics dialogue box

The dialogue box is divided into two parts. At the top, a summary table showing all the data
and enabling a layer to be selected. At the bottom, an input frame for defining or modifying
the characteristics of the layer selected in the summary table, and for accessing the Soils
Database by clicking | Show scidstabase |,

The soils database (DB) is used to keep a record of the soil layer and its characteristics.
They can thus be reused to define a new soil layer. To save a soil layer, after validating the

(L]

soil in the summary table, click | shewseisatsbase | then the purple arrow || pointing to the right.
Conversely, if one wishes to use a layer already in the memory, click | Shewseidstasse | then

=

select the layer required by clicking it and then clicking the purple arrow | ™| pointing to the

left. A layer can be removed from the memory by selecting it and then clicking the trash can
icon under the list.

Once input of a layer is complete, click the summary table in the upper part to validate it or
click the | vsisai=soi | button and then|  Mew | to begin input of a new layer or | Vaisateand Quit |
to end input of all layers. The soil layers are automatically reorganised as a function of their
upper level (z). A soil layer can be deleted by clicking|  peet= |,

In the input zone, it is first of all necessary to enter zy: initial level of the top of the water table
(m, ft). This level is common to all the soil layers which will be defined by the concerned wall.
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In the other boxes one must then define the characteristics of the soil layers, beginning with
the upper layer:

Name of soil layer;

Colour assigned to the soil layer: a simple click on the colour associated with the soll
layer displays the colour selection dialogue box (see chapter B.3.2.5).

General Frame:

level of head of layer (m, ft);

z
Y wet unit weight (characterising the soil situated above the groundwater table)
(kN/m3, kcf);

Y buoyant unit weight (characterising the soil situated below the groundwater
table) (kN/m3, kcf);

Behaviour: drained or undrained (the choice only impacts the safety factor on
cohesion and internal friction angle)

Q: internal friction angle (°);
c: cohesion (kN/m?, ksf);

dc: variation in cohesion per unit depth in the layer — the reference being the initial
head of the layer (kN/m?/m, ksf/ft);

8./ : obliquity of limit active earth pressure stresses (ratio between angle of active
pressures and angle of internal friction);

S/ : obliquity of limit passive earth pressure stresses (ratio between angle of
passive pressures and angle of internal friction).

Behaviour law:

ko : horizontal active earth pressure coefficient at rest;

ka :  horizontal active earth pressure coefficient;

ke, :  horizontal passive earth pressure coefficient;

kac :  horizontal active earth pressure coefficient applied to cohesion;
kec :  horizontal passive earth pressure coefficient applied to cohesion;
kn : horizontal soil reaction coefficient (kN/m’/ml, ksf/Ift);

dk, : variation in horizontal soil reaction coefficient per unit depth in the layer — the
reference being the initial head of layer (kN/m’/m/ml, ksf/ft/Ift);

kq : unloading ratio of soil;

k: : reloading ratio of soil;

Kay,min: Mminimal active earth pressure coefficient (horizontal);
Pmax : limit pressure not to be exceeded (kKN/m/ml, kip/Ift).

A tick box is used to activate the advanced parameters (dc, dkn, Ka, Kr, Kay,min @nd pmax) SO
that they can be modified. When this box is not ticked, these parameters take the following
default values:

dc = 0 (KN/m?m, ksf/ft);
dkin = 0 (KN/m’/m/ml, ksf/ft/Ift);

Ka = Ko;
kr = Ko;
kay,min =0.10;

Pmax = 10* (KN/m/ml, kip/Ift).
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Two additional buttons are accessible under the soil characteristics frame. The | cancelandquit |
button cancels the modifications made and closes the dialogue box, while the | Vaidaieand ut |
button saves the latest inputs before closing the window.

Caution: closing dialogue boxes by clicking the cross at the top-right of the window will close
them without saving any modifications made (equivalent to clicking the | canceland auit | button).

Wizards are available for determining the various coefficients and are accessible via the
buttons in the dialogue box.

Clicking the | awmcwses | button enables the values of the ko, Kay, Koy, Kd, Kr, Kac @and Kkpc
coefficients to be calculated in one go, according to the following choices:

e ko: Jaky formula for a normally consolidated horizontal soil (OCR
overconsolidation ratio = 1 and  “TN angle” = 0°);

e ks : Kerisel and Absi wizard — Active earth pressure, weighted soil, no overload for

a vertical wall and a horizontal soil (A “obliquity of wall” = 0° and B “Ground level
angle” = 0°);

o kg : Kerisel and Absi wizard — Passive earth pressure, weighted cohesionless soill,
no overload for a vertical wall and horizontal soil (A “obliquity of wall” = 0° and
B “Ground level angle” = 0°);

o ki=k= kO;

o |f cohesion is nil, then: kac = kpc = 0;

o |f cohesion is not nil: kac and kye are obtained using the corresponding wizard (no
value to be input, this wizard already knows everything)

The button located next to each coefficient can be used to access the corresponding wizard
for a manual definition of the parameters of the behaviour law.

All the wizards are described in the following chapters.
These wizards are accessible via:
¢ Initial definition of soil layers;
o Definition of a bank or berm (fill) (see chapter B.5.2.2);
¢ Redefinition of soil layers (see chapter B.5.3.1);
o Definition of LEM coefficients (see chapter B.5.7.1);
e or, independently of the current project, via the Wizards menu.

CAUTION: WIZARDS ARE PROVIDED TO HELP THE USER, WHO HOWEVER REMAINS
RESPONSIBLE FOR THEIR USE.
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B.3.2.2. Wizards for determining active and passive earth pressures

Wizard ka/Kp, calculates the values of the active and passive earth pressures using one of
the three methods proposed:
e reading the Kerisel & Absi tables

¢ the Coulomb sliding wedge method
e the Rankine formula

The theoretical bases used by these wizards are detailed in part C of the manual. This
chapter simply describes how they are used.

a) KERISEL and ABSI active and passive earth pressure tables

This wizard takes the form of a dialogue box as illustrated below. It comprises a free
consultation part (right-hand side) and a settings part to determine coefficients by
interpolation (the actual wizard — left-hand side).

The values of the friction angle and those of the obliquities input in the soil layers
characteristics definition box are automatically recovered.

Tables for active and passive earth pressures - J. Kerisel and E.Absi x
:Passive earth pressure - Weighted cohesionless =oil, no surcharge - |
(W\zard \(Tablss reference \
A Angle between the wal OB and the 0.00 By 02 = oile -1 =
9" Friction angle: 15.00 : . = = = N = " "
LambdaVPh? |10°  15°  20° 25 30° 35 400 45
ace DA &
B: 50° 1000 1300 1550 -
. ey 45 1010 1220 1410 1690 2100
E 40 1120 1260 1410 1760 2200 2800
- 35°| 1000 120 1280 1500 1.800 2200 2800 3.800
Fre 0.000 HE | 30° 1080 1250 1460 1760 2100 2700 3500 4.800
257 1180 1380 1640 2000 2500 3200 4400 6.300
20° 1270 1500 1840 2300 2950 3900 5400 7.800
Seed v et 2050 _— 15° 1350 1850 2050 2600 3400 4600 6300 10.400
elected value (inclined) g
{ ! | Jransder | 10° 1430 1780 2250 2950 3900 5500 8000 12600
Selected value {horizontal): 2019 | — | 5 1510 1900 2450 3400 4500 6500 9900 16.500

0* 1570 2050 2700 3600 5100 7.600 12000 21.000
-5 1630 2150 2900 4000 5800 9.200 14100 26.000
References: ‘Tables de poussée et de butée des terres'; 107 1680 2250 3100 4400 6600 10.500 16.000 34.000
J. KERISEL et E. ABSI ; Presses de I'ENPC 157 1720 2350 3300 4800 T7.500 12300 21500 42.000
-20° 1740 2450 3800 5400 2500 14400 26000 53.000

m

-25° 1780 2550 3300 5500 9800 16.300 32000 61.000

q ¢ Y -30° 1770 2600 4000 6400 10.800 19200 33000 B84.000

i A -35° 1770 2700 4200 7000 12200 22500 46000 106.000

o -’_7’ -40° 1750 2750 4500 7.500 13.600 26.000 S5.000 134.000
—————————————— _ﬂ ’,” -45° 1720 2600 4700 8200 15.200 30.000 &1.000 168.000

-50° 1680 2.650 4500 &S00 17.000 35.000 81.000 210.000
E -55° 1640 ZE50 5100 9600 19.000 41.000 81.000 265.000
P Y -60° 1570 2850 5300 10.300 21.500 41.000 117.000 340.000

6_ ':" ™ . -85° 1480 2850 5500 11100 23500 55.000 142000 420.000
: ) -70° 1400 2800 5700 11500 26500 63.000 170000 530.000
R -75° 1300 2150 5300 12800 29500 74000 205000 660.000

-80° 1170 2650 6.000 13.200 33.000 36.000 250.000 240.000
-85° 1.030 2550 6.100 14.800 37.000 100.000 300.000

- AS
Figure B21 : Kerisel and Absi active and passive earth pressure tables

The type of table to be used should be selected from the drop-down list at the top of the
screen:

Passive earth pressure - Weighted cohesionless soil, no surcharge i~

Passive earth pressure - Weighted cohesionlezs soil, no surcharge
Active earth pressure - Weighted cohesionlezs soil, no surcharge
Weightless cohesionless soil, with surcharge

The contents of the “Tables reference” (right) is updated according to the type of tables
selected.
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In the "Wizard" frame, enter the data needed to determine the (active or passive earth
pressure) coefficient in the input frame at the top-left of the window:

o A : inclination of wall (i.e. angle between wall and vertical) - 0° by default (°);
o @ : soil friction angle (°);

e PBle :angle of soil free surface normalised by ¢;

e Jdlgp :obliquity of stresses to the normal of the wall normalised by ¢;

e a : obliquity of overload on free surface (°);

e QO : angle between free surface and wall (= /2 + 3 - 1) (°).

The chosen value corresponding to the input data is displayed at the bottom of the interactive
frame, plus the horizontal value which is that used in the calculations.

This value can then be transferred to the layer data currently being input, by using the
| menser | button. To close the wizard, click | @t |,

Note 1: The transfer button only authorises values calculated with a zero wall inclination
(A=0) in order to comply with the reaction coefficients calculation method. The values
calculated with a inclination other than zero (A#0) may be consulted but are not directly
usable with the calculation method, which is why they cannot be transferred to the project.

Note 2: K-Réa performs linear interpolation for values which are not given in the tables.
CAUTION: WIZARDS ARE PROVIDED TO HELP THE USER, WHO HOWEVER REMAINS
RESPONSIBLE FOR THEIR USE.

b) COULOMB active and passive earth pressure formula

This wizard takes the form of a dialogue box as illustrated below:

E\ Coulomb x

g:  Friction angle: 15.00|

B Angle between the ground surface and the 0.00 *
horizental:
A Angle between the wall and the vertical: 0.00 *

Bip:  Angle between the lateral earth pressure and | -0.667

Type kpy value

@) Passive pressure 2132 (inclined &)

) Active pressure 2.099 (herizontal)

k 1 N Transfer || Quit ‘

Figure B22 : Calculation of active earth pressure coefficiemts using the Coulomb sliding wedge method

The values of the friction angle and of the angles input into the soil layers characteristics
definition box are retrieved automatically.

1) Select the type of calculation:
e Active pressure;

e Passive pressure.
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2) Input the data needed for the calculation:

o @ : friction angle (°);

e B : angle between the ground surface and the horizontal (°);

o A : angle between the wall and the vertical — 0° by default (°);

o Jdlo : angle between the lateral earth pressure and the normal of the wall.

The calculated values (inclined and horizontal) are displayed at the bottom-right of the
window. They may be transferred to the data of the layer currently being input by clicking the
| menser | button. To close the wizard, click | aut |,

Note 1: The transfer button only authorises values calculated with a zero wall inclination
(A=0)in order to comply with the reaction coefficients calculation method. The values
calculated with an inclination other than zero (A#0) may be consulted but are not directly
usable with the calculation method, which is why they cannot be transferred to the project.

CAUTION: WIZARDS ARE PROVIDED TO HELP THE USER, WHO HOWEVER REMAINS
RESPONSIBLE FOR THEIR USE.

¢) RANKINE active and passive earth pressure formula

This wizard takes the form of a dialogue box as illustrated below:

El Rankine k4

Friction angle ?

Inclination of the slope B

Coefficient of horizontal active 0.589
earth pressure kay:

Coefficient of herizontal passive 1.698
earth pressure kpy:

’
Bl S
= | Quit

|| Transfer |

Figure B23 : Calculation of earth pressure coefficients using the Rankine method

Input of the friction angle ¢ and inclination of the slope B values is sufficient to calculate the
active and passive earth pressure coefficients using the Rankine formula. Their horizontal
projections are displayed in the lower part of the window.

Note: the wizard automatically retrieves the friction angle input in the soil layers
characteristics definition box.

These values can then be transferred to the data for the layer currently being input by
clicking the | mansfer | button. To close the wizard, click | aut |,

CAUTION: WIZARDS ARE PROVIDED TO HELP THE USER, WHO HOWEVER REMAINS
RESPONSIBLE FOR THEIR USE.

B.3.2.3. Wizard for determining coefficients kac and kpc

This wizard proposes a calculation method to determine the active and passive earth
pressure coefficients applied to the cohesion term.

Copyright © K-Réa v4 — 2016 — March 2022 35/147



c’ terrasol

B — User’s Manual K-Réa v4 setec

The formulas used are given in part C of the manual. Only the use of the wizard is described
below.

This wizard takes the form of a dialogue box illustrated below:

E kac/kpc wizard *

balp": 0.667
Gpip” -0.657
@ = Friction angle: 15.00

a = Angle between the active earth pressure

= Angle between the passive ea EREUre

kac:  1.740 | Transfer |

kpc:  3.715

? | Quit |

Figure B24 : Calculation of coefficients kac/kpc

Input the data necessary for this calculation:
e Jale :ratio between obliquity of active earth pressure stresses and friction angle;
e Jpl/e :ratio between obliquity of passive earth pressure stresses and friction angle;
o @ : friction angle (°).

Note: the wizard automatically retrieves the values input in the soil layers characteristics
definition box.

The values of kac and kyc are displayed in the bottom-left of the window.

These values can then be transferred to the data of the layer currently being input by clicking
the | manster | button. To close the wizard, click | aut |,

CAUTION: WIZARDS ARE PROVIDED TO HELP THE USER, WHO HOWEVER REMAINS
RESPONSIBLE FOR THEIR USE.

B.3.2.4. Wizards for determining the reaction coefficient

This wizard proposes three methods for determining the reaction coefficient: application of
the Balay formula, application of the Schmitt formula and reading of the Chadeisson curves.

The theoretical bases used for these 3 methods are detailed in part C of the manual. Only
the actual use of the wizard is described below.

The wizard takes the form of a single window, the upper part of which contains the choice of
calculation method and a recapitulation of the values determined, the central part of which
contains the parameters to be input for the calculation and, finally, the lower part of which
contains the proposed value of ki, and the comments associated with the methods used.
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Once the in?ut ?arameters have been entered, the value of kh obtained can be transferred
Transfer

using the button.
Subgrade reaction wizard *
Evaluation method
@ Balay () Schmitt () Chadeisson
Summary of$lculated valuesl l
kh = 69779 62107 11307 ktfm2fml
Pressuremeter modulus Em: 10000 kN/m®
Rheological parameter a: 0.033 [ Wizard ]
Dimensicnnal parameter a: 033 m [ ? ]
Value calculated for kh: 69779 KH/m=ml
Quit l [ Tranfer
References
J. BALAY ; 'Recommandations pour le choix des paramétres de calcul des
écrans de souténement par la méthode aux modules de réaction” ; Mote
dinformation technique ; LCPC ; 1984

Figure B25 : Calculation of subgrade reaction coefficient - Balay method selected
a) BALAY formula

The following parameters must be input:
e E.. pressuremeter strain modulus (kN/m?, KsF) of the soil layer
o soil layer rheological coefficient
Note: a wizard is provided for determining this coefficient (can be consulted
simply by clicking the adjacent | wia== | button). It is extracted from the
Fascicule 62 (LCPC-SETRA).

Determine the rheolegical coefficient alpha X
Soil type Status
() Clay
() Loam
@) Normally consolidated or normally sgueszed

Sand

Sand and gravels

Rock
Alpha Transfer
a= 1.000 Quit

Fascicule 62 (LCPC-SETRA)

Figure B26 : Determination of rheological parameter o
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a: parameter to be defined as a function of wall embedment depth, the supported
height and the relative position of the layer concerned with respect to the bottom of
the excavation. The dimension of parameter “a” is a length. A help diagram illustrates

the choice of this parameter (see Figure B 27).

Note: in certain special cases (same layer encountered on either side of
bottom of excavation), the choice of parameter “a” requires differentiation
between 2 layers with the same characteristics except for the value of kn. This
latter must be calculated for each side of the wall, allocating the appropriate
value to parameter “a”.

E' Help picture >
""""" AR cEmmEEEEm WY
20
RN | — D
1/30 ] a=1/3D
CasoiD>H, CasouDzH,

Figure B27 : Help diagram for defining dimensional parameter a

b) SCHMITT formula

Input parameter:

Em:  pressuremeter strain modulus of the layer (kN/m?, ksf);

o rheological coefficient of the layer. A wizard is available for determining this
parameter by clicking |  Wead= |

Section: if the El product of the wall has already been input in the Retaining Wall
definition window, the “Section” parameter gives direct access to the El values for
the various wall sections. If not, this parameter may be left blank;

El: average product of inertia of the wall (kN.m*ml, kip.ft%/Ift).

The interest of this approach is that it takes account of the variation in the reaction coefficient
with the stiffness of the wall: the stiffer the wall, the smaller the reaction coefficient, which is
an accurate reflection of reality.

38/147
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() Balay

Subgrade reaction wizard

Evaluation method

Summary of calculated values

() Chadeisson
11307 Ih/m2/ml
kMim®

41227

c) CHADEISSON curves

Figure B28 : Calculation of reaction coefficient - Schmitt method selected

kh = 40133
Pressuremeter modulus Em: 2000
Rheological parameter a: 0.333
Section: 41227

Wall average bending:

Value calculated for kh: 40133

References

Wizard

kNmefml

KNim#ml

Quit l [ Tranfer

P. SCHMITT ; ‘Méthode empirique d'évaluation du coefficient de réaction du
=0l vis-8-vis des ouvrages de souténement souples’ ; RFG n*71 ; 1885

The curves are read automatically after inputting the cohesion value and that of the friction
angle. It is possible to check the value of k, proposed by direct reading of the curves.

Subgrade reaction wizard

X

Evaluation method
[ : | Balay
Summary of calculated values

kh =

Cohesion ¢

Friction angle @:

See curves

Value calculated for kh: 11307

) Schmitt

'E}' Chadeisson

11307 kn/mz/ml

kNim®

kNim3ml

Values proposed for kh according to this wizard are calculated
with eguations approaching the Chadeisson curves.

References

A, MONNET ; "Module de réaction, coefficient de décompression au sujet des
paramétres utilisés dans la méthode de calcul élasto-plastigue des

souténements’ ; RFG n"66 ; 1994

Chadeisson curves should not be used for loose soils. They were
drawn for concrete diaphragm walls from 0.6m to 0.8m thickness,

built in compact soils.

Chadeisson curves

Chadeisson curves

55

/i

1
=)
s
&+

Cohesion (kPa)

—— 7000 kMfro2fral
—— 8000 kMfrmfml
—— 9000 kMfmfml
—— 10000 krdfrzfml
— 11000 khjm{m|
12000 kRjmfml
—— 13000 khymral
—— 14000 kNymral
—— 15000 kidjmzml
—— 20000 kidjmml
—— 30000 khjmfml
40000 khfmfm|
—— 50000 khjm2fml
—— 60000 khymral
—— 70000 kMdjmafml
—— 80000 kMjmml
—— 90000 kijmml
100000 kMfm?2fml
— 120000 kMNfm?2fml
—— 140000 kNl

kh = 11307 kNim?ml

Figure B29 : Determination of reaction coefficient from the Chadeisson curves

The original curves were only approximately recreated. There may thus be a slight difference

between what can be seen on the screen and what the user can do on paper.
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B.3.2.5. Colour of layers

This wizard is accessible by opening the Data menu, then Soil layers definition, as well as
in the Fill action. This action triggers opening of the soil layers definition dialogue box. Then
click the layer colour to be modified in order to open the “Colours” wizard.

This enables a colour to be chosen other than that selected by default at creation of the soill
layers. If the modifications are validated, the soil layers will appear with the new colours in
the project cross-section.

Soil layers O X

Select the line to edit:

= Layers % ¥ Y [] de kh dkh pmax
c names m oov. (pew | [) (pev |pewm | KO ERY | v | W koo kac ) ke gy (B3| SRR | levmin |

1 Clays 1 14.00 2000 10.00 1500 500 0000 0741 0528 2019 0741 0741 1740 3715 14000 0 0667 06.. 0.100 700.00

2 Clays 2 12.00 20.00 10.00 1500 10.00 0.000 0741 0.523 2018 0741 0.741 1740 3715 15000 0 0657 -06.. 0.100 200.00

3 Sand 10.00 20.00 10.00 3500 0.00 0000 0426 0227 7.345 0426 0.426 0.000 0.000 40000 0 0657 -0.6.. 0.100 50.00
validation of this window will reset the LEM cocfficients. —— l I — ] [ O——
Phreatic level zw: (400 |m

Characteristics of the layer

Hame:  [Clays 1
General Behavior law
) —_ 7 Moty advanced parametes
'S 20.00 KN/m® ko: 0.741 kd: 0.741 kd = k0
¥: 10.00 Kh/me kay: 0.529 kr = 53761 0.741
kpy: 2019 Kay,min 0.100
I 15.00
— kac 1740 pmax 70000 | KNimiml
c .00 Khim?
[ kpe: 371
e 0.000 Ki/mfm
kh 14000
Baly: 0657
dkh: 0
Bp/e: 0867
Validate and Quit Show soil database
Couleurs >

Couleurs de base :

"THAENEN
EEEENT
IHEEET

Couleurs personnalisées

rrrrrrr
rrrrrrr

Définir les couleurs personnalisées ==

sore

Figure B30 : Choice of soil layer colours
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Retaining wall definition

B.3.3.1. Retaining wall definition window

This dialogue box is accessible by clicking the Data menu then Retaining Wall definition. It
is used to define the wall characteristics needed for the calculation.

] Retaining wall X | | H] Retsining wall

X

[ circular wall Wizard => | Circular wall

Walltop levet 0= 1400 Waltop levet 0= 1400
zpase El
) KNmi]

41227

5 w . zbase
D [kitfmim] 0 ]

»o1200

w R
[khmim) )
1000

£l
[eNme/m)

»o1200 10.00 41227

Delete. Delete.

Al the values (datas + results) displayed in the software relate to the wall
unit length (1m/1ft).

All the values (datas + results) displayed in the software relate to the wall
unit length (1m/1ft).

Validate and Qui | cancelangaut || | | valdateandout | | canceland aut

Figure B31 : Retaining Wall definition:
Plane wall (left) and circular wall (right)

The check box at the top of the dialogue box can be used to activate definition of a circular
wall if the wall has circular stiffness (see right-hand figure).

The wall is defined by:

Zo : level (elevation or depth) of top of wall (m, ft);

Zpase . level (elevation or depth) of base of wall or lower level of sections
making up the wall (m, ft);

El product of inertia of wall (kN.m?/ml, kip.ft¥Ift). This parameter can be
determined for each section with the wizard proposed (| Wzrd== | button described
in next chapter);

w surface weight of wall (KN/m#/ml, ksf/Ift). The “Sheet pile wall” wizard
on the right automatically transfers this value at the same time as the product of
inertia;

If the wall has cylindrical stiffness, the user must enter the following parameters after
ticking the box (circular wall):

R: : cylindrical stiffness of wall (kN/m3, kip/ft3).

R average radius of wall (m, ft).

o

o

THE WIZARDS PROVIDE THE USER WITH HELP BUT THEIR USE REMAINS THE
RESPONSIBILITY OF THE USER.

To close the wall definition window, click either | vsisstesndaut | to save the wall model or
| cancelandut | to abandon the last modifications made.

Copyright © K-Réa v4 — 2016 — March 2022

41/147



c’ terrasol

B — User’s Manual K-Réa v4 setec

B.3.3.2. Wizards for determining wall stiffness

K-Réa proposes several wizards for three types of wall families: continuous wall, composite
wall and sheet pile wall. They can be accessed from the wall definition window (Data menu,
then Retaining wall definition).

For each family, specific data are requested for calculation of the El product and the R. value
if the “Circular wall” option is activated.

The theoretical bases used by these various wizards are detailed in part C of the manual.
Only the actual use of the wizards is described below.

a) Continuous wall

This wizard is used to calculate the El product (and the cylindrical rigidity Rc as applicable) of
a continuous wall.

Continuous wall | Composite wall I Sheet pile wall

Young's modulus E: 1E+007 kM/m* Long term concrete (10 GPa) I

User defined

Leng term concrete (10 GPa)
Wall thickness e: 0.50 m Short term cencrete (20 GPa)

Fresh concrete (30 GPa)

Steel 210 GPa

El product: 180000 kNm*ml

Transfer

Figure B32 : Determining the El product for continuous plane walls

X

Centinuous wall | Composite wall ] Sheet pile wall ]
oung's modulus E: 1E+007 kM/m® Long term concrete (10 GPa) I
Circular wall radius r: 1.10 m User defined

Long term concrete (10 GPa)
Wall thickness e: 0.60 m Short term concrete (20 GPa)

. . . Fresh concrete (30 GPa)

D Diversion signs - (diaphragm wall} Stesl 210 GPa
El product: 130000 kNm*/ml
Cylindrical rigidity Re: 4953675 kN/m*

Transfer

Figure B33 : Determining El and Rc for continuous circular walls
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The following data are required:

o E: Young’s modulus of the wall material (kN/m?, ksf). The value can be input
manually (personalised choice) or loaded from the drop-down list (typical values for
concrete or steel);

e g wall thickness (m, ft);
¢ R average wall radius if previously defined as a circular wall (m, ft).

The value obtained for El and for R and Rc as applicable, can then be sent to the input zone
on the left, using the | Tansfer | button.

b) Composite wall

This wizard is used to calculate the El product per unit length (m or ft) of elements (piles,
sections, rectangular piles, etc.) either spaced or abutting and making up a plane wall. For
each of the 3 types proposed, the user must characterise:

¢ the main elements (concrete only, steel only, or combination);

o the facing.

K-Réa then gives the El product per equivalent unit length of continuous wall that the user
may transfer to the retaining wall definition table.

Case of solid circular piles

To calculate the EI product per unit length of a composite wall for which the circular piles are
solid, click the “Composite wall” tab then select “Solid circular piles” as shown in the following
figure:

Retaining wall
- Continuous wall | Composite wall | Sheet pile wall
[T circular wall << Wizard ‘
—_—— G Solid circular piles
W : z0 = 0.00 m -
Wall top level: ) Steel sections n
N z,base El W { ! Mixed piles
[m] [kNm=/mi] [kN/mimi}
1 -24.00 26183 0.00 [IESes

L4 Piles properties Long term concrete (10 GPa) -
Young's modulug E 1E+007 kNim?
Horizontal spacing eh: 2.00 m
Diameter d: 350.00 mm

El product: 3683 kNm*fml

Delete

[2] Between piles

Wall properties Long term concrete (10 GPa) b
“Young's modulus E: 1E+007 kNim®
Wallthickness e: W mm
All the values (datas + rest:II:_srg Ic::g'lz?l\ﬁd":?ltflhe software relate to the wall El product: 29500 kNm3fml
Wall average bending stiffness EL 26183 kNm&iml

| Transfer |

Validate and Quit | Cancel and Quit |

Figure B34 : Determination of El product for concrete circular piles
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The following data must be input to define the piles:
e E Young’s modulus of the pile. The value can be input manually or

chosen from the adjacent drop-down list (kN/m?2, ksf);
* e horizontal spacing between piles center (m, ft);

e d pile diameter (mm, in).

The definition of the facing is based on the following 2 parameters:

e E Young’s modulus of the facing (kN/m?, ksf), to be input manually or
chosen from the adjacent drop-down list;
e e facing thickness (m, in).

K-Réa displays the equivalent EI product per unit length of composite wall at the bottom of
the screen.

Case of steel sections

To calculate the El product per unit length of a composite wall in which the piles are made of
steel sections, click the “Composite wall” tab, then select “Steel sections” as shown in the
following screenshot:

Delete

Validate and Quit

| Cancel and Quit

Young's modulus E

Horizontal spacing eh:

Inertia I

El product:

[2] Between piles

2.1E+008

220

43190.00

41227

Kkhim®

cmé

kNm*iml

Retaining wall
@ wall1 | @ walz
D creutar et —— | | P ‘ Continuous wall | Composite wall | Sheet pile wall
R () Solid circular piles
Walltop level: 20= 14.00 m (@) Steel sections 1]
N z,base El W () Mized piles
] ki) [N
»oo1200 41227 0.00 ELt=
& Steel section HE 360 B —

Wall properties Short term concrete (20 GPa) hd
*oung's modulus E: 2E+007 kNim®
Wallthickness e: 0.20 mm
All the values (datas + results) displayed in the software relate to the wall . 2
unit length (1m/ 1ft). El product: o kNm&iml
Wall average bending stiffness El: 41227 kHNm#ml

Figure B35 : Determination of El product per unit length for steel sections

Then choose the type of section with the “Steel section” drop-down menu comprising the

following categories:

e Special section: used to input an inertia value manually;

e Circular and hollow section: used to calculate the inertia for circular and hollow
sections as a function of their outside diameter and thickness;

44/147
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e |IPE, IPE A, IPE O (*): European | beams;

e IPN (*): normal European beams;

o HE AA, HE A, HE B, HE M (*): European wide flange beams;
e HL (*): European very wide flange beams;

e HD (*): wide flange beams;

o HP (*): pile beams;

¢ TUBEUROP diameter/thickness: hot-finished hollow round sections extracted from
the TUBEUROP range;

¢ TUBES STAD diameter/thickness: hollow round sections extracted from the TUBES
STAD range.

(*) Data taken from the ArcelorMittal range.
Note: the list of supplier ranges does not claim to be exhaustive.
The following must be input in all cases:

e e : horizontal spacing between piles centers (m, ft).

If the user chooses “Circular hollow section” (case of tubes), they must also input:
e d : section diameter (mm, in);
e e : section thickness (mm, ft).

If however a “Special section” is chosen, the following must be defined:
o | - inertia of section (cm*/m, In#ft).

The data then to be input to define the facing between the piles are as follows:

e E : Young’s modulus of facing (kN/m?, ksf);
e e : thickness of facing (m, ft).

At the bottom of the screen, K-Réa displays the equivalent EI product per unit length of
composite wall.

Case of mixed piles

To calculate the El product per unit length of a composite wall with mixed piles (steel section
+ concrete), click the “Composite wall” tab, then “Mixed piles”, as shown in the following
screenshot:
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Continuous wal | Composite wall | Sheet pile wall

() Solid circular piles

() steel sections 1]

@ Mixed pies

[1] Piles
Steel section HE 160 B HES
“Young's modulus E: 2.1E+008 kN/m®
Horizontal spacing eh: 1507 m
Inertia I: 2452.00 cmd

El product: 3489 kNmZml
Concrete Long term concrete (10 GPa) -
“Young's modulus E: 1E+00T KN#m=
Diameter d: 50007 mm

Combined El 3325 kNm#ml

rrrardennd

[2] Between piles

Wall properties Fresh concrete (30 GPa) h
Young's modulus E 3E+007 kN/m?
Wall thickness e: 100.00 mm
El product: 2500 kNm*iml
Wall average bending stiffness EE 5825 kNm3ml
| Transfer |

Figure B36 : Determination of El product per unit length for mixed piles

The following must then be input:

o for the pile: the characteristics of both the steel section and the concrete (see
previous paragraphs);

o for the facing: its characteristics, in the same way as the rest of the composite walls.

The EI product of inertia of the mixed pile is calculated as follows:

(EI) mixed section = Econcrete X Isolid section T (Esteel = Econcrete) X Ipile cross-section

This formula can be applied to several geometries:

+ - :: = )

 JCR/RC
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c) Sheet pile wall

This wizard gives access to the catalogue of ArcelorMittal sheet piles.

Select the required type of wall then, depending on your choice, adjust the sheet pile
characteristics:

Retaining wall

Continuous wall | Composite wal | Sheet pie wal
[ Circular wall Import model << Wizard [

ArcelorMittal piles catalogue

Wall top level 2= 1400 m

N z base

El w
3 1200 " 22743 el o0&t i m‘ rn‘ rn" rm," '

L Type
22743 Kim? fml
Stancard Z

©) standard U

Combined Wall

Jagged Wall

Delete.
Type: Standard U
Section: PU 8R

Info

B =600.00 mm

1= 10330.00 cmé

W =775 cmPm
U Section G = 81.00 ky/m*

H =280.00 mm
E

All the values (datas + results) displayed in the software relate to the wall
unit length (1m/1ft).

Figure B37 : Catalogue of ArcelorMittal sheet piles

Click the | mansfer | button to import the value of the product of inertia per unit length and that
of the surface weight, into your project.
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Depending on the type of sheet pile wall selected:

e Standard Z:

L N Nl Nk N

Figure B38 : Schematic of a “ Standard Z” type sheet pile wall

Select the sheet pile section from the “Z Section” drop-down menu, then click “Transfer”.

e Standard U:

o S U R

Figure B39 : Schematic of a “ Standard U” type sheet pile wall
Select the sheet pile section from the “Z Section” drop-down menu, then click “Transfer”.

e Combined wall:

NSNS TN\

Figure B40 : Schematic of a combined wall

Select the type of combined wall and then its characteristics, first of all by choosing from the
options displayed to the right of the type of wall, then from the drop-down menus lower down.
Click the | Tamster | button.

d) Jagged wall:

L G T (W '

Figure B41 : Schematic of a jagged wall

Select the type of jagged wall and then its characteristics from among the proposed options.
Click the | Tamster | button.
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The frame at the bottom-right of the catalogue shows the characteristics of the sheet pile wall
selected, that is:

e B : width of sheet pile wall (mm or in);

o | : inertia of sheet pile wall (cm*/m or in*/ft);

e W : modulus of sheet pile wall (cm3/m or in®/ft);
e G : weight of sheet pile wall (kg/m? or Ib/ft?);

e H : height of sheet pile wall (mm or in).

The actual catalogue is only available in the metric system, but in the case of a project using
imperial units, all the values displayed are converted and appear on the screen in the
imperial system (in addition to the values from the catalogue in the metric system). The El
product is also converted into kip.ft¥Ift.

B.3.4. Input of data for double wall projects
In the case of double wall projects, the data to be input are the same as those described
previously, but they must be input for each of the 2 walls. The additional parameters and

particularities encountered when defining a double wall project are presented below.

B.3.4.1. Title and options (case of double wall)

[H] Title and options X

Title / Project number Project type

Calculation title: Example Sc

Project number: | Example Sc

Units

Units system: (@) Metric, kN, kN/m* () Metric, t, tim?
{ ! Metric, MM, MN/m? { ! Imperial Simple wall Double wall
Definition of the project in Calculation options Double wall options
SSEEE Depths Number of iterations per phase: 50
Distance between the two walls: 10.00 m

Calculation step: 0.20 m

|:| Accounting for 2nd order moments.
Partial factors Approach 2 (ECT ... | ¥ |_|

Advanced calculation options

Curves display Water options
Same horizontal scale for curves Water weight: 10.00 kNImTE
Language for output Hydraulic gradient definition mode:
(") French @ English () Espafiol L FIETED PR | Cancel | [ Walidate and Cuuit l

Figure B42 : “Title and Options” dialogue box (double wall project)

When choosing a double wall project type, an additional parameter needs to be filled out:

o Distance between the two walls (m, ft).

It is important to note that this parameter is only used when defining the anchoring
block, when ULS checks are requested. Its value has no influence on the other
results.

Data input then refers to Wall 1 (left) and Wall 2 (right). See chapter B.1.2.2 for the
conventions concerning these 2 walls and the choice of wall 1 and wall 2.
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B.3.4.2. Definition of soil layers for a double wall

In the case of a double-wall project, the “Soil layers” definition dialogue box comprises two

tabs, “Wall 1” and “Wall 2”.

Input is exactly the same as for a single wall project (see § B.3.2).

000 m

Phreatic level W
Characteristics of the layer
Name: Sitts
General
= 5.00 m
¥ 20.00 kN/m*
¥ 10.00 kNm®
@ 30.00
& 0.00 KN/m=
Galp: 0.660
fpip -0.330

Validate and Quit

(=)

Behavior law

10000

m] x
@wal1 | @ wal2
Select the line to edit:
= Layers z ¥ ' < dc ki dkh R pmax.
i names ml N N (] N v (O KBV kY kA kro kac kec g paye  Dafe Opie kavmin e
1 Sits 5.00 20.00 10.00 30.00 0.00 0000 0500 0.283 3.932 0.500 0500 0.000 0.000 10000 O 0660 -0.3.. 0.100 10000....
2 Vases -5.00 18.00 9.00 2500 S.00 0000 0577 0.34% 3.062 0.577 0.577 1.387 4.264 3000 0 0660 -0.3.. 0.100 10000....
3 Marl -11... 20.00 10.00 30.00 30.00 0.000 0500 0.283 3.932 0.500 0.500 1.237 4.885 100.. 0 0660 -0.3.. 0.100 10000....
Validation of this window will reset the LEM coefficients. import model 1 [ Delete I [ = I I Validate Soil

Automatic wizards

0.283
3.8932
0.000

0.000

kNimiml

i

Cancel and Quit

D Modify advanced parameters

kd = k0
kr = ko

Show soil database

Figure B43 : Soil layers characteristics dialogue box — Double wall project

After entering the data for wall 1, it is possible to transfer the soil model from wall 1 to wall 2,
by clicking the | mpertmodel | button from the “Wall 2” tab.

B.3.4.3. Definition of characteristics of the two walls

The principle is exactly the same as that previously described for the definition of a single
wall. The user must first of all input the data for wall 1 and then those for wall 2. As with
definition of the sails, it is possible to export the data from wall 1 to wall 2.

Retaining wall

@wal1 | @ waiz

[ circular wall
Wall top level: z0

5 zbase
N ]
[
& 1-1325
#*

Import model ] [

Wizard =»

El
[kNm/mi]

118104

m

1.47

W
[kh/mim]

Delete:

Figure B44 : Retaining wall definition window — Double wall project
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B.3.5. Definition of load cases

In K-Réa it is possible to create several load combinations in a single project. Unlike the first
3 windows described in chapters B.3.1 to B.3.3, the definition of the load cases is optional.
The definition of the load cases involves three steps:

1. Activate the calculation of load combinations: open the Definition of load cases
window accessible from the Wizards menu and tick the box at the top of the window;

2. Define the load families for the project, giving them a name and specifying the
weighting factor to be allocated to each combination. This is to be done in the upper
part of the window;

3. Define the calculation combinations to be considered (combination 1, 2, etc.) in each
calculation phase. This is to be done in the lower part of the window.

When defining the phasing, each overload (on the soil or wall) will have to be assigned to a
load family.

Definition of loads cases

iActive loads cases calculation for this project

Weighting factor to applied on each couple Family/Combinaison:
Familky Name Comb 1 Comb 2 Comb 3 Comb 4
3 1 Crane 1 0.65 0.3 0.25 -
2 Mooring 5 .

3 Wind
4 Docking

0T 0.3

1
1
1 0T 0T
1

5 Own weight

Add a family l [ Delete a familty l [ Add a combinaizon l [ Delete a combinaizon l -

Activation of combinaisons for each phase:

Phase Comb 1 Comb 2 Comb 3 Comb 4

3 1
2

3

- = o
- w =Y, '
- = = = == - — — = -

ooE
EEO
ooE
EOE

[ Cancel l [ Valid and gquit

Figure B45 : Window for defining families and load combinations
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The results of these load cases will appear in addition to those of the basic calculation. They
can be accessed by choosing “Combinations” in the Results window and in the
EC7 Checks window. This list of choices is accessible in all phases in which at least one
combination was requested. If several combinations were considered in a given phase, a
drop-down list can be used to navigate between them.

Results

| Data | Resuts synthesis | Envelope phases 1103 | 1:Phase1 | 2:pnase2 | 3:Prase

10+ -+
8+ —/

Display Type (" combinaisons
@ Curves @ sLs () Phase @) Combinaisons
© Tables Ous fomz =
Comb 2 k
Comb 4 |) Moments [kNm/ml]

Shear forces [kN/ml]

H—H

Earth/Water pressure [kN/m/ml]

<]

—

t t t t
-10 -5 ] 5 10

@) Displacement ©) Rotation

+ +
400 -z00

©) Shear force

+
200 ]

© Normal force

t +
200 -200

(@) Differentil

t
-100 0

(©) Decomposed

+ +
100 200

Min =530 - Max =1.88

Earth resistance ratio: 2.409

Min = 76,74 - Max = 39168

Min = -308.28 - Max = 300.52

Min = 11850 - Max = 179.12

Charts legend: --- Characteristic values -— Design values - Water
Forces in anchors (characteristic value) m
Anchor n*1 | longitudinal ferce 100.00 kN/ml -
Figure B46 : Results window giving access to the results per load combination
ECT checkings *
[ 1:Pnaset | 2:Phase2 | 3:Phase3 [ 4:Phases [ 5:Phases | 6:Phase6 | 7:Phase7 | 8:Pnases -
@ wall 1 ) wall2 [ Pass. press. l [ Werif. Eq. l [ Kranz l = HiTE3
(@ Combinaisons
ciuaon  NPOf Blocks z(0) x(B)  z(B) =z} Aref Wit P1H PV P2H P2
anch.. nb [l [ [ [ Il KWim)  [kM/m (kMmO [KNGm (kN
1 s 2 -11.14 1200 5.00 =817 0.00 235669 791.8%9 20124 982160 0.00 67927 215545 549.56
e s 2 -11.14 1200 5.00  -10.00 0.00 240160 TV91.8% 201.24 102582 0.00 B65.49 220036 64776
t x(B) i 2(B) Situation Tdzbk Trefk Tdsbd Tref d Rezultat
A B e ki) [khifmi] [khiml] [khmi] Satisfaisant
T T
1 549.56 2871 495.60 387.60 oK
| W, (+Fe) 1Py,
| l 2 64778 2871 5ag.ar 387.60 oK
1
| Py
1 1
| 1
\ 1 2(C)
| The massive studied is at the right side of the wall
\a-@ The stability of the anchoring block is ensured for this phase.

oK

Figure B47 : EC7 Checks window giving access to the results per load combination
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B.4. Definition of phasing

After inputting the soil and wall data, the calculation phasing must be defined, representing
the project construction and service steps.

The choice of the kinematics of phasing may have a significant influence on the results, in
particular owing to non-linearities as a result of soil plastification and changes in the stiffness
of the wall and its anchors during the phasing.

Generally speaking, the phasing should be defined as close as possible to reality, breaking it
down as much as possible and avoiding defining actions with opposite effects (fill followed by
excavation for example) in a given phase, for a given side and wall.

This chapter gives a general description of the operations used to define the calculation
phasing and the procedure for creating phasing for simple and double wall projects
respectively. The actions that can be defined in a given phase are described in detail in
chapter B.5.

B.4.1. Presentation

Phasing is managed via 3 zones:

¢ the phases management zone (create, delete, browse, etc.);
¢ the zone for choosing the actions to be applied in each phase;
¢ the zone for defining the parameters of each action.
The working of these various zones is explained in the following sub-chapters.

K-Rea - Zi\Logiciel TR\K-Rea\K-Rea 41K-Rea vA\K-Rea v4 Examples\ 101 Example 01.K4P - X
9 o P
L ¥ B a
File Daj ard s Calcyiat: Results _CC7 ch=ckings el
W POD ] @ Pot I @ ro2 ‘ @ro3 x|+ /Lm of available actions F—

+7

Displacements [mm] Hydraulic
Hydraulic action ~ | [

15 @ stut

Choice of actions zone

H
s

=

6 Wall properties

Modification of wall bending stifness > | [

Anchors.

T Anchor - ]
10 5 0 5 10
\L::ﬂs - Forces - Moments
m quot surcharge = el

Phases management zone

Mome] N/ml]
1= Definition of a strut
P =
1z + 12 + —+ ;
1 T ActivationiDeactivation
a —] s
T T @ Activate | e ——— z2
; ; | | ; — e S— ~| Action parameters definition
-60 =30 o 30 &0 -80 -60 =30 0 30 &0 20
Strul zo ne
‘é‘
Earth resistance ratio: Charts legend: za: 9.00 m
2.080 — Characteristic values K W Kl
— Design values
o 0.00 :
Comments | Drawing settings: M [C] Operate under traction

Operate under compression

Figure B48 : Main window — Phasing management

Copyright © K-Réa v4 — 2016 — March 2022 53/147

AN

Elastoplastic behavior
\ / dm,cp FE=010 | kiwml /f




c’ terrasol

B — User’s Manual K-Réa v4 setec

B.4.2. Phases management frame

The following figure shows the phases management zone, situated on the left-hand side of
the main window. It is used to create and control the calculation phases.

[@Pﬂu]@w I@Puz I@Pﬂa ]@Pcu I@Pﬂs @ Pos |@Pu7 ® |+ Zone A ~
+1 Displacements [mm]
o+
Zone B i
_10 4
Tamm = -15 -
-17.00m 20 L
-20.00m
| 1 1 | | |
T T T T T T
L= Right -30 =20 -10 u] 10 20 30
Lm]
Zone C Moments [kNm/mil] Shear forces [kN/ml]
0+ - 0+ -
10 4 ac -10 + _/
15 + —+ 15 4 2 -+
20 + 20 + -
g —=
! 1 1 1 ! l ! 1 ! !
T T T T T T T T T T
600 300 1] 300 600 300 -200 -100 1] 100 200 300
Earth resistance ratio: Charts legend:
2.329 — Characteristic values
— Design values
™
Comments | Drawing settings: -
Zone D

Figure B49 : Phasing management zones

Zone A presents the tabs corresponding to the calculation phases. It is possible to browse
between the various phases of the project simply by clicking the tab of the phase one wishes

to view.
@ P04 x| PPOs

5, Add

i Insert
441 Move to the left

B- Move to the right
L. Delete
|=] Resuts

f5% ECT checkings
Figure B50 : Phasing management menu
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e Add: adds a phase after the last phase;

¢ Insert: adds a phase to the left of the selected phase;

o Move to the left: shifts the selected phase to the left;

¢ Move to the right: shifts the selected phase to the right;

e Delete: deletes the selected phase, with a confirmation message;
¢ Results: opens the results window for the selected phase;

e EC7 checks: only accessible in projects for which the ULS checks are activated in
the “Title and Options” menu. If this is the case, this button opens the EC7 checks for
the selected phase.

Zone B is used to display the project cross-section corresponding to the current phase.

Zone C is used to display the results curves after starting the calculations. These are
displacement curves, shear forces and bending moments diagrams concerning the wall for
the current phase. The earth resistance ratio(s) on the excavation side are also displayed’.

Zone D is reserved for drawings settings and comments. It is immediately below the phasing
management frame and is used for:
e entering comments concerning the current phase. These are then recalled
subsequently for information when printing the results.

Comments | Drawing settings

Last step of the project

Figure B51 : “Comments” tab

¢ configuring the display, the project cross-section, the elevations of the soil layers and
actions (groundwater, anchors, overloads, etc.), as well as for showing the names of
the soil layers or the characteristics of the actions (stiffness of anchors, overload
values, etc.).

Drawing settings

Anchor ~
Level Za Prestress p Stiffness K
None - Top b None b
Strut
Level Za Stiffness K Prestress p

Mone b Neone hd Middle I

None

Moment Right
Level Z Moment M Middie
Left

None v None -

Figure B52 : “Drawing settings” tab

' The earth resistance ratio does not appear in zone C if the ULS checks are activated. This parameter
is however still available in the “Results synthesis” (see § B.6.2.3).
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Comments | Drawing settings
Surcharge

Surcharge Q

None r

Rotation =pring

Level Z Rotation stiffness Rr

Comments | Drawing settings
Wall

Section top and bottom levels Section stiffness

None v None i

Linking anchor

Level Za Stiffness K

None . Left .

Water level

Level

None -

None v None v

Line force

Level Z Force F

None h None v

Figure B53 : Drawing settings tab
(examples of display settings for certain actions)

Note 1: the graphics can be enlarged to fill the entire phasing management frame by double-
clicking on them. The mouse can be used to hover over the curves to display the value of the
curve at the chosen point, in the form of a tooltip. In the case of a calculation with ULS check,
two curves appear for the bending moments and the shear forces. The curve in pink/purple
indicates the characteristic values (without weighting) and the black curve displays the
design values (with weighting).

A right-click on these same graphics gives access to the context menu (see chapter B.2.3.8).
A double-click returns the graphic to its original size.

Note 2: in zone B, the graphical representation of the soil layers, walls and actions follows a
vertical scale but not a horizontal one. The coordinates system used is not orthonormal and
the distance between the two walls is not at the same scale as the vertical coordinates. The
length and inclination of the tie-rods and the spacing between the two walls (for a double wall
project) coming from the graphical representation should not therefore be considered.

Note 3: the space given to the project cross-section, the graphical results, the comments and
the settings in the main window may vary:
¢ clicking the | » arrow enables all the figures to occupy the entire window;

e clicking/dragging the |» arrow enables the user to split the window horizontally to
about two-thirds;
o clicking the arrow:

o displays the “Comments” or “Drawing settings” tab over the full height of the
window, or

o displays the definition of the action over the full height of the window
e click/dragging the arrow enables the user to split the window.
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B.4.3. Actions selection frame

List of available actions -
Zone A Phase £ Zone B

Hydraulic

Hydraulic action > [
Y (g Excavation

Earthworks @ Hydraulic action
Excavation | (=]

Soils properties.
Mew soil properties ol ] Zone C

Wall properties.

Modification of wall bending stiffness - | [ |

Anchors

Anchor ~ | [(m | | [C] Envelope

Loads - Forces - Moments

Caguot surcharge > [ 7
one D

Figure B54 : Actions selection frame for a calculation phase

The choice of actions frame is displayed at the top-right of the main window. It can be used
to apply the required actions in the selected calculation phase.

The title of the current phase is given in zone B. This title is recalled in the "Results” window
to make it easier to read and interpret. It is possible to rename the selected phase by
modifying the text input in this zone.

The actions in K-Réa on the whole define the wall support and loading conditions and their
evolution during the construction phases. They can also be used to characterise the wall-soil
and wall-anchors interactions.

These actions are classified by groups:

e Hydraulic: this group contains the hydraulic action used to define the groundwater
levels and any gradients;

o Earthworks: contains the operations performed on the soil (excavation or fill) and
offers the possibility of simulating bank or berm type geometries. It also includes an
“‘install sheeting” action, the activation of which is condition-based (see § B.5.2.3);

o Soil properties: this group contains 2 actions. One is used to modify the inherent
properties of the soil layers and the other to impose limit or at rest pressure diagrams;

o Wall properties: this group contains 2 actions. The first allows modification of the
inherent properties of the wall, limited to its initial height. The second acts more on
the structure of the wall and offers the possibility of defining wall extension upwards
or downwards;

e Anchors: comprises 5 anchor types (tie, strut, clamping, circular waling and surface
support) for single walls and 2 additional anchor types for double wall projects (linking
anchor and slab anchor);

o Loads, forces, moments: comprises 3 types of overloads applicable to the soil
(Caquot, Boussinesq and Graux), as well as 3 types of loads applicable directly to the
wall (line force, linear moment and horizontal load).

Zone A contains drop-down menus corresponding to each group, for choosing the actions to
be applied in the current phase.

The complete table of available actions and the detailed description of the parameters of
each action are given in chapter B.5.
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To apply an action, click inside the frame of the drop-down menu corresponding to the action
group to be carried out.

Anchors

Strut
Tie

Strut

Rotational spring

Circular girt

Surface strut

Figure B55 : Selection of the Strut action

Then click the transfer button [ ue | to include it in the list of actions to be performed (zone C)
during the current phase.

It then appears in the definition frame for the action selected under the choice of actions
frame. The parameters needed to define the action are to be input in this frame.

Definition of a slab

ActivationiDeactivation

@ Activate

Definition of a slab

Slab n* 1

zbase. -5.00 m
H: 1.50 m
Lu 12.00 m

Ks. 1000 kN/m/ml

Slab and linking anchors are the only
[7] Prestress interactions taken into account between
the two walls. There is no interaction
considered between the two walls
through the soil.

Figure B56 : Definition of parameters of an action

All the actions in a phase will appear in the form of a list classified in order of declaration in
zone C situated under the name of the current phase.

Note 1: the| * | button is used to delete the selected action from the list of actions for the
current phase.

Note 2: the actions are marked:

¢ with a green tick @ when correctly defined;
o with a red cross ) when incomplete or not correctly defined.
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A tooltip in the action definition frame and in the list of actions gives a certain amount of
information about the reason for the input being considered invalid:

Definition of an anchor

Activation/Deactivation

@) Activate
Deactivate

Anchor
Anchor n® 1
© Left @ Right

— ] Phasze 3
za: 14.50 &G m
K- 1000 l\km,'m.'n-" @ Transitory Phase (7) Permanent Phase
P 0.00 @ ULS Options (SSIM)

€) Za should be on the wall @ Excavation

¢ — (@@ Sheeting installation
Lu: 10.00 m Q strut
- 500 m Strut
|:| Elastoplastic behavior Za should be on the wall

K should be positive

Figure B57 : Information about the reason for input being considered invalid
The mechanical properties of the actions are described in chapter B.5.

In the case of a project with ULS checks, two additional selections are needed to
characterise the nature of the phase and the calculation model:

¢ Transitory phase / Permanent phase: this choice determines selection of the partial
factor for the mobilisable passive earth pressure considered in the ULS passive earth
pressure safety check (see § B.3.1.2);

o Cantilever wall (LEM calculation): this choice is only accessible for phases with no
“active” support (element of “Anchors” group). It is activated by default in this case but
can be deactivated by the user whenever they wish. If the box is ticked, the wall will
be considered to be cantilever for the phase selected and the ULS checks will be
made on the basis of a LEM calculation instead of a SSIM calculation (see part C of
the manual). If the box is ticked, K-Réa will automatically create a LEM coefficients
action (see § B.5.7.1).

Copyright © K-Réa v4 — 2016 — March 2022 59/147



c’ terrasol

B - User’s Manual K-Réa v4 setec
List of available actions Phase 1
Hydraulic - | (@) Transitory Phaze () Permanent Phase
Hydraulic action > | [ | ) LW options
Earthworks @ Excavation
Excavation » [ | @ Sheeting installation
Soils properties
New soil properties - [
Wall properties
Medification of wall bending stiffness > | [
[x]
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Figure B58 : Choice of actions frame for a calculation phase
(case of a project with ULS checks)

In any case (projects with or without ULS checks), the “Seismic calculation” and
“Envelope” check boxes are available.

The “Seismic calculation” check box is used to reserve the phase in question for a
calculation with earthquake. The particularity of such a phase is that:

e itis a dead end in that it does not modify the main phasing consisting of “non-seismic”
phases;

e no action in the “choice of actions” frame can be added by the user. Conversely, the
“Seismic calculation” option is deactivated and inaccessible in the phases containing
at least one non-automatic action.

This action is defined in detail in § B.5.8.

The “Envelope” check box is used to assemble the results curves from several successive
phases. For example:

¢ If no “Envelope” box is ticked in a project, an envelope curves family will appear and
collate the extreme displacement, shear force and bending moment values calculated
on the basis of all the phases calculated.

e If a project contains 5 phases in addition to the initial phase and the “Envelope” box
was ticked only in phase 3, two envelope curves (extreme displacement, shear force
and bending moment values) will be represented for phases 1 to 3 and 4 to 5
respectively.

Note: The envelope box cannot be selected in the initial phase, nor in phase 1 (the results of
phase 1 constitute their own envelope) nor in the last phase.

The Delete| x | button deletes the selected action from the list of actions for the current
phase. Caution, to simplify the operation, the action is deleted without requesting
confirmation.

B.4.4. Actions definition frame

The actions definition frame appears at the bottom-right of the K-Réa interface (just below
the choice of actions frame). It is used to define the selected action.
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Excavation

Excavation side
@ Lett () Right

Excavation geometry

zh: 12.00 m

[] Define a bank or a berm

Figure B59 : Actions definition frame (example of an excavation)

Each action has its own actions definition frame. It generally consists of a left-hand part for
inputting parameters defining the action and a right-hand part showing a schematic
illustrating these parameters.

Figure B 59 shows the definition frame for an excavation. The list of choices appears in
pink/purple and the boxes to be filled out appear in white. This example illustrates excavation
on the left-hand side to level -5.00 m.

All the definition frames are explained in chapter B.5 in the paragraphs dedicated to the
corresponding actions.

B.4.5. Validation / Calculation / Results

An action is validated if its mandatory parameters have been duly filled out. It is then given a
green tick in the list of actions.

The Calculate D and Results J buttons are accessible from the buttons bar.

B starts the calculation;

J opens the results window (deactivated if the project has not yet been
calculated).

| opens the EC7 checks results. This button is only active if the ULS checks were
requested in the project options and if the project has been calculated. These
checks are also accessible from the results window, for each phase (see
chapter B.6.4).
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B.4.6. Definition of phasing for a “Single wall” type project

B.4.6.1. Projects without ULS checks

By default, K-Réa always creates a first calculation phase “P00” entitled “initial phase”, as

illustrated in the following figure:

x o W, E (B = @ « B |@,
Fie Dala \Wizards Combinaions = Save Calculie Resufs EC7clecks Prinl Exportresults = Help
@PUU‘@PCH ]@Pﬂz l@pﬂa ]@P«M l@pﬂs ]@Pﬂe l@m‘f ]4
| 12.00m
700m
7.00m Bank
500m 500m
200m Sandy loam

Left Right

[ ml

Comments | Drawing settings

List of available actions

Hydraulic

Hydraulic action
Earthworks.

Excavation

Soils properties

Reduced pressure

Wall properties

Modification of wall bending stiffness

Anchors

Loads - Forces - Moments.

Caguot overload

Excavation
Excavation side
@ Left (©) Right

Excavation geometry

@ [ 7oo/m
Define a bank or a berm

Bank/berm definition

@) Bank ) Berm
a [ 1zoam

a: 950/ m

b: 2,00/ m

o | 1m0

Figure B60 : Initial phase

The actions available in the initial phase are as follows:

o “Hydraulic”;
e “Excavation” and “Fill”;
o “Reduced pressure”;

o “Caquot overload” and “Boussinesq overload”.

— [m} x
Initial phase
x (=] @ Excavation
@ Excavation
| (=]
=] =)
T
Seismic calculation [x]
~| Envelope =) ‘
| (=]
=%

Zn

m

Be careful, the following soil layers have
zero cohesion and the friction angle is less
than slope inclination:

B=33.69 °>

- "Rank": @=32.00 °

The working of the actions frame was described in chapter B.4.3 and details of the actions
are given in §B.5. If actions are applied in the initial phase, they will be represented on the

project cross-section after validation.

Then, to create phase 1, click the tab to the right of that of the initial phase, or use the
context menu of the initial phase tab (right-click then “Add”). This action will create a new tab
“P01” which by default will be named “Phase 1”. The actions required for this phase 1 must
be defined (as a function of your project). After each action creation in phase 1, the graphical
representation of the project will be updated accordingly.
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Anchors [ Seismic calculation =]
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Caquot surcharge ~ [

Excavation

> Excavation side
@ Left () right

Excavation geometry

h, -5.00 m

[T pefine a bank or a berm

Left Right

Figure B61 : Creation and display of phase 1 of a project

Then simply do the same for the following phases, until the phasing for the project concerned
has been completed. Each time a new phase is added, the corresponding tab will appear
after the existing tabs and will carry a name such as “PXX” where XX corresponds to the
phase order in the project. By default, it will also be given a modifiable title such as “Phase
XX”.

The tabs in the phases management frame allow rapid browsing between the project
calculation phases simply by clicking (during definition of phasing but also after calculation to
view the results).

B.4.6.2. Projects with ULS checks

In the case of a project with ULS checks, K-Réa requires the input of additional data for
definition of phases and actions.

Each phase must therefore be defined either as a Transitory phase or a Permanent phase.

For each phase, one must also state whether the wall is to be considered cantilever (LEM
calculation) or anchored (SSIM calculation). The Cantilever wall option is automatically
deactivated and inaccessible when an anchor is active in the phase in question, except for a
tie without pre-stressing, which is not active in its installation phase.

In the phases for which the wall is considered to be cantilever, K-Réa automatically creates
an LEM options action. This latter can be used to check over-excavations, the LEM
calculation method used, the passive earth pressure elevation and, if necessary, the counter
passive earth pressure parameters, its inclination angle in particular, for the current phase
(see chapter B.5.7.1).
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Figure B62 : Example of additional data for projects with ULS checks if the wall is considered to be
cantilever

In the phases for which the wall is anchored, K-Réa automatically creates an ULS options
(SSIM) action. This is used to check any over-excavations (see chapter B.5.7.1 and chapter

B.5.7.2).
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B.4.7. Definition of phasing for a “Double wall” type project

The phasing creation/management principle for a double wall project is the same as for a
single wall project. The actions to be applied to each of the 2 walls will have to be defined.

Two buttons therefore appear at the top of the definition frame for each action, for allocation
to wall 1 or wall 2. This concerns all the actions compatible with a single wall, the only
exceptions being linking and slab anchors.

Definition of an anchar

[ @ wall 1 ) wall 2 ]

Activation/Deactivation — T

@) Activate

Anchor

Anchor n®: 1

@ Left () Right/B.2W

za: 400 |m

K: fooon | ki

P: W kh/ml

a: 30.00 : | Wizard |

[] Elastoplastic behavior

Figure B63 : Double-wall project: choice of Wall 1/ Wall 2
Moreover, the actions for the phase in progress carry the prefix of the wall to which they are
linked:

e Wall 1: text in black;
e Wall 2: text in blue.

Phaze 5

i@ Wall1 - Fill
i@ Wall1 - Hydraulic action
i@ Wall 2 - Fill
i@ Wall 2 - Hydraulic action

Figure B64 : Double wall project: display of actions specific to each wall

Finally, the two walls can be connected by one or more anchors, with no limit on their
number. These latter may be either linking anchors (defined as ties or struts) or slabs. The
interactions between the two walls are through these anchors only. K-Réa considers no
interaction between the 2 walls via the soil medium separating them (see part C of the
manual).

To find out more about the anchors, refer to chapters B.5.5.6 and B.5.5.7.
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B.5. Description of actions defined during phasing

K-Réa proposes a total of 25 actions, 3 of which are automatic, for simulating the
construction phasing of a given project. The following table presents these actions by group:

Hydraulic | Hydraulic action (')

Excavation ()

Earthworks Fill (")

Sheeting installation (solider pile)
Reduced pressure (?)

Soil properties Redefinition of soil layers

Wall properties

Imposed pressure diagram

Modification of wall bending stiffness
Wall modification

Tie

Strut

Rotational spring

Anchors Circular waling

Surface strut
Linking anchor (3)
Slab (3)

Caquot overload (")
Boussinesq overload (")

Loads, forces, Graux overload
moments Apply a line force

Actions created
automatically

(1)
(2)
(3)
(4)

Apply a moment
Horizontal load on wall

LEM options (%)
ULS options (SSIM) (*)
Earthquake (Seismic calculation) (*)

This action exists in the initial and other phases;

This action exists only in the initial phase;

This action is exclusively available for double wall type projects;

This action is automatically created by K-Réa according to the status of the options
detailed in § B.4.3. The user must always check the pre-defined parameters, or even
modify and supplement them if such an action is present.

The remainder of the actions only exists in the standard phases, or in all the phases
except for the initial phase.

Table B 3: Actions available for definition of phasing

An action is applied by means of the actions selection frame described in chapter B.4.3.

This chapter describes the actions in detail. Each sub-paragraph will comprise the principle
of an action, possibly illustrated by a schematic or screenshot, followed by the designation of
the corresponding input data.
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B.5.1. Hydraulic action

This command is used to define the hydraulic conditions and if necessary correct the water
pressures to take account either of a hydraulic gradient associated with the flow regime
involved with groundwater drawdown, or the presence of impermeable passages or perched
aquifers in the various layers.

It is important to note that definition of a hydraulic action has an impact both on the
calculation of the horizontal water pressure on the wall and on that of the effective vertical
stress in the soil (for more information, consult part C of the manual).

24300 m

Left Right

Figure B65 : Example of definition of a hydraulic gradient

Parameters to be filled out:

e Side concerned by the hydraulic action:
o “Left or Right” for a single wall project;
o “Left or Right/E.2R” (wall 1) or “Left/E.2R or Right” (wall 2) for a double wall
project;
o 2z, level (elevation or depth) of the hydrostatic water table.
It is also possible to impose a pressure or potential diagram, for example to define a
hydraulic gradient. To do this, the corresponding box must be ticked and the following filled
out point by point:
e Level (elevation or depth) of the diagram point;

¢ Hydraulic Potential or Pressure (according to the option chosen in the “Title and
options” window) to be considered for this point.

Definition of water action

Action side
@ Lett ©) Right
Definition of water level

Zw: 243.00 m

Define a hydraulic gradient
Definition of a gradient

Level Pressure
[m [kN/mimi]
3 1 243.00 0.00

2 238.00 100.00

N* -

#*

Figure B66 : Water action definition frame
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Figure B67 : Definition of hydraulic conditions:
hydrostatic regime (left) and hydraulic gradient (right)

B.5.2. “Earthworks” actions

B.5.2.1. Excavation

This action is used to define an excavation on one side of the wall. The excavation level is by
default horizontal. An additional option allows definition of an excavation in the form of a
bank or berm.

Figure B68 : Definition of an excavation
Parameters to be input:

¢ Side concerned by the excavation:
o “Left or Right” for a single wall project;
o ‘“Left or Right/E.2R” (wall 1) or “Left/E.2R or Right” (wall 2) for a double wall
project;
e 2z, excavation level (elevation or depth) (m or ft).
It is also possible to define an excavation in the form of a bank or berm.
The additional parameters to be input are:
e “Bank or Berm” according to the geometry to be defined;
e 2 level of head of bank or berm (m or ft);
e a: distance between top of bank or berm and wall > 0 (m or ft);
¢ b: distance between base of bank or berm and wall > 0 (m or ft);

e a.: multiplication factor (initially set at 1.00) used to correct the Boussinesq overloads
(see § B.5.6.2 and part C of the manual).
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Excavation

Excavation side
Left @ Right
Excavation geometry

zh! 247.00 m

Define a bank or a berm

Bank/berm definition
@) Bank *) Berm
It 253.00 m

a 5.00 m

Excavation

Excavation side

Fans

a D Left @) Right
FA SEEEE E— z; 2,
yd Excavation geometry
b / zh 247.00 m
Z, 77w<—\/ e -

Define a bank or a berm

Bank/berm definition
() Bank @ Berm

zt 253.00 m

a 1.50 m

b: 1.50 m

b

5.00 m

ae: 1.000

Figure B69 : Definition of an excavation in the form of a bank (left) or berm (right)

A few recommendations concerning the “excavation” action:

-

This action cancels the Caquot, Boussinesq or Graux type overloads on the soil
on the side concerned by the excavation. To maintain them, they have to be
redefined.

K-Réa does not verify the stability of the bank or berm. This type of verification is
the responsibility of the user and must be done beforehand using an appropriate
model (for example with Talren v5).

A horizontal excavation action systematically cancels out the geometric effects
linked to the existence of a bank or berm, regardless of the side of the earthworks.

The level z» of a new excavation must be below that of the previous level. In the
case of a bank or berm, the z;level must also meet this condition.

The lower level of a fill (zy) will by default be considered to be equal to the level in
contact with the wall previously. If a bank or berm already existed, the level z, will
be equal to its upper level, that is z,= z.

Former geometry Supsequent actior)
Excavation Fill
Project defined in Bank between [z, Zo] Zzht z 200 2: i i:(;
levels Berm between [zno, 1] ZZ: 2 200 Z i ?:;
Project defined in Bank between [z, Zu] Zzht ; 200 2: 2 i:(;
depths Berm between [zno, 1] ZZ: ; 200 Z 2 ?:;

Table B 4: Criteria for defining excavation and fill levels after a bank or berm ground level geometry

[elekiebatats
Zy

Figure B70 : Help diagrams for a fill action after a bank left) or berm (right) type geometry
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B.5.2.2. Fill

This function is used for a fill with a base resting on the existing soil. The upper surface of the
fill is by default horizontal, but a bank or berm type geometry can be defined using the
appropriate option

The parameters to be input are:

o Name of layer constituting the fill;
e Colour of fill on the cross-section (choice from a colour pallet);

e Side concerned by the fill: “Left or Right” for a single wall; “Left or Right/E.2R” (wall
1) or “Left/E.2R or Right” (wall 2) for a double wall project;

o z: level of top of fill (m or ft);
o 2z, level of base of fill (m or ft) automatically pre-defined by the interface.

If the definition of a bank or berm is activated, the following additional parameters must be
defined:
e “Bank or Berm” type of geometry to be defined;
zn: level of base of bank or berm (m or ft);
a: distance between top of bank or berm and wall > 0 (m or ft);
b: distance between base of bank or berm and wall > 0 (m or ft);

ae: multiplication factor (initially set at 1.00) used to correct the Boussinesq overloads
(see § B.5.6.2 and part C of the manual).

Layer name
Fill

L]

@) Left *) Right EZAS Zt

zt 10.00 m
Zy
zb: 2.00 m

[] Define a bank or a berm

‘ Soil parameters

Apply automatically layer properties of the current
wall:

Clays 1 - Transfer @

Import a soil from the soils DB

Add this fill to the =oils DB

Figure B71 : Fill definition zone

It is possible:
e to input or modify the parameters of a fill by clicking the | Soil parameters |
button;

e to import existing soil characteristics into the current project, by selecting from the
drop-down list under the help diagram and clicking the | Tsnsfer | button:;

Import & soil from the soils 0B

e to import existing soil characteristics into the database by clicking the
button;

o to save afill in the soils database by clicking the | s itote sois 08 ‘ button.
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Layer name:
Fill | 4|
@ Left ~ Right —r— | &
zt: 10.00 m
2,
zh: 2.00 m
|| Define a bank or a berm
| Soil parameters
Apply automatically layer properties of the current
wall:
(Nothing) [ | Transfer |
(Mothing)
Clays 1 oils DB
Clays 2 F
Sand
_Imnils DB ‘
Figure B72 : Previously defined soil layer properties can be imported
To define the parameters of the soil making up the fill, click | Soi parameters 'to open

the input form.

Soil layer X
Characteristics of the layer
General Behavior law
o —0 e Automatic wizards | D Modify advanced parameters
v D ke ki: Q | ki | L [x] | kd = ki |
_— kay: [x] | kaylkpy | [x] | kr = ki |
P - — —
- kpy: [x] | K. A | ay,min 0.100
c D kNimE
kac: [x] a 10000.00 | kN/mim
o — . | kacikpc |
kpc: [x]
Bal N
2 o kh: @ Kl | ‘h |
Bplp Q i -
Validate and Quit | Cancel and Quit

Figure B73 : Fill soil definition window

The parameters to be input are as follows:

v and y’: wet and buoyant unit weights (kN/m? or kcf);

o: internal friction angle (°);

¢ and dc: cohesion and its variation until depth (kN/m? and kN/m?/m or ksf and ksf/ft);
8./p and &,/¢: angle of limit active and passive earth pressures;

ki: initial active earth pressure coefficient;

Kay, Koy, Kac and kpc: active and passive earth pressure coefficients;

kn and dkn: horizontal reaction coefficient and its variation with depth (kN/m‘/ml and
KN/m’/m/ml or ksf/Ift and ksf/ft/Ift);

kq and k;: unloading and reloading ratios;

Kaymin and pmax: allowable minimum active pressure coefficient and maximum
pressure.
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Tick the “Modify advanced parameters” box to modify dc, dkn, Kq, Kr, Kaymin aNd Pmax.

The wizards present in this window correspond to the same wizards available in the soil
layers definition window.

A few recommendations concerning the “Fill” action:

*

K-Réa does not verify the stability of the bank or berm. This type of verification is
the responsibility of the user and must be done beforehand using an appropriate
model (for example with Talren v5).

Part C of the manual details how a fill is taken into account, in particular regarding
the installation phase.

The ki coefficient is commonly taken within the range [ka, ko]: the use of ko
generally corresponds to the case of compacted fill, while the use of ks is to be
preferred for fills put into place using gravity alone.

It is possible to create several successive fills with different characteristics on the
same side of the wall (in successive phases).

This action cancels the Caquot, Boussinesq or Graux type overloads on the soil
on the side concerned by the fill. To maintain them, they have to be redefined.

The lower level of a fill (z,) will by default be considered to be equal to the level in
contact with the wall previously. If a bank or berm already existed, the level z, will
be equal to its upper level, that is z,= z.

Table B3 summarises the application of these rules.

B.5.2.3. Sheeting installation (soldier pile)

This action simulates the installation of shielding for a composite wall (e.g.: soldier pile).

It is only available during phasing if a “Reduced pressure” action was defined during the
initial phase.

The parameter to be filled out to define installation of sheeting is:

z: lower level of sheeting installation zone (m, ft).

Sheeting installation

Figure B74 : Sheeting installation definition frame
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The active earth pressure which was reduced by the “Reduced pressure” action in the initial
phase is restored to 100% of its value above level z, in the same way as for passive earth
pressure, water pressures and reaction coefficient.

Sheeting installation always starts at the top of the wall and is completed by descending
through the successive installation phases.
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B.5.3. Soil characteristics

B.5.3.1. Redefinition of soil layers

This action is used to modify the characteristics of a soil layer during phasing. The
parameters of this layer can be modified on the left, right or both sides of the wall.

The following data are to be input:

e “Wall 1” or “Wall 2” only for a double wall project;
o “Left”, “Right” or “Left and right”;
e Name of soil layer to be modified: can be selected with the mouse from the drop-

down list;
e New parameters: input window accessible via the|  seiparametes | button.
Soil layer =
Characteristics of the layer
General Behavior law
20.00] KM Automatic wizards | [C] Modify advanced parameters
| ka=ko |
Behavior: Drained - kay: 0.282 | kay/kpy | 0.500 | kr = ki |
v 3000 * kpy: 3.500 |L|
c 0.00 kNiTF kac: 0.000
| kaci/kpc |
kpe: 0.000
Baly: 0.000 kh: 10000 kN/mm | kh |
oplp: jp.o00
Walidate and Quit | | Cancel and Quit

Figure B75 : Window for redefining a soil layer during phasing

The modifiable parameters are:
¢ Behaviour: drained or undrained (the choice only impacts the safety factor on
cohesion and internal friction angle)
e o: internal friction angle (°);
e ¢ and dc: cohesion and its variation with depth (kN/m? and kN/m?/m or ksf and ksf/ft);
e 3./p and &,/¢: angle of limit active and passive earth pressure stresses;
o kay, kyy, Kac and kpc: active and passive earth pressure coefficients;

e kn and dkn: horizontal reaction coefficient and its variation with depth (kN/m‘/ml and
KN/m’/m/ml or ksf/Ift and ksf/ft/Ift);

e kq and k;: unloading and reloading ratios;

¢ Kkaymin and pmax: allowable minimum active earth pressure coefficient and maximum
pressure.

Tick the “Modify advanced parameters” box to modify dc, dkn, Kq, kr, Kay,min and pmax. The
non-modifiable parameters y, y' and ko, are shown for information.
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This action can be used to modify one or more soil layer parameters independently of each
other. The wizards in the soil layers definition window are also available in this window.

Modification of the parameters applies to the layer chosen in the current phase. To modify
the parameters of another layer, one must add another “Soil layers redefinition” action to
the list of actions of the same phase, choose the other layer to be modified and input the new
parameters. This procedure is to be repeated as many times as necessary.

In the new parameters definition frame for a soil layer, the | puoperiesprases | button is used to
automatically input the parameters by recovering all of those defined in the previous phase.
Similarly, the | Prperiespnassno | button can be used to import the initial parameters of the soil
layer in question. The values copied can then be modified by consulting the soil parameters
input wizard window: | Soipameters |,

B.5.3.2. Imposed pressures diagram

This action can be used to impose the pressure diagrams (limit or at rest) on one side of the
wall. It applies if the configuration of the terrain does not enable the active earth pressure
coefficients (limit or at rest) applied by default in K-Réa to be used.

The limit active or passive earth pressures diagram can be fitted using the yield design
kinematic calculation method implemented in Talren. The method enables all types of
situations to be considered, in particular highly complex geometries (any natural terrain
profile with soil layers that are not necessarily horizontal and regular). It is also possible to
take account of reinforcements if one wishes to consider their role in the stability of the wall.
The yield design calculation method also enables the presence of seismic conditions to be
taken into account if the user so wishes.

To impose a pressure diagram, fill out the following parameters:

o “Left” or “Right” for a single wall project;

e “Wall 1”7 or “Wall 2
“Left” or “Right/E.2R” (wall 1) or “Left/E.2R”or “Right” (wall 2) for a double wall
project;

e For each type of pressure, two management modes are proposed:

o Automatic: in this case the calculation engine automatically generates the limit
and at rest soil pressure diagrams as if the “Imposed pressures diagram” action
did not exist;

o Imposed: in this case, the calculation engine uses the imposed diagram defined
point by point by the user and, as necessary, supplements it with that generated
automatically. The following diagrams can be modified:

= Limit active earth pressure pa;
= Pressure at rest po;
= Limit passive earth pressure py.

When at least one of the diagrams is in “Imposed” mode, a table appears at the bottom of the
action frame and is used to define a diagram point by point:

e z:level of diagram point (m, ft);

e pa: imposed active earth pressure limit value (KN/m/ml, kip/Ift)

e po: imposed pressure value at rest (kKN/m/ml, kip/Ift);

e pb: imposed passive earth pressure limit value (kKN/m/ml, kip/Ift).
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A graphical interpretation is only proposed for the imposed diagrams. The colour code is as
follows:

Black: pressure at rest po,
Blue: limit passive earth pressure py;
Red: limit active earth pressure pa.

The limit pressure values to be input correspond to the horizontal projection of the possibly
angled active/passive earth pressure diagram. As previously mentioned, this diagram can be
fitted using the yield design kinematic calculation method implemented in Talren.

Imposed pressure diagram

@ Imposed
rth pressure at rest;

(@) Automatic () Imposed
Defintion of limit passive earth pressure:

@ Automatic ) Imposed

e z pa
m TkNimim]

» 11400 0.00

21300 2.00
31200 4.00
4 11.00 733

5 10.00 1262
& 9.00 45.08
7 8.00 80.72

A

R 700
Right Clear all

Figure B76 : Definition of an imposed pressure diagram

B.5.3.3. Reduced pressure

The “Reduced pressure” action is only accessible in the initial phase.

This command is used for a composite wall (e.g. soldier pile, wall with shorter middle panel,
etc.). It simulates the fact that the soil and water pressures only apply to a proportion of the
width of the wall R (between 0 and 1) over a height bounded by an upper level z; and lower
level z,. The passive earth pressure applied to the same width can be multiplied by an
ultimate passive earth pressure ratio C. The scope of the reaction coefficient is reduced

accordingly.

The parameters needed for defining this action are:

Zt.

Zb.
R:

C:

upper level of the reduced pressure application zone (m or ft);
lower level of the reduced pressure application zone (m or ft);

reduction coefficient applied to the soil pressures (active/passive) and to the
reaction coefficient;

additional ultimate passive earth pressure ratio applied to the passive earth
pressure only.
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Reduiced pressure

zt: 170.00 m /
zb: 160.00 m /
- 5 IS \
R: 0.250 4 L Z; K’
€ 2,000 f A\ X
] LAY
/ W
/ 1 s
Between zt and zb ;'f \ 2
\
Active press. (downbhill 5.} 0.250 / ‘\ .
mult. by R = i o
f/ LY
Passive press. (uphil 5.} mut. 0.500 5 \
by R*C = 7 -Zy 1
/ \
0.250

Water pressure (both sides)
multiplied by R =

Wizard

Figure B77 : Reduced pressure action definition frame

In practice, this action affects the soil and water pressures at zone [z:, zy] in the following

way:
[ ]

The limit active earth pressure is multiplied by R
The limit passive earth pressure is multiplied by R x C

e The water pressure is multiplied by R

The reaction coefficient is multiplied by R

Additional information and an application example are given in parts C and D of the manual

respectively.

R/C wizard X R/C wizard X
Zone Parameters Zone Parameters
Height 502 - Input method Classic T Height Soil2 B Input method NF P 84282 - Appendix B B
Toplevel 2t 17000 m Active earth pressure calc. width La 0.000 m | Toplevel 2t 170.00 Soiltype Purely cohesive B2
ooon Purely conesive
Bottom level £ 160.00 m Passive sarth pressure calc. width Lb 0.000 m Bottom level b 160.00 y
Rubbing and conerent
Spacing of the main tems. 0.000 m Geomeiry o B
Spacing of the main tems o n0UAr m
Circular
Diameter ) 0.500 m
e e Calculation width
w : |
“la > PR L 1500 m
Lb= 1500 m
R
O Results Results
R= R= 0300
— L —
c= c= 1000
Transfer

Figure B78 : R/C wizard
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B.5.4. Characteristics of the wall

B.5.4.1. Modification of wall stiffness

This action is used to modify the mechanical characteristics of a wall section bounded by its

upper and lower levels.

The parameters to be input are as follows:

“Wall 1” or “Wall 2” for a double wall project;

o z1: upper level of the section concerned by the change (m, ft);
e 22: lower level of the section concerned by the change (m, ft);
e El: product of inertia (KNm?/ml, kip.ft/Ift);

e R:: cylindrical stiffness (kN/m?ml, ksf/lft) if the wall was defined as circular in the
project data definition;

R: wall radius (m, ft) if the wall was defined as circular in the project data definition;

o W: surface weight of wall (kN/m/ml, ksf/Ift).

Wall modification

Wall modification

z1:

72

EL

Wall modification

z0: 174.00

Ne

b 1170.00

zbase
m

2 165.00
3 157.00

170.00

185.00

30500
150.00

850000

1.00

m

El
[khm...

m

m

kNm/ml

kN/miml

khim®

m

Wizard

Rc R W

[kM/m?]  [m] [kN/...
26838 0 1.00 0.00
30500 850000 1.00 150...
26839 0 1.00 0.00

Figure B79

Z,

Z

: Wall modification frame
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B.5.4.2. Modification of wall structure

This action is used to extend the top of the wall upwards or the base of the wall downwards.

The parameters to be input are:

o “Wall 1” or “Wall 2” for a double wall project;
o 2z0: new level of top of wall (m, ft);
e El: product of inertia (KNm?/ml, kip.Ft?/Ift);

e Rc: cylindrical stiffness (kN/m?*, KcF) if the wall was defined as circular in the project
data definition;

R: wall radius (m, ft) if the wall was defined as circular in the project data definition;
W: surface weight of wall (kN/m/ml, ksf/Ift).

Wall modification Wall modification

Modification properties z, Modification properties

©) Raising le@ Raising

Deepening 77 ECASS @) Deepening

|

at 176.00 zp 156.50

El 33318 Khm/mi El 33318 Khm/mi

w: 25.00 Khlfmiml W 25.00 Khlfmiml z

p0

Wizard Wizard

e

Wall after modification Wall after modification

20: 176.00 m 20: 174.00

N Section level El Product N Section level El Product

»o 117400 33318 > 1157.00 26839
2 157.00 26839 2 15650 33318

Figure B80 : Definition zone for increasing height (left) or depth (right) of wall

B.5.5. Anchors and supports

The anchors, except for active anchors, work in one of the two modes defined in “Advanced
calculation options” (in the “Title and Options” window). These modes are considered as
follows:
e Activation as of the installation phase: in this case, the anchor stiffness is always
taken into account as of the installation phase;

e Activation in two stages if pre-stressing is active: the stiffness is only taken into
account as of the phase following installation, provided that the anchor is initially
pre-stressed. If this is not the case, the anchor works as in the first mode.

B.5.5.1. Tie

This action is used to activate, modify or deactivate a layer of bedded ties. For simplification
purposes, we will refer to “layer of ties” as “tie” in the documentation and in the interface. By
convention, the force in a tie is positive in traction.

When installing a tie (installation phase), only the pre-stressing is taken into account in the
calculation. The stiffness of the tie is activated as of the following phase.
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Tie installation phase Following phases

Figure B81 : Behaviour of a tie with pre-stressing

The parameters needed to define a tie are:

Choice of wall: “Wall 1” or “Wall 2” for a double wall project;
Choice of “Activate”: chosen by default when defining a new tie;

Choice of side: “Left” or “Right” for a single wall project, “Left” or “Right/E.2R”
(wall 1) or “Left/E.2R” or “Right” (wall 2) for a double wall project;

Za: level of application (m or ft);

K: axial stiffness (KN/m/ml or kip/Ift);

P: pre-stressing counted in positive traction (kKN/ml or Kip/Ift);

o angle of tie with respect to the horizontal, counted as positive if the angle is
downwards (°);

Lu: useful length of tie (in m or ft) usually taken as equal to the distance, along the

axis of the tie, between the anchor head and the point corresponding to the middle of
the bedding (also see the Kranz check in part C of the manual for validation of the
value of L, to be considered and in part D for examples of its definition). This
parameter is only required if the ULS checks are activated;

Ls: length of the grouted embedment (in m or ft). It is to be filled out if the
“consideration of the grouted embedment length” option was chosen in the “Kranz
Options” grouped in the “Advanced calculation options” (see Part D of the manual for
examples of definition of Ls);

If the “Elastoplastic behaviour” box is ticked, a “plastification” plateau can be defined for the
traction force:

o Faamt: allowable traction force (kN or kip)
Definition of an tie El Tie wizard »
Activation/Deactivation - Data per tie |§|
@ Actiate 2 E 21E+008  kNimF
. 5 0.001050 m=
e \\\ P 200.00 KN
e g Ll 10.00 m Data per unit lengh
Left Right
za r4nn° : m B 7.00 m K 5833 KN/miml
K; 7900 kN/m/mI Eh 280 m p 71.43 KHiml
P 150.00 il
o 30.00 | Wizard ‘ @) Strengh Lu 13.50 m
Lu: 15.00 m *) Constraint Fadm  357.14 kN/ml
Ls: 10.00
Elastoplastic behavior F.adm 1000.00 kN | = =
Faam,r 1E+010 i ranstEr
Figure B82 : Tie definition and corresponding wizard
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In K-Réa, the characteristics of a layer of ties are given per unit length of wall.

The | wd> | button gives access to the Tie Wizard (right-hand part of the above figure).
It is used to calculate the stiffness of the tie and the pre-stressing force per unit length, on the
basis of the formulas given in the technical manual (Part C of the manual).

The data to be input into the tie wizard are as follows:
eh: spacing of ties (distance between axis) (m);
E:  Young’s modulus (kN/m?);

S:  calculation cross-section (m?2);

P:  pre-stressing (kN);

LI:  free length (m);

Ls: grouted length.

After entering the input data, the values of K, P and Lu (for the ULS calculations only) are
calculated per unit length. Click the | Tasster | button to transfer the values to the project.

A help diagram is available by clicking the &) button:

] Data per tie *

R

) EJ’ SJ p: I-IJ L

s

Figure B83 : Tie wizard help - schematic

This “Data per tie” figure clarifies the meaning of the wizard input parameters.

To modify a tie that was previously defined, select “Modify”. The modifiable values are as
follows:
o K: axial stiffness per unit length (kN/m/ml or kip/Ift);

e P: pre-stressing (kN/ml or Kip/Ift);
¢  Faam: allowable traction force (kN or kip).

The following figure illustrates the appearance of a drop-down list containing the ties active in
the phase in question. Each tie is identified by:

e jts identification number;

e its application level,

e its stiffness;

e its pre-stressing;

¢ its inclination angle.
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Definition of an tie
Activation/Deactivation [ 2\ —
() Activate Z PR ----r-
() Deactivate o
@ Modify S
Tie n®: 1 (Phase 2) za: -4.00 m| K: 75... [ ~3
1 (Phase 2) za: -4.00 m | K: 7900 kN/m/ml | P: 150.00 kNiml | a: 30.00 *
Tie 2 (Phase 4) za: -8.00 m| K: 11870 kN/miml | P: 200.00 kN/ml | o: 30.00 * |
K. 7900 kN/m/ml ‘
P: 150.00 kN/mi
- | wizara |
Fadm,tr: 1E+010 kN/ml _—

Figure B84 : Modification of a tie

To deactivate a tie previously defined, select “Deactivate”. The following figure shows the
drop-down list available containing all the ties that the user can deactivate. Each tie is
identifiable by the following:

e its declaration number;

o its application level,

e ts stiffness;

e its pre-stressing;

¢ its inclination angle.

Definition of an tie

Activation/Deactivation T

Activate | RS
@ Deactivate o
*) Modify

?/

Tien™: 1 (Phase 2) za: -4.00 m| K. 79... | ‘\
1 (Phase 2) za: -4.00 m | K: 7900 kNim/mi | P: 150.00 kNimi | a: 30.00 *
2 (Phase 4) za: -8.00 m | K: 11870 kN/m/mi | P: 200.00 kN/ml | o: 30.00 *

‘ Wizard |

Figure B85 : Deactivation of a tie

B.5.5.2. Strut

This action is used to activate, modify or deactivate a layer of struts. For simplification
purposes, we will refer to “layer of struts” as “strut” in the documentation and in the interface.
By convention, the force in a strut is positive in compression.

The parameters to be input to define a strut are:

o  “Wall 1” or “Wall 2” for a double wall project;
e Activate: chosen by default when defining a new strut;

o “Left” or “Right” for a single wall project, “Left” or “Right/E.2R” (wall 1) or
“‘Left/E.2R” or “Right” (wall 2) for a double wall project;

e 2z, application level (m or ft);
o K: axial stiffness (kN/m/ml or Kip/Ift);
e P: pre-stressing counted positively in compression (KN/ml or kip/Ift);
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e o inclination angle of strut with respect to the horizontal considered to be positive if
the angle is downwards;

o Operate under traction: if ticked, the strut can operate under traction;
o Operate under compression: if ticked, the strut can operate under compression;

If the “elastoplastic behaviour” box is ticked, it is possible to define:
o Faamtr: allowable traction force (KN/ml or kip/Ift), only accessible if the “operate under
traction” option is ticked;

o Faam,cp: allowable compression force (KN/ml or kip/Ift), only accessible if the “operate
under compression” option is ticked.

It should be recalled that the calculation is made for a unit length of wall.

Definition of a strut [E] strut wizard %
Data per anchor |;

~

ActivationiDeactivation o~ — Eh 00 m

E 1E+008 K

@ activate | == - z
a s 0.400000 m
Deactivate
Modify P 800.00 kN
u

Anchor [ Bracon option

Strut n* 2

@ Left © Right
za: 8.00 m

K 76984 kNim/ml

7 K sem wizard
8
L
Em

Prestress e

P [oon | wum
o oo ]
Operate under traction

Operate under compression
Elastoplastic behavior

Fadmtr: -1E+010 kNiml

Fadm,cp: 1E-010 Kbl

a,mheo
Ae
Ad

Ksem

@ strengh

(©) Constraint

F.adm in traction (<0)

F.adm in compression (=0)

@

CINEY)

2000000.00 | KN

-150000.00 | kN

Data per unitlengh
K 35028 KM/mimi
P 40000 kNiml
Fadm tr 4000000.00 kl/ml
F,adm cp 7500000 kNi/mi

[ Transfer

Figure B86 : Definition of a strut and corresponding wizard

The | wizars >

| button gives access to the Strut wizard (see above figure). This is used to

calculate the stiffness of the strut and its pre-stressing, if any, per unit length, using the
formulas given in the technical manual (Part C of the manual). It also includes a tool for
evaluating the equivalent stiffness of a diagonal strut.
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The input data to be entered into the strut wizard are as follows:

e eh spacing of struts (m);

o E: Young’s modulus (kN/m?);

o S: cross-section (m?);

o P: pre-stressing (kN);

o Lu useful length (m);

e  Faum (>0): allowable ultimate compression force;
®  Gadm (Z0): allowable ultimate compression stress.

Ticking the “diagonal strut” option gives access to the display of the following parameters:

o Kagem: vertical stiffness of support base (kN/m);
e strut inclination angle with respect to the horizontal (°);
Ticking the “Wizard K,sem” option gives access to the following parameter:
e B: width of footing B (m);
o L: length of footing L (m), (L = B);
e En pressuremeter modulus (KN/m?2);
® Ol rheo. rheological factor;
o )cand As: coefficients corresponding to the volume and deviatoric part of
settlement.

Once the values have been input, K-Réa displays the values selected for K, P and F agm ¢p OF
G.,adm cp, IN the right-hand part of the window.

Four help diagrams can be obtained by clicking the @] buttons:

Strut wizard X Strut wizard X
Lodd T
EM l o
JL
P @ . B/L
: Al ha
enE S, P L, etK,, % Kem | | 8
BsL
Figure B87 : Strut wizard help - Schematics
Strut wizard *
Rheological factor
Peat Clay Sit Sand Sandand Rock
TYPE OF SOIL gravel Type

a Emipp| @ |Em/p| a |Ev/p| a |Evp | a a
Overconsolidated or ) Very little
very tight =16 1 =14 213 =12 | 1/2 | =10 1/3 fractured 2/3
Normally . -y N N Y
consolidated 1 9ale | 2/3 |8al4 | 1/2 | 7al2 | 1/3 | 6al0d| 1/4 Normal 1/2
Under consolidated Very fractured 13
altered and disturbed 7a9 | I/2 | 5a8 1/2 | 5a7 |13 - - 2/3
or loose Very altered

Figure B88 : Strut wizard help — Rheological factor
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Strut wizard
Shape coefficients
L/B | Circle 1 2 3 5 20
Ac 1,00 1,10 1,20 1,30 1,40 1,50
Ad 1,00 1,12 1,53 1,78 2,14 2,65

To modify a strut previously defined, select “Modify”. The modifiable values are:

o K stiffness per unit length (kN/m/ml or kip/Ift);
o P: pre-stressing (kN/ml or kip/If);

o Faam,tr: allowable traction force (kN/ml or kip/Ift), visible if the “Operate under traction”
option was ticked when the strut was defined;

o  Faam,cp: allowable compression force (KN/ml or kip/Ift), visible if the “Operate under

compression” option was ticked when the strut was defined.

Figure B89 : Strut wizard help — Form factors

The following figure shows the appearance of a drop-down list with all the existing and
modifiable struts, each identified by its characteristics:

e its declaration number;
e its application level,

e its stiffness;

e its pre-stressing;

¢ its inclination angle.

Activation/Deactivation

Activate
() Deactivate

©) Wodify

Strut n*.

Anchor

K:

Prestress

[

Elastoplastic behavior

Fadm,cp:

1 (Phase 2) za: 13.00 m| K: 76... |
1 (Phase 2) za: 13.00 m| K: 76984 khimi
2 (Phase 3) za: 9.00 m| K: 76984 kN/m/ml | P: 0.00 kN/ml | a: 0.00 *

mi | P- 0.00 kNiml| a: 0.00 *

0.00 kNiml

78934 kNimiml

wizard |

1E+010 kNiml

Figure B90 : Modification of a strut

To deactivate a strut previously defined, select “Deactivate”. The strut deactivation frame
illustrated in the following figure then appears. From the drop-down list select the strut to be
modified, identified by the following:

e its declaration number;
o its application level,

e ts stiffness;

e its pre-stressing;

¢ its inclination angle.
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Activation/Deactivation T

) Activate | - - = =-Z
i ) o

(@) Deactivate

() Modify

Strutn®: |2 (Phase 3) za: 5.00 m| K: 769... | =

| Wizard |

Figure B91 : Deactivation of a strut

B.5.5.3. Rotational spring

Rotation spring corresponds to an anchor which opposes the rotation of the wall. This
command is used to activate, modify or deactivate this type of anchor. By convention, the
moment induced in a rotational spring is positive clockwise.

The parameters to be defined are as follows:

“Wall 1” or “Wall 2” for a double wall project;

Activate: choice by default to define a new rotational spring;
z,: application level (m or ft);

R.. rotational stiffness (kNm/rad/ml or kip.ft/rad/Ift);

Mi.it: initial positive clockwise moment (the reaction induced on the wall is positive in
the counter-clockwise direction) (kKNm/ml or kip.ft/Ift).

If the “elastoplastic behaviour” box is ticked, it is possible to define:

o  Muadmno: allowable clockwise moment (kNm/ml or Kkip.ft/Ift), visible only if the
“Clockwise work” option is ticked;
o  Muadam,an: allowable counter-clockwise moment (KNm/ml or Kip.ft/Ift), only visible if the
“Counter clockwise work” option is ticked.
Rotational spring
Activation/Deactivation
Q@) Activate
Z--1
Spring stiffness
Spring n*: 1
Rr: W kNm/radiml
Inttial moment
Minit: 15000.00 kNm/ml
Clockwise work
Counterclockwise work
Elastoplastic behavior
Madm,ho 1E+010 kNméml
Madm,ah [E-010 | kNmiml
Figure B92 : Definition of a rotational spring
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To modify a rotational spring previously defined, select “Modify”. The modifiable values
are:

¢ R rotational stiffness (kNm/rad/ml or kip.ft/rad/Ift);

e Mtz initial moment (kNm/ml or Kip.ft/Ift);

o  Muadmno: allowable clockwise moment (kKNm/ml or Kip.ft/Ift), only accessible if the
“Clockwise work” option was ticked when defining the rotational spring;

o  Muadm,an: allowable counter-clockwise moment (kNm/ml or kip.ft/Ift), only accessible if
the “Counter-clockwise work” option was ticked when defining the rotational spring.

The following figure shows the drop-down list consisting of the rotational springs previously
defined and which are modifiable. Each of them is identified by the following:
e its declaration number;

¢ its application phase;
e ts stiffness;
e jts initial moment.

Rotational spring

Activation/Deactivation

() Activate fan
Deactivate

(@ Wodify Z =1

I\f:{i ]

Spring n*: |1 (Phase 5} z: 13.50 m| Rr: 18... |
1 (Phase 5) z: 13.50 m| Rr: 18000 kNm/rad/ml | Minit: 15000.00 KNWM
Spring stiffness ]

7|
Rr: 18000 kNmfradiml

Minit. 15000.00 kNmiml —

Madm,ho: 1E-010 KWm/ml

Madm,ah: -1E+010 kNm/ml

Figure B93 : Modification of a rotational spring

To deactivate a rotational spring previously defined, select “Deactivate”. The deactivation
frame illustrated in the following figure then appears. From the drop-down list select the
rotational spring to be deactivated, identified by the following:

e jts declaration number;

e its application level,
o its stiffness;
e jts initial moment.

Rotational spring

Activation/Deactivation

() Activate £an
@) Deactivate

©) Modify Z --{4

I\(\J& T

Springn®: 1 (Phase5)z 13.50m|Rr 18.. |~

Figure B94 : Deactivation of a rotational spring
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B.5.5.4. Circular waling

This action is used to activate, modify or deactivate a circular waling. By convention, the
force in a waling is positive in compression.

Figure B95 : Definition of a circular waling

The parameters to be input to define a circular waling are :

“Wall 1” or “Wall 2” for a double wall project;
Activate: chosen by default to define a new waling;
Waling installation side:

o “Left” or “Right” for a single wall project

o “Left” or “Right/E.2R” (wall 1) or “Left/E.2R” or “Right” (wall 2) for a double
wall project;

Z,: application level (m or t);
R: radius (m or ft);

ES: orthoradial stiffness (kN or kip) used to calculate the cylindrical stiffness R. of the
waling (kN/m? or ksf). If the waling consists of a steel section, the ES value is simply
equal to the product of the cross-section of the steel section S by the Young’s
modulus of the steel;

P: orthoradial pre-stressing positive in compression (kN or kip).

If the “elastoplastic behaviour” box is ticked, it is possible to define:

Faamtr: allowable traction force (kKN or kip), only accessible if the “operate under
traction” option is ticked.

Faam,cp: allowable compression force (kN or kip), only accessible if the “operate under
compression” option is ticked.
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Definition of a circular girt

Activation/Deactivation

Q) Activate

Anchor

Anchor n® 1

@ Left () Right
za -1.00

R 10.00

£s: [sooo00
Re: 60.00

Presiress.

P 0.00
Operate under traction
Operate under compression

Elastoplastic behavior

Fadm,tr: -1E+010

Fadm,cp: 1E+010

Figure B96 : Definition of a circular waling

F7RENN

kN Unlike other anchors, the characteristics of a
girt do not depends on the unit length of the
screen (1m / 1ft).

It follows that the force resulting in a girt

represents orthoradial effort.

kN

kN

kN

Unlike the other anchors and supports, the characteristics of a waling are unrelated to the
unit length of the wall. The orthoradial force in a circular waling is expressed in kN or in Kkip.

A help diagram is available by clicking the |§| button:

Ancher

A-A Section

Wizard « Circular girt »

" Girts |

e

| o I o IO s |

Rmedium, girt

Rmedinm, wall

Figure B97 : Help for definition of a waling

To modify a waling previously defined, select “Modify”. The modifiable data are:

¢ Rec: cylindrical stiffness (kN/m? or ksf);
o P: pre-stressing (kN or kip);

e Faume: allowable traction force (KN or kip), only visible if the “operate under traction”
option was ticked when the waling was defined;

e Faamcp: allowable compression force (KN or kip), only visible if the “operate under

compression” option was ticked when the waling was defined.
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The following figure shows the list of existing walings that can be modified, each waling being
identified by:

e jts declaration number;

o its application level,

o its radius;

¢ its orthoradial stiffness;

e its pre-stressing.

Definition of a circular girt

Activation/Deactivation

() Activate FTRR
[ | Deactivate

(@ Modify z,---J---

Lierne n® 1 (Phase §) za: 10.00 m|R: 10... "
1 (Phase &) za: 10.00 m| R: 10.00 m| ES : 80000.00 kN | P: 0.00 kN |

Anchor | .9.|
e — | s
ES: 30000.00 kN
Re: 300.00 kNim*
P 0.00 kN Unlike other anchors, the characteristics of a

girt do not depends on the unit length of the
screen (1m [ 1ft).
It follows that the force resulting in a girt
Fadmtr: _{E+010 kN represents orthoradial effort.

Fadm,cp: 1E+010 kN

Figure B98 : Modification of a circular waling

To deactivate a waling previously defined, select “Deactivate”. The deactivation frame
illustrated in the following figure then appears. From the drop-down list, select the waling to
be deactivated, identified by the following:

e jts declaration number;

e its application level,

e its radius;

e jts circular stiffness;

e its pre-stressing.

Definition of a circular girt

Activation/Deactivation

() Activate P
0 Deactivate
© Modity -

Liernen® 1 (Phase 4)za: 10.00 m|R: 1. |
1 (Phase 4) za: 10.00 m | R: 1.00 m| ES : 6000.00 kN | P: 0.00 kN |

— 7w |

Unlike other anchors, the characteristics of a
girt do not depends on the unit length of the
screen (1m [ 1ft).

It follows that the force resulting in a girt
represents orthoradial effort.

Figure B99 : Deactivation of a circular waling
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B.5.5.5. Surface strut

This action can be used to activate, modify or deactivate a surface strut. By convention, the
force in such a strut is positive in compression.

The parameters necessary for defining a surface strut are:

e “Wall 1” or “Wall 2” for a double wall project;
e Activate: chosen by default to define a new surface strut;
e Surface strut installation side:

o “Left” or “Right” for a single wall project

o “Left” or “Right/E.2R” (wall 1) or “Left/E.2R” or “Right” (wall 2) for a double wall
project;

e Zzgp: Upper level of the surface strut (m or ft);
ez, lower level of the surface strut (m or ft);
o ks: surface stiffness (KN/m?/ml or ksf/Ift);

e ps: surface pre-stressing (KN/m/ml or Kip/Ift);

e Operate under traction: this box is ticked by default. The surface strut can thus work
in traction;

o Operate under compression: this box is ticked by default. The surface strut can thus
work in compression.

It should be remembered that the calculation is performed for a wall unit length.

definition of a surface strut

Activation/Deactivation

Q) Activate —

Anchor

Anchor n* 1

@) Left (") Right FASE

Ztop: 8.00 m

Zhot 7.00 m

ks: 15000 kNim?®
Prestress
ps. 150 kNfm/ml

Figure B100 : Definition of a surface strut

To modify a surface strut previously defined, select “Modify”. The modifiable values are:

e ks: surface stiffness (kN/m? or ksf);
e ps: surface pre-stressing (kKN/m/ml or kip/Ift).

The following figure shows the drop-down list containing the surface anchors previously
defined and which are modifiable, each of which is identified by:
e its declaration number;

e its upper and lower levels;
e its surface stiffness;
e its surface pre-stressing.
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definition of a surface strut

Activation/Deactivation

() Activate — o
() Deactivate

@ Modi

: fy Zsup .
S. Strutn® 1 (Phaze 7) Ztop: 8.00 m| Zbot... ™ Zil"lf K

1 (Phase 7) Ztop: 8.00 m | Zbot: 7.00 m | ks: 15000 kN/m | ps: 150 kN/m/ml

Anchor
ks: 15000 kh/mr®
ps: 150 kM/miml

Figure B101 : Modification of a surface strut

To deactivate a surface strut previously defined, select “Deactivate”. The following figure
shows the drop-down list consisting of surface struts previously defined and which are
modifiable, each of which is identified by:

e its declaration number;

e its upper and lower levels;

e its surface stiffness;

e its surface pre-stressing.

Définition d'un appui surfacique

Activation / Désactivation

() Activer T rZANAAY
(@) Désactiver

() Modifier

Appuisurf. 1 (Phase 6) Zsup: 157.00m| Z... =
1 (Phage 8) Zzup: 157.00 m | Zinf: 156.00 m | ks: 15000 kN/m®/ml | ps : 150 kN/miml

Figure B102 : Deactivation of a surface strut

B.5.5.6. Linking anchor

This action is only available for a double wall project and can be used to activate, modify or
deactivate a linking anchor joining the two walls.

The parameters to be input to define a linking anchor are:

o Activate: chosen by default to define a new strut;

e Tie or Strut: choice of type of anchor. By convention, the force in a tie is positive in
traction, that in a strut is positive in compression;

e 2, anchor level on wall 1 (m or ft);
e Za: anchor level on wall 2 (m or ft);

o d: distance between the two walls. This value is recovered directly from the “Title and
Options” tab, where it was filled out as a project parameter. It is recalled for
information (m or ft);
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e o this value is not to be defined by the user and is automatically calculated as a
function of the distance d and anchor levels z;1 and zay;

o K: axial stiffness per unit length (kN/m/ml or kip/Ift);
e P: pre-stressing per unit length (kKN/ml or kip/Ift).

If the “elastoplastic behaviour” box is ticked, the following can be defined:

e Faams: allowable traction force (kN/ml or kip/Ift), only accessible if the “Operate under
traction” option is ticked;

It should be recalled that the calculation is made for a unit length of wall.

Definition of a linking anchar Wizard : Linking anchor %
Activation/Deactivation Wizard for stiffness
@ Activate m Data by slab anchor Data by length
| Deacvate Zaadec -1 = 2E+006 KM K= 333333 KN/mi/mil
) Modify o
5; 0.040000 m P= 75.00 KN/ml
@) Tie Strut Zah
d Lu: 12.00 m
Definition of a linking anchor
eh: 2.00 m
Linking n° 3 Ea BRI
2aa 450 m P 150.00 KN
zab 450 m
d: 12.00 m
Wizard
o 0.00
_— Slab and linking anchors are the only
E 30000 Kiimimi interactions taken into account between
Prestress the two walls. There is no interaction
_—_— considered between the two walls
E: 75.00 RN through the soil.
Elastoplastic behavier
Fadm,r 1E+010 KH/ml ‘ Transfer

Figure B103 : Definition of a linking anchor and corresponding wizard

The | wer== | button gives access to the Linking anchor wizard. This latter can be used
to calculate the stiffness of the connecting anchor and its pre-stressing, if any, per unit
length, using the formulas indicated in the technical manual (see Part C of the manual).

To modify a linking anchor previously defined, select “Modify”. The modifiable values are:

o K: stiffness (KN/m/ml or Kip/Ift);
e P: pre-stressing (kN/ml or kip/Ift);

¢ Faamt: allowable traction force (KN/ml or kip/ift), accessible if the “Operate under
traction” option was ticked when the linking anchor was defined.

The following figure shows the drop-down list consisting of the linking anchors previously
defined and which are modifiable. Each linking anchor is identified by the following:

e its declaration number and its installation phase;

e its anchor levels (za1 and zs2);

e jts stiffness.
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Definition of a linking anchor

Activation/Deactivation

7 Activate W

: ) Deactivate

Zaat -1
) Modify o
Linking n® |2 (Phase S) zaa: 4.00 m| zab: ... i Zab

1 (Phase 4) zaa: -0.75 m| zab: -0.75 m | K: 10000 kN/m/m| q
Definitior 2 (Phase 5) zaa: 4.00 m| zab: 4.00 m| K: 10000 kN/miml L—»

K: 10000 KNdmiml o

P: 5.00 kN/mi

Elastoplastic behavior Wizard

Fadmtr. 1E+010 kN/mi ErA
' Slab and linking anchors are the only

interactions taken into account between
the two walls. There is no interaction
considered between the two walls
through the soil.

Figure B104 : Modification of a linking anchor

To deactivate a linking anchor previously defined, select “Deactivate”. The following figure
shows the drop-down list containing the linking anchors previously defined. Each linking
anchor is identified by the following:

e its declaration number,

e its anchor levels (za1 and za2);

o its stiffness.

Definition of a linking anchor

Activation/Deactivation

() Activate [}

@) Deactivate

Zaad - - -1 -
© Modify o
Linking n* |2 (Phase 5) zaa: 4.00 m| zab: ... i Zab

1 (Phase 4) zaa: -0.75 m| zab: -0.75 m| K: 10000 kN/miml

2 (Phase 5) zaa: 4.00 m| zab: 4.00 m| K: 10000 kN/m/mi ld—»

PN

Wizard

Slab and linking anchors are the only
interactions taken into account between
the two walls. There is no interaction
considered between the two walls
through the soil.

Figure B105 : Deactivation of a linking anchor

B.5.5.7. Slab anchor

This action is only available for a double wall project and is used to activate, modify or
deactivate a slab anchor between the two walls.

The parameters to be input to define a slab anchor are as follows:

e Activate: chosen by default to define a new strut;
®  Zuase: level of base of slab anchor (m or ft);
¢ H: height (thickness) of slab anchor (m or ft);

o d: distance between the two walls. This value is recovered directly from the “Title and

Options” tab, where it was input as a project parameter. It is recalled for information
(m or ft);

o ks: surface stiffness (KN/m?/ml or ksf/Ift);
e ps: surface pre-stressing (KN/m/ml or Kip/ft/Ift);
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o Operate under traction: this box is ticked and modification is blocked. The slab
anchor can thus work in traction;

¢ Operate under compression: this box is ticked and modification is blocked. The slab
anchor can thus work in compression.

It should be recalled that the calculation is performed for a unit length of wall.

Definition of a slab

Activation/Deactivation
@ Activate
2. _——
b 1
Definition of a slab
Slab n®: 1 d
zbase: 4.00 m
H 0.50 m
Lu: 12.00 m
Ks: 10000 kN/miml

Slab and linking anchors are the only
Prestress i i taken into b
the two walls. There is no interaction
considered between the two walls
through the soil.

p: 150 kN/m/ml

Figure B106 : Definition of a slab anchor

To modify a slab anchor previously defined, select “Modify”. The modifiable values are:

o ks: surface stiffness (KN/m?ml or ksf/Ift);
e ps: surface pre-stressing (KN/m/ml or kip/Ift).

The following figure shows the drop-down list of slab anchors previously defined and which
are modifiable. Each slab anchor is identified by the following:

e jts declaration number and installation phase;

¢ the levels of the base of its ends;

e its surface pre-stressing.

e its surface stiffness.

Definition of a slab

Activation/Deactivation
() Activate

(_) Deactivate H

@ Wodify Zy ﬁ
Slab n® 1 (Phase 13) zaa=4.00 m| zab. I

1 (Phase 13) zaa=4.00 m| zab=0.50 m | ps=150 kNim/ml| ks=10000 kN/mimi |
Definition of a slab

Ks: 12000 kNim@/ml

8 150 kNim/ml

Slab and linking anchors are the only
interactions taken into account between
the two walls. There is no interaction
considered between the two walls
through the soil.

Figure B107 : Modification of a slab anchor

Copyright © K-Réa v4 — 2016 — March 2022 95/147



c’ terrasol

B — User’s Manual K-Réa v4 setec

To deactivate a slab anchor previously defined, select “Deactivate”. The following figure
shows the drop-down list of slab anchors previously defined. Each slab anchor is identified
by the following:

e jts declaration number and installation phase;

e the levels of the base of its ends;

e its surface pre-stressing;

e its surface stiffness.

Definition of a slab

Activation/Deactivation

_) Activate
@) Deactivate H

©) Modify Zy ___ﬁ

Slab n* 1 (Phase 13} zaa=4.00 m| zab... [
1 (Phase 13) zaa=4.00 m | zab=0.50 m | ps=150 kN/m/ml | ks=10000 kN/m?/ml
———— ]

Slab and linking anchors are the only
interactions taken into account between
the two walls. There is no interaction
considered between the two walls
through the soil.

Figure B108 : Deactivation of a slab anchor

B.5.6. Soil and wall loading

B.5.6.1. Caquot overload

This action is used to apply a semi-infinite vertical overload to the soil situated on one side of
the wall (details of how this type of overload is taken into account in the calculations are
given in part C of the manual).

The parameters to be input to define a Caquot overload are:

o “Wall 1” or “Wall 2” for a double wall project;
e Activate: chosen by default to define a new overload;
e Overload application side:
o “Left” or “Right” for a single wall project
o “Left” or “Right/E.2R” (wall 1) or “Left/E.2R” or “Right” (wall 2) for a double wall
project;
e z: overload application level (m or ft);
e (: overload amplitude (kN/m/ml or Kip/Ift).

e Action nature: if ULS checks were requested, the nature of the overload must also
be defined, by specifying whether it is permanent or variable. This choice
determines the value of the partial factor to be applied to the overload (see § B.3.1.2).

o Family: if the load cases calculation was activated (see §B.3.5), the overload must be
allocated to a loads family using the drop-down list containing all the previously
defined families.
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Caquot overioad applied on the horizontal ground surface
©) wran 1 walz
Activation/Deactivation
@ Activate | |
Deactivate
Modify
Caquot overload applied on the horizontal ground surface e
Overlbadn®: 2
ActivationiDeactivation @ Lot ) Right!B 2w
§) Activate = 650 m
Deactivate q q 10.00 KNimvmi
Action nature Empo:L
e @ Permanent Py Import automatically data from the Caquot load
Overbadn®: 1 foatiaegpane s Phase2-1,z=550 | = | Transfer
Famly | Crane -
9 Left Right —
Mooring
z 5.00 m
Wind
o 10.00 /mimi Docking
Own weight

Figure B109 : Definition of Caquot overload

It is also possible to automatically import the properties of a previously defined Caquot
overload into the project: select the overload to be imported from the drop-down list and then
click the | Tmanster | button.

' The “Excavation” and “Fill” actions cancel out the Caquot overloads previously
. defined on the same side of the wall.

To modify a Caquot overload previously defined, select “Modify”. The modifiable values
are:

e (: overload amplitude (kN/m/ml or Kip/Ift);

e Action nature: if ULS checks are requested.

The following figure shows the drop-down list containing the previously defined Caquot
overloads which are still present. Each Caquot overload is identified by the following:

¢ its definition phase and its declaration number;

e its application level;

e its amplitude.

Caquot overload applied on the horizontal ground surface

@) Wall1 Wall2

Activation/Deactivation

© Activate
() Deactivate q
@ Modify

Overload n*: 'phase 7-1,z=500m,q.. | =

Overload
Overload n* 1

q 10.00 kMimiml

Action nature

@) Permanent () variable Import

Import autsmatically data from the Caquot load
I Transfer |

phase 7 - 1, z=5.00 m, g= 30.00 kN/m/m|
phase 8 - 2, z=-5.00 m, g= 20.00 kN/m/m|

Figure B110 : Modification of a Caquot overload
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To deactivate a previously defined Caquot overload, select “Deactivate”. The following
figure shows the drop-down list containing the previously defined Caquot overloads which
are still present. Each Caquot overload is identified by the following:

¢ its definition phase and its declaration number;

o its application level,
e its amplitude.

Caquot overload applied on the horizontal ground surfa

@) wall 1 O wal2

ce

Activation/Deactivation

() Activate
0 Deactivate
©) Modify

Overload 0™ | phaze 7-1, z=5.00 m, q... ¢
phase 7 - 1, z=5.00 m, g= 30.00 kN/m/ml
phase & - 2, z=-5.00 m, g= 20.00 kN/m/mi|

Figure B111 : Deactivation of a Caquot overload

B.5.6.2. Boussinesq overload

This action is used to apply a localised vertical Boussinesq type overload to a limited width in
the soil on one side of the wall (part C of the manual details how Boussinesq overloads are

taken into account in the calculations).

A

A

A

VN NN NN NN N NN NN NN NN

Figure B112 : Schematic of a Boussinesq overload
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The parameters to be input to define a Boussinesq overload are:

*

“Wall 1” or “Wall 2” for a double wall project;
Activate: chosen by default to define a new overload;
Side of application of the Boussinesq overload:

o “Left” or “Right” for a single wall project,

o “Left” or “Right/E.2R” (wall 1) or “Left/E.2R” or “Right” (wall 2) for a double wall
project;

z: level of application of the overload (m or ft);
x: distance from the wall > 0 (m or ft);

L: width of application > 0 (m or ft);

q: overload amplitude (kN/m/ml or Kip/Ift);

a.: multiplication coefficient used to correct the Boussinesq overload (taking account
of the wall effect) The | - e2ue1) | button gives this coefficient the value derived from

the following formula:
e =(x+2)/(x+1)
Action nature: if ULS checks were requested, the nature of the overload must also

be defined by specifying whether it is permanent or variable. This choice determines
the value of the partial factor to be applied to the overload (see § B.3.1.2).

Family: if the load cases calculation has been activated (see §B.3.5), the overload
must be allocated to a loads family using the drop-down list containing all the
previously defined families.

Boussinesq overload @) Activate —‘

Activation/iDeactivation

@ Activate

PR @ Left ) Right/B. 2W

650 m

Overload P 200 =

Overload n* 1 L £.00 m

© Left @) Right! a 20.00 Khlimim

10.00 m oe: 1333 0 = (X+2)(x+1)

4
£gs559 8 @

Figure B113 : Definition of Boussinesq overload

The “Excavation” and “Fill” actions cancel the previously defined Boussinesq
overloads on the same side of the wall.
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To modify a Boussinesq overload previously defined, select “Modify”. The modifiable
values are:

e @: overload amplitude (kN/m? or KsF);

e Action nature: if ULS checks were requested.

The following figure shows the drop-down list containing the previously defined Boussinesq
overloads which are still present. Each Boussinesq overload is identified by the following:

e its declaration number and its definition phase;
e its application level,
e its amplitude.

Activation/Deactivation
L .
() Activate
Deactivate q
@) Modify
- <
Overioad n*: | phase 4 - 2, z=5.00 m, q... | =
Overload
Import

Import autematically data from the Boussinesg
7 Ioad:
qQ: 15.00 kN/miml

I Transfer

Inttial phase - 1, z=14.00 m, g= 50.00 kN/m/ml , x=4.00 m, L=10.00 m
Phase 4 - 2, z=5.00 m, g= 10.00 kN/m/ml, x=5.00 m, L=2.00 m

Figure B114 : Modification of a Boussinesq overload

To deactivate a previously defined Boussinesq overload, select “Deactivate”. The
following figure shows the drop-down list containing the previously defined Boussinesq
overloads which are still present. Each Boussinesq overload is identified by the following:

¢ its declaration number and its definition phase;

o its application level,

e its amplitude.

Boussinesq overload

Activation/Deactivation
. Lo x o
) Activate
0 Deactivate q
() Modify
L
Overload n*: | phage 4 - 2, z=5.00 m, q... |

Initial phase - 1, z=14.00 m, g= 50.00 kN/m'ml , x=4.00 m, L=10.00 m
Phase 4 - 2, z=5.00 m, g= 10.00 kN/m/ml , x=5.00 m, L=2.00 m

Figure B115 : Deactivation of a Boussinesq overload
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B.5.6.3. Graux overload

This action is used to apply a Graux type localised vertical overload over a limited width in
the soil situated on one side of the wall. This overload is “uniformly” diffused within the
diffusion cone in accordance with the following figure (part C of the manual details how this
type of Graux overload is taken into account in the calculations).

lenght

'z Spreading \[)’z

tan(/,)=m-tan(y¢,)+n

Figure B116 : Graux overload schematic

The parameters to be input to define this overload are as follows:

“Wall 1” or “Wall 2” for a double wall project;
Activate: chosen by default to define a new overload;
Side of application of the Graux overload:

o “Left” or “Right” for a single wall project;

o “Left” or “Right/E.2R” (wall 1) or “Left/E.2R” or “Right” (wall 2) for a double wall
project;

z: level of application of the overload (m or ft);

x: distance to the wall >0 (m or ft);

L: application width > 0 (m or ft);

m: proportionality term between the tangent of the friction angle and the tangent of
the diffusion angle (-);

n: constant term in the diffusion angle tangent formula (-);

Note: the particular case in which m = 1 and n = 0 guarantees diffusion at a phi angle
value in each layer. In addition, choosing m = 0 simulates constant angle diffusion
independent of the friction angle of the soils encountered.

qg: overload amplitude (kN/m? or ksf);

Action nature: if ULS checks were requested, the nature of the overload must also
be defined, specifying whether it is permanent or variable. This choice determines
the value of the partial factor to be applied to the overload (see § B.3.1.2).
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o Family: if the load cases calculation was activated (see §B.3.5), the overload must be
allocated to a loads family using the drop-down list containing all the previously
defined families.

Graux overload
Activation/Deactivation
L X
@) Activate
Deactvts q
l 1 rv
Overload P
Qverload n*: 1 BN !
@ Left *) Right L
z 500 m BQN
= =00 " tan(B1) = m.tan(e@l) + n
m: 1.00
n. 0.00
q 20.00 kN/mimi
Figure B117 : Definition of a Graux overload
The “Excavation” and “Fill” actions cancel the previously defined Graux overloads
. on the same side of the wall.

To modify a Graux overload previously defined, select “Modify”. The modifiable values
are:

e (: overload amplitude (kN/m/ml or Kip/Ift);
e Action nature: if ULs checks are requested.

The following figure shows the drop-down list containing the previously defined Graux
overloads still present. Each Graux overload is identified by the following:

¢ its definition phase and its declaration number;

e its application level;

e its position with respect to the wall and its amplitude.
Graux overload
Activation/Deactivation
. X L
Activate
") Deactivate q
@) Modify Tl_l
Overlioad N phase 4-1, z=14.00 m, = -
Phase 4 - 1, z=14.00 m, g=20.00 kNimvml, x=2.00 m, L=5.00 m ﬁ1
Overload —— S L
P2
tan(B1) = m.tan(gl) + n
Import
Import automatically data from the Graux load:
— Phase 4 1,2-1400 . =] | Transter |
q 25.00 kN/miml -
Figure B118 : Modification of a Graux overload
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To deactivate a previously defined Graux overload, select “Deactivate”. The following
figure shows the drop-down list containing the previously defined Graux overloads still
present. Each Graux overload is identified by the following:

¢ its definition phase and its declaration number;

o its application level,
e its position with respect to the wall and its amplitude.

Graux overload

Activation/Deactivation

: X L
) Activate
(@ Deactivate q
() Modify
(]
TN FTITN

Overioad n*: | phase 4- 1, z=14.00m, ... |

-
Phase 4 - 1, z=14.00 m, g=20.00 kM/m/ml, x=2.00 m, L=5.00 m ﬁ‘l

feo

/

P2

tan(f1) = m.tan{pl) + n
Figure B119 : Deactivation of a Graux overload

B.5.6.4. Line force

This action is used to manage (activate, modify or deactivate) the line forces applied directly
to the wall.

Figure B120 : Line force schematic

The parameters needed for definition of a line force are:

o “Wall 1” or “Wall 2” for a double wall project;

e Activate: chosen by default to define a new force;

e z: level of application (m or ft);

e F: amplitude of the force (kN/ml or kip/Ift);

e a: angle of the force with respect to the horizontal, counted positively clockwise (°);

e Action nature: if ULS checks were requested, the nature of the force must also be
defined, specifying whether it is permanent or variable on the one hand, and
favourable or unfavourable on the other. These choices will affect the value of the
partial factor to be applied to the load value (see § B.3.1.2 of the manual).

o Family: if the load cases calculation was activated (see §B.3.5), the overload must be
allocated to a loads family using the drop-down list containing all the previously
defined families.
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Definition of a line force

) wal 1 @ wall 2
Activation/iDeactivation —
@) Activate
Deactivate Zl----—¢
Modify w
Definition of a line force F
Force n*: 1
z 4.00 m
F: 20,00 kN/mi
o 20.00

Action nature

(@) Permanent _! Variable

(@) Unfavourable _! Favourable

Loads cases parameters:

Family Famiby W I~
Family G
Famity Q
Famity W

Figure B121 : Definition of a line force

To modify a line force previously defined, select “Modify”. The following figure shows the

drop-down list containing the previously defined line forces which are still present. Each line
force is identified by the following:

e jts declaration number;
e its application level,

e its amplitude;

e its angle.

Definition of a line force

@ wal 1 () wal 2

Activation/Deactivation

7 Activate
: | Deactivate

@) Modify

\&
Force n® 2 (Phase 11)z: 3.00 m| F: 34... [d F

2 (Phase 11) z: 3.00 m | F: 345.00 kW/ml| a: 30.00 * |
Definition of a line force i

Force n* 2

E: 50.00 kNiml

Action nature

@) Permanent *) Variable

C}- Unfavourable [ | Favourable

Figure B122 : Modification of a line force
The modifiable values are:

e F: force amplitude (kN/ml or kip/Ift);
e Action nature: if ULs checks are requested.
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To deactivate a previously defined line force, select “Deactivate”. The following figure
shows the drop-down list containing the previously defined line forces which are still present.
Each line force is identified by the following:

¢ its declaration number and its definition phase;

o its application level,

e its amplitude;

e jts angle.

@) Wall1 () Wall 2

Activation/Deactivation =

() Activate
(@) Deactivate F.A) " EE—

- -~
© wosity \{)
Force n™: 2 (Phase 11) z: 3.00m|F: 34... " F

2 (Phase 11) z: 3.00 m| F: 346,00 kN/mi | @ 30.00 ©
Fa

Figure B123 : Deactivation of a line force

B.5.6.5. Moment

This action is used to manage (activate, modify or deactivate) the linear moments applied
directly to the wall.

Figure B124 : Moment schematic

The parameters to be input to define a moment are:

“Wall 1” or “Wall 2” for a double wall project;

e Activate: chosen by default to define a new moment;
o z: level of application (m or ft);

o M: amplitude of moment (kKNm/ml or kip/Ift);

e Action nature: if ULS checks were requested, the nature of the load must also be
defined, specifying whether it is permanent or variable on the one hand and
favourable or unfavourable on the other. These choices will affect the value of the
partial factor to be applied to the load value (see § B.3.1.2 of the manual).
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Family: if the load cases calculation was activated (see §B.3.5), the overload must be
allocated to a loads family using the drop-down list containing all the previously
defined families.

Moment

Activation/Deactivation

©) Activate

Moment

Moment n*: 1

= 8.00 m
11 5000 | kimmi
Nature:
@) Permanent Variable
° Unfavourable () Favourable
Load cases parameters:
Familty Own weight

Figure B125 : Definition of a moment

To modify a moment previously defined, select “Modify”. The following figure shows the
drop-down list containing the previously defined moments which are still present. Each
moment is identified by the following:

its declaration number and the definition phase;
its application level;

its amplitude;
its angle.

The modifiable values are:

M: moment amplitude (KNm/ml or kip.ft/Ift);

Action nature: if ULS checks were requested, the nature of the load must also be
defined, specifying whether it is permanent or variable on the one hand and
favourable or unfavourable on the other. These choices will affect the value of the

partial factor to be applied to the load value (see § B.3.1.2 of the manual).

Moment

Activation/Deactivation

() Activate

[ | Deactivate

@) Modify
Moment n*:

Moment
Moment n*:

M:

1 (Phase 3) z. 6.00 m| M: 50.... =
1 (Phase 3} z: 6.00 m | M: 50.00 kNm/ml

20.00 kNm/ml

Figure B126 : Modification of a moment
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To Deactivate a moment previously defined, select “Deactivate”. The following figure
shows the drop-down list containing the previously defined moments which are still present.
Each moment is identified by the following:

e its declaration number and its definition phase;

o its application level,

e its amplitude.

Moment

@ wall 1 ) wal 2

Activation/Deactivation Fany
() Activate _
(@) Deactivate Z - ;_ M
() Modify
Moment n*: 1 (Phase 11} z: 1.00 m| M; 50... =
1 (Phaze 11) z: 1.00 m| M: 50.00 kNm/mi
e A\ U

Figure B127 : Deactivation of a moment

B.5.6.6. Horizontal load

This command is used to manage (activate, modify or deactivate) the horizontal loads
applied directly to the wall.

The parameters to be input to define this type of load are:

e “Wall 1” or “Wall 2” for a double wall project;

o Activate: chosen by default to define a new load,;

e z: upper level of load (m or ft);

e 2z, lower level of load (m or ft);

e a: angle of the load with respect to the horizontal, counted positively clockwise (°).
e (gt load amplitude at level z; (KN/m/ml or kip/Ift);

e (Qnb: load amplitude at level z, (KN/m/ml or kip/Ift).

e Action nature: if ULS checks were requested, the nature of the load must also be
defined, specifying whether it is permanent or variable on the one hand and
favourable or unfavourable on the other. These choices will affect the value of the
partial factor to be applied to the load value (see § B.3.1.2 of the manual).

o Family: if the load cases calculation was activated (see §B.3.5), the overload must be
allocated to a loads family using the drop-down list comprising all the previously
defined families.
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Horizontal load

Activation/Deactivation
@ Activate Qre
e

q Q :

Load htc:\‘ - A
Aol ¥

Load n*: 1 b
zt: 10.00 mo | T
zh: r m
o 10.00
ght: fooo | kimimil
ghb: 2000 | kimml

Figure B128 : Definition of a horizontal load

The overload value between qnt and gnw is obtained by linear interpolation between levels z;
and zp.

To modify a horizontal load previously defined, select “Modify”. The modifiable values are:

e (gt load amplitude at level z; (KN/m/ml or kip/Ift);
e (Qno: load amplitude at level z, (KN/m/ml or Kip/Ift).

o Action nature: if ULS checks were requested, the nature of the load must also be
defined, specifying whether it is permanent or variable on the one hand and
favourable or unfavourable on the other. These choices will affect the value of the
partial factor to be applied to the load value (see § B.3.1.2 of the manual).

The following figure shows the drop-down list containing the previously defined horizontal
loads which are still present. Each horizontal load is identified by the following:

e its declaration number and its definition phase;

e its application levels (top and bottom);

e its amplitude at levels z: and zy;

e jts angle.

Horizontal load

Activation/Deactivation

() Activate q
(7) Deactivate - \
_ e
@) Modify T Z;
T
Qno
Load n®: 1 (Phase 4}:21:1D.Dﬂm;zb:...'v x'\,,\‘ )
1 (Phase 4} : zt: 10.00 m ; zb: 8.00 m; a: 10.00 * ; ght: 10.00 kN/m/ml ; ghb: 20.00 kN/m/ml |
Load =0
— 7. |
Load n*: 1
qht: 15.00 kMrmdml
ghb: 25.00 kNdmiml

Figure B129 : Modification of a horizontal load
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To deactivate a previously defined horizontal load, select “Deactivate”. The following figure
shows the drop-down list containing the previously defined horizontal loads which are still
present. Each horizontal load is identified by the following:

e its declaration number and its definition phase;

¢ its application levels (top and bottom);

e its angle;

e its amplitude at levels z; and zs.

Horizontal load

Activation/Deactivation

() Activate
0 Deactivate
() Modify

Load n*: 1 (Phase 4): zt: 10.00 m ; zbc... I~
1 (Phase 4) : zt: 10.00 m ; zb: 8.00 m; a: 10.00 * ; ght: 10.00 kN/méml ; ghb: 20.00 kN/m/ml |

P Y

~— Z

=0

Figure B130 : Deactivation of a horizontal load

B.5.7. Automatic actions

B.5.7.1. LEM Options (Limit Equilibrium Method)

This action is used to check the available options in the ULS checks frame for the phases
during which the wall is defined as cantilever (LEM calculation), in other words, the phases

for which the “Cantilever wall” box is ticked.

This command comprises 2 sections:

¢ Over-excavation: definition of the over-excavations to be taken into account in the
ULS checks;

e LEM calculation options: configuration of the options used in the LEM calculation.

The parameters of this automatic action are as follows:

e Aain: over-excavation value on the left side of the wall to be taken into account in the
ULS checks (LEM);
e Aaignt: Over-excavation value on the right side of the wall to be taken into account in
the ULS checks (LEM).

ULS Options (55IM)
Over-excavation

ha left:

By rEms

T RN

0.00

Aa,right:

0.00 m

i ELU
7

\\\\\\\\

Zh

Figure B131 : Modification of over-excavation parameters
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e Calculation method: calculation method used for the LEM checks. The “Automatic”
choice is selected by default. In this case, method D is used. If you uncheck this
option, you can choose to apply method F or method D for this phase (see Part C of
the manual for details about these two calculation methods). When method D is
selected, an additional option can be used to define the design embedment depths.

Three choices are then available for the base of the embedment depth considered in
the LEM calculation:

o Wall base: the base of the embedment depth considered corresponds to the base
of the wall (default option);

o Level z. — 0.2 x fo: the embedment depth base considered corresponds to the
point on the wall zpsse = zc - 0.2 x fo and is automatically evaluated by the
calculation engine once z. and f, have been calculated;

o Personalized: the base of the embedment depth considered is set by the user.

Calculation method: [C] Automatic () Method F (@) Method D

Depth base: [ ! Wall base ! ) Level zc - 0.2 x T 0 Personalized

Depth base: 3.00 m

Figure B132 : Modification of calculation method parameters

o Selection of passive earth pressure side: passive earth pressure side considered
during the checks performed for this phase. The “Automatic” box is selected for this
option by default. In this case, the side with the lowest passive earth pressures ratio
in the SSIM calculation is chosen. If you deselect this option, you can force the choice
of passive earth pressure side considered (see Part C of the manual).

Selection of the pazsive earth press. side: |:| Automatic 0 Left [ | Right

Figure B133 : Modification of passive earth pressure side

o Automatic correction of counter passive earth pressure angles: allows automatic
correction of the counter passive earth pressure angles when evaluating the checks
for this phase (see Part C of the manual + Part D/Tutorial 3).

When the user deactivates this option, a table containing the soil layers present in the
current phase appears. This table enables the user to define personalized counter
passive earth pressure parameters.

|:| Automatic correction of the angle of counter passive earth pressure

Side fitter:

Name P c de dp{cblp kpy(cb)  kpc(cb)

3 Clays 1

3 0.000 -0.667 2019 3715
Clays 2 15.00 10.00 0.000 -0.687 Akl 3715
Sand 35.00 0.00 0.000 -0.657 7.345 0.000

| kpy(cb) Wizard | | kpe(ch) Wizard |

Figure B134 : Modification of characteristics of counter passive earth pressure for a LEM calculation

By default, for each soil layer, the counter passive earth pressure parameters (&pco) o,

Koycby @and Kpcer)) are considered to be equal to those of the passive earth pressure
(values of &p/o, kp, and Kpc).
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In order to be able to simultaneously check the vertical and horizontal forces with
compatible pressures, the user may need to modify the angle of the counter passive
earth pressure Spcb)/¢ (see Example 3 in part D of the manual).

These parameters are used for ULS (LEM) verification calculations as described in
part C of the manual.

B.5.7.2. ELU Options (SSIM)

This command is used to check the options available for ULS checks for the phases during
which the wall is considered to be anchored (SSIM calculation), in other words, the phases
for which the “Cantilever wall” box is not ticked.

This command comprises 2 sections:

e Over-excavation: definition of over-excavations to be taken into account in the ULS
checks;

e Kranz Options: configuration of options used for the Kranz calculation.
The parameters of this command are as follows:

e Aae: over-excavation value on the left side of the wall to be taken into account
during the ULS (SSIM) checks;

e Aagnt: over-excavation value on the right side of the wall to be taken into account
during the ULS (SSIM) checks.

Over-excavation

Aa,left: 0.00 m Aa,right: 0.00 m

Figure B135 : Modification of over-excavation parameters

e Position zp of the null shear force point: used to choose how the zp point used
during the Kranz calculation is set (see Part C of the manual). The “Automatic” option
is selected by default, in which case the calculation engine considers the shear force
point to be the lowest point between the base of the wall and the bottom of the
excavation. If this option is deselected, it is possible to impose the level considered
for the zp point.

Kranz options

Position zD) of the null shear force point: |:| Automatic
zD | 11.00 m

Figure B136 : Position of the zD null shear force point
B.5.8. Earthquake (seismic calculation)

This action is used to define the characteristics of a seismic calculation with respect to a
phase for which the “Seismic calculation” box was ticked.

It should be noted that this option is only available in the phases for which the user has not
yet inserted actions. Conversely, activation of this option deactivates the possibility of
creating new actions in the current phase. The phase is then considered to be an “orphan”.
This means that the initial state reference for a phase without earthquake defined after a
phase with earthquake will be the last phase without earthquake previously defined and not
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the seismic calculation phase. The following diagram explains the phasing when phases with
earthquake are present.

{ Phase 1

Phase 3 | o Phase 6 Phase 7
{without earthquake} ~

(without earthquake) (without earthquake) [without earthquake)

with earthquake

Figure B137 : Calculation phasing with processing of phases with earthquake

Phase 4 ] [ Phase 5 ]
[with earthquake) [with earthquake)

This command comprises 2 sections:

o Acceleration parameters: characteristics of the earthquake;
o kn: horizontal seismic coefficient;
o kv: vertical seismic coefficient;
o XP: passive earth pressure limitation factor (<1).

¢ Soil parameters: soil behaviour during seismic calculation. For each soil layer:
o y: wet unit weight (kN/m?3, kcf);
o yq: dry unit weight (kN/m?3, kcf);

o Water behaviour left and right: used to choose an open behaviour (highly
permeable soil) or closed behaviour (low permeability soil) for the soil layer
selected on each side of the wall.

The calculation of seismic effects is carried out using the “pseudo-static’ method. The K-Réa
calculation engine uses the above parameters for the following operations:

e Correction of limit active/passive earth pressure diagrams on each side of the wall
taking account of seismic action;

e Correction of hydraulic profiles on each side of the wall at the levels where the
groundwater is free and/or those where the soil was declared as an “open” medium.

o Application of a force of inertia associated with the mass of the wall.

Earthquake (seismic calculation)
Acceleration parameters

kh. 1 10.00 kv: 10.00 XP: 1.00

Soils parameters

W W
N Name ¥ o Vat Behav.  Wat Bahav.
left right

1 Clays 1 2000 11.00 Open Closed
2 Clays2 20.00 11.00 Open Open
& 3 Sand 20.00 8.00 Closed iOpen "~
Closed
Open

Remember to fillin the values of volume weight.

Hydraulic behavior:
- Closed impermeable soil under the water level
- Open: (very) permeable soil under the water level

Figure B138 : Seismic calculation

The mathematical description of the calculation method used is detailed in part C of the
manual.
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B.6. Calculations and results

The calculations carried out by K-Réa are performed for a unit length of wall, so
| most of the data and results are relative to this unit length. The unit /ml (per linear
metre) or /Ift (per linear foot) is explicitly recalled in the results provided.

B.6.1. General presentation

B.6.1.1. Calculation

Click the El button on the buttons bar to start the calculations for all the calculation phases
and ULS checks, if requested.

The calculations can be made at any time (in initial phase, during phasing, or in the final
phase) provided that the soil, wall and action data have been correctly filled out.

B.6.1.2. Calculations flowchart

The available results depend on the type of calculation performed. The following calculation
flowchart explains the results obtained for the various types of available calculation. Part C of
the manual gives detailed explanations about the various types of calculation mentioned in
this flowchart.

Calculation without
ULS check

l

Basic calculation ULS calculation

“SSIM" model (without
weighting)

“SSIM” model
(without weighting)

BASIC RESULTS SLS RESULTS
» Displacements + Displacements
= Mobilised pressures + Mobilised pressures

« Forces » Forces

Kranz
Model

Calculation

with ULS checks

1

ULS calculations

!

Phase in which wall is

l

Phase(s) ol I'écran

anchored est en console
“SSIM" models “LEM" model
(weighted) (weighted)

!

ULS RESULTS

+ Displacements
* Mobilised pressures
+ Calculation forces

ULS CHECKS

» Passive earth pressure

safety check

+ Vertical equilibrium
+ Stability of anchoring

block

!

ULS RESULTS

+ Mobilised pressures
+ Calculation forces

ULS CHECKS

* Passive earth pressure

safety check

» Vertical equilibrium

Figure B139 : Calculation flowchart and results obtained for each type of calculation
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B.6.1.3. Results for a calculation without ULS checks

All the phases are processed using the “basic” SSIM calculation without weighting on the soil
characteristics and overloads.

The results obtained include: wall displacements, bending moments, shear forces, mobilised
pressures and support reactions.

Chapter B.6.2 gives a detailed presentation of the results of the “basic” SSIM calculation.

B.6.1.4. Calculation with ULS checks

For each phase, two calculations are performed:

A “SLS” calculation: calculation based on an SSIM model carried out without
weighting on the characteristics of soils and overloads. The results of this calculation
are strictly identical to those of a calculation “without ULS checks”: displacements,
bending moments, shear forces, mobilised pressures and support reactions.

See chapter B.6.2.5 for a detailed presentation of the SLS results as displayed in
K-Réa (the presentation of these results is very similar to that of the basic SSIM
calculation results.

A “ULS” calculation: calculation based on a weighted SSIM model supplemented by
a LEM calculation for those phases in which the wall is considered to be cantilever.
The available results are as follows:

» Wall displacements (for those phases in which the wall is anchored);

» Bending moments and shear forces calculation values;

= Mobilised pressures calculation values;

= Forces in supports calculation values.

See chapter B.6.3 for a detailed presentation of the ULS results (SSIM) as displayed
in K-Réa.

The results of the following ULS checks are also available:
=Verification of passive earth pressure safety check;

=Verification of vertical equilibrium;
=Verification of stability of anchoring block (Kranz) for phases in which wall is
anchored.

See chapter B.6.4.3 for a detailed presentation of the verification results as displayed
in K-Réa.
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B.6.2. Calculation without ULS checks

B.6.2.1. Results available in the K-Réa main window

After the end of the calculations, some of the results are displayed in graphic form in the
main window in the context of management of the current phase: displacements, bending
moments and shear forces.

N G E B F @ Q.
File Data Wizards Save Calculate Results ECT checkings Help
[Gm[Gm |om |om [om [oms | @m x|
+1 Displacements [mm] Hydraulic
1T Hydraulic action v [

— |@ Modification of wall bending stiffness.
Earthworks

Excavation > (=]

Soils properties.

T —_ - S
\ 1 New soi properties - ()
= 15 Wal properties
Wodification of wall bending stiffness v (O]
20 —
Anchors. [x]
t Tie - ]
=] = 20 -10 [ 10 20
Loads - Forces - Moments
m Caquot overioad v [
Moments [kNm/mi] Shear forces [kN/ml]

Wall modification

Wall modification

L=
’ T =
_ R ———— w [ m
s 45 4 E -+ 2z [mw  |m
2 a0 4 - Bl 23333 Kl
|

—
t t t t t t t t t t t t o oo (R
-0 -600 300 0 a0 600 00 a0 zm -100 0 w0 =0 am
wizard
Wall modification
Earth resistance ratio: Charts legend
2088 — Characteristic values ZE (Y =
— Design values o zbsse " w
m (kNmAm] k]
y 12200 833333 25.00
Drawing settings
Overload ~

Overload @

None "

Figure B140 : Display of SSIM results (without ULS checks) in the main window

The (mobilisable passive earth pressure/mobilised passive earth pressure) ratio is also
displayed in the main window.

A warning message appears in the phasing management frame if the calculation reaches the
maximum number of iterations per phase. For reasons of consistency, this message also
appears for all the phases following a phase in which the calculation did not converge.

The calculation stop a max iteration!l!

Try to refine the calculation step, or to increase the iterations number per phase. If the problem persists, we advise you to check your project data and
look for possible instabilty causes.

It is of course possible to access more detailed results by opening the results window: this is
a specific window which follows the same operating principle as the phasing management
frame, using tabs. For this, click the “Results” button | -1| on the buttons bar.
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B.6.2.2. Results window / “Data” tab

When the results window appears, it opens by default on the first tab, which is a
recapitulation of the general project data:

Results - P
Data | Resuts synthesis | Envelope phases 1106 | 1:Phase1 | 2 Phasc2 | 3:Phase3 | 4 Phases | 5. Phases | & Prascs
GENERAL SETTNGS
Units system: Metric, K, kiU
Weight densty of water 10.00 ke
Number of terations: =
Calculation step: 0z0m
Taking account of anchors bucking: No
Project defintion. Cotes
SOIL PROPERTES
Layer z 2w v ¥ [ c dc ) kay oy xa i xac koc n @ oarg opio
m m Wi ke [ Wil i
Bank 0.0 200 1800 1000 3000 000 0000 0500 0283 499 0500 0500 0000 0000 9158 0 060 0560
Aluviom 700 800 2000 1000 3500 000 0000 0426 0227 7301 0426 0425 0000 0000 40158 © uesn  -0s60
Sandy clay _17.00 200 2000 1000 2800 000 vom  osm 09 438 051 0531 0000 0000 4602 [ uesn 0860
Limestone-mari 2000 200 200 1200 3000 4000 0000  0S0 0288 4958 0500  0S0 1257 6271 s 0 0ss0 0580
WALL PROPERTES
2 000m
Section 2 base ] Re w
m inimi W wumm
1 2200 1688667 0 25.00

Figure B141 : Results window: “Data” tab

For a single wall project, this tab groups together all the soil and wall characteristics data
along with the chosen calculation options and the actions performed in the initial phase (e.g.
reduced pressure).

B.6.2.3. Results window / “Results synthesis” tab

The “Results synthesis” tab, which follows that dedicated to data, gives a summary table of
the extreme values obtained for the main types of results, for each calculation phase and
overall for the phasing as a whole (last line of table).

Results

Data | Results synthesis | Envelope phases 1to 6 I 1 : Phase 1 l 2 : Phase 2 I 3 : Phaze 3 ] 4 : Phase 4 I 5: Phase 5 I 6 : Phase 8

] Displacemsnt Displac_ement r.1c|n'!ent Shear_fclrce Ratio Earth Charac‘t_eris_tic force Chara ct_eris_tic force
PHASE N° Head maximal maximal maximal X tie n*1 tie n*2
[mrmi] [mrmi] [kMmim] [kNdmi] =Rl [kMmi] (kN/mi]
-2.78 -8.78 -287.54 -r2.m 9.040 - -
2 -7.05 -7.05 -200.71 8573 9262 150.00 -
3 -7.50 -7.50 -200.38 115.54 5237 157.84 -
4 -7.37 -7.37 17271 114.87 5441 161.85 200.00
5 -3.87 -18.87 936.42 343 2133 206.49 39458
[ -3.05 -24.52 766.33 31219 2.088 201.93 424 67
Extrema 278 -2452 5935.42 343 2.088 206.45 424 57

Figure B142 : Display of results synthesis table
(single wall, without ULS checks)
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The types of results for which these extreme values are given are as follows:

Displacement at head of wall (in mm or in);

Maximum displacement obtained along the wall (in mm or in);

Maximum bending moment obtained along the wall (in kKNm/ml or kip.ft/Ift);
Maximum shear force obtained along the wall (in kN/ml or kip/Ift);

Maximum arch pressure obtained along the wall, only for walls defined as being
circular (in kN/ml);

Maximum normal force obtained along the wall (in kN/ml);

Earth pressures ratio: (mobilisable passive earth pressure / mobilised passive earth
pressure) ratio. It should be noted that unlike the other columns, the extreme value
presented in the last row for the passive earth pressures ratio is the minimum value
encountered on all the phases (and not the maximum value, as is the case for the
other columns);

Characteristic force ties: forces taken up by the anchors for each phase (variable
unit).

B.6.2.4. Results window/ “Envelope” tab(s)

The tab(s) which follow “Results synthesis” in the results window is (are) devoted to the
envelope displacements, bending moments and shear forces.

5] Results

Data | Rest

Display

) curves

Tables

If no “intermediate” envelope was requested at definition of phasing, a single
“Envelope” tab is available. It corresponds to the envelopes calculated for the entire
phasing defined.

If intermediate envelopes were requested at definition of phasing, several envelope
tabs are created and correspond to the breakdown imposed by the user with the
ticked boxes.

uls synthesis | Envelops phases 1106 | 1:Phase! | 2:Phase2 | 3:Phase3 | 4:Phased | 5:Phases | 6:Phases

Displacements [mm] Moments [kNmimi] Shear forces [k/mi]

-1z
—-24.14:-12.00

—0.00:-12.00

Min = 2452 - Max =0.66 Min= 28754 - Max = 93642 Min = -267.90 - Max =314.81

Charts legend — Characteristic values — Design values — Water

Figure B143 : Display of envelopes for phases 1 to 5

In each “Envelope” tab, it is possible to switch to “Curves” or “Table” display mode from the
selection list.
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Two buttons appear in each tab in the results window. The | Pt | button is
\ 4 used to open the print dialogue box and the | @it | button is used to close the
a results window.

B.6.2.5. Results per phase: graphical representation

The following tabs correspond to the phases defined in the project. They give the curves
(“Curves” option checked by default): displacements, bending moments, shear forces,
rotations, arch pressures, normal force and soil and water pressures.

F1 Results - O X

| Data | Resuts syntnesis | Envelope phases 1106 | 1:Phase 1 | 2:Phase2 | 3:Phase3 | 4:Prases | 5:Phases | &:Phases I

Display
@) Curves Zone A Zo ne E Calculation converged after 3 iteration(s).
Tables
Displacements [mm] Moments [kNm/mil] Shear forces [kN/ml] Earth/Water pressure [kN/m/ml]
z + 2+ + 2+ + z

o+ - o+ - o+
2+ L 24 Z— 2+
-4+ + -4 1 -4

e

2z =t EEN ] 2z
-24 = ! £33 ! -24 = ! £33 | 24 = ! —— | -Z4 =
20 o 20 S00 0 s00 200 o 200
(@ Displacement () Rotation @ Shear force () Normal force () Differential (@ Decomposed
Min =-24.52 - Max = 0.66 Min =-226.43 - Max =T766.33 Min =-220.25 - Max=312.19 Min = 441,63 - Max = 189.60

Earth resistance ratio: 2.088 Min = -60.00 - Max = 130.00

Charts legend: —- Characteristic values -—- Design values - Water Zone C

Forces in anchors (characteristic value) |

Tie n*1 | longitudinal force 201.93 kNiml
Tie n*1 | longitudinal force 201.93 kN/ml |
|- Tie n*2 | longitudinal force 424.67 kN/mi

Figure B144 : Display of results of a phase in the form of curves
(single wall, without ULS checks)

Each “phase” tab comprises five zones:

e Zone A: choice of type of display (curves or tables).

e Zone B: devoted to the display of the actual results:

e Zone C: reserved for display of the (mobilisable passive earth pressure / mobilised
passive earth pressure) ratio.

e Zone D: contains a drop-down list giving the forces in the anchors active in the phase
concerned.

e Zone E: devoted to information or warning messages, such as that regarding
calculation convergence. If this was not reached after the maximum number of

iterations set in the data (see chapter B.3.1), the calculation stops (to avoid an infinite
loop) and a message appears to alert the user.
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Results — ] Y
[ Diata l Results synthesis l Envelope phases 1t0 6 l 1:Phase1 | 2:Phase2 | 3:Phase3d I 4: Phasze 4 l 5:Phase 5 I 6 : Phase 6
Display Type
@ Curves @ sLs Tteration limit reachedm
") Tables Dus

In zone B, the following curves are displayed:
¢ curve of wall displacements / rotations;

curve of wall bending moment / arch pressure;

e curve of calculated wall shear force / axial force;

e curve of earth and water pressures: in the case of a “decomposed” display, the solid
purple line curves correspond to the earth pressures and the dotted blue lines to the
water pressures. The curves corresponding to the negative values are those of the
pressures which apply to the left-hand side of the wall. Conversely, those which
correspond to the positive values are the pressure values which apply to the right-
hand side of the wall. It is also possible to request display of the differential pressure
calculated by adding the earth pressures on either side of the wall and the water
pressures.

EarthWater pressure [kN/m/ml]

20 +

22 1

-24 = I

EarthWater pressure [kN/m/ml]

I

1

400 200 o 200 400 400 200 [u] 200 400
0 Differential | Decomposed Differential @) Decomposed
Min =-362.27 - Max = 235.03 Min = -441.63 - Max = 189.60
Min = -80.00 - Max = 130.00

Figure B145 : Example of differential pressure display (left)
and decomposed pressures display (right)

The minimum and maximum values of each of the curves appear under each of the curves.

B.6.2.6. Results per phase: tables of values

It is possible to switch to a display in the form of results tables, by selecting the “Tables”

option.
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1 Results - O *
| Data | Resuts synthesis | Envelope phases 1106 | 1:Phase 1 | 2:Phase2 [ 3:Phase3 | 4:pnases | 5 Phases | 6:Phasee

Display
() Curves Calculation converged after 3 iteration(s).
Q)iTabies!
e e S R R R R
[kN/mymi] [kN/mimi] [khim/mi} [kN/mymi] [kN/mimi] [khim/mi}
0.00 -1.21686 -3.05 0.00 0.00 excav. passive pre. 0.00 0.00 0.00 0.00 0.00 0.00 <
-0.20 -1.21687 -3.29 -0.12 -1.7% excav. passive pre. 0.00 17.85 0.00 0.00 0.00 3.60
-0.20 -1.21687 -3.29 -0.12 -1.7% excav. passive pre. 0.00 17.85 0.00 0.00 0.00 3.60 E
-0.40 -1.21687 -3.54 -0.85 714 excav. passive pre. 0.00 3570 0.00 0.00 0.00 7.20
-0.40 -1.21687 -3.54 -0.85 714 excav. passive pre. 0.00 3570 0.00 0.00 0.00 7.20
-0.60 -1.21744 -3.78 -321 -18.07 excav. passive pre. 0.00 48.40 0.00 0.00 0.00 10.80
-0.60 -1.21744 -3.78 -321 -18.07 excav. elast. 0.00 48.40 0.00 0.00 0.00 10.80
-0.80 -1.21866 -4.02 727 -24.41 excav. elast. 0.00 4015 0.00 0.00 0.00 14.40
-0.80 -1.21866 -4.02 727 -24.41 excav. elast. 0.00 4015 0.00 0.00 0.00 14.40
-1.00 -1.22106 -4.27 -12.93 -32.13 excav. elast. 0.00 37.05 0.00 0.00 0.00 18.00
-1.00 -1.22106 -4.27 -12.93 -32.13 € Y " 37.05 0.00 0.00 0.00 18.00
-120 -1.2249% -4.51 -20.08 -30.24 € Zone F 34.07 0.00 0.00 0.00 22.03
-120 -1.2249% -4.51 -20.08 -30.24 € 34.07 0.00 0.00 0.00 22.03
-1.40 -1.23080 -4.76 -28.59 -45.75 excav. elast. 0.00 31.08 0.00 0.00 0.00 26.05
-1.40 -1.23080 -4.76 -28.59 -45.75 excav. elast. 0.00 31.08 0.00 0.00 0.00 26.05
-1.60 -1.23881 5.01 -38.34 -51.67 excav. elast. 0.00 28.08 0.00 0.00 0.00 30.07
-1.60 -1.23881 5.01 -38.34 -51.67 excav. elast. 0.00 28.08 0.00 0.00 0.00 30.07
-1.80 -1.24830 -5.25 -49.22 -56.99 excav. elast. 0.00 25.06 0.00 0.00 0.00 34.00
-1.80 -1.24830 -5.25 -49.22 -56.99 excav. elast. 0.00 25.06 0.00 0.00 0.00 34.00
-2.00 -1.26252 .81 -£1.10 -61.69 excav. elast. 0.00 2202 0.00 0.00 0.00 38.00
-2.00 -1.26252 .81 -£1.10 -61.69 excav. elast. 0.00 2202 0.00 0.00 0.00 38.00
-2.20 -1.27869 .76 -73.85 -65.79 excav. elast. 0.00 1864 0.00 0.00 0.00 42.00
-2.20 -1.27869 .76 -73.85 -65.79 excav. elast. 0.00 1864 0.00 0.00 0.00 42.00
-2.40 -1.28803 -6.02 -87.39 -69.56 excav. elast. 0.00 19.31 0.00 0.00 0.00 46.07
-2.40 -1.28803 -6.02 -87.39 -69.56 excav. elast. 0.00 19.31 0.00 0.00 0.00 46.07
-2 60 132070 AR -101 &9 = 7351 FXCAV elast 0.nn 2075 nnn 0 nn nnn 50 N4 R ki
Forces in anchors (characteristic value)
| Print |
Tie n*1 | lengitudinal force 201.93 kN/ml - | Quit |

Figure B146 : Display of results of a calculation phase in the form of a table

Each column recalls the physical value in the title, the application side (left or right)
and the usual units defined for the project.

The columns are described below:

e Depth or level (m, ft): elevation/depth of calculation points for wall elements. The
calculation step input in the “Title and options” window is a maximum spacing value
between two successive points. K-Réa adjusts this spacing when necessary as a
function of the soil interfaces and anchors (1 point for anchors and 2 points for soll
layer interfaces).

¢ Rotation (rad): rotation (or distortion) of wall at calculation point.
o Displacement (mm, in): lateral displacement of wall at calculation point.

e My (kNm/ml, kip.ft/Ift): characteristic value of bending moment in wall.
o Vi (kN/ml, kip/Ift): characteristic value of shear force in wall.
o Status: gives the status of the soil at the nodes, with the following notation:

Excavation: the soil is excavated in front of the left or right hand side of the
wall;

Unsticking: the soil and wall are no longer in contact (negative pressure
replaced by minimum pressure, more details in part C of the manual);

Active earth pressure: the soil in contact with the wall is in active earth

[©)

pressure state;

Elastic: the soil in contact with the wall is in elastic phase;
Passive earth pressure: the soil in contact with the wall is in passive earth

pressure state.

e pnk (KN/m/ml, Kip/Ift): characteristic value of the mobilised effective horizontal
pressure;
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uk (kKN/m/ml, kip/Ift): characteristic value of the water pressure calculated as a function
of the unit volume of water at the node considered;

o'vk (KN/m/ml, kip/Ift): characteristic value of the effective vertical stress at the point
considered;

pak (KN/m/ml, Kip/Ift): characteristic value of the effective active earth pressure
(mobilisable active earth pressure);

pPo,k (KN/m/ml, Kip/Ift):. characteristic value of the effective passive earth pressure
(mobilisable passive earth pressure);

Pk (KN/m/ml, Kip/Ift): characteristic value of the differential pressure, calculated as
follows:

Pk = ph’kright _ ph’kleﬁ + u’kright _ u’kleft

Fvx (KN/m, kip): characteristic value of the of the arch pressure;
N« (kN/ml, kip/Ift): characteristic value of the normal force;

po.x (KN/m/ml, Kip/Ift): initial pressure value.

B.6.3. Calculation with ULS checks (main results)

In the case of single walls with ULS checks, K-Réa is used to display the SLS results on the
one hand and the ULS results on the other.

For each ULS result, the “k” index shows that this is a characteristic value while the “d” index
shows that this is a “design” value.

B.6.3.1. Main window

In the main window, only the ULS calculation results are displayed. The display of the results
differs according to whether or not the wall is anchored in the phase considered.

L . & = & e
Fie Data Wizards  Save Calculate Resuts EC7 checkings | Help
@ro0 | @P01 X | @ Poz I @ P03 ] @ P04 I @ Pos ] @ Pos. Iﬂ List of available actions Phase 1
+71 Hydraulic: @ Transitory Phase  (C) Permanent Phase
- Hydrauiic action i (]
L th — |@ LEM Options
Earthworks @ Excavation
[ Excavation i (]
I Soils properties
T New soil properties > ]
Wall properties
Modification of wall bending stiffness - ]
Anchors. Cantizver wall =]
Tie v [ o
= = -
Loads - Forces - Moments
m Caquot overioad v | (]
Moments [kNm/ml] Shear forces [kN/mi]
0 0 - LEM Options
s B </’ L Over-cxcavation
10 -10 + Ba left 0.00 m 5a,right: 0.00 m
15 15 <—
e 20 —:>
+ + + + + + t A
00 200 W 0 w0 200 300 -100 50 0 50 100 I s ELS _ zy z LS 4 Aa
ELU U S e P
77‘+ ELU
Charts legend
— Characteristic values
LEM calculation options
— Design values.
Calculation method: Automatic
Selection of the passive earth press. side:  [¥] Automatic
Comments | Drawing settings:
Automatic correction of the angle of counter passive earth pressure.

Figure B147 : ULS results of a phase in which the wall is cantilever (LEM calculation) — The
displacements are not displayed
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Fie Data Wizards  Save

e

Calculate Resuts EC7 checkings  Help

I@Pun]@vm I@Pnz

Comments | Drawing seftings

Figure B148 : ULS results of a phase in which the wall is anchored (SSIM calculation)

I @03 I Er I @ros | @r6 x|+ List of available actions Phase &
+1 Displacements [mm] e () Transtory Phase (@) Permanent Phase.
Hydrauiic action ] —
T i @ ULS Options (S3IM)
o Earthworks. i Wiodification of wal bending stifiness
~ N Excavation 13
5
., SS—— Sois properties
ﬁ -10 New soil properties [
= 15 Wall properties
Modification of wall bending stiffness ~| O
-z0
Anchors. =J
t T < )
= g 20 10 0 10 0
Loads - Forces - Moments
m Caquot overload v [
Moments [kNm/ml] Shear forces [kN/mi]
0 o - Wall modification
5 = 4,,7
1 Wall modification
-10 -10 -+ —_—
; zt: 0.00 m
15 5 é T 2 22.00 m
E) 20 =4
— Et 833333 kNm?/mi
* i " " " t t t " W, 25.00 Kimiml
-1000 500 0 500 1000 -400 200 0 200 400
4
Wall modification
Charts legend
— Characteristic values 2 o
— Design values. - base g w
¥ m (RN [k
P4 -22.00 833333 2500

In the upper part of the window, K-Réa enables the user to switch between the SLS results
and ULS results at any moment (whether for the “phases”, “results synthesis” or “envelopes”

tabs).

In addition, when the display requested is that of the ULS results, 3 additional buttons appear
and give access to the results of the ULS checks (see Part C of the manual).
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B.6.3.2. SLS results per phase

The results of a SLS calculation are the same as those of a basic SSIM calculation.
The contents of chapters B.6.2.2 to B.6.2.5 therefore remain valid.

Results - O *
[ Data l Results synthesis I Envelope phases 1t0 & I 1: Phase 1 l 2:Phase2 l 3:Phase3 4:Phase4 | 5:PhasesS I 6 :Phase 6 h
Display Type
@) Curves @ sLs Calaulation converged after 3 iteration(s).
'f'TaDIas uLs
Displacements [mm] Moments [kNm/ml] Shear forces [kN/ml] Earth/Water pressure [kN/m/mil]
z + =+ 2+ =+ 2z + =+ 2+ =+
0+ —+ 0+ 0+ - 0+
2 4 4 2 1 z 4 i 4 24
4 4 + q t 4+ 4+
£ + 6 & : 6
8 + g g 47 T
10+ -+ 10 10 <, -10 +
12 + T 12 + 12 + L 12 + —+
14 1 + 14 1 14 4 + 14 4 —+
16 4 + 16 1 18 4 + 16 4 —+
EEEE + 18 4 4 18 4 4 18 4 —j
20 4 4 20 4 4 20 4 <— 20 4
22 + —+ 22 + B 22 + - 22 + : -+
2y - o] [ S ol e - | 24y == |
-10 0 10 -z00 -100 0 100 200 -100 a 100 -50 a 50
(@ Displacement () Rotation @) Shear force () Normal force @) Differential () Decomposed
Min =-7.37 - Max =-0.99 Min = -148.77 - Max=172.71 Min =-108.72 - Max = 114.57 Min =-75.63 - Max = 75.59
Earth resistance ratio: 5.441
Charts legend -— Characteristic values -—- Design values - Water
Forces in anchors (characteristic value)
Print
Tie n*1 | longitudinal force 161.85 kN/ml hd Quil

Figure B149 : Display of SLS results in the results window

B.6.3.3. ULS results per phase: LEM calculation (cantilever wall)

In this case, the LEM calculation performed gives the following results on the curves and in
the tables (see Figure B 150 and Figure B 151):

e only the design values (d index) of the bending moments and shear forces are
available,

o the results in terms of displacements are not displayed (neither on the curves nor in
the tables), because this is a limit equilibrium calculation.
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Results - O *
[ Data ] Results synthesis I Envelope phases 1to & ‘ 1: Phase 1 | 2: Phase2 ] 3:Phase 3 ] 4:Phase 4 ] 5:Phase 5 I 6:Phase 6 -

Display Cantilever wall (LEM calculation)
&) Curves Check: Calculation converged after 4 iteration(s).
Tables Kranz
Moments [kNm/ml] Shear forces [kN/ml] Earth/Water pressure [kN/m/ml]
2z + 2z + =+ 2+ =+
o+ o+ - o+ -
z 4+ z 4 1 24 4
4+ 4+ + 4+ L
T T —+ 6 :——
K K + EE E |
10 4 10 4 + 10 4 4
1z 4 1z 4 + 12 4 4
14 4 14 4 £ 14 4 4
18 4 18 4 + 16 4 4
18 4 18 4 L 18 4 —+
20 + 20 + —+ 20 +
22 + 22 + = 22 + —]
LAl — . 1 24 by -t f 24 by - }
-200 a 200 -100 a 100 -z00 a 200
@) Shear force () Normal force @) Differential () Decomposed
Min =-309.16 - Max = 5.69 Min =-100.71 - Max =101.96 Min =-263.43 - Max = 36.80
Charts legend: —- Characteristic values -—- Design values - Water
Forces in anchors (design value)
Print
-

Figure B150 : Results window — ULS results (LEM) - Curves

Results - O X
[ pata | Resuts synthesie | Envelope phases 1106 | 1:Phase 1 | 2:Phase2 | 3:Phase3 | 4:Phase4 | 5:Phases | 6:Phases -
Display Type Cantilever wall (LEM calculation)

) sLs Check: Calculation converged after 4 iteration(s).

LEVEL Rotation  Displacement Mk nd vk vd Stalus Status i s jats EasE
i [x0.001 rad] [mm] ki) Tkhmim) ki) ki) LEFT RIGHT Rl e o s

0.00 0.00 0.00 . . 0.00 0.00 0.00 000 4
020 001 Q014 p p 0.00 138 0.00 0.00

020 001 014 - - 0.00 138 0.00 000 |%
040 0.07 05 - - 0.00 278 0.00 0.00
040 007 08 - - 0.00 278 0.00 0.00
060 028 24 . . 0.00 FRES 0.00 0.00
060 028 24 . . 0.00 FRES 0.00 0.00
080 058 220 . . 0.00 550 0.00 0.00
080 058 220 . . 0.00 550 0.00 0.00
.00 ERE 44 p p 0.00 688 0.00 0.00
.00 ERE 344 p p 0.00 588 0.00 0.00
120 198 497 - - 0.00 542 0.00 0.00
120 198 497 - - 0.00 542 0.00 0.00
140 315 530 - - 0.00 295 0.00 0.00
.40 ERH 580 . . 0.00 295 0.00 0.00
160 a7 95 . . 0.00 11.49 0.00 0.00
160 472 895 . . 0.00 11.48 0.00 0.00
180 575 140 . . 0.00 13.02 0.00 0.00
180 575 140 p p 0.00 13.02 0.00 0.00
2.00 930 1418 - - 0.00 1455 0.00 0.00
2.00 930 1418 - - 0.00 1455 0.00 0.00
2320 1244 722 - - 0.00 16.08 0.00 0.00
220 1244 722 - - 0.00 16.08 0.00 0.00
240 1621 2059 . . 0.00 1760 0.00 0.00
240 1621 2059 . . 0.00 1760 0.00 0.00

-2 60 -20 9 P4 TR - - nnn 1917 non nnon N

4 [0 ] b
Forces in anchors (design value)
Print
i

Figure B151 : Results window — ULS results (LEM) - Tables
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In addition, extra columns appear in the Results synthesis tab (see Figure B 152):

o Type: indicates the type of calculation performed (LEM or SSIM);
e Check pass. press.: indicates the passive earth pressure safety check results;

e Check Vert Eq.: indicates the vertical resultant calculated when checking vertical
equilibrium (positive value if the vertical forces resultant is directed downwards).

B Results
Results synthesis | Envelope phases 1 to & ] 1: Phase 1 ] 2 Phase? ] 3:Phase 3 ] 4 Phase 4 ] 5:Phase 5 ] &: Phase 6
Type
) sLs
@ uLs
Md vd Design force  Design force
PHASE N* Type maximal maximal tie n*1 tie n*2 Chei:;(sP:ss. Chec?;;;:-l?. Eq. E:j:::
[kNm/mi] [kN/mi] [kN/ml] [kN/mi] P i
LENM -309.16 101.96 - - oK 648.90
e SSIM -270.95 -130.5% 202.50 - oK 788.24 oK
3 SSIM -270.52 161.92 226.59 - oK 838.14 oK
4 SSIM 23318 155.08 218.50 270.00 oK 927.66 oK
5 SSIM 1264 17 424 59 27378 532.82 oK 110554 Not OK
6 SSIM 1034.54 421.48 272,80 573.31 oK 109925 Not OK
Extrema 126417 424 95 278.76 573.31 1105.54

Figure B152 : Results window — ULS results synthesis for cantilever phases only

For the rest, the content of chapters B.6.2.2 to B.6.2.5 remains valid.

B.6.3.4. ULS results per phase: SSIM calculation (anchored wall)
In this case, the SSIM calculation gives the following results:

o the curves and tables presenting the results in characteristic values (k index) and in
design values (d index) (Figure B 153 and Figure B 154);

e a key is given under the curves to distinguish between the results in characteristic
values (purple curves) and the results in design values (black curves).
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Results

I Data I Results synthesis ] Envelope phases 1t0 6 ] 1:Phase 1 ] 2:Phase 2 ‘ 3:Phase 3 ‘ 4 Phase 4 ] S:Phase s ] §:Phase g

Display Type Cantilever wall (SSIM calculation)
Check:
[ Pass. press. ] [ Vert. Eq. ] [ Kranz ]

Calculation converged after 4 iteration(s).

Displacements [mm] Moments [kNm/ml] Shear forces [kN/ml] EarthWater pressure [kN/m/ml]
2+ =+ 2+ z + =+ z + =+
04 4 0+ o+ L 04
24+ 4 2+ 2+ —+ 2+
P + 4 4 4 4 4 4
£ 4 + £ 4 & + ; 4
EE S + EEE S L a4
-10 4 —+ -10 4 -0 4 . -0 4
-2 4 4 -2 4 -1z 4 C EEE
14 4 —+ 14 1 14 1 —+ 14 4
16 4 —+ 16 1 16 1 —+ 16 4
18 4 —+ 18 1 18 1 + EEEE +
20 + - 20 + 20 + - 20 +
22 + - 22+ -z - 22 + : +
24 by - | | ‘ 1 s S— - f LA — -t f
-10 a 10 -200 a 200 -100 a 100 50 0 50
"@' Displacement 'Zi:li‘ Shear force ":'Z' Normal force Ei:li‘ Differential E:Z‘ Decomposed

Min =-7.50 - Max=-0.99 Min =-270.52 - Max = 222.22 Min =-141.73 - Max = 161,92

Charts legend: -—- Characteristic values —- Design values -—- Water

Forces in anchors (design value)

Min =-71.99 - Max = 75.87

Print

Tie n*1 | lengitudinal force 226.59 kN/ml

-

Figure B153 : Results window — ULS results (SSIM calculation) - Curves

Calculation converged after 4 iteration(s).

phk uk uk
RIGHT LEFT RIGHT
[KNimimi) [RNimim) RNimimi]
414 0.00 000 -
12.59 0.00 0.00
12.03 0.00 noo |5
12.38 0.00 0.00
12.38 0.00 0.00
1253 0.00 0.00
1253 0.00 0.00
1278 0.00 1.00
12.78 0.00 0.00
12.03 0.00 0.00
13.03 0.00 0.00
13.40 0.00 0.00
13.40 0.00 0.00
1377 0.00 0.00
1377 0.00 0.00
1414 0.00 .00
1414 0.00 1.00
14.50 0.00 0.00
14.50 0.00 0.00
14,85 0.00 0.00
14,85 0.00 0.00
15,30 0.00 0.00
15.20 0.00 0.00
1554 0.00 0.00
1554 0.00 .00
15 AR 0 0n n0n i

>

Print

. Results
[ pata | Resuts synthesis | Envelope pnases 1106 | 1:Phase1 | 2:pnase2 | 3:Phase3 | 4:Phases | 5:Phases | 5:pnases
Display Type Cantilever wall (S5IM calculation)
Curves Check:
[ Pass. press. ] [ Vert. Eq. ] [ Kranz ]

LEVEL Rotation Displacement M.k Md V.k vd Status Status LDEnI-I'i;
[m [0.001 rad] [mm] [kim/mi] [khim/mi] [kh/mi] [kh/mi] LEFT RIGHT T
0.00 0.80707 -1.50 0.00 0.00 0.00 0.00 excay. elast 0.00

-020 0.80707 -7.38 -0.03 -0.04 -0.50 -122 excav. elast, 0.00

-0.20 0.80707 -7.38 -0.03 -0.04 -0.80 -122 excav. elast, 0.00

-0.40 0.80705 -1.26 -0.48 -081 -333 -4.50 excav. elast, 0.00

-0.40 060705 -1.26 -0.46 -061 -333 -4.50 excav. elast, 0.00

-060 060695 -T13 -137 -1.35 -5.81 -7.35 EXCay. elast 0.00

-060 060695 -T13 -137 -1.35 -5.81 -7.35 EXCay. elast 0.00

-0.80 080670 -1 -278 -376 -8.35 =127 EXCAY. elast 0.00

-0.80 0.80670 -1.01 -278 -3.76 -8.35 -11.27 excay. elast 0.00

-1.00 060626 -6.89 -4 -6.36 -10.83 -1475 excay. elast 0.00

-1.00 0.60626 -£.89 471 £.36 -10.83 -1475 excav. elast, 0.00

-120 0.80555 B77 716 567 -13.57 -18.32 excav. elast, 0.00

-120 0.80555 B77 716 567 -13.57 -18.32 excav. elast, 0.00

-1.40 0.60452 -6.65 -10.14 -13.70 -16.29 -21.99 excav. elast, 0.00

-1.40 050452 -665 -10.14 -13.70 -1629 -2199 EXCay. elast 0.00

-180 050309 653 -1368 -18.47 -18.08 -2576 EXCay. elast 0.00

-160 060308 -653 -13.68 -18.47 -19.08 -2576 EXCAY. elast 0.00

-1.80 080121 -5.41 -17.78 -za.m -21.84 -2962 excay. elast 0.00

-1.80 080121 -5.41 -17.78 -za.m -21.84 -2962 excay. elast 0.00

-2.00 0.58830 629 -22.46 -30.33 -24.88 -33.59 excav. elast, 0.00
-2.00 0.58830 629 -22.46 -30.33 -24.88 -33.59 excav. elast, 0.00
-220 0.58580 BT -27.74 -37.45 -27.88 -37.64 excav. elast, 0.00
-220 0.59520 617 -27.74 -3745 -27.88 -37.64 excav. elast, 0.00
-2.40 055212 -5.05 -3362 -4539 -30.96 -4179 EXCay. elast 0.00
-2.40 055212 -5.05 -3362 -4539 -30.96 -4179 EXCay. elast 0.00

‘ -2 /0 n 58770 Y -an 13 5417 3410 -4R H‘l sxrav alast nnn

< I
Forces in anchors (design value)
Tie n*1 | longitudinal force 226.59 kN/ml

Figure B154 : Results window — ULS results (SSIM calculation) - Tables
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Additional columns also appear in the Results synthesis tab (see B.6.2.3):

¢ Type: indicates the type of calculation performed (LEM or SSIM);
e Check pass. press.: indicates the result of the passive earth pressure safety check;

e Check Vert. Eq.: indicates the resultant calculated during the vertical check (positive
value if the vertical forces resultant is directed downwards);

e Check Kranz: indicates the result of the Kranz check.

[' Results
Data | Resubs synthesis | Envelope phases 1106 | 1:Phase 1 | 2:Phase2 | 2:Phase3 | 4:Phase4 | 5:Phases | 6:Phases
Type
) sLs
@ ULs
M.d V.d Design force  Design force
PHASE N* Type mazximal mazximal tie n*1 tie n*2 Chei:;;:ss. Chec{i;;:_:l-]t' Eq. Ep:;:
[kNmimi] [N [kNdmi] [kNm] PIESS.
1 LEM -309.18 101.98 - - OK 545.90
2 SSIM -270.85 -130.59 202.50 - oK 788.24 oK
3 SSIM -270.52 161.92 22659 - OK 858.14 oK
4 S3IM 233.16 155.08 218.50 270.00 oK 92765 oK
5 SSIM 126417 42499 27878 532.82 OK 1105.54 Not OK
[ SSIM 1034.54 421.45 272.60 573.31 oK 108829 Not OK
Extrema 126417 42499 27876 5733 1105.54

Figure B155 : Results window — ULS results summary for a project with cantilever and anchored phases

For the rest, the contents of chapters B.6.2.2 to B.6.2.5 remain valid.

B.6.4. ULS checks

When the ULS checks have been activated for a project, K-Réa provides the results of three
types of ULS checks performed for each phase defined in the project.

These results are displayed in a specific window, which can be accessed in two ways:
e By clicking directly on the “EC7 checks button §|

e By clicking one of the | Pass. press. | | Wert. Eg. | | Kranz buttons from the
detailed results presentation window (when the ULS results are displayed).

The specific ELU checks results window (Figure B 156) then opens and by default is
positioned on the phase currently selected before the results display request: either the
phase displayed in the main window in the case of access by the %\ button, or the phase
displayed in the results window in the case of access from one of the

| Pass. press. | | Vert. Eq. | | Kranz buttons.
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ECT checkings X
| 1:Phaset | 2:Phase2 | 3:Phase3 | 4:Phase4 | 5:Phases | 6:Prases | Zone A
| Pass. press. | | Vert. Eq. | | Kranz | Zone B
Passive earth pressure is considered on left side for this phase.
Checking safety against failure on the passive side of the wall
Mobiised passive earth pressure:
Characteristic value: Btk = 1002.54 kN/ml
Design value: Btd = 1353.42 kN/ml

Checks of safety against failure on the passive side of the wall are ensured for this phase.

Btd<Bm,d @
Limiting passive earth pressure:

Characteristic value: Bm,k = 213805 kh/ml
Design value: Bm,d = 1527.18 kN/ml

Zone C

Figure B156 : ULS checks results display window

The check results display window contains 3 zones:

Zone A: corresponds to the tabs used to select the phase for which the checks are
displayed.

Zone B: corresponds to the tabs used to select the ULS check for which one wishes
to display the results:

o The passive earth pressure safety check;

o The vertical equilibrium check;

o The check on the stability of the anchoring block via the simplified Kranz method
(only available if at least one anchor is active in the selected phase).

Zone C: requested results display zone.

The following sub-chapters specify the various results displayed for each type of check.
These results and their notations refer to part C of the manual for details of the calculation
methods applied (in accordance with French standard NF P94-282).
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B.6.4.1. Passive earth pressure safety check

B.6.4.1.1. Case of an anchored wall (SSIM calculation)

ECT checkings *

[1:pnase1 [ 2:phase2 | 3:Phase3 | 4:Phase4 | 5:Phases | &:Phases ]

Paszsive earth pressure is considered on left side for this phase.

Checking safety against failure on the passive side of the wall

Mobilized passive earth pressure:

Limiting passive earth pressure:

Checks of safety against failure on the passive side of the wall are ensured for this phase.

| Pass. press. | | Vert. Eq. | | Kranz |

Characteristic value: Bt k= 1023.80 kN/ml
Design value: Bt,d = 1382.13 kN/ml
Btd<Bmd @

Characteristic value: Bm k= 2138.05 kN/ml
Design value: Bm,d = 1527.18 kN/ml

—

Figure B157 : ULS check — Results of passive earth pressure safety check — Anchored phase (SSIM
calculation)

In the case of an anchored wall, the passive earth pressure safety check is based on the
evaluation of the following parameters:

B:«: characteristic value of mobilised passive earth pressure resultant (in kN or kp);
B:,q: calculation value of mobilised passive earth pressure resultant (in kN or kip);
Bmx: characteristic value of mobilisable passive earth pressure resultant (in kN or
Kip);

Bnm,q: calculation value of mobilisable passive earth pressure resultant (in kN or kip).

K-Réa compares the value of Big with that of Bmg and an indicator shows the result of the
check for the selected phase: green circle @ if the mobilised passive earth pressure Big is
less than the mobilisable passive earth pressure Bm,4, or red one @ otherwise.

For more details on this check, refer to part C of the manual.
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B.6.4.1.2. Case of a cantilever wall (LEM calculation)

[H] ECT checkings *

1:Phase1 | 2:Phase | 3:Phase3 | 4:Phase4 | 5:Phases | 6:Phases |

Paszsive earth pressure is considered on left side for thiz phase.

Checking of embedment depth:

Null pressure point: z0=-550m
. fl=z0-zc=3.08m
Null moment point: Zc=-8.55m b/ f0=5.333 z1.2 @
fo=z0-zp=1650m
Wall bottomn level: zp=-22.00 m
Checking of the mobilisabl ter p ive earth resist;
Transition point: Zn=-1.52m
Required mobilizable counter passive earth resistance to balance horizental forcCt,d = 458.91 kN/ml
Cm,d = Ct,d @
Counter passive earth resistance below zn : Cm,d = 18780.02 kN/ml
Mobilisation factor: o=0036

Checks of safety against failure on the passive side of the wall are ensured for this phase.

| Pass. press. | | Vert. Eg. | Kranz

———

Figure B158 : ULS check — Results of passive earth pressure safety check — Cantilever phase (LEM
calculation)

In the case of an anchored wall, the passive earth pressure safety check is based on a LEM
type calculation (limit equilibrium model) which involves the following intermediate

parameters:

e zo: elevation/depth of null differential pressure point (in m or ft);

e z.: elevation/depth of null moment point (in m or ft);

e 2z, elevation/depth of base of wall (in m or ft);

o fo: “available” wall embedment depth under z (in m or ft);

e f,: minimum embedment depth, under zo, needed to obtain equilibrium of moments (in
m or ft);

o folfy: ratio between the two previously calculated embedment depths (no units);

e Embedment depth height verification indicator: this indicator is green @ if the
verification is positive (available embedment depth greater than minimum embedment
depth with a safety coefficient greater than 1.2); it is red @ otherwise.

e 2z, (only if method D was chosen; otherwise point z, is implicitly the same as point z.):
elevation/depth of transition point (in m or ft);

e Ciq: value of calculation of resultant of counter passive earth pressure necessary for
equilibrium of the horizontal forces (in KN/ml or kip/Ift);

e Cnq: value of calculation of resultant of counter passive earth pressure mobilisable
under the transition point (in KN/ml or kip/Ift);

e a: mobilisation factor (function of ratio Ciq / Cm 4, See Part C);

e Counter passive earth pressure verification indicator: this indicator is green @ if

the verification is positive (value of a is 1 or less); it is red Q otherwise.

For more details on this verification, please refer to part C of the manual.
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B.6.4.2. Verification of vertical equilibrium of wall

B.6.4.2.1. Case of anchored wall (SSIM calculation)

ECY checkings
[ 1:phase 1 | 2:Phase2 | 3:Phase3 | 4 -Phase4 | 5:Phases | 6:Phases
| Pags. press. | Kranz |
Vertical resultant force Py of earth pressures along the wall: Pv,d = -58.09 kN/ml
Vertical rezultant force Tv of forces due to anchors linked to the wall: Tv,d = 24425 kN/ml AP ﬂ'F“'od
vod [
Vertical resultant force Fy of linear loads applied to the wall; Fw,d = 0.00 kNéml l £ l
Weight P of the wall: P.d = 742.50 kNiml j
ULS resultant of vertical forces: Rv,d=Pd+Pvd+Fvd+Tvd= 92765 kN/ml i [
h:m,.d [/ “BF, 4
APy gl
|Pd
o ULS vertical force of 8927.668 kN/ml to be transfered to the retaining wall bottom level (vertical equilibrium ensured ‘L
provided bearing capacity Hl
at bottom level has been checked and ensured). T
va | ﬂ‘pv.ﬂ

Figure B159 : ULS check— Vertical equilibrium results — Anchored wall (SSIM calculation)

In the case of an anchored wall, the vertical equilibrium check involves the following
parameters:

Py,q: calculation value of vertical resultant of earth pressures over the height of the
wall (in KN/ml or kip/Ift);

Tv,q: calculation value of vertical resultant of forces due to anchors connected to the
wall (in KN/ml or kip/Ift);

F.v,a: calculation value of vertical resultant of linear overloads applied over the height
of the wall (in kKN/ml or kip/Ift);

Pq: calculation value of own weight of wall (in kN/ml or kip/Ift);

Rvq: calculation value of resultant of vertical forces at ULS (in KN/ml or kip/Ift). A
symbol at the bottom of the window indicates if this resultant is directed upwards or
downwards.

The verification of vertical equilibrium of the wall is considered to be satisfactory when the
resultant of the vertical forces is positive, it is then by convention directed “downwards”.

To the left of the conclusion, a grey icon with a down arrow @ tells the user that the resultant
of the vertical forces is positive and directed “downwards”.

If not, a red icon with an upwards arrow @ informs the user that the resultant of the vertical
forces is negative and directed “upwards”. The concluding sentence in this case will also be
written in red.

The user must check that the wall base bearing is guaranteed taking account of the value
obtained for Ry 4.

For more details concerning this verification, please refer to part C of the manual.
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B.6.4.2.2. Case of a cantilever wall (LEM calculation)

ECT checkings
1:Phase1 | 2:Phase2 | 3:Phase3 | 4:Phase4 | 5:Phases [ 6:Phases |
| Pazs. press. | | Vert. Eg. | z
ertical resultant force Pv of earth pressures along the wall: Pv,d = -93.60 kN/ml
Vertical resultant force Tv of forces due to anchors linked to the wall: Twv,d = 0.00 kN/ml AP 'm:"’od
wd|]
Vertical resultant force Fv of linear loads applied to the wall: Fv,d = 0.00 kN/ml l b I
Weight P of the wall: P.d = 742.50 kN/ml | vy
ULS resultant of vertical forces: Rvd=Pd+Pvd+Fvd+Tvd= 64550 khN/ml n
Correction factor of the inclination of the counter passive earth pressure: Xcb=1.00 “ *-ﬁT\.-.d ‘ﬂFv,d
v :]EPU
o ULS vertical force of 648.90 kN/ml to be transfered to the retaining wall bottom level (vertical equilibrium ensured ‘L |
provided bearing capacity 84l
at bottom level has been checked and ensured). 1
| &P,
Rua ffl = @

Figure B160 : ULS check— Vertical equilibrium results — Cantilever wall (LEM calculation)

For the phases in which the wall is considered to be cantilever, the vertical equilibrium check
involves the following parameters:

P.q: calculation value of vertical resultant of earth pressures over the height of the
wall (in kN/ml or kip/Ift);

Tv,q: calculation value of vertical resultant of forces due to anchors connected to the
wall (in kN/ml or kip/Ift);

F..q: calculation value of vertical resultant of linear overloads applied to the height of
the wall (in kN/ml or kip/Ift);

Pq: calculation value of own weight of wall (in kN/ml or kip/Ift);

Ryq4: calculation value of resultant of vertical forces (in kN/ml or kip/Ift). A symbol at
the bottom of the window indicates whether this resultant is directed upwards or
downwards.

Xeb: counter passive earth pressures angle correction factor. This factor, determined
automatically by K-Réa, acts on the angle of the passive earth pressure initially
defined to correct the angle of the counter passive earth pressure, such as to obtain a
vertical resultant (Ry,q) that is directed downwards:

(6/(P)counter—passive earth pressure = xcb X (6/(P)passive earth pressure

The verification of vertical equilibrium is considered to be satisfactory when the resultant of
the vertical forces is positive, it then being directed “downwards” by convention. To the left of

the conclusion, a grey icon

with a down arrow informs the user that the resultant of the

vertical forces is positive and directed “downwards”. Otherwise, the icon is red with an up

arrow @ informing the user that the resultant of the vertical forces is negative and directed
“‘upwards”. The concluding sentence in this case will also be written in red.

The user shall ensure that the wall base bearing is guaranteed taking account of the value
obtained for Ryq4. For more details concerning this check, please refer to part C of the
manual.
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B.6.4.3. Verification of stability of the anchoring block (Kranz)

EC7 checkings *

[ 1:Phaset | 2:Phase3 | 3:Phase3 | #:Phasc4 | 5. Phases | 6. Phases |

‘ Pass. press. | | Vert. Eq. | | Kranz |
Situation Nbof Blocks z(D) X(B) z(B) Z(C) Aref Wiot P1H PV P2H P2V RH RV Tdsbk
ties nb m [ [m] [m Il [kN/m  [kMAm [kNdmi  [kN/m [kNAm] [kNimi]  [kWmi]  [kNimi]
1 2 3 -1855 868 0.00 -5.00 30.00 138414 53480 17471 21378 0.00 -38532 1504.07 410.72
2 2 3 -18.55 866 0.00  -13.00 30.00 2057.35 93480 17471 385.08 0.00 10.87  1558.99 647.30
*B)
- 28) Situation Tdsbk Trefk Tdsbd Tref d Resuttat
A B I [kN/mi] [kNimi} [kMim] [k/mi] Satisfaizant
{ H ) 1 41072 25185 37338 340.00 oK
1 P
1 - 2 647.30 361.85 588.45 488.50 0K
|
| —"F:
1
1 ]
i i
1

z(c)

|

The anchor medium studied is at the right side of the wall

o

ﬁ The stability of the anchoring block is ensured for this phase.

M
I‘_IE
—
A
1)

Figure B161 : ULS checks — Kranz check

The check on the anchoring block stability (Kranz) is only available for the phases in which at
least one tie has been defined.

The first table gives the intermediate calculation results:

Situation: situation number (the situation number corresponds to the number of
active anchors in the phase concerned);

Spiral angle: angle at pole of spiral (°);
Nb of ties: number of ties considered in each situation;

Blocks nb: number of blocks defined during discretisation of the anchoring block (as
a function of the number of layers intersected along the base of the anchoring block);

z(D): elevation/depth of null shear force point (in m or ft);

x(B): distance between vertical projection of point C and the head of the wall (in m or
ft);

z(B): elevation/depth of soil (in m or ft);

z(C): elevation/depth of effective anchor point of tie (in m or ft), corresponding to the
useful length L, defined for the anchor;

Are: angle of anchor with respect to the horizontal (in °);

Wiot: total weight of block for the situation considered (in KN/ml or kip/Ift);

P4u: horizontal component of wall reaction on the anchoring block (in kN/ml or kip/Ift);
P4v: vertical component of wall reaction on the anchoring block (in kN/ml or kip/Ift);

P2n: horizontal component of the active earth pressure force exerted upstream of the
anchoring block (in kN/ml or kip/Ift);

P2v: vertical component of the active earth pressure force exerted upstream of the
anchoring block (in kN/ml or kip/Ift);

Ru: horizontal component of the soil reaction under the anchoring block (in kN/ml or
Kip/Ift);

Rv: vertical component of the soil reaction under the anchoring block (in kN/ml or
Kip/Ift);

Taswk: characteristic value of the destabilising anchor force (in kN/ml or Kip/Ift).
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The second table gives the results of the check:
o Tgsbk: Characteristic value of the destabilising anchor force (in kN/ml or kip/Ift), this
value is identical to that of the last column in the previous table;

o Trrk: characteristic value of reference anchor force resulting from the ULS SSIM
calculation (in kN/ml or kip/Ift);

e Tasb,q: calculation value of destabilising anchor force (in kN/ml or kip/Ift);
e Trera: calculation value of reference anchor force (in KN/ml or kip/Ift).

e “OK” (or “non OK”): for each situation, the last column shows whether the check is
satisfactory, that is if Trerq is less than Tgsb,g.

In the lower part of the window, an indicator specifies whether the Kranz check is satisfactory
for all the situations studied (the check is only satisfactory overall if it is satisfactory for each
calculation situation): if this is the case, the indicator is a green circle .

For more details concerning this check, please refer to part C of the manual.

B.6.5. Double wall project

B.6.5.1. Main results

For each wall, the results presented are the same as for a single wall project without ULS
checks.

& O E . & El @

Fie Data Wizards  Save Calculste Results EC7checknos = Help
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Figure B162 : Main window — Results of a double wall project

It is also possible to choose simultaneous (superposed) display of the results curves of both
walls, by clicking the “Grouped” choice (in the list of choices under the moments curve). In
this case, the curves on the active screen appear in thick purple, while those of the other wall
appear in thin purple. The passive earth pressures ratio obtained is also displayed for each
wall (see Figure B 163).
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Figure B163 : Main window — Results of a double wall project

As with the single wall projects, the detailed results are accessible via the “Results” button.

Results - O x
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Figure B164 : Results window — Case of a double wall project
The results given for each wall are as specified in chapter B.6.2 (results of a single wall
calculation without ULS checks).

At any moment it is possible to go from the results of one wall to those of the other via the
selection buttons in the results window (Data, Phases, Results Synthesis and Envelopes).
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B.6.5.2. ULS checks

K-Réa is used to carry out ULS checks for double wall type projects if the “ULS checks” box
was activated in the “Title and Options” window.

The passive earth pressure safety checks for each wall are performed and their presentation
is comparable to that of a single wall.

The use of the Kranz check is broadened by allowing validation of the distance between

walls, while verifying the stability of everything between the two walls on the basis of the
forces behind each wall. For more details, please refer to part C of the manual.

B.6.6. Export des résultats sous format de fichiers texte

K-Réa can export the results presented in the tables and graphs as a text file (.txt). This
feature allows the coupling of K-Réa with other post-calculation tools. The generated files are
exported in the directory selected by the user.

The set of generated text files are summarized in the following table:

File Description

01-KR_ELS_Wall SLS Results
02-KR_ELS_Reactions SLS Results: forces in the supports
03-KR_ELU_MISS_Wall ULS Results — MISS
04-KR_ELU_Reactions ULS Results: forces in the supports
05-KR_ELU_MEL_F_Wall ULS Result — MEL F
06-KR_ELU_MEL_D_Wall ULS Results — MEL D

Main results of the passive earth pressure and

07-KR_ELU_MISS_Synthesis.txt vertical balance checks at ULS

08-KR-KRANZ-Results.txt Kranz verification results for plane surfaces

Relationship between the successive calculation
phases calculated by the calculation kernel, the
combination to which they belong and the index of
the calculation phase on the interface

09-KR-Phase_And_Combinations.txt
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B.6.6.1. Reading the file 01-KR_ELS_Wall

This file contains the values of displacements, internal forces and various pressures of the
soil at every level of the wall (2 values per element) resulting from SLS calculation.

Header of the file (only once at the beginning of the file)

Pour k=1, nEcr loop on the walls
e nLignes(k) number of lines in the result block of each wall

Rest of file:
For k=1, nEcr loop on the walls
For i=1, nEI(k) loop on the elements of each wall
For j=1,2 two nodes of each element (top and bottom)
1) iPhase index of the phase
2) k wall index
3) | element index
4) ] =1 top node / =2 bottom node
5 Z node level
6) ry rotation
7) wx displacement
8) M bending moment
9) V shear effort
10) EtatG soil status on the left (-2=exc. / -1= detach. / O=active / 1=elastic / 2=passive)
11) EtatD soil status on the right (-2=exc. / -1= detach. / O=active / 1=elastic / 2=passive)
12) phG horizontal pressure mobilized on the left side
13) phD horizontal pressure mobilized on the right side
14) pwG hydrostatic water pressure on the left side
15) pwD hydrostatic water pressure on the right side
16) sigG effective vertical stress on the left side
17) sigD effective vertical stress on the right side
18) paG active soil pressure on the left side
19) paD active soil pressure on the right side
20) pbG passive soil pressure on the left side
21) pbD passive soil pressure on the right side
22) Nvte arch effort
23) poG initial pressure on the left side
24) poD initial pressure on the right side
25) pvG vertical component of the soil reaction on the left side
26) pvD vertical component of the soil reaction on the right side
27) N effort axial
28) fiG friction angle on the left side
29) fiD friction angle on the right side
30) coG cohesion on the left side
31) coD cohesion on the right side
32) dcG cohesion increment on the left side
33) dcD cohesion increment on the right side
34) kaG horizontal active pressure coefficient on the left side
35) kaD horizontal active pressure coefficient on the right side
36) kpG horizontal passive pressure coefficient on the left side
37) kpD horizontal passive pressure coefficient on the left side
38) kacG active pressure coefficient on the cohesion on the left side
39) kacD active pressure coefficient on the cohesion on the right side
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40) kpcG passive pressure coefficient on the cohesion on the left side
41) kpcD passive pressure coefficient on the cohesion on the right side
42) daG obliquity of the active stress on the left side
43) daD obliquity of the active stress on the right side
44) dpG obliquity of the passive stress on the left side
45) dpD obliquity of the passive stress on the right side

B.6.6.2. Reading the file 02-KR_ELS_Reactions

This file contains the reactions in the supports from an SLS calculation.

For k=1,7
For i=1, nAnc
iPhase

1) iPhase
2) k

3) i
4) Fanc
5) Manc

loop the types of supports
loop on the number of anchors per type
k i Fanc

index of the phase
anchor type index

: anchor

: strut

: circular waling

: linking anchor

: rotational stiffness
: surface support

: slab

anchor number (is initialized for each type)
axial effort

embedding torque

|
NO R WN =

B.6.6.3. Reading the file 03-KR_ELU_MISS_Wall

This file contains the values of displacements, internal forces and various pressures of the
soil at every level of the wall (2 values per element) resulting from a ULS calculation.

Header of the file (only once at the beginning of the file):

For k=1, nEcr
e nLignes(k)

Suite du fichier:

For k=1, nEcr
For i=1, nEl(k)
For j=1,2

1) iPhase
2) k

3) i

4)

5) Z

6) Md

7) Vvd

8) ph,k(G/D)
9) u,k(G/D)
10) pa,k(G/D)

loop on the walls
number of lines in the result block of each wall

loop on the walls
loop on the elements of each wall
deux nceuds de chaque élément (sup et inf)

index of the phase

wall index

element index

=1 top node / =2 bottom node

node level

bending moment (design value)

shear effort (design value)

characteristic value of the mobilized horizontal pressure (2 columns)
characteristic value of the water pressure (2 columns)

characteristic value of the effective pressure in active side (2 columns)
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11) pb,k(G/D)
12)pd_eff

28)kacG
29)kacD
30)kpcG
31)kpcD
32)daG
33)daD
34)dpG
35)dpD

characteristic value of the effective pressure in passive side (2 columns)
characteristic value of the effective differential pressure

characteristic value of the effective vertical stress (2 columns)

design value of the arch force

vertical pressure on the left side

vertical pressure on the right side

design value of axial force

friction angle on the left side

friction angle on the right side

cohesion on the left side

cohesion on the right side

cohesion increment on the left side

cohesion increment on the right side

horizontal active pressure coefficient on the left side

horizontal active pressure coefficient on the right side

horizontal passive pressure coefficient on the left side

horizontal passive pressure coefficient on the right side

horizontal active pressure coefficient on the cohesion on the left side
horizontal active pressure coefficient on the cohesion on the right side
horizontal passive pressure coefficient on the cohesion on the left side
horizontal passive pressure coefficient on the cohesion on the right side
obliquity of the active stress on the left side

obliquity of the active stress on the right side

obliquity of the passive stress on the left side

obliquity of the passive stress on the right side

Attention: pvG and pvD are characteristic values (if approach 2)

B.6.6.4. Reading the file 04-KR_ELU_Reactions

This file contains the reactions of the linear supports (tie rods / struts / links / rotational
stiffness) resulting from an ULS calculation.

Fork=1,7
For i=1, nAnc
iPhase

1) iPhase
2) k

3) i
4) Fanc
5) Manc

loop on the types of supports
loop on the number of anchors per type
k i Fanc,d

index of the phase

anchor type index

: anchor

: strut

: circular waling

: linking anchor

: rotational stiffness

: surface support

: slab

anchor number (is initialized for each type)
axial effort (design value)
embedding torque (design value)

|
NOOR~WN =
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B.6.6.5. Reading the file 05-KR_ELU_MEL_F_Wall

This file contains the values of the vertical and horizontal forces and pressures of the soil at
every level of the wall (2 values per element) resulting from a calculation with the ULS of type
MEL F.

Header of the file (only once at the beginning of the file):

For k=1, nEcr loop on the walls
e nLignes(k) number of lines in the result block of each wall

For k=1, nEcr loop on the walls
For i=1, nEl(k)+4 loop on the elements of each wall
For j=1,2 two nodes of each element (top and bottom)
iPhase k i j Z Md Vd phk(G/D) uk(G/D) pak(G/D)

pb,k(G/D) pd_eff o’v(G/D) Nvte pvG pvD Nd
fiG fiD coG coD dcG dcD kaG kaD kpG kpD
kacG kacD kpcG kpcD daG daD dpG dpD

Attention: pvG, pvD and Nd are design values

B.6.6.6. Reading the file 06-KR_ELU_MEL_D_Wall

This file contains the values of the vertical and horizontal forces and pressures of the soil at
every level of the wall (2 values per element) resulting from a calculation with the ULS of type
MEL D.

Header of the file (only once at the beginning of the file):

For k=1, nEcr loop on the walls
e nLignes(k) number of lines in the result block of each wall

For k=1, nEcr loop on the walls
For i=1, nEl(k)+4 loop on the elements of each wall
For j=1,2 two nodes of each element (top and bottom)
iPhase k i j Z Md Vd phk(G/D) uk(G/D) pa,k(G/D)

pb,k(G/D) pd_eff o’v(G/D) Nvte pvG pvD Nd
fiG fiD coG coD dcG dcD kaG kaD kpG kpD
kacG kacD kpcG kpcD daG daD dpG dpD

Attention: pvG, pvD and Nd are design values
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B.6.6.7. Reading the file 07-KR_ELU_MISS_Synthesis.txt

This file contains the main results of the passive pressure and vertical balance checks at
ULS.

For each phase, the following block is repeated as many times as there are walls:

iPhase iEcr BM _G,d BM Dd BL Gd BL D,d Rapp G Rapp D

iPhase iEcr Pvd Fvd Anc Fvd Ecr Fvd pds Rvd

Parameter description:

* iPhase phase index

+ iEcr wall index

- BM_ G mobilized passive earth soil pressure on the left side

- BM D mobilized passive earth soil pressure on the right side

« BL G mobilizable passive earth soil pressure on the left side

« BLD mobilizable passive earth soil pressure on the right side

+ Rapp_G ratio of mobilizable and mobilized passive earth soil pressures on the left side
* Rapp D ratio of mobilizable and mobilized passive earth soil pressures on the right side
« Pvd resultant of the vertical components of the soil pressures

* Fvd_Anc resultant of the vertical components of the anchor reactions

 Fvd _Ecr resultant of the vertical components of the loads applied on the wall

+ Fvd pds weight of the wall

* Rvd resultant force of vertical balance

B.6.6.8. Reading the file 08-KR-KRANZ-Results.txt

This file contains the results of the Kranz checks for plane surfaces.
For k = 1, nEcr (loop on the walls)

iPhase k iCote nSit

Fori =1, nSit(k) — number of situations on the retained side
iPhase k iCote i

Zc aref Wtot P1H
Tdsb,k Tref,k Tdsb,d Tref,d

Nta Nb theta Zd Xb
P1V. P2H P2V RH RV

Zb

iPhase
k
iCote
nSit

[

Nta
Nb
Theta
Zd
Xb
Zb

Zc
aref
Wtot
P1H

phase index

wall index

index of the retained side for the wall k (1: left side / 2: right side)
number of situations

situation number

number of tie rods taken into account

number of subdivisions into sub-blocks

angle of the spiral

zero shear level

abscissa of the point « B »

level of the point « B »

level of the "equivalent" anchor point for the examined massif
inclination of the reference anchor force

total weight of the massif taking into account the external loads
horizontal component of the downstream soil pressure
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o P1V vertical component of the downstream soil pressure
e P2H horizontal component of the upstream soil pressure
o P2V vertical component of the upstream soil pressure
e RH horizontal component of the reaction under the massif
e RV vertical component of the reaction under the massif
o Tdsbk destabilizing anchor force (characteristic value)
o Trefk reference anchor force (characteristic value)
e Tdsb,d destabilizing anchor force (design value)
o Trefd reference anchor force (design value)

B.6.6.9. Reading the file 09-KR-Phase_And_Combinations.txt

This file contains the relation between the successive calculation phases calculated by the
calculation kernel, the combination to which they belong and the index of the calculation
phase on the user interface.

For each phase calculated by the kernel, a line appears in this file:

iPhaseMoteur iCombinaison iPhaseUtilisateur

e iPhaseMoteur index of the calculation phase generated by the kernel
e iCombinaison index of the calculation combination to which the phase belongs
o iPhaseUtilisateur index of the calculation phase within the staged construction

defined by the user on the interface
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B.7. Printing

This is accessible by the shortcut buttons present in the various | et | windows or by the
File Menu, then 3 Print.

B.7.1. Single wall type projects without ULS checks

El Printing Wizard *
Selection
Data
D Wizards
Results per phase Envelopes
Phases Tables Graphs Envelopes Tables Graphs
Check all =] =] Check all ]
Phase 1 [} Phase 1 to 2 ]
Phase 2 0= 0= Phase 3to 3 ]
Phase 3 D -

Graphical synthesis

Results synthesis

| Clipboard ‘ | Frint |

Figure B165 : Printing wizard for a single wall project without ULS checks

By a simple click, the print dialogue box is used to select the items to be printed:

Data: prints the first tab in the results window containing the reminder of the soil
characteristics, the retaining wall and the selected options.

Wizards: prints the wizards input data and the results obtained.

Graphical synthesis: prints the synthesis of the project phasing. This synthesis
includes the project cross-section for each phase and the parameters of the various
actions defined.

Results per phase: used to print the results of all the calculation phases (Check all)
or only those selected. it is possible to print the results tables (left-hand column)
and/or the Graphs (right-hand column).

Envelops: prints the calculated envelopes in table and/or graphic format.
Results synthesis: prints the synthesis table of the results obtained.

These “printouts” can be:

Either copied to the clipboard for subsequent inclusion in another document;
Or sent to a printer.
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The choice is made by clicking the appropriate button at the bottom of the printing wizard
window, once the elements to be printed have been selected.
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= : T 500 z
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Figure B166 : Example of printing of graphical synthesis of phasing

B.7.2. Single wall type projects with ULS checks

When printing the calculation results for a single wall project with ULS checks, the type of
results to be printed must be chosen:

e SLS results: these are results produced by the “standard” SSIM calculation without
weighting.

e ULS results: these are results produced by the calculation with weighting (LEM or
SSIM depending on the phases) performed in the context of the ULS checks.

The choice between these two types of results is by means of the selection made at the top
of the printing wizard window.
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SLS results

If the “SLS” option is selected in the printing wizard (see following figure), the available

printing options are the same as for a single wall calculation without ULS checks (see
chapter B.7.1).

B Printing Wizard
Selection
Results: @ sLs Qus
Data

D Wizards

Results per phase

Envelopes
Phases Tables Graphs Envelopes Tables Graphs
Check all 0 - Check al ] B
Phase 1 ] E Phase 1to 2 ] ]
Phase 2 |} Phase 310 3 ] [}
Phage 3 [} -~

[C] Graphical synthesis

Results synthesis

| Clipboard ‘ ‘ Print |

Figure B167 : Printing wizard for a single wall project with ULS checks,
with selection of SLS results for printing

Note: as these are the SLS results, only the characteristic values (K index) of the unweighted
calculation results will be printed.

ULS results

If the “ULS” option was selected in the printing wizard (see figure below), the available
printing options correspond to the results available for a calculation with ULS checks.

El Printing Wizard

X
Selection
Results: ) sLs @ ULS
D Data
[T wizards
Checks Passive pressure safety checkl¥| Vertical equilibrium check Kranz check
Results per phase Envelopes
Phases Tables Graphs Envelopes Tables Graphs
Check all |} | - Phase 110 6 ] |}
Phase 1 [} ] £
Phase 2 ] [
Phase 3 |} || -~

|:| Graphical synthesis

D Results synthesis

| Clipboard ‘ ‘ Print |

Figure B168 : Printing wizard for a single wall project with ULS checks,
with selection of ULS results for printing
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The printing options are as follows:

Note:

Data: prints the first tab in the results window containing the reminder of the soil
characteristics, the wall and the selected options (same as previously).

Wizards: prints the wizards input data and the results obtained.
Graphical synthesis: prints the synthesis of the phases (same as previously).

Results per phase: used to print the results of all the calculation phases (Check all)
or only those selected. It is possible to print the results tables (left-hand column)
and/or the graphs (right-hand column).

Checks: prints the results of the ULS checks performed for each phase (check on
passive earth pressure safety, check on vertical equilibrium and check on stability of
anchoring block in the case of a project including one or more ties).

Detailed Kranz check: prints the details of the calculations performed in the context
of the Kranz check (in addition to the Kranz synthesis results already printed if the
Checks box above is ticked).

Results synthesis: prints the synthesis of results obtained for displacements,
bending moments, shear forces and forces in the anchors.

as these results are ULS, the characteristic values (k index) and design values (d

index) of the results will be printed for the phases in which the walls are anchored (SSIM
calculation). For those phases in which the wall is assumed to be cantilever (LEM
calculation), only the design values (d index) of the results will be printed (see Part C of the
manual).

B.7.3. Double wall type projects

H] Printing Wizard x
Selection
wall 1 Wall 2
D Data
D Wizards
Results per phase Envelopes - Wall 1
Phases Tables Graphs Envelopes Tables Graphs
Checkall [} = Check all = =
Phase 1 [} [} Phase 110 5 =] [}
Phase 2 | | Phase6to7 O |
Phase 3 |:| |:| -
|:| Grouped graphs
|:| Graphical synthesis Envelopes - Wall 2
[l Results synthesis Envelopes Tables Graphs
Check all [} =
Phase 1t0 & = [}
Phase 8o 7 =] [}
cippoard | | Pt |

Figure B169 : Printing wizard for a double wall project

The printing options available for double wall projects are on the whole the same as for
single walls without ULS checks, but they are doubled, to enable the user to choose whether
to print the results for wall 1 and/or for wall 2. By default, the wizard proposes printing the
results for both walls.
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In addition, for the results per phases and the envelopes in graph format, it is possible to
superpose the results of the 2 walls on the same graphs, by ticking the “Grouped graphs”
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1 — t —t 1 — } +—
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Pk min = -150,00 - Pw.k max = 150,00
Charts legend: --- SLS values -— ULS values - Water
; Calculated by: Terrasol
setec
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Figure B170 : Extract of printout of a phasing graphical synthesis for a double wall project
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