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PRESENTATION OF THE RIDO PROGRAM VERSION 4.20 
 
 
The RIDO program calculates the elastoplastic equilibrium of retaining walls (diaphragm 
walls, berlin walls, sheet piles, ...) or piles in various type of soils. 

The calculation follows, phase by phase, the sequence of works, because they condition the 
internal forces particularly due to the irreversibility of the soil behaviour and the incidence of 
the geometry during the operations (installation of strut and preloading ...). 

The elastoplastic calculation of the whole set of elements (wall, soil, struts, anchors) is carried 
out based on the finite elements model. For hypothesis see (1). The WINCKLER model (2) is 
satisfactory for sizing a project : this is shown in (3) and other references. 

RIDO calculates the forces (soil reactions, tensions in anchors, ...) that minimize the elastic 
energy of the wall, the struts, the anchors, the soil, with linear conditions : 

  - equalities for overall equilibrium, bilateral conditions, 
  - inequalities for unilateral links with soils, anchors, ...  
 
RIDO uses the finite elements method (force model) for the simulation of the wall.  
 
The algorithm of resolution is an original adaptation of the “primal-dual” method applied to 
quadratic programming (the elastic energy is a quadratic function of  the variables), see the 
reference (4). 
 
 

Version 4.20 of RIDO presents the following facilities : 

 

The program : 

- Simulates excavations in each of the soils limited by the wall, 
 
- Takes into account slopes and berms by their geometrical description, 
 
- Allows modification of soil characteristics in case of back-filling and grounting, 
 
- Can calculate the Ka an Kp coefficients resolving directly the limit equilibrium 
differential equations of BOUSSINESQ-RANKINE, 
 
 - Allows directly introduction of active, static and passive soil pressures for 
special cases (CULMANN’s method for example), 
 
- Accepts water table variations in each soil and also confined and perched water 
tables, 
 
 - Automatically takes into account the hydraulic gradient effect to the apparent 
soil density, 
 
- Takes into account the application or removal at any moment of surcharges type 
CAQUOT, BOUSSINESQ, GRAUX, of purely plastic type and user defined, 
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- Considers that BOUSSINESQ surcharges are linked to the soil state (active 
pressure, passive pressure, ...) in the same manner as for CAQUOT surcharges. 
 
- However, on option, their additive contribution can be used for control although 
the principle of superimposing does not apply in the elastoplastic model 
 
- Makes difference if the surcharges are present before or after the wall 
construction, 
 
- Allows installing, preloading, removing struts or anchors with unilateral or 
bilateral link with the wall, 
 
- Can calculate (optional) the buckling of sheet piles retained by inclined anchors, 
 
- Allows application or removal of distributed or concentrated loads at any level of 
the wall, 
 
- Allows definition of elastic links in displacement and rotation with a given 
structure (floor, ...), 
 
- Allows various boundary conditions at top and toe of the wall, 
 
- Allows modifications in the geometry of the wall during the works (moulding of 
upper part of the wall, ...), 
 
- Can calculate Berlin walls and discontinuous toe-in walls, 
 
- Considers long term parameters either for the soil and wall (eg. Concrete wall). 
 
- Permits variations of the elastic modulus at any stage, 
 
- Calculates automatically the lack of toe-in, not only in case of equilibrium 
failure, but also in case of wall displacement exceeding a specified value. 
 
- A landslide can be simulated. 
 
- At any time of the sequence of the physical phases a calculation of test in the 
limit states can be asked. This one will have no effect on the normal sequence of 
the phases. 
 
- As well for one seismic calculation as for a conventional calculation in the limit 
states partial factors can be applied to loads and to geotechnical data 
 
- In semi-automatic mode, permits the calculation of two walls in interaction. 
 
- Allows a calculation and a check according to the Eurocodes 7 and their 
French adaptation NF P 94-282 
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From the user’s point of view, advantages are : 

 

- Data introduction in free format with simple description language (keywords and 
data)  : the data are number but also expressions with symbolic constants, 
variables, functions (predefined or user defined), comments, etc ... 
 
- Functions are supplied which allow the automatic access to values situated in 
EXCEL worksheets with possibility of interpolation. 
 
- An integrated working environment is delivered : it permits to edit the data 
(editor mode or question/answer mode), to control the data, to evaluate the 
expressions, to run RIDO, to show graphically the results on screen, to preview the 
printouts, to control the printing and plotting outputs. It permits also to export the 
results in text or graphic forms to other applications and also to send it by E-Mail 
(ZIP compression). 
 
- A complete yet clean presentation of the results. 
 
- The program uses a dynamic allocation of the computer memory so that there is 
no limits to the amount of data (user has not to worry about number of soil layers, 
struts, anchors, ... nor it have to give explicitly this numbers). 
 
- The numerical method of resolution of the equilibrium equations gives a stable 
calculation even for deep wall (over 50 meters). 
 
- Typically a calculation of one equilibrium lasts 10 milliseconds on a recent PC. 
 
- Units can be chosen independently for the data and for the results (practical units 
with Tonne-forces, S.I. units with Newtons, U.S. units with Pounds), 
 
- The program comes with a graphic user interface (G.U.I.) according to the 
WINDOWS standard and run on PCs with WINDOWS XP/Vista/7/8 
 
- The vector or bitmap graphics outputs are ready to import in WINDOWS 
applications as WORD through the “clipboard”. 
 
- The program is multilingual : Freanch/English/Spanish. 
 
- The local network version is available. 

 

RIDO V:4.20 requires at least : 

 

A PENTIUM or compatible processor 
512 Mo of RAM, 1024 Mo for Vista/7/8 
20 Mo free on disk 
One USB port 
WINDOWS XP/Vista/7/8 
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RIDO PROGRAM - VERSION 4.20 
 

USER MANUAL  
 

 
Location of files 
 
 The installation procedure permits the choice of the path to the named RIDO420 
installation’s folder of the RIDO program. 
 
From this last one, the executable files are put in a named RIDO subfolder and the user 
manuals in a named DOC subfolder. 
 
Also you will find the subfolder BIRIDO which contains typical examples of the 
calculation of two walls in interaction as well as complement to the user manual. 
 
Example :   C:\RIDO420\RIDO contains the executables files 
   C:\RIDO420\DOC  contains 
    README.TXT          Information and useful advices 
    LISEZMOI.TXT         idem but in French language 
    WRIDONOTA.PDF  The working environment user manual 
    WRIDONOT.PDF     idem but in french language 
    RID4NOTA.PDF       The present RIDO user manual 
    RID4NOT.PDF          idem but in French language 
 
The working files (data and results) are by default located in the ..\RIDO420\RIDO folder but 
they can be placed in any other folder (see the WRIDONOT user manual). 
 
From WINDOWS 7, if  RIDO420\RIDO is a subfolder of  

C:\Program Files (x86) 
the folder of the working files after the installation will be ..\Documents\RIDOdata. 
 
In the particular case of a RIDO installation by copying the files without the help of the 
installation procedure and in case of not running, perhaps this problem can be solved by the 
creation of a WINDOWS environment variable named RIDO with its value equal to the path 
of the executable files folder (C:\RIDO420\RIDO for the above example). 
It is obviously advised to use always the procedure of installation of the CD-ROM. 
 
For more efficiency under WINDOWS, now WRIDO.EXE contains the working environment 
and the calculus module (previously RIDO.EXE). 
 
However if we wish to use only the module of calculation, for example in a personalized 
chain of treatment, an executable named RIDO.EXE is supplied (it is a launcher which only 
activates in WRIDO.EXE its calculation part). This last one, in transparently mode, works as 
the previous RIDO.EXE. 
 
It is supplied also the executable GRID.EXE (WINDOWS console mode application) which 
allows to obtain graphic HPGL, WMF or DXF files from the results of RIDO.EXE. 
Its mode of use is shown on the screen running it without argument from the command line. 
It will not be used while normal working with the WRIDO.EXE environment. 
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Setting up 
 
 
 The installation procedure put one shortcut on the PC desktop and also several other in 
the “All Programs” menu of WINDOWS. 
 
 The normal launching will be made by a double click on one shortcut, however here 
are useful informations for the “Line command” mode or from the WINDOWS explorer. 
 
 

WRIDO <without argument or from a shortcut> : entered WRIDO through the 
  welcome window 

 
double click on WRIDO.EXE    : idem 
 
WRIDO <file name>      : direct to data (*.RIO file) 

or to visualizations ( 
*.GRI for graphic results, 
* .LST  for ‘text’ results files) 

 
double click on a *.RIO file    : launching WRIDO for this file 
 
RIDO <without argument>    : entered WRIDO through the 

  welcome window 
 
RIDO <*.RIO file>     : not interactive direct calculation 

  (results in *.GRI, *.LST) 
  
 GRID <*.GRI file> <options>   : Obtaining of graphic files 
          *.PLT ,*.WMF or *.DXF 
 
 GRID <without argument>    : user manual of GRID 
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RIDO PROGRAM - VERSION 4.20 
 

DATA INTRODUCTION  
 
The novelties of the version 4.20 from the version 4.02 are written below in blue colour. 
 
GENERALITIES 
 
In following pages the word “line” will be used for one line of a text file treated by a text 
editor or best with the integrated working environment WRIDO  which permits the assisted 
input of the data. See the user manual of WRIDO  : WRIDOnotA.PDF . 
  
Data are in free format according to the following specifications of the RIDO  program 
version 4.20.: 
 
  - Data are separated by blanks (any number) 
 
  - A line can start with blanks 
 
  - Distribution of data on one line is imposed. However, a logical line can be 
 broken in several physical lines. In this case, each continuation line must begin with 
 the sign + followed by a space. 
 
 - If the list of data of one line is shorter than the required list, the not-defined part is 
taken as a sequence of zeros. 

 
 - A datum can be numerical as 5.27 or  1.02e-4  (for 1.02 10-4) or an expression 
as (5+2)/4.25 or also an algebraic expression with variables and functions as 
level+2*tan(pi/4+phi/2). This last point will be detailled subsequently. 
 
It is possible to insert comment lines that will be printed at the corresponding position in the 
printouts. These lines must begin with * (asterisk). No limitation of comments. 
 
If comments immediatly follows the title line, they are considered as describing the studied 
problem and form the subject for a particulary introduction. 
 
A comment indicated by : (and not by *) is a comment for data only and not exists in 
printouts. Contrary to comments indicated by * a comment indicated by : can be in the final 
part of a definition line beginning by # (see RIDO-NOT-30 page) 
 
If in the data describing the operations to simulate in a phase of calculation a comment 
declared by the character * contains a text between two " this one will be reproduced in the 
graphs of the considered phase. 
For the "text" outputs  it will be presented as an ordinary comment 
 
The keywords of the example which follows will be clarified in this user manual. Note at the 
moment that a suite of actions followed by the keyword CAL constitutes a phase of 
calculation.  
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Example    CAL 
*    ”Installation of the first layer of struts” 
STR(1) 162.20  2.5  15  -50  4500 
CAL  
*    ”Excavation to 159.0 m and draining” 
EXC(2) 159.0 
WAT(2) 158.5 
CAL 
……. 

Also to comment the envelope curves concerning only a subset of phases placeits text between 
the characters [ and ]. 
This will be taken into account only in the description of a phase ending with one keyword 
CAL the second argument of which is 1 
 

Example   CAL    ……. 
*   ” Excavation to 159.0 m and draining ” 
*   [ For the working phases ] 
EXC(2) 159.0 
EAU(2) 158.5 
CAL(0,1) 
……. 

 
The dynamic allocation of memory used in this program allows to introduce with no 
limitation soil layers, strut or anchor levels, various sections of the wall... in any required 
number. However the total number of data can be limited by the computer capacity. 
It is not required to enter the total number of entities as the number of struts for example. 
 
However, when a particular number is required, as a strut’s number, it is its ordinal number of 
introduction in the data. 
 
 
Data are given in 3 groups : A,B,C. 
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"A" GROUP 
 
Basic data describing initial state of wall or pile and soil. 
 
 
A1 : TITLE AND OPTIONS 
 
- One title line (obligatory) 
 
In this line options can be chosen. 
Each option, indicated by a letter, must be written between two *. (The character * cannot be 
used in the title part). 
The option order is of no consequence. 
 
Example:   QUAY WALL AREA 4      *FA*  
 
Seven options are available in RIDO 4.20 : 
 
 A = Boussinesq surcharges are (A)dded to soil pressures following the principle of 
superposition applicable to elastic states but spread out the plastic states (see B-2-2 annex) 
 
 E = The printout results are (E)xtended with the values of limits active and passive 
pressures. (Warning : the printed line contains 168 characters). 
 
 F = Buckling calculus of wall into account the vertical component of inclined anchors 
(see C-2 annex) 
 
 H = The model of (H)OUY (hypothesis of the soil in plastic state of active pressure 
reached) will be used for the effect of banks described by the keyword EXC. 
Warning : The model of HOUY supposes that we expect that the concerned soil is in a state of 
active pressure (see the note for the SUA order). 
  
 L  = the preceding number define the useful number of (L)ine in each page of the 
printout, example : 80L (default : 60L) 
 
 M  = if it is preferred to use a frequent sign convention: (M)oments and curvatures are 
of opposite signs. 
 
 U = choice of (U)nits independently of the data and the outputs (printouts, plotted 
graphs,...) with the following rule : 
 

U:xy where x is the input’s units code and y is the output’s units code. 
 

This codes are : T → practical units (Tonne Force): default 
   N → S.I. units  (Newton) 
   P → U.S.A. units (Pound) 
 
Example :  WALL NB 101 *120L U:PN* 
In this case the input data are in U.S.A. units but the outputs in S.I. units. 
 
If only one units code is present it is valid for the inputs and the outputs. 
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Hereafter you see the correspondences of units : 
 
  T  N  P 

 
    m  m  Ft 
    mm  mm  In 
    1/m  1/m  1/Ft 
    T  kN  KiP 
    T/m  kN/m  KiP/Ft 
    T/m 2  kPa  KsF  : Pressure 
    T/m 3  kN/m 3  KcF  : Vol. density 
    T/m 3  kPa/m KsF/Ft : Elastic rigidity 
    T/m3  kPa/m KsF/Ft : Cyl.rigidity  
    T.m 2/m kN.m 2/m K.Ft 2/Ft : EI product  
    m.T  kN.m  K.Ft 
    m.T/m kN.m/m K.Ft/Ft : Moment 

 
The correct output units are also used in the plotting issues and result files. 
 
The dialog boxes as the one who follows are presented in this user manual as illustration of 
the assistants to the introduction of lines of data offered by the WRIDO.EXE working 
environment. 
 

 
 
 
A2 : THE WALL 
 
- A first line to define the level (m, Ft) of the top of the wall 
 
 Z0 

 

 
 
followed by a line per each section with varied inertia described from top to bottom  
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Z  EI  Rc 
 

 
 
where  
  
 Z (m, Ft) is the level of the end of section 
 EI  (T.m2/m, kN.m2/m, K.Ft2/Ft) is the inertia product 
 Rc (T/m3, kPa/m, KsF/Ft) is the cylindrical rigidity (for plane wall Rc=0). 
 
It is possible to give zero inertia sections : that means these parts of wall does not exist at the 
beginning of the works and will be added at a given time (see A-1 annex). 
 
It is possible to launch a calculation with for all the sections a null inertia. In this case, we 
calculate an initial equilibrium of the ground before the implementation of the wall : This 
allows the calculation of the preconstraints in the ground sought, for example, by pre-existent 
surcharges in the implementation of the wall. 
 
The last line permits the calculation of the height of the wall. 
 
The sequence of the levels Z0 and Z fix the direction of the axis of levels toward the bottom or 
toward the top according to the increasing or decreasing of their values. 
 
The calculation zone is defined between the levels Z0 and the last one Z. Unless otherwise 
specified all the levels in the data have to be in this zone. 
 
Example : WALL Nb 101 *120L* 
  165 
  160.50 18744 
  151.00 9852 
  : Height of the wall = 165-151 = 14 meters  
 
 
A3 : THE SOIL . 
 
- One line to fix the initial level of soil (the same for each side of the wall) 
 
 Z (m, Ft) 
 
- One line for each ground layer (described from top to bottom) 
 
 Zc  PVw  PVs  Ka  K0  Kp  C  ϕϕϕϕ  Da  Dp Re  Rp 
 
with 
 
 Zc (m,Ft) : bottom level of the layer 
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 PVw (T/m3, kN/m3, KcF) : wet density 
 PVs (T/m3, kN/m3, KcF) : submerged density 
 Ka : horizontal active pressure coefficient 
 K0 : pressure coefficient at rest 
 Kp : horizontal passive pressure coefficient 
 C (T/m2, kPa, KsF) : cohesion 
 ϕϕϕϕ (degrees) : internal friction angle  
 Da,Dp : δ/ϕ with δ for the inclination of stress on wall for active and passive 
      pressure.These values already taken into account in Ka and Kp must be given 
     here for the calculation of the cohesion terms in Caquot's formula. 
 Re (T/m3, kPa/m, KsF/Ft) and Rp (1/m, 1/Ft) : allow the calculation of the subgrade 
       reaction modules Kh (horizontal) at any point where the vertical pressure linked 

      to the earth weight at level z is P(z) by 
 
    Kh = Re + Rp * P(z) 
 
       If constant coefficient Kh for the ground layer is wanted, then ignore Rp. 
 

 
 
The levels Z and  Zc can be upper than the top of wall (level Z0). This description can be 
useful in case of description of one bank with the EXC keyword. 
  
If in the data Ka = 0 and/or Kp = 0, that indicate a wanted calculus of their values by 
resolution of the plastic limit equations of BOUSSINESQ-RANKINE integrated in the RIDO  
program. 
 
If in the data K0 = 0, K0 is calculated with the JAKY’s formula : K0 = 1-sinϕ. 

 
 

Usually, the subtractive terms in passive pressure and additive terms in active pressure due to 
cohesion, are calculated by RIDO  with the CAQUOT formula according to the technical 
annexes. It is possible to give the values of theses terms directly. To do it, enter the cohesion 
with the minus sign (which starts this special process) and replace respectively the δ/ϕ ratios 
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in passive pressure and active pressure by the subtractive and additive terms for the soil layer 
parameters concerned. 
The printouts are consequently changed. 
 
- One line with : 
 
 Zh Step 
 
   with 
 
 Zh (m, Ft) : initial water level (if no water table fix Zh under the bottom of the wall ) 
           There is no condition on the value of Zh 
 Step (m, Ft) : is the upper limit specified for the length of the wall elements created by 
         the program (if Step is too small, the maximum number of elements, typically 
        200, will give their maximum length). The slope (or rotation) of the wall little has 
        to vary on a distance of Step. 
        Current value is Step = 0.5 m or Step = 1 Ft 
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"B" GROUP 
 
These data describe work phases and results output control. 
 
Each operation is defined by a keyword followed, eventually by brackets with 1 or 2 
arguments and by a list of parameters. 
Each keyword, except STOP, is exactly 3 characters long. These characters can be upper or 
lower case; in this way CAL, cal, Cal are the same keyword. 
If the last or the two arguments into brackets are zero they can be neglected : 
 
Ex :  CAL(2,0) same as CAL(2) 
  CAL(0,0) same as CAL 
 
 
The following table contains the keyword’s list, their brief description, and the page of this 
user’s manual where they are explained. 
 
To facilitate the working with the multilingual version, keywords can be used equally in their 
English and French forms. 
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KEYWORD DESCRIPTION  PAGE 

ENGLISH FRENCH   

GLO GLO GLOBAL EQUILIBRIUM MODEL 12 

LIM LIM BOUNDARY CONDITIONS 13 

COE COE COEFFICIENTS APPLIED TO THE PRESSURES 13 

PRX PRX DIRECTLY INTRODUCTION OF SOIL 
PRESSURES 

14 

SUX SUX DIRECTLY INTRODUCTION OF  SURCHARGE 
EFFECT PRESSURES 

14 

SUC SUC CAQUOT TYPE SURCHARGE 15 

SUB SUB BOUSSINESQ TYPE SURCHARGE 15 

SUA SUA ‘ACTIVE PRESSURE’ TYPE SURCHARGE 16 

SUG SUG SEMI-INFINITE GRAUX TYPE SURCHARGE 17 

SOI SOL REDEFINING OF A SOIL LAYER 17 

BAC REM INSTALLATION OF A BACKFILL 18 

EXC EXC EXCAVATION - BANK - BERM 19 

BER BER EXCAVATION « BERLIN » TYPE WALL 20 

WAT EAU MODIFICATION OF WATER LEVEL AND  
PRESSURES 

21 

HDC CHD  HYDRODYNAMIC CORRECTION (obsolete) 21 

STR BUT STRUTS 22 

ANC TIR ANCHORS 22 

STI RIG STIFFNESS MODIFICATION OF STRUTS OR 
ANCHORS 

23 

GAP DEC GAP OF THE ANCHORPOINT OF STRUTS OR 
ANCHORS 

24 

CFM FMC CONCENTRATED FORCE AND/OR  COUPLE 24 

LOA CHA TRAPEZOIDAL LOAD 25 

INE INE INERTIA MODIFICATION 25 

PLA FLU MODIFICATION OF PLASTIC 
CHARACTERISTICS OF SOIL 

26 

ELA ELA ELASTIC REACTION MODULUS 
MODIFICATION 

27 

SLI GLI LANDSLIDE 27 

PFA FAP PARTIAL FACTORS 28 

CRR RRC CRITICAL RATIO FOR PASSIVE PRESSURE 29 

KAM KAM MIMIMUM ACTIVE PRESSURE COEFFICIENT 29 

CAL CAL CALCULUS AND CONTROL OF THE OUTPUTS 30 

TLS TEL TEST TO THE LIMIT STATES 32 

MEM MEM STATE OF CALCULUS MEMORIZATION 33 

RES REP RESUMPTION OF THE CALCUS 33 

END FIN END OF CALCULUS 35 
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Is named “phase” the sequence of operations witch terminate with CAL (request of an 
 equilibrium calculus). 
 
Only the useful operations are to describe 
 
Soils are numbered 1 for the left side of the wall and 2 for the right side of the wall 
Forces and displacements are positive from soil 1  to soil 2. Moments are positive clockwise 
(and reverse clockwise with the M option). 
 
 
GLO : GLOBAL EQUILIBRIUM MODEL 
 
In this version there is an overall equilibrium model for a better calculus : it takes into account 
the little displacement of all the soil and the wall toward the excavation side. 
For example this model finds, in presence of struts with very big stiffness, a soil pressure 
concentration toward the struts level and a bigger reaction force in struts. 
 
The usual elastoplastic model does not take into account this phenomenon and thus 
underestimates the forces of struts : this was stated by certain publications 
 
The global displacement is function of the difference of the weights of the left and right soils 
calculated under the toe of the wall and the subgrade modulus at this same level. 
 
By default, RIDO 4.20 do not use this new model. 
To use it, place the code GLO  in the first phase and only in this first. 
It is not possible to suppress this model on a later phase. 
 
It is possible to modulate the effect of the model with a parameter : 
 
 GLO x 
 
Where 

 
x is an incidence factor. 

 
For example  GLO  0.8 

take into account for 80% the overall displacement, 
 
and   GLO 
  or GLO  1.0 

take it into account for 100%. 
 
This choice is clearly indicated on the outputs. The calculated value of this overall 
displacement appears in each phase results. 
 
If we prefer to model this phenomenon by a movement given of all the soil we can use the 
order SLI (see page RIDO-NOT-xxx)
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LIM : MODIFICATION OF THE LINKS AT TOP OR TOE OF WA LL  
 
 LIM(s,t)  
 
where  
 
 s = 1 at top 
 s = 2 at toe 
 
 t = 0 : free 
 t = 1 : simple support at last displacement 
 t = 2 : imposed slope at last value (e.g. : pile embedded in pile cap) 
 t = 3 : embeddement in last position (displacement and slope) 
 
Top and toe of wall are implicitly free. 

 
If there is an elastic link see order CFM. 
 
 
COE : ADDITIONAL COEFFICIENTS APPLIED TO THE SOIL P RESSURES 
 
 COE  Z1  Z2  CO 
 
From level Z1 to level Z2 pressures in soils 1 and 2 are multiplied by CO before being 
applicated in the calculation to the one meter-wide wall (or one Ft-wide wall). 
This can be useful in the following cases : 
 
- Discontinuous toe of wall, where the lower part is periodically absent, then 
  
 CO = effective width / period 
 
- Piles for which EI was not introduced per linear-meter of wall, then 
 
 CO = effective width of file 
 
- Berlin wall : EI is defined by linear-meter of wall in "A" group and COE is used in the first 
phase with : 
 
 Z1 = level (m, Ft) of the top of the piles  
 Z2 = level (m, Ft) of the bottom of the piles 
 CO = effective width of files / period 
 
In  case of it, in order to take into accept a tridimensionnel effect in the ground, must be taken 
a supplementary coefficient for the passive pressure state, then write 
 
 COE  Z1  Z2  CO  CB 
and Kp is multiplied by CO * CB for the soils between Z1 and Z2. 
 
This COE order modifies also the water pressures and the loads introduced by the LOA order. 
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At the levels Z1 and Z2 piles or screen are supposed present otherwise or this order will be 
ignored or Z1 and/or Z2 will be corrected. 
 
 
PRX : DIRECTLY INTRODUCTION OF SOIL PRESSURES 
 
If it is required to use a different equilibrium plastic limit of soil theory from the 
BOUSSINESQ-RANKINE theory or to use the CULLMAN’S method in case of non 
horizontal surface of soil (RIDO  as a build in model for banks and berms : see the EXC 
order) the curves of the soil pressures can been directly introduced : for the internal coherence 
of the elasto-plastic equations of RIDO  it is necessary to describe the 3 curves : active 
pressure, at rest pressure, passive pressure. 
 

For each level (linear interpolation between 2 levels) put a line 
 
 PRX(n)  Z  Pa  P0  Pp 
 
where 
 
 n is the soil number (1: the left, 2: the right) 
 Z (m, Ft) the level 
 Pa (T/m3, kPa, KsF) the active pressure 
 P0 (T/m3, kPa, KsF) the at rest pressure 
 Pp (T/m3, kPa, KsF) the passive pressure 
 
In case of discontinuity, do not put two lines with the same level, but 
 
 PRX(n,1)  Z  Pa  Po  Pp  Pa’  Po’  Pp’ 
 
where Pa’, Po’, Pp’ are the second values for the same level. 
For the levels outside of the interval defined by a PRX sequence the soils pressures are 
normally calculated from the weight of soil. 
 
 
SUX : DIRECTLY INTRODUCTION OF SURCHARGE EFFECT PRE SSURES 
 
If surcharge’s models build in RIDO  are unusable, it is possible to enter point by point the 
additive contribution of surcharges to the three curves of active, at rest, passive pressures by 
several lines as 
 
 SUX(n)  Z  Pa  P0  Pp 
 
with the same syntax as the PRX order (equally in case of discontinuities). 
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SUC : CAQUOT TYPE SURCHARGE 
 
 SUC(n)  Q 
 
where 
 
 n : soil number 
 Q : pressure (T/m2, kPa, KsF) on the free horizontal surface of soil n 
 
To remove a previous surcharge give Q = 0 
Successive Caquot surcharges are not cumulative (i.e. a new one on the same soil replace the 
actual one).(see B-2-1 annex) 
 
 
SUB : BOUSSINESQ TYPE SURCHARGE 
 
 SUB(n)  Z  A  B  Q 
 
where 
 
 n : soil number 
 Z : level (m, Ft) of load strip 
 A : smallest distance (m, Ft) from strip to wall 
 B : largest distance (m, Ft) from strip to wall 
 Q : uniform loading (T/m2,  kPa, KsF) on strip parallel to wall. 
 
This order makes all Boussinesq surcharges in soil n to be replaced by the new one. 
 
Note : from the version 4.20 the level Z can be above the highest point of the definition of the 
products of inertia in the initial data ("A" group). 
 
If one requires an addition of a new surcharge 
 
 SUB(n,1)  Z  A  B  Q 
 
then the previous surcharges are kept in place. 
 
To suppress one elementary surcharge Q write  
 
 SUB(n,1)  Z  A  B  Q’ with an opposite load (Q’ =  -Q) 
 
To suppress all Boussinesq surcharges write only  
 
 SUB(n)  
 
Ii is possible to use the theory of the images with a coefficient included between 1 and 2 :: 
 
 SUB(n,1)  Z  A  B  Q  CI 
 
Where 
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 n is the soil number 
r is equal to 0 or 1 as previously 
CI   (1 <= CI <= 2) is a coefficient applied to the effect of Boussinesq surcharge in the 
       soil n 
 
If CI  is missing or < 1 then CI=1 
 

With Boussinesq surcharges existing before the wall is set, the soil is influenced by this 
surcharges on each side of the axis of the future wall.  
 
In this situation you will have to calculate an equilibrium of the soil without the wall, and then 
to put it (INE order). In this case put CI=2, according to the image theory for a correct 
initialization of stress at zero displacement. 
Reminder : an absence of screen is defined by one or several null products of inertia in initial 
data  ("A" group). 

 
If option A is defined (in the title line), Boussinesq surcharges are distributed loads, additives 
and simply superposed to the soil pressures without taking into account the its state : it is the 
traditional way of calculation. 
In the other case, the stress on the wall due to a Boussinesq surcharge is given by 
 
    k * S / 0.5 
 
with S is the stress given by Boussinesq formula and k = Ka,K0 or Kp according to the soil 
state (plastic active, elastic or plastic passive state) 
So, there is a continuity between Boussinesq type and Caquot type surcharges. 
This is an innovation of RIDO  program from its version 3. (see B-2-2 annex). 
 
 
SUA : ‘ACTIVE PRESSURE’ TYPE SURCHARGE 

(norme NF P94 282 -Annexes informatives) 
 
Note : This model of calculation supposes the state of active plasticity reached on the height 
of its effect as well as the constancy of the angle of internal friction PHI. 
Of more the principle of superimposing which requires linear equations does not apply in 
plastic state. 
If these conditions are not respected the calculation will however be made but with warning 
messages. 
Finally the equilibrium of RANKINE is implicitly used in this model. If the ration DELTA / 
PHI is not null he can have a certain incoherence between this model and the results of RIDO 
. 
In fact the theoretical effect will be multiplied by ( Ka Boussinesq-Rankine) / ( Ka Rankine). 
 

SUA(n,r)  Z  A  B  Q 
 
where 
 
 n : soil number 
 r   : same parameter as for the SUB order 
 Z : level (m, Ft) of load strip 
 A : smallest distance (m, Ft) from strip to wall 
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 B : largest distance (m, Ft) from strip to wall 
 Q : uniform loading (T/m2,  kPa, KsF) on strip parallel to wall. 
 
This order makes all surcharges of this type in soil n to be replaced by the new one. 
 
The level Z can be above the highest point of the definition of the products of inertia in the 
initial data ("A" group). The used PHI angle will be the one of the ground in this highest 
point. 
 
SUA( ) has the same syntax as SUB ( ), particularly for the n and r parameters 
 
 
SUG : SEMI-INFINITE GRAUX TYPE SURCHARGE 
 
 SUG(n,r)  Z   A  αααα  ββββ  Q 
 
where 
 n : soil number 
 r   : same parameter as for the SUB order 
 Z is th level (m,Ft) 
 A is the distance (m, Ft) between the wall and the beginning of the semi-infinite 

    surcharged strip 
 αααα, ββββ (degrees) are the two angles of GRAUX (α<β) 
 Q (T/m3, Kpa, KsF) is the uniform loading. 
 
The level Z can be above the highest point of the definition of the products of inertia in the 
initial data ("A" group). 
 
SUG( ) has the same syntax of SUB ( ), particularly for the n and r parameters 
 
Warning : The model of GRAUX supposes that we expect that the soil of side n is in a state of 
active pressure (see the note for the SUA order). 
 
 
SOI : PARAMETER REDEFINING FOR A SOIL LAYER  
 
The line 
 
 SOI(n)  Z  Ki  
 
with 
 
 n : soil number 
 Z  : start of modified layer (m, Ft) 
 Ki  : actual pressure coefficient (Ka<=Ki<=Kp), that defines the initial state of the soil 
followed by one line defining a layer as in "A" group, allows to redefine a layer between two 
levels at one side of the wall. This allows to have different soils at each side of the wall even 
from the start, or to take into consideration non-horizontal layers. 
Grouting of one layer can also be taken into account by this line. (see B-3-1 annex) 
 
If Ki is not indicated then Ki=K0. 
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If reinitialisation of the active soil pressures with Ki is not needed (when taking into account 
long-term parameters) use keyword PLA . 
The ELA  order permit to modify the elastic reaction modulus only. 
 

SOI(n,r)  Z  Ki  OCR 
 
 See below the same meaning of r, Ki et OCR for the keyword BAC 
 
 
BAC : BACKFILLING 
 
The line 
 
 BAC(n)  Z  Ki  
 
where 
 
 n : soil number (backfilled side) 
 Z  : new soil level (m, Ft) 
 Ki  : actual pressure coefficient (Ka <= Ki <= Kp) defining initial state of soil 
 
This line will be followed by one line defining the parameters of the backfilled soil and 
indicating necessarily as end level the previous possibly excavated soil level. 
(The definition of a layer of ground is in accordance with the definition of a layer of the group 
A). 
 
If Ki is not mentioned, then Ki = K0 
 
The backfilled layer is initialised at the elastic-active pressure limit state for the existing 
deformation of the wall if Ki = Ka which will be the regular case. 
 

BAC(n,r)  Z  Ki  OCR 
 
where 
 
 n  : soil number (backfilled side) 
 r  = 0 or absentee : the initialization of the pressures of the ground by Ki is for the 
                     current displacement of the wall  
 r   = 1 : the initialization of the pressures of the ground by Ki is for the final 
                    displacement of the wall (at the end of the phase) 

Z  : new soil level (m, Ft) 
            Ki : actual pressure coefficient (Ka <= Ki <= Kp) defining initial state of soil will be 
followed by one line defining the parameters of the backfilled soil and indicating necessarily 
as end level the previous soil level 

OCR (optional) is the over consolidation ratio.. 
 
OCR is indicative if Ki is not zero. 
 
Present OCR allows the calculation of Ki if the value introduced for Ki  is zero according to 
the model of Mayne and Kulhawi [[1]] : 
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  Ki = K0 (OCR) sin(ϕϕϕϕ) 
 
 
EXC : EXCAVATION - BANK - BERM 
 
Simple excavation 
 
 EXC(n)  Z 
 
with 
 
 n : soil number on excavation side 
 Z: new level in this soil (m, Ft) 
 
Excavation with berm 
 
 EXC(n)  Z1  Z2  A  B 
 
with 
 
 n : excavated soil number 
 Z1 : excavation level close to wall (m, Ft) 
 Z2 : deeper excavation level (m, Ft) 
 A : width of berm at level Z1 (m, Ft) 
 B : width of berm at level Z2 (m, Ft) 
 
If in a further phase there is an excavation to a level Z, with Z between Z1 and Z2, a new A 
value is calculated corresponding to level B. (see B-4-2 annex). 
There is an automatic control of the intrinsic berm stability and an automatic calculation of a 
new minimal width to obtain the stability. This calculus is run only if there is the parameter 1 
in second position in the EXC order. 
 
Example EXC(2,1) 5 6.5 2 6 
(Here the scale of the levels is supposed increasing downward) 
 
with only EXC(2) the width of the berm is maintened but the passive pressure is recalculated 
at each level within the berm according to its resistance capacity . 
 
The stability of a berm is calculated at every point of calculation on its height by supposing 
horizontal lines of sliding. 
 
Note : The version 4.11.04, and only this one, made one very security hypothesis for the 
calculation of the limit of holding by supposing this limit reached on all the height of the 
berm.. 
The version 4.20, as version previous ones, makes this calculation for the pressures effectively 
mobilized in its height. 
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Excavation with a bank 
 
The EXC order can be used in a symmetrical way to a berm description. Then RIDO 
automaticaly calculates the correct decomposition in surcharges (CAQUOT and 
BOUSSINESQ) according to the indications for making this manually. (see B-4-3 ANNEX). 
RIDO  takes into account of the eventually change of soil and presence of water within the 
bank. 
 
Note : From the version 4.20 the level Z2 can be above the highest point of the definition of 
the ground layers (level Zs)  in the initial data ("A" group). The layer of ground considered 
between the levels Z2 and Zs is the same that the one present at the level Zs. In case of 
multiple layers or within the height of the bank it will be necessary to create a fictitious 
section of wall with null  inertia product so that Z0=Zs 
 
 
BER : EXCAVATION WITH PLANKS (BERLIN WALL ) 
 
 BER(n) Z 
 
where 
 
 n : excavated soil number 
 Z : new level after excavation (m, Ft) 
 
This order assumes that, in the first phase the soil’s pressures have been modified by the 
required coefficients with the keyword COE. 
These coefficients are then reset to 1 till Z level, in order to take into account the planks just 
in place. 
The soil behind the planks decompressed by the excavation has it state initialised at the limit 
active pressure elastic state for the existing deformation. 
If planks are not placed till the formation level, one must write : 
 
 BER(n,r)  Z1  Z2 
 
where 
 
 n : excavated soil number 
 r  : the degree (0, 1, 2 or 3) of the interpoling polynome for the restoration at 1 of the 
coefficient applied to the pressures. 
  
 Z1 : level of excavation (m, Ft) 
 Z2 : lower level of planks (m, Ft) 
 
If there is also a bank or a berm in the soil number n, it is necessary to complete the BER 
order with an appropriate EXC order.(see A-3-1 annex). 
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WAT : MODIFICATION OF WATER LEVEL AND PRESSURES 
 
with hydrostatic pressures : 
 
 WAT(n)  Z  
 
where 
 
 n is the number of the soil the water table is changed 
 Z (m, Ft) is the new level of water table 
 There is no condition on the value of Z 
 
with hydrodynamic pressures : 
 
In this case the resulting water pressure curve is described point by point (linear interpolation 
between points) by consecutive lines (from top to bottom) as 
 
 WAT(n)  Z  Pw 
 
where 
 
 Z (m, Ft) is the level 
 Pw (T/m3, kPa, KsF) is the water pressure 
In the case of discontinuity, do not put two consecutive lines with the same level, but 
 
 WAT(n,1)  Z  Pw  Pw’ 
where 
 
 Pw’ is the second pressure. 
 
There is no condition on the values of Z except that they have to be for monotonous progress. 
 
Under the last level defined in this manner, the hydrostatic pression curve is the default. 
A pressure Pw with the value -1 is replaced by the hydrostatic pressure for this level. 
In this way it is easy to describe perched water tables and confined water. 
The hydraulic gradient effect to the soil densities is automaticaly calculated. Particularly a 
discontinuity of water pressure produce a CAQUOT’s surcharge applied at the same level (can 
be negative for example in the case of an uplift under an impervious layer of soil). 
 
For the levels where the water pressure is zero, it is the wet density of soil which is used in the 
calculus and the submerged density, if the water pressure is not nul. 
 
Remark 
If an uplift is under an invert and not a soil layer, it is necessary to annulate the uplift effect 
automatically introduced by RIDO , with a GRAUX surcharge (SUG) at the level of the 
invert. 
 
 
HDC : HYDRODYNAMIC CORRECTION  
 
Obsolete, considering the description of the keyword WAT described above. 
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Maintained only for compatibility with older RIDO versions. 
 
Water pressure is assumed hydrostatic. This assumption can be corrected by a linear 
distribution given by a set of points. Each point is defined by one line : 
 
 HDC  Z  Q 
with 
 Z : level of angle point (m, Ft) 
 Q : the value of the correction for this point (T/m2, kPa, KsF ) 
 
The various HDC lines will be placed from top to bottom. 
One line with HDC alone suppresses a previous correction. 
If one requires to take into account the variation of apparent weight due to hydraulic gradient, 
then : 
 
 HDC  Z  Q  DG1  DG2 
where 
 Z, Q same as above 
 
DG1, DG2 : (T/m3, kN/m3, KcF) algebraic difference to applicate to submerged density of soil 
1 and 2 respectively. The differences are taken constant from Z of preceding line CHD up to Z 
of that line. 
 
 
STR, ANC : STRUTS AND ANCHORS 
 
These keywords are described in a common manner : there are two, only to facilitate the 
reading. 
 
Placing struts or anchors 
 
 STR(k)   Z  E  I  F  R   (strut) 
or ANC(k)  Z  E  I  F  R   (anchor) 
 
where 
 
 k = link code : 
  k = 0 : bilateral link 
  k = 1 : unilateral link; the wall frees if it moves towards soil 1 
  k = 2 : unilateral link; the wall frees if it moves towards soil 2 
 Z : level (m, Ft) of the strut/anchor 
 E : longitudinal spacing (m, Ft) between struts/anchors 
 I : inclination of anchor (degrees) 
 F : preload (T, kN, KiP) 
 R : stiffness (T/m, kN/m, KiP/Ft) 
 
If in the title line option "F" has been defined there will be a buckling calculation of the wall 
taking into account the vertical component of the loads in anchors. In this case the sign of I 
angle is important: 
In the usual case of inclination « downwards » it will be positive if the anchor is at the left 
side , and negative if the anchor is at the right side. 
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For the phase of implementation of a preloaded strut or anchor (F not = 0) its rigidity will be 
taken to 0 so that its strength is effectively equal to the preload. The rigidity will be taken 
equal to its value R in the later phases. It will thus be advisable to define a phase for every 
implementation of preloaded strut or anchor (see the CAL keyword) 
 
If, when a strut is put in place, there is no contact with the wall, because it is too short, or 
because it simulates the shrinkage of a floor, then : 
 
 STR(k,-1)  Z  E  I  D  R 
 
where 
 
 D is the gap (mm, in). 
 
The levels of struts or anchors receive a number in the order of apparition in phases (see C-1 
annex). 
 
Modification of the preloading of a strut or anchor bed 
 
 STR(0,num)  F 
or ANC(0,num)  F 
 
where 
 
 num : level number 
 F : new preload (T, kN, KiP) 
 

STR(1,num)  
or ANC(1,num)  
 

in this case the new preload is the current force in the strut or the anchor (sometime 
useful for an automatic iterative calculation of the interaction between two walls)  

 
Removing of struts/anchors 
 
 STR(0,num) 
or ANC(0,num) 
 
where 

 
num is the level number removed.  

 
 
STI : MODIFICATION OF A BED OF STRUTS OR ANCHORS 
 
Modification of the stiffness of the struts or anchors at any phase. 
This is mainly planned for struts or floor in concrete in case of long term modification of its 
Young modulus E. 
 
 STI(n) stiff 
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Where 
n = number of the layer (introduction order number) 
stiff  = new stiffness 

 
It is best to make a specific phase for one or several commands STI 
 
 
GAP : GAP OF THE ANCHORPOINT OF A BED OF STRUTS OR ANCHORS 
 
Movement of the anchor point of struts or anchors in the course of works. 
This is mainly planned for an iterative calculation of two walls in interaction connected by 
one or several beds of struts or anchors . 
Another usage is the consideration of a sliding of a defective anchor point. 
 
 GAP(n) gap  
 
où       n = number of the layer (introduction order number) 
           gap = axial gap of the anchorpoint (mm, In) 
 
 or also : 
 
 GAP(n,1) gap  
 
 où      n = number of the layer (introduction order number) 
           gap = horizontal gap of the anchorpoint (mm, In) 
            

gap is signed (negative towards left, positive towards the right) 
  
Safe in case of interactive calculation it is best to make a specific phase for one or several 
commands GAP. 
 
 
CFM : APPLICATION OF A FORCE AND/OR A MOMENT ON THE  WALL 
 
 CFM  Z  F  C 
 
where 
 
 Z : level of application (m, Ft) 
         F : concentrated load (T/m, kN.m, KiP/Ft) 
 C : moment (mT/m, kN.m/m, K.Ft/Ft) 
 
These values do not cumulate with the existing ones at the same level but replace the lasts : to 
suppress one force at a given level, then apply a zero value. 
 
If at the same level Z we had placed previously an elastic connection by CFM (1) this last one 
is preserved and only F and C are modified. 
 
If at level Z there is an elastic link, for instance a floor slab, the connection matrix can be 
introduced with : 
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 CFM(1)  Z  F  C 
 CFY  CFA  CMY  CMA  
 
so that 
 
 DT = CFY * DY + CFA * DA + F 
        DM = CMY * DY + CMA * DA + C 
 
where 
 
 DT : jump in shear force due to link 
 DM  : jump of moment due to link 
 DY : variation of deflexion at level Z from the deflexion at the setup of the elastic 
connexion (current value of this deflexion if there was already no elastic connection at the 
same level) 
 DA : variation of rotation at level Z from the rotation at the setup of the elastic 
connexion (current value of this rotation if there was already no elastic connection at the same 
level) 
 F and C : same definition as above but often absent. 
 
(see C-2 annex) 
 
 
LOA : APPLICATION OF A TRAPEZOIDAL LOAD ON THE WALL  
 
 LOA  Z1  Z2  Q1  Q2 
 
with 
 
 Q1 : load (T/m2, kPa, KsF) at level Z1 (m, Ft) 
 Q2 : load (T.m2, kPa, KsF) at level Z2 (with linear interpolation between Z1 and Z2). 
 
These values do not cumulate with existing ones at the same levels. The new ones replace the 
existing ones. 
Annulling loads can only be done by Q1 = 0 and Q2 = 0. 
 
At the levels Z1 and Z2 piles or screen are supposed present otherwise or this order will be 
ignored or Z1 and/or Z2 will be corrected. 
 
INE : WALL INERTIA ALTERATION  
 
 INE(n)  EI  Rc 
 
where 
 
 n : number of the modified section (numbering starts from top of the wall). 
 EI  : new product of inertia (Tm2/m,  kN.m2/m, KFt2/Ft) 
 Rc : new cylindrical stiffness (T/m3, kPa/m, KsF/Ft) 
 
This order allows estimate of the effects of a Young modules variation with time (long term 
modules). 
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If sections with zero-modules have been prepared in "A" data group, we can simulate putting 
in place of sections of wall by given no-zero values to EI at the right moment. This is only 
valid for a new section immediately next to an existing section with an inertia different from 
zero. 
So this order allows to perform calculations on a wall in which the sections are cast following 
the excavation, or to study the case of a wall with an additional part of wall on top during the 
phases of works. 
 
In these cases the new cast sections are supposed "perfectly vertical" and there will be a 
discontinuity of the tangent on the neutral axis of the wall. 
The wall is supposed to transmit moments, at this point, to the added part. 
 
If a soil is present along the new section its state is initialised by a soil’s equilibrium 
calculation before this operation. (see A-1-5 annex). 
 
 
PLA : MODIFICATION OF PLASTIC CHARACTERISTICS OF SO IL  
 
 PLA(k)  Ka  Kp  C  ϕϕϕϕ  Da  Dp 
 
The following parameters of layer of soil number k take the new values 
 
 Ka  : active horizontal pressure 
 Kp  : passive horizontal pressure 
 C   : cohesion (T/m2, kPa, KsF) 
 ϕϕϕϕ : internal friction angle 

Da,Dp : δ/ϕ with δ for the inclination of stress on wall for active and passive 
pressure.These values already taken into account in Ka and Kp must be given here for the 
calculation of the cohesion terms in Caquot's formula. 
 
Usually, the substractive terms in passive pressure and additive terms in active pressure due to 
cohesion, are calculated by RIDO  with the CAQUOT formula according to the technical 
annexes. It is possible to give directly the values of theses terms. To do it, enter the cohesion 
with the minus sign (which starts this special process) and replace respectively the δ/ϕ ratios 
in passive pressure and active pressure by the subtractive and additive terms for the soil layer 
parameters concerned. 
The printouts are consequently changed. 
 
This allows to take into account the effect of long term parameters after the end of the works 
(see B-3-2 annex). 
 
Remark : the soils introduced in "A" and "B" groups with SOI or BAC are defined by a 
number corresponding to the sequence of their description in the input data. 
If in the data Ka = 0 and/or Kp = 0, that indicate a wanted calculus of their values by 
resolution of the plastic limit equations of BOUSSINESQ-RANKINE integrated in the RIDO  
program. 
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ELA : ELASTIC REACTION MODULUS MODIFICATION 
 
It is possible to modify the elastic modulus for any calculus phase and this separately on left 
and right soils. 
 
 ELA(n)  Z1  Z2  c1 
 
where 
 
 n is the soil number (1 for the left one and 2 for the right one) 
 Z1 et Z2 the levels (m, Ft) between the elastic modulus is modified 
 c1 is a multiplier applied to the original elastic coefficients modulus. 
 
It is possible to have a soil layer changing between Z1 and Z2. 
 
It is also possible to write : 
 
 ELA(n)  Z1  Z2  c1  c2 
 
and between Z1 and Z2 there is a linear interpolation of the multiplicative coefficient between 
c1 and c2. 
 
During consecutive use of the order ELA for the same levels, it is the last coefficients which 
play on the module initially introduced into the description of the layers of ground. 
 
In the laws of behavior reaction of the ground / movement the linear part "rotate" around the 
last point of equilibrium (or on the limit point of null pressure if there is unsticking in the 
presence of cohesion). 
 
In a same phase there is priority for the ELA order. For example these two sequences give the 
same result : 
 
 ELA(2) 5 10 0.63    EXC(2) 5 
 EXC(2) 5      ELA(2) 5 10 0.63 
 CAL       CAL 
 
The elastic modulus (modified or original) appears on the listing. 
 
 
SLI : LANDSLIDE 
 
This order will possibly be to complete by orders DEC if the anchorings of  anchors in the soil 
are also concerned. 
 
 SLI   Z1  Z2  D1  D2 
 
With : 
 
 D1 : ground displacement (mm,Ft/1000) at level Z1 (m, Ft) 
 D2 : ground displacement (mm,Ft/1000) at level Z2 (Z2 below Z1) 
        with linear interpolation between Z1 and Z2. 
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 This concerns the left soil and the right soil. 
   
 SLI(n)   Z1  Z2  D1  D2 
   
 With n = 1 for the left soil and n = 2 for the right soil if limited to only one side of the 
 wall. 
 
These displacements cumulate with previous ones at the same levels and are relative to the 
present state of soil 

 

 
 
These displacements mean making a translation according to the horizontal axis of the curves 
of elastoplastic reactions described in pages RIDO-ANN-7 and RIDO-ANN-8. 
 
PFA : PARTIAL FACTORS 
 

The order PFA allows to introduce from any phase the partial factors described in the 
NF P94 282 norm. Warning : this one does not specify if these factors are to be taken 
into account from the beginning or simply in final phase (the results will be very 
different because of the evolutionary and irreversible calculation for which the 
principle of superimposing(overlapping) does not apply!). 
 
Safe for every phase of type TELi t is not possible to redefine new partial factors and 
this for the reasons evoked above. 
 
 PFA  F1 F2 F3 F4 F5 F6 F7 
 
 F1 : Factor applied to the weight of grounds 
 F2 : Factor applied to the coefficients of active pressure 
 F3 : Factor applied to the coefficient of passive pressure 
 F4 : Factor applied to the eventually cohesions 
 F5 : Factor applied to the tangent of the angles PHI 
                    (The new angles PHI are accordingly redefined) 
 F6 : Factor applied to all the  surcharges (defined by SUC, SUB, SUG et 

        SUA) 
F7 : Factor applied to the differential pressures applied directly on the 
        wall except soils (water pressures, introduced by CHA, etc …)  

 The concentrated efforts are not concerned. 
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 To avoid inconsistent effects we shall not give values different from 1 
simultaneously in certain subsets of factors (for example F2 and F5). 

 
In the ouputs of type "text", if they are different from 1, these factors are systematically 

specified. 
 
 
CRR : CRITICAL RATION (EFFECTIVE REACTION)/(PASSIVE  REACTION  
 
 A critical value can be introduced by the order RRC which can appear in one or 
several phases: 
 
  CRR  r  
 
  r  : critical ratio 
 

 
 
 It will be used to show alerts in case of overtaking but also in the processing of a phase 
of type TEL.. 
 
 Its value will be preserved in phase following ones which would not contain this order 
and resumption after a phase of type TEL which would have modified it locally. 
 
From the version 4.20 the ratios in question are presented as well in the outputs of type "text" 
as "graph". 
 
 
KAM : MINIMUM COEFFICIENT OF ACTIVE PRESSURE IN THE  PRESENCE OF 
COHERENT SOILS (NF P94 282) 
 
The norm NF P94 282 art. 5.1.3.1 (4) + Note 1 invites, by caution, to ignore the possible 
unsticking ground-WALL and to consider à considérer one minimum pressure with a fictive 
active pressure coefficient of value 0.1 for a pulverulent supposed soil. 
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The order KAM  (for Ka M inimum) allows to fix any value : 
 
 KAM  Kam 
 
 With Kam = 0.1 according to the norm 
 

 
 
We can place it in an any phase, even give several values in various phases. Its value is 
preserved for the phases following one except obviously if it is fixed in one TEL phase. It is 
however recommended to place him(it) in a TEL phase. 
Indeed this security approach can pull unrealistic results because of the evolutionary 
calculation between the various phases and of the irreversibility of the behavior of the soil. 
 
 
CAL : CALCULATION AND OUTPUTS CONTROL  
 
One phase can contain several elementary operations, each one being described by one of the 
previous defined keywords. 
When one phase is described, the word "CAL" makes the calculation to be started. 
 
All the elementary operations described in the same phase are considered to happen 
simultaneously. It is necessary to define enough phases to be sure that the irreversibility of the 
forces acting in the soil is well integrated. 
For instance the introduction of struts or anchors with preloading must be the object of one 
specific phase (and thus a calculation order must be given). 
 
 CAL  
 
gives way to calculation and output of results. 
 
 CAL(k) 
 
gives way to calculations and various types of outputs according to : 
 

k = 0 regular output 
k = 1 compact output only with important data 
k = 2 regular output and semi graphic output on the printer 
k = 3 no output of results 

 
 CAL(k,1)  
 
has the same meaning but moreover envelops of shear forces and moments till and from this 
phase will be printed (for the last phase of works this envelop is always given). 
The control of the output of these results will be made in the "C" group (STA order). 
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If a failure is expected because of a lack of toe-in, this value can be calculated and a 
new calculation performed with a new length of wall. 
In this case, write : 
  
 CAL(k,r)  X  Y  Z 
 
where 
 
 k (0, 1, 2 or 3), r (missing or 1) 

X : displacement (m, Ft) considered as the allowed limit of displacement beyond 
      which there is a equilibrium failure 

 Y : upper limit of the lack (m, Ft) of toe-in to be calculated             
 Z : increment to be added to the lack (m, Ft) of toe-in when restarting the calculation. 
 
If X = 0 the failure will correspond to the total plastification of soils. 
 
If Z = 0 or not mentioned, the lack of toe-in will be calculated but the calculation will not be 
restarted. 
If X,Y,Z parameters were specified during one phase they will be taken with the same value in 
the following phases. So they do not need to be repeated in the other CAL lines. 
 
Remark : 
 
If X > 0 the displacement of the wall may perhaps not be reduced by a longer toe-in if the wall 
is too flexible and in this case the calculation of the lack of toe-in useless. It will be indicated 
by an information that Y is insufficient. 
 
Possible messages after a calculation 
 
 EQUILIBRIUM FAILURE  
 
 There is a complete plastification of the soils and the equilibrium cannot be reached. 
 The results in the form of text presents by the calculated last one deformation the mode 

of break (fall, uprising of the bottom of excavation,…). 
 
NUMERICAL INSTABILITY 
 

 Les équations peuvent devenir très difficiles à résoudre numériquement en raison des 
approximations dues à la représentation des nombres réels dans l’ordinateur et aux 
erreurs inhérentes à chaque calcul élémentaire  
The equations can become very difficult to resolve numerically because of the 
approximations due to the representation of the real numbers in the computer and to 
the errors inherent to every elementary calculation (rounding error). This meets when 
the product EI of the screen is too low in front of the subgrade reaction modulus of the 
soil and/or when we are close to the equilibrium failure. In the first case the problem 
can disappear by decreasing the step of calculation ("A" data group). 
This situation, not to confuse with the mechanical instability or EQUILIBRIUM 
FAILURE, does not meet with realistic sizings.  
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THEORICAL REQUIRED PRECISION NOT REACHED 
 
 The calculation is useful but the precision of the calculation is considered insufficient 

towards the severe requirement of RIDO. For example the moment calculated in foot 
free of a wall would be 0.00562 ( theoretical value 0.0 ). 
It can mean that we are close to the break of balance because in this case the numeric 
calculation becomes difficult (see above : NUMERICAL INSTABILITY).. 
 
SOIL INSTABILITY AT LEVEL z  
 
The level z is 0.50 m. under the foot of the wall. At this level are calculated the active 
and passive pressures of soils situated to the left and to the right of the axis of the wall. 
If the active pressure of one soil is superior to the passive pressure of other this 
message appears. 
 
It is a warning inviting in an additional check. 
 
- Are we in a situation of global break of equilibrium of the massif ? 
  A control with the circles of sliding would be to envisage. 
- As it is in the presence of pumping and of the phenomenon of Renard ? 
- Was it taken by the securities on the geotechnical data so that the calculation has no 
   sense ? For example the cohesion was neglected ? 

 
 
TLS : TEST AT THE LIMIT STATES 
 
  TLS  or  TLS(1) 
 

The order TLS (for Test at Limit States) to place at the beginning of the description of 
a phase allows a special processing only for this one. 
  

- The phase in question with its description of conventional loads will have no effect 
       on the calculation of the following phases. 

 
- If several phases of type TLS are consecutive the result of the calculation will 

resume as the equilibrium of the phase placed just before the first one of type TLS 
for this sequence. 

 
- If there is instability in type TLS's phase, the lack of toe-in can be calculated with 

the usual parameters of the order CAL 
 

- If there is stability a calculation of reduction of the height toe-in  will automatically 
be made if we TLS(1) 

 
Two cases are planned : 

 
a - If the critical ratio of mobilization of the passive pressure defined by CRR is nil 
     the calculated reduced height will correspond of loss of equilibrium 

 
 b - If the critical ratio of mobilization of the passive pressure defined by CRR is 
      not nil, the calculated reduced height will correspond to its reached value. 
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       This situation can be analyzed in the outputs of type "text" where this additional 
       calculation is detailed. 

 
CANTILIVER walls 
 

When such a situation is detected and in mind of NF P94 282 are presented the 
following elements : 
 

- The highest level with nil differential pressure (in the presence of left and 
right soilss) 

- The lowest level with nil differential pressure (the point of pivoting) 
- The ratio of mobilization of the passive pressure under this point. 

 
All this is valid in multilayer grounds, with surcharges, bank, berms and in the 
presence of water. 
 
If we want to make a calculation to the limit plastic states (MEL historical 
method) : 

 
 Put 1 as second parameter of the order TEL : TEL(0,1) ou TEL(1,1). 
 

 
 

In this case the displacement is not calculated and the pressures of grounds are taken 
as: 
- Concerning land side: active pressure to the point of pivoting, partial passive pressure 
  then 
- Concerning excavation side : passive pressure up to the point of pivoting, active 
pressure then. 
A system of two equations (moment nil and cross force in foot) is then solved with two 
unknowns : the level of the point of pivoting and the ratio of mobilization of the partial 
passive pressure. 
 
The soil can be multilayer, with banks, berms, surchargess, applied forces, in the 
presence of water as far as the configuration is compatible with the method of 
plasticity. 
 
The data possibly present in the order CAL will be ignored as well as a request of 
calculation of lack of toe-in 

 
 
MEM, RES : STUDY OF A VARIANT FROM A CERTAIN PHASE 
 
 MEM  is for a memorization and RES is for a resumption 
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Usage : 
 
Put the word MEM  at the beginning of a phase description. The environment of the last 
calculus will be memorized (the preceding phase or the initial state if phase number 1). 
 
Put the word RES at the beginning of a phase description and this last one will resume the 
calculus with the previously memorized environment as if the calculations since the MEM had 
not taken place 
 
Remarks : 
 
It is possible to put several MEM  orders but the resumption take in account only the last 
memorized environment. 
 
It is possible to put several RES orders : each resumption is a restart to the same last 
memorized environment (a RES order not preceded by MEM  will be ignored). 
 
If MEM  and RES are not placed at the beginning of a phase description the result will be 
unpredictable 
 
Example : 
 

<title> 
<basic data> 
: phase 1 
<phase 1 data> 
CAL 
: phase 2 
<phase 2 data> 
CAL 
: phase 3 first variant 
MEM  
<phase 3 data> 
CAL 
: phase 4 first variante 
<phase 4 data> 
CAL 
: phase 5 second variant resumption of calculus end of phase 2 
RES 
<phase 5 data> 
CAL 
: phase 6 second variant 
<phase 6 data> 
CAL 
: phase 7 third variant resumption of calculus end of phase 2 
RES 
<phase 7 data> 
CAL 
FIN 
STOP 
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END : END OF CALCULATION 
 
 END 
 
stops the calculations and outputs. 
 
"B" group is now ending with the word END 
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"C" GROUP 
 
This group eventualy missing controls with keywords (one per line) some printouts and 
outputs on files. 
 
GRF : SEMI-GRAPHIC CURVES ON PRINTER 
 
Use of characters to show on the printouts the different curves. 
Useful when a graphic printer is not available. Very rare case because any WINDOWS 
compatible printer is graphic! 
Printing only of the curves for the phases selected with CAL(2) and for all the phase if there is 
not any selection. 
 
STA : GLOBAL STATISTICS OUTPUTS ON PRINTER 
 
On the printouts: 
 - Envelop’s curves of moments and cross forces 
 - Historic of forces of struts and anchors 
 - Maximum displacements and moments 
 
EVP : WRITING AN « ENVELOPES » FILE 
 
In order to facilitate the retaking of the results for a scrapping calculation (diaphragm walls), a 
readable file in FORTRAN, C as in BASIC, is created with the following attributes: 
 
 - its name : <name of the RIDO date file>.EVP 
 
 - its type : text file with « , » and CR-LF as separators 
 
 - its content : 
  . 1st line : the number of calculated points, the numbers of the 1st phase and 

   the last concerned and a code according to the units (1:practical units, 2: SI 
   units, 3:USA units). 

  . one line for each point : abscissa, mini and maxi shear force, mini and maxi 
                          moment. 
  . possible repetition of the above mentioned according to the RIDO data 
                          (duplication in the .EVP file of the envelopes given on the printer) which 
                          allow the coming out of the envelopes for several phases. 
 
Remark : as the points can be discontinued points for the envelope-curves, two following 
points can have the same abscissa. 
 
In the case of the user want to run a program made for an old RIDO  version, the RIDON.EVP 
file is output in the old format if it is was created a WINDOWS environment variable of name 
RIDONEVP ann of value OLD. 
 
The units are always the practical units. 
 
With value OLD+UNITS the format will be the old one and the units are the same as the 
printed RIDO  outputs. 
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ASC : WRITING RESULTS IN AN « ASCII » FILE 
 
Useful if it is made a data processing from the RIDO  results. 
The created file has the name <name of the RIDO data file>.ASC 
In the case of the calculation of two walls in interaction this file will be even created without 
this ASC order. 
 
It contains one element per line : 
 - the title (60 characters) 
 - the user’s name (23 characters) 

- the calculus date (8 characters) 
- the code of the used units (1:practical units, 2:S.I. units, 3:USA units) 

 - the number N of calculus points 
 - the index corresponding of the top of the wall (generally 1) 
 - N levels (2 consecutives values can be equal for the discontinuities) 
 - for each phase : 
  - the index of the upper level with presence of the wall 
  - the index of the lower level with presence of the wall 
  - the levels of excavation at left and right of the wall 
  - the water table levels at left and right 
  - N values of displacements (in mm or in inch) 
  - N values of moments 
  - N values of cross forces 
  - N values of pressures other than soil pressures 
  - N values of the left soil pressures 
  - N values of the right soil pressures 
 - before the physical end of the file, two consecutive zeros. 
 
 
XLS : WRITING RESULTS IN AN EXCEL FILE 
 
The created file has the name <name of the RIDO data file>.XLS 
We find, at the rate of one phase by sheet, the detailed numeric results identical to the printed 
outputs 
 
 
EXP : WRITING RESULTS OF THE LAST PHASE IN AN « ASC II »  
 
The text file named <name of the RIDO data file>.EXP is created. It contains the data and 
results of the last phase to chain with another application. 
 
 
STOP : END OF DATA 
 
Remark : if there is not "C" group, it is sufficient to put the line with END of the ‘B’ group. 
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SYNTAX OF THE EXPRESSIONS IN THE DATA  
 
If the data file has .RIO as extension, it is possible to use expressions with the following rules 
: 
 - Each numerical datum can be replaced by an algebraic expression : 
 
Example:  ANC(1) 5 2 0 0 2e6*(pi*4e-2**2/4)/15  
 
where 
   the anchor rigidity is calculated (diameter 4cm, length 15m) 
   pi is a predefined constant 
   ** is the integral power (use ^ for real power or resulting from 

expressions. There is also the pow() function). 
 
 - You can use the predefined functions of the C language or specific to RIDO (this 
ones are the internal functions described on page RIDO-NOT-33) and also formula 
functions. 
 
To define a formula function put the # character at the beginning of a line and use formal 
parameters : 
 
Example:  # rigid(diam,len)=2.e6*(pi*diam**2/4)/len 
   anc(1) 5 2 20 0 rigid(4e-2,12+9/3) 
 
Formal parameters are local and can have the same name as the other items with no problem. 
We can use in the formula constants, variables as well as other functions provided that they 
are defined at the time of the call. 
The actual parameters are any expression. Omitted at the end of list them will be taken for 0.0. 
This will be valid also for the internal and external functions. 
 
 - It is possible to use external functions written in C/C++ ,  FORTRAN or VISUAL 
BASIC language (and also other programming languages if they produce standard DLL 
dynamic link libraries) 
 
Example:  # elast(a,b,c)=@elastx.exe  

 
In this case a C language program has been compiled to the executable file elastx.exe. 
The @ is here to indicate a file (here ELASTX.EXE). If the file name and/or path contain(s) 
spaces put it within ". 
The calling name in the data language will be elast(…,…,…). 
 
On the folder ..\RIDO there is the file EXFONC.C which is an example in C/C++ language 
with the instructions for making external functions. Same with the file EXFONC.F90 for the 
FORTRAN language and EXFONC.VB for VISUAL BASIC. 
 
Example with a dynamical library  :  # elast(a,b,c)=@elasty.dll 
 
This supposes that a program, in a language allowing it, was compiled in a dynamic library 
named elasty.dll. 
The @ is here to indicate a file (here ELASTY.DLL). 
The calling name in the data language will be elast(…,…,…). 
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On the folder ..\RIDO there is the file DLFONC.C which is an example with the instructions 
for making external functions in DLL forms. This example is written in C/C++ language but it 
is useful as example for other programming languages. 
 
See the user manual WRIDONOT.PDF NOTE 2 for the statement of an interactive method of 
check of the good running of these external functions. 
 
 - You can define and modify variables in lines beginning with #: 
 
Example:  # level0=1 esp=2 : two defined variables 
   # level0=level0+1 : one modified variable 
   ANC(1) level0+3 esp 20 0 rigid(2e-2,15)  
 
   The space is a separator but it is not one within the ( ). 
   After = you can put any expression. 
 
 - You can define constants : 
 
   # Es==2.e6 
   # rigid(diam,len)=Es*(pi*diam**2/4)/len    
 
   Note the double sign =. 
 

 Unlike a variable, once defined the value of a constant, we cannot modify it any more. 
 
 - Functions, variables and constants can be used in any expression in lines situated 
after their definitions (also within formula functions definitions). 
Their identifier (or name) has to begin with a letter followed by letters or by digits. 
Their names are case sensitive. 
Not it's better to use as names of the keywords. 
 

- Logical expressions 
 
 The logical operators are : 
 
  !  for the negation 
  ? ?<expression>  is 0.0 if <expression> is null and 1.0 otherwise 
  ||  for the relation OR 
  !!  for the relation exclusive OR (XOR) 
  && for the relation AND 

 
The comparison operators are : 

 
  < less than 
  <= less or equal than 

> great than 
>= great or equal than 
== equal 
!=  not equal 

 
 Within a logical context one expression or one variable is taken as 0.0 if its value is 
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nul and as 1.0 otherwise. 
 

Examples : 
 

# x=5 y=0 z=-3 
# u = x<7                 : u will be worth 1.0 
# u = x<=y                : u will be worth 0.0   
# u = x==y                : u will be worth 0.0 
# u = x||y                : u will be worth 1.0 
# u = x!!z                : u will be worth 0.0 
# u = x!=1                : u will be worth 1.0  
# u = (x > z) && (x < 10) : u will be worth 1.0 
# u = !(x > z)            : u will be worth 0.0 
# u = !x                  : u will be worth 0.0 
# u = ?x                  : u will be worth 1.0  

 
  Note that the space is not a separator if it is attached to the sign = 
  
Here is an example of one formulae function using logical expression : 
 
 # foo(x,x0,a,b)=(x >= 0)*(a*x + (x > x0)*(b-a)*(x-x 0)) 

It is a question of one continuous, linear function by pieces, null if x is negative, of 
slope a if 0 <= x <= x0 and of slope b if x > x0. 

 
 The conditional operator  ?  \ 
 
It is about a ternary operator answering the following specifications : 
 
  <exp>?<exp1>\<exp2>  
 
It takes the value of  <exp1>  if  <exp>  is true and the value of  <exp2>  otherwise 
 
Example : 
  # ssx(x) = x==0?1\sin(x)/x 
or in a equivalent way because of the logical interpretation of a numerical expression:
  # ssx(x) = x?sin(x)/x\1 
 
This operator is associative to the right : 
 
  z<0?-1\z>1?1\0   is the same as z<0?-1\(z>1?1\0)   

which value is  –1 if z < 0, 1 if z  > 1 and 0 otherwise. 
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- Automatic variables 
 
These variables of identifiers %1,%2,%3, etc. have for values respectively the evaluations of 
the expressions of the line containing them (%x: expression number x, the first one is %1). 
Provided that there is no cyclic reference these variables are valid in all the expressions of the 
current line. 
For example the internal function chad (C, Phi) give the coefficient of subgrade reaction of the 
ground according to its cohesion C and of its angle of friction Phi. 
We can write for a line of description of a soil (so we shall avoid a redundancy of the data and 
their coherence will be guaranteed) : 

… 
 Level+3.5 1.6 1.1 0 0 0 5 26 0 -2/3 chad(%7,%8) 0   
 
Equally %%1, %%2, %%3, etc…are variables which their values are equal to the automatic 
variables %1, %2, %3, etc… of the previous line with expressions. 
 
Example : 
 

Level+3.5 1.6 1.1 0 0 0 5 26 0 -2/3 chad(%7,%8) 0 
%%1+2 1.6 1.1 0 0 0 0 35 0 -2/3 chad(%7,%8) 0 

 
The automatic variable %% situated in p position is equivalent to %%p 
 
Exemple : 
 

Level+3.5 1.6 1.1 0 0 0 5 26 0 -2/3 chad(%7,%8) 0 
%%+2 1.6 1.1 0 0 0 0 35 0 -2/3 chad(%7,%8) 0 

  
- Putting the ! character followed by a space at the beginning of a line give the list 

(on the printouts) of the functions, variables and constants with their definition or present 
value. We can put a comment after !. 
 
 - If a line of data is too large, you can split it into several lines. To indicate a 
continuation line put a + followed by a space at the beginning of this line: 
 
Example:  # preload=50 
   ANC(1) (level0 + 3) esp 20 -preload 
   + rigid(2e-2,15) 

 
- Constants in data file can be dynamically exported within another data file. 

The constants selected to be exported must have a name beginning with  the '_' character. 
When the constants are imported they have two '_' at the beginning of their new name. 
 
     Example : 
 
   In the data file WALL10.RIO 
 
        # _RefLevel==57.25 
 
   In the data file WALL12.RIO 
 
        # CONST=@WALL10.RIO 
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      ... 
        exc(2) __RefLevel-2.40 
      ... 
 
 The directive # CONST permits the importation of all the exportable constants from a 
file named after @. If the file name and/or path contain(s) spaces put it within ". 
 
The values of this constants can be calculated by the regular rules of the expressions in RIDO 
data files. 
 
 It is possible with a text editor to create a file with only constants. 
 Its file name must have the extension .CST and contain lines with constant identifier, 
spaces and numerical value. All other text wil be interpreted as comments. 
 
     Example : 
 
  File YOUNG.CST 
 
  Contents   | Young Modulus 
      | E_STEEL    2.0e5 Mpa 
      | E_CONCRETE 0.4e5 Mpa 
 
 The import within a data file for RIDO is made by : 
 
  # CONST=@YOUNG.CST 
 
 The rule of the constants names beginning with '_' is not applicable here. 
 
 A file *.CST is first searched in the working folder and then in the folder ...\RIDO 
            (executables of RIDO installation folder). 
 
 The delivered file ARCELOR.CST contains the EI products of the sheet piles 
distributed by ARCELOR-MITTAL. Same for the HOESCH.CST file. 
 

- The predefined constant pi  equals л 
 
 - The predefined constant g equals 9.81 
 

- The exportable constant _U permits to know the choice of the units in a data file 
with the codification  : 

 
     1 : practical units 
     2 : S.I. units 
     3 : U.S.A. units 
 

- The named variable PHASE is automatically created. Its value is the phase number 
in witch this variable is in use. It is usable in the data particularly when calling external 
functions. Its value is internally modified but is a constant for the user. 
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- La predefined constant Px equals 1 if the data file name begins with P1 or p1, 
equals 2 if this name begins with P2 or p2 and 0 otherwise. Useful for the calculation 
of two walls in interaction. 
 

 - The expressions and their calculated values are showned at the top of the printouts. 
 
 - The integrated environment WRIDO permits the complete control of validity of these 
expressions. 
 
 
DESCRIPTION OF THE INTERNAL FUNCTIONS OF THE DATA L ANGUAGE 
  
  The arguments and the results are real numbers in double precision 
  It does not there take place to distinguish integer and real : 5 or 5.0 are 

identical. 
 
abs(x) 
  Returns the absolute value of x 
 
min(x,y) 
  Returns the minimum value between x, y 
 
max(x,y) 
  Returns the minimum value between x, y 
 
floor(x) 
  Returns the biggest integer value less or equal to x 
 
ceil(x) 
  Returns the lowest integer value great or equal to x 
sin(x) 
  Returns the sinus of x in radian 
 
asin(x) 
  Returns the angle in radian the sinus of which is x 
 
cos(x) 
  Returns the cosinus of x in radian 
 
acos(x) 
  Returns the angle in radian the cosinus of which is x 
 
tan(x) 
  Returns the tangent of x in radian 
 
atan(x) 
  Returns the angle in radian within –л/2,л/2 the tangent of which is x 
 
atan2(x,y) 
  Returns the angle in radian within –л,л the tangent of which is x/y 
 
 



 
 
ROBERT FAGES LOGICIELS                                                                                            RIDO-NOT-44                                       

exp(x) 
  Returns e exponent x 
 
log(x) 
  Returns the natural logarithm of x 
 
log10(x) 
  Returns the base10 logarithm of  x 
 
sinh(x) 
  Returns the hyperbolic sinus of  x 
 
cosh(x) 
  Returns the hyperbolic cosinus of  x 
 
tanh(x) 
  Returns the hyperbolic tangent of x 
 
sqrt(x) 
  Returns the square root of x 
 
hypot(x,y) 
  Returns sqrt(x*x+y*y) 
 
pow(x,y) 
  Returns x exponent  y 
 
fmod(x,y) 
  Returns the rest of the integer division of x by y 
 
 
THE FOLLOWING FUNCTIONS ARE SPECIFIC TO RIDO 
 
d_r(x) 
  Return to degrees the angle x expressed in radians 
 
r_d(x) 
  Return to radians the angle x expressed in degrees  
 
bool(x) 
  Returb 1 if x is not nul and 0 if x is nul (for the logical expressions) 
 
Access to the results of RIDO 
 
result(f,p,z,r) 

Returns the result of a calculation of RIDO read in an ASCII file obtained by the 
option ASC  (in the "C" data group) 

  Returns 0.0 if the file *.ASC do not exists. 
 Take this point in account at the first iteration of the calculus of two walls in 

interactions. 
 

Arguments : 
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f : integer : 1 or 2 -> indicates the RIDO data file Px*.RIO, résults in Px*.ASC 
     integer  : 0 -> name of the default data file (present calculus) or defined by the 
    directive 
  # RESULT=@<file name>.ASC  
    (the file name can contains its path otherwise it is looked in the current data folder. 
    If the file name and/or path contain(s) spaces put it within "). 

  p : integer : phase number 
  z : level (must be a calculated point) 
  r  : 1 -> displacement (in meter or foot) 

   : 2 -> moment 
   : 3 -> cross force 

     : 4 -> differential pressure without soil pressures 
     : 5 -> left soil pressure 
     : 6 -> right soil pressure 
     : 7 -> concentrated moment for linear meter (at z level) 
     : 8 -> Strut/anchor horizontal force for linear meter (at z level) 
 
The returned value and the level z are in the units of the current data while the results of 
calculation in the *.ASC file are in their own units. 
 
This function replaces the old external function RIDORESU.EXE and can be used directly in 
the data expressions. 
 
Functions of access to EXCEL worksheets 
 
The concerned file XLS must beforehand have been declared by the directive : 
 

# XLS=@<file name>.XLS 
 
If the file name and/or path contain(s) spaces put it within ". 
 
This directive can be to renew for the access to several files.  
 
The file name can contains its path otherwise it is looked in the current data folder. 
These functions Returns 0.0 in case of error of resolution. For example the value is not a 
number, missing or not corresponding. 
 
xlc(n,l,c) 
 Returns the numerical value which is present for the sheet number n in the cell of line l 

and column c. 
 
xlx(n,li,lv,x) 
 Returns for the sheet number n the linear interpolation linked to the argument x. 

The line li contains the monotonous values (increasing or lessening) where x is 
looked and lv is the line of interpolated values. 
The beginning of the concernedconsecutive columns is automatically looked 
from the column number 1. 

 
xly(n,ci,cv,y) 

Returns for the sheet number n the linear interpolation linked to the argument y. 
The column ci contains the monotonous values (increasing or lessening) where y is 
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 looked and cv lv is the column of interpolated values. 
The beginning of the concerned consecutive lines is automatically looked from the 
line number 1. 
 
For example : 
  
 # XLS=@wall5.xls : résults of RIDO for wall5.rio  
          : written in an XLS file  
 … 
 # dis=xly(4,1,2,90.2) 

 
dis  will be the displacement of the wall in mm for the phase 4 at the level 
90.2 meters. 

 
xlxy(n,x,y) 

Returns for the sheet number n the linear interpolation for a rectangular array, x is 
looked within the first line wich contains a monotonous scale and y within the first 
column wich contains a monotonous scale, the array of the values being down and to 
the right of these scales 
 
Here is for example the sheet n° 2 of the present file Caquot Kerisel.xls in the 
folder ..\RIDO : 
 
Exemple d'accès depuis RIDO à un tableau à double entrée   

Example of access from RIDO to a double entry table    
       
Extrait des tables de Caquot-Kerisel pour DELTA/PHI = 2/3 (Feuille 2)  
Extract of the tables of Caquot-Kerisel for DELTA / PHI = 2/3 (Sheet 2)  
       
Valeurs du coefficient de poussée active Ka (BETA est l'angle du terrain naturel)  
Values of the coefficient of active pressure Ka (BETA is the angle of the natural ground) 

       
 PHI --------> 25 30 35 40  
 BETA/PHI      
 0 0,364 0,3 0,247 0,202  
 0,4 0,422 0,352 0,291 0,239  
 0,6 0,468 0,395 0,329 0,271  
 0,8 0,546 0,469 0,397 0,33  
 1 0,879 0,822 0,756 0,683  
       

 
  #XLS = @ "Caquot Kerisel.xls" 
  ... 
  #Phi=32 Beta=15 
  #Ka=xlxy(2,Phi,Beta/Phi) 

 
 Note the " because the name of file contains a space. 
 Ka is calculated by linear interpolation on the sheet n° 2 (δ/φ=2/3) for φ=32 and 

β/φ=15/32=0.46875. Ka will be equal to 0.3417 
 

The values are automatically looked in the sheet without indication of numbers of line 
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or column. 
 
Obtaining of the numbers of sheets, lines and columns in the form of named constants 
 
 To facilitate the configuration of the data the directive CONST can be used under the 

following shape: 
 
 One  XLS file being defined, 
 
 CONST=&xlsWS() :  Recovery of the names of sheets as identifiers of constants 

    with as values their order number    . 
        Identifiers of constants : w_ZZZ  (ZZZ -> got back text) 
 
 CONST=&xlsLI(nf,li,co) For the sheet of N° nf, 
        recovery of all the contents of type text of the cells of 

    the line N° li, from the column N° co as identifiers of 
    constants with as values their number of column. 

        Identifiers of constants : c_XXX (XXX -> got back text) 
 
 CONST=&xlsCO(nf,li,co) :  For the sheet of N° nf, 

    recovery of all the contents of type text of the cells of 
    the column N° co, from the line N° li as identifiers of 

            constants with as values their number of line. 
        Identifiers of constants : l_YYY (YYY -> got back text) 
 
 If the got back texts contain incompatible characters with an identifier of constant 

these are replaced by '_'. 
 In this search the cells which are not of type text or space are ignored. 
  

If we write : 
 

 CONST=&xlsLI(nf,li,co,nc)or CONST=&xlsCO(nf,li,co,nc), 
  

the search will limit itself in nc constants.  
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Example : 
 
 Profiles.xls is the following Excel file : 
 

 
 

and the following directives are : 
  … 
  # XLS=@Profiles.xls 
  # CONST=&xlsWS() 
  # CONST=&xlsLI(w_ProfH,5,3) CONST=&xlsCO(w_ProfH,7,2) 
  .. 

we obtain in particular the following constants: 
 
  w_ProfH de valeur  1 
  c_Largeur de valeur  3 
  c_Inertie de valeur  4 
  l_HEB200 de valeur  9 
  l_HEA160  de valeur 14 
 

and so one in the language of description of the data we shall have a coherent 
configuration as this one: 
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 # Prof=l_HEB200 : only this parameter will be to modify 
 

and use of the functions 
 

xlc(1,Prof,c_Width)and xlc(1,Prof,c_Inertia) 
 
 
FOR ALL THE FUNCTIONSWHICH FOLLOW IT IS AUTOMATIC A DAPTATION 
TO THE CURRENT UNITS OF THE DATA 
 
Functions connected to the strength of materials 
 
EIpr(E,e) 

Returns the inertia product EI  to the linear meter according to the module of Young of 
the material constituting the wall and of its thickness e in meter according to the 
formulae :     

EI = E * e^3 / 12 
 
Rcyl(E,e,R) 

Returns the cylindrical rigidity of a circular wall of radius R, of thickness e and the 
material of which has a module of Young E according to the formula 

      
Rc = E * e / R^2 

 
Rigid(E,d,l) 

Returns the rigidity of an anchor or a strut of diameter d, of useful length l 
constituted by a material of module of Young E according to the formula : 
     

K = E*S/l with S = π*d^2/4  
 
Functions connected to the soil mechanic 
 
Kabr(φ,Da) 

Returns the horizontal coefficient of active pressure Ka according to the angle of 
internal friction φ in degrees and of the ratio Da=δ/φ in active pressure by resolution 
of the equations of equilibrium of Boussinesq-Rankine 

 
Kpbr(φ,Dp) 

Returns the horizontal coefficient of passive pressure Kp  according to the angle of 
Internal friction φ in degrees and of the ratio Dp=δ/φ in passive pressure by resolution 
of the equations of equilibrium of Boussinesq-Rankine 
 

 
Aac(C,φ,Da) 

Returns the subtractive term applied to the active pressure according to the formula of 
Caquot (formula 1 of the page RIDO-ANN-5) function of the cohesion C, of the 
angle of internal friction φ in degrees and of the ratio Da=δ/φ in active pressure. 
C can take a negative value because abs(C) is used within this function. 
If  φ=0 the returned value is -2*abs(C). 
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Apc(C,φ,Dp) 
Returns the additive term applied to the passive pressure according to the formula of 
Caquot (formula 3 of the page RIDO-ANN-5) function of the cohesion C, of the 
angle of internal friction φ in degrees and of the ratio Dp=δ/φ in passive pressure. 
C can take a negative value because abs(C) is used within this function. 
If  φ=0 the returned value is +2*abs(C). 

 
4 FUNCTIONS WHICH PRECEDE WILL BE USEFUL TO PARAMETRIZE DATA WITH 
SAFETY FACTORS TO VERIFY THE SPECIFICATIONS OF THE EUROCODES 
 
Example : 
 # sC=1.0 : safety factor for the cohesion 
 # sKa=1.0 : safety factor for the active pressure 
 # sKp=1.0 : safety factor for the passive pressure  
 # Da=1/3 : DELTA/PHI for the active pressure 

# Dp=-2/3 : DELTA/PHI for the passive pressure 
12.50 18 10 sKa*Kabr(%8,Da) 0 sKp*Kpbr(%8,Dp) –sC*2 0 35 
+ sKa*Aac(%7,%8,Da) sKp*Apc(%7,%8,Dp) chad(%7,%8)  

for one ground layer with φ=35° and C=20 kPa and use of the function chad() for the subgrade 
reaction modulus (note the sign - for the datum cohesion). 
 
If we wish that the safety factors do not concern the phases of works then we shall use one or 
several orders FLU in phase final as. 
 
 FLU(4)  sKa*Kabr(%4,Da) sKp*Kpbr(%4,Dp) –sC*20 35  
 + sKa*Aac(%3,%4,Da) sKp*Apc(%3,%4,Dp)  
 
By modifying the values of sC, sKa and sKp we shall obtain the diverse variants of calculation 
required by the Eurocodes 
 
K0jaky(φ) 

Returns the coefficient of earth pressure at rest K0 function of the internal friction 
angle φ in degrees from the first formulation of Jaky(1944) which is not empirical 
according to  [[2]] : 

 
K0jaky(φ) = (1-sin(φ))*(1+2/3*sin(φ))/(1+sin(φ)) 

 
K0brick(φ) 

Returns the coefficient of earth pressure at rest K0 function of the internal friction 
angle φ in degrees from the bricks model useful for stiff clays according to 
Simpson(1992), see [[3]] 

   
K0brick(φ) = (√2-sin(φ))/(√2+sin(φ)) 
 

tzgC(C,φ,Da,Dp,dr) and  tzgG(Ka,Kp,dr) 
These two functions are to be collectively used to obtain the coefficients Re and Rp 
defining at every level the subgrade reaction modulus of a soil, according to a model 
inspired by Terzaghi and used in the U.S.A. See for example [[4]]. 

   
Re = tzgC(C,φ,Da,Dp,dr) 
 

where  C   =  the cohesion (in the current units) 
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   φ   = the internal friction angle in degrees 
  Da = δ/φ for the active pressure 
  Dp = δ/φ for the passive pressure 

dr  = the displacement in mm or in inch (if U.S.A. units) 
          necessary to pass from active pressures to passive  
          pressures (this one is of the order of 15 to 30 mm, of 
          one inch according to Terzaghi, and depends on the 
          nature of the soil ). 
 
tgzC( )  returns 0 if C=0 can be replaced by 0 in this case. 
 
Rp = tzgG(Ka,Kp,dr) 
 

  where  Ka = the horizontal active pressure coefficient   
    Kp = the horizontal passive pressure coefficient  
    dr  = same definition as for tzgC( ) 
 
 Reminder: the subgrade reaction modulus Kh will depend on the level z according to  
 
    Kh = Re + Rp * P(z) 
 

where  P(z) is the weight of grounds at the level z (considering the 
possible presences of water, surcharges, bank, berm, etc.) 

 
Here are the expressions of these two functions: 

 
   TzgC() = (Cp+abs(Ca))/Dr 

TzgG() = (Kp-Ka)/Dr 
 
 where : 

- Ca and Cp are the subtractive and additive terms in the active and passive 
   pressures due to the cohesion 
- Ka and Kp  are the active and passive 
- Dr  is dr  but in meter or foot 

 
These values are obtained from the functions Aac(), Apc(), Kabr() et Kpbr() 

  
For this two functions, if the argument dr  is null or absent, it will be taken for 25.4 
mm or 1.0 inch. 
 

 Here is a typical usage in a line defining a soil  : 
 

level 18 10 0 0 0 20 35 0 –2/3 tgzC(%7,%8,%9,%10,15 ) tgzG(%4,%6,15) 
 

or more practically using two formula functions : 
 
# Re(dr)=tzgC(%7,%8,%9,%10,dr) Rp(dr)=tzgG(%4,%6,dr ) 
… 
… 
level 18 10 0 0 0 20 35 0 –2/3 Re(15) Rp(15) 
  
As the values of Ka and Kp are 0, these coefficients will automatically be calculated 
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by resolution of the equations of Boussinesq-Rankine before their use in tgzG () 
. 

chad(C,φ) 
 Returns the subgrade reaction modulus by not linear interpolation of the abacus of 

Chadeisson   
For this use it is necessary to take Rp=0 because, from the model of Terzaghi, the 
values of the subgrade reaction modulus were averaged on the height of the part of 
the wall under the excavation. 
Indeed for certain programs of élastoplastic calculation this coefficient must be 
constant. 
See the paper of A. Monnet [[5]] which analyzes its genesis and the particular context. 
 
Here is a typical usage in a line defining a soil  : 
 
 level 18 10 0 0 0 20 35 0 –2/3 chad(%7,%8) 0 

 
monC(C,φ,Dp,dr) and  monG(γ,K0,Kp,EI) 
 These two functions are to be collectively used to obtain the subgrade reaction 

modulus Re. Rp  must be 0 for the same reason that with the chad() function. 
The presence of EI results from an estimation of the movement of the foot of the wall 
necessary  to give a constant mean value to the subgrade reaction modulus. 
It is the sum of these two functions that will give Re (monC () is useless if C=0 and 
can be omitted in this case) according to the formula of the paragraph 3.6 of the paper 
of A. Monnet  [[5]] : 

 
MonC() = Apc(C,φ,Dp)*th(C/Co)/Dr 
MonG() = [20*EI*[Kp*γ*(1-K0/Kp)/Dr]4]1/5 

 
 avec Apc()  the function of the additive term due to the cohesion defined 

   previously 
  C     the cohesion 
  Φ     the internal friction angle in degrees 
  Dp    δ/φ for the passive pressure 
  th()  the hyperbolic tangent function 
  Co = 30 kPa 
  Dr    the characteristic displacement in meter 
  dr    as argument Dr in mm or inch 
  EI    the inertia product of the wall 

γ     the soil density 
  K0    the coefficient of earth pressure at rest 
  Kp    the horizontal coefficient of passive pressure 
 
The characteristic displacement dr  will be by default 15 mm if it is 0 or absentee 
during the call. The presence of the density  γ limits the usage of this formula to a soil 
with only one layer. Furthermore it is implicitly supposed that the subgrade reaction 
modulus sees its effect limited to the ground situated under the excavation. 
Seer Delattre, Luc (2001) [[8]] 
 
Here is a typical usage in a line defining a soil  :: 
 
# EI=13486 
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… 
level 18 10 0 0 0 20 35 0 –2/3 (monC(%7,%8,%10)+mon G(%2,%5,%6,EI)) 0 
 
or more practically using one formula function : 

 
# EI=13486  
# monnet(ei,dr)=monC(%7,%8,%10,dr)+monG(%2,%5,%6,ei ) 
… 
level 18 10 0 0 0 20 35 0 –2/3 monnet(EI) 0 
 
Note the value 0 for Rp indispensable to the coherence of the custom(usage) of this 
formula and the absence of the argument dr  which means taking 15 mm. 
As the values of K0 and Kp are 0, these coefficients will be calculated automatically 
respectively by the formula of Jaky and by the resolution of the equations of 
Boussinesq-Rankine before their use in monG (). 

 
balay(Em, αααα, a) 

 
Returns the subgrade reaction modulus Re using the formula of Balay 
( see [[6]] et [[8]] ) 
For this use it is necessary to take Rp=0. 
 
  balay() = Em / ( 0.5* αααα*a + 0.133*(9*a) αααα ) 
 

  where Em is the pressuremetrics modulus of Ménard using the current 
       units  
αααα    is the rheologic parameter 
a     is the dimensional parameter (in meter or foot) 

 
schmitt(Em, αααα, EI) 

Returns the subgrade reaction modulus Re using the formula of Schmitt 
( see [[7]] , [[8]] et [[9]] ) 
For this use it is necessary to take Rp=0. 
 
  schmitt() = 2.1*(Em / αααα)4/3 / (EI)1/3 

   
where Em is the pressuremetrics modulus of Ménard using the current 
                   units 

αααα    is the rheologic parameter 
EI   is the inertia product of the wall in the current units  
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SIMPLE EXAMPLE OF DATA FILE WITHOUT ANY EXPRESSION  
 
 
 TEST WITH Phi=35 and C=4 FOR THE SECOND LAYER *80L*  

0 4 
 46 128000 
 3 
 11 1.6 1.1 0.42 0.50 5.00 0. 26 0 –0.66 1000 
 60 1.8 1.1 0.26 0.44 8.24 4. 35 0 –0.66 10000 
 40 1. 
 *Different soil at left side of the wall 
 SOI(1) 11 
 14.5 1.6 1.1 0.42 0.50 5.00 0 26 0.75 0.75 1000 
 SUC(2) 4.8 
 CAL 
  : PRELOADED ANCHORS 
    ANC(2) 4 2.7 30 45 407 
    CAL(2) 
    EXC(1) 8 
    CAL(2) 
 ANC 7.5 2.7 30 50 900 
 CAL(2) 
 EXC(1) 15 
 CAL(2) 
    ANC 14.5 2.7 -30 50 900 
    CAL(2) 
    EXC(1) 18.5 
    WAT 30 
    CAL(2) 
 END 
 STA 
 XLS 
 STOP 
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ANNEX A 

 
THE MODELLING OF RETAINING WALLS OR PILES 

 
 

A-1 ELASTICITES 
 

A-1-1 Case of a solid retaining wall  
 

The program RIDO considers a portion of the retaining wall of 1 meter wide and 
supposes this  sample reproductible all along the retaining wall in such a way this 
portion performs as an unit strip of 1 meter wide. 
In the vertical direction, the retaining wall may comprise the sections in which its EI 
inertia products (per metre run of wall) and Kc cylindrical stiffness differ. 
 
For a straight wall, Kc=0 while Kc>0 in the case of a cylindrical wall. 
 
In the case of a retaining wall made of solid material (diaphram wall) of thickness e, 
and Young's modulus E forming a cylindrical wall of R radius: 
 

 Kc
Ee

R
=

2
 if  e << R  

 
If  the cylindrical wall is composed of sheet piles, the calculation of Kc is complex and 
resulted from the study of the lateral compression of a sheet pile. In the calculation, a 
cylindrical wall of large diameter is assimilated to a straight wall connected to 
fictitious elastic supports of evently distributed Kc stiffness. 
This hypothesis and the numerical stability (see RIDO-NOT-25 page) will be 
guaranteed only if R is big enough so that Kc does not become too big with a relatively 
low product EI. 
 
The normal strength n along a circumference will be deducted of the displacement y 
calculated by the formula : 
 
 n = E * y / R 

 
A-1-2 Case of a wall with discontinuous embedment 
 
 

For example, this case is the wall known as the "trouser legs" where the toe is 
distinuous. For this discontinuous embedded portion, an equivalent section with the 
inertia related to the per meter run of wall (average inertia between the solid parts and 
the null inertia of the empty parts) will be taken account of. 
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A-1-3 Case of the wall known as « berlin walls » 
 
The soldier pile stiffness per metre run of wall will be given as 
 

 EI
EI

d
pieu=

( )
  see figure 1 

 
 
The laggings to be placed subsequently are supposed to transmit the trusts of the 
ground, yet without participating in the inertia of the retaining wall. 
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A-1-4 Case of the pile 
 
The real inertia of a pile can be introduced and the keyword COE can be used to apply 
the reactions of the grounds on the entire width of the pile, and not on a unit strip of 
one meter. In the computer output the moments, the shear force etc... will concern, 
thus, the pile and not the width of one meter of the  pile. 
 
It is, however, possible to do the calculation for a metre of pile. 
 

A-1-5 Null inertia 
 

If a section with null inertia is introduced, it takes understandably a reservation for a 
subsequent wall and it means an absence of material in this section. 
 
It is not allowed to place such a section between two sections with non-null inertia 
because the program RIDO is made for calculating one retaining wall and not two! 
 
When it is certain that the redefined inertia (keyword INE) of a section with null 
inertia is a non-null value, this recently implemented section is supposed to be 
perfectly vertical and capable of transmitting moments to the rest of the retaining wall. 
It thus results notably in an angular point on the neutral axis if the wall has previously 
been deflected. 
 
 

A-2 DISCRETISATION IN FINITE ELEMENTS 
 

A-2-1 The model of finite elements 
 

The wall is discretised in the direction of its heigh in beam type finite elements. 
 
The displacement of a finite element is described by a 5 degree polynomial in such a 
way that the equilibrium calculation is theoretically exact when it is sollicited by a 
linearly increasing load other than the concentrated loads on its extremities. 
 
For the overall equilibrium, it is "the force" model that has been adopted for it enables 
the unilateral  connections to be treated more efficiently than the "displacements" 
model. 

 
A-2-2 The automatic generation of finite elements 

 
To guarantee a good calculation precision, certain border points of finite elements are 
automatically  imposed.
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These are : 
 
 - the changing points of the retaining wall section 
 - the changing points of soil layers 
 - the various excavation and backfill levels 
 - the various water and hydrodynamic correction levels 
 - the levels with application of Boussinesq type of surcharges as well as the 
 levels at which their effect is maximum 
 - the levels of distributed load definition 
 - the points of application of concentrated efforts: forces, couples, anchoring 
 point of tiebacks. 
 
Considering these fixed border points, the program RIDO optimises the distribution of 
elements in  such a way that the longest lenght of them does not exceed the 
maximum specified in the data (in general, 0.50 meter or one Ft). 
 
If the wall is of considerable height, the number of elements might exceed the limit 
fixed by the number of nodes authorized for the installation of the program RIDO. 
 
In this case, the last condition dominates and the lenght of elements exceeds the user-
specified maximum length. 
 

If the different levels described above are close (differences below 10 cm) it will be 
advantageous to combine them into a single value and at the same time maintenaing an 

acceptable precision of calculation. However we shall never place various beds of 
struts or anchors in the same level.



 
 
ROBERT FAGES LOGICIELS                                                                                            RIDO-ANN-5                                       
 

ANNEX B 
 

THE MODELLING OF THE SOIL 
 
 

B-1 LAW OF THE ELASTOPLASTIC AND NON-REVERSIBLE  
BEHAVIOUR 
 

B-1-1 The parameters defining the limit states of plasticity 
 
In order to leave all the freedom of hypothesis to the user, the coefficients of active and 
passive horizontal thrusts (Ka and Kp) can be directly given by their values. But they 
can be calculated advantageously by resolution of the differential equations connected) 
to the equilibrium model of BOUSSINESQ-RANKINE. (See the data group A in the 
RIDO user manual) 

The angle of internal friction ϕ and the ration 
δ
ϕ

 in active and passive states, where δ 

is the angle of  friction between soil and retaining wall, are supplied for three reasons: 
 - to allow the eventually calculation of Ka, K0, Kp 

- to allow the calculation of cohesion terms if it not zero. 
- to document the computer output which is a note of calculation (if not used) 

 
At a level where the overburden pressure on a neighbouring horizontal face of the 
retaining wall is P (in the calculation of P, the weight of the soil in the possible 
presence of the ground water level, and increase due to surcharges, are considered), the 
active horizontal thrust is given by: 
 

 ( ) Se
tg

C
pKq tg

aa +






 −
+
−+= −− 1cos.

sin1

cossincos δ
ϕ

γϕδ
ϕ

ϕδγ   (1) 

 
or 
 SCKq aa +−= 2   if  ϕ = 0     (2) 

 
and the passive horizontal thrust is worth: 
 

 ( )q K p
C

tg
e Sp p

tg= + +
−

−








 ++

ϕ
δ ϕ γ

ϕ
δγ δ ϕcos sin cos

sin
cos

1
1   (3) 

 
or 
 SCpKq pp ++= 2   if ϕ = 0    (4) 

 

For the RIDO versions before 4.20 :  SCpKq xx +




 +±= 1
2

π
  if ϕ = 0 

In these relations: 
 

 γ π∈





0

2
,   is the solution of the equation sin

sin

sin
γ δ

ϕ
=   
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C is the cohésion. 
S is the term due to the Boussinesq type of surcharges, if they are superposed (see B-2-
2). 

 
B-1-2 The elastoplastic model 
 

The coefficient of elastic reaction w (Winckler hypothesis), variable according to the 
soil layers and the depth, depends on two parameters. 
 
  α: stiffness when p=0 
  β: increase due to effective overburden pressure 
according to the relation 
 
 w p= +α β  
 
Using β, an increase of the soil stiffness due to the confining pressure can, thus, be 
taken account of. 
In-stitu tests and model tests with compaction wheels showed it is better to choose non 
null values of β for pulverulent grounds. 
For the initial position of the retaining wall (zero deplacement), the soil pressure on 
both sides of the retaining wall are initialized as 
 
 

q K p S0 0= +        (5) 
 
 

where p and S are calculated independently on both sides of the wall. 
This corresponds to the at-rest soil pressure. 
 
Figures 2 and 3 specify, for a given level z, the law of elastoplastic behaviour of soil 1 
(on the left of the retaining wall) and of soil 2 (on the right of the retaining wall) for 
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the first phase of calculation. 

 

 
In a more general way, the soil pressure at level z in the elastic zone is related to the 
deflection of the retaining wall at the same level by the relation 
 

 ( )( )q K p w y v z S= ± − +0      (6) 

where v(z) is the value of the displacement of the soil which leads to a soil pressure q0 

(at-rest soil pressure). 
Initially v(z)=0. 
In the case of a cohesive soil, qa can be negative (figure 4). The program RIDO admits 
in this case a soil-retaining wall separation, if the deflection leads to a negative 
pressure according to the previously defined model. 
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B-1-3 Non-reversibility 
 

For one of the soils at a given level z, if after an equilibrium calculation, one of the 
plasticity limits is not achieved (active or passive), the present rheological parameters 
relative to this level are conserved for the following phase of calculation. 
In the contrary, v(z) is recalculated conforming to the figure 5, which gives a new set 
of rheological parameters for the following phases of calculation. 
If the retaining wall is sollicited by alternative forces from right to left and from left to 
right the hysterisis cycles can also be described. 

 
B-1-4 The effect of variations of the overburden pressure 
 

Whenever excavations, drawdowns, backfilling, installation and suppression of 
surcharges, etc..., take place, the soil pressure p on an horizontal face varies. 
The values of qa, q0 and qp as well as w are recalculated to fix the position of elastic 
domain, the hypothesis of invariance of v(z) is adopted. 
It is an hypothesis entirely coherent with the notion of equilibrium of at-rest soil 
pressure. 
In this way, the K0 parameter plays not only a role of definition of the initial state but it 
is an integral part of  the theorical model and conditions the calculated sequences of 
equilibriums. That is why in the keywords SOIL and BAC the coefficient of initial soil 
pressure Ki is distingued from K0. 
Figure 6 illustrates this hypothesis. 
This updating of the rheological parameters is always carried out to take into account 
the non-reversibility. 
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B-2 THE EFFECT OF SURCHARGES 
 
B-2-1 Caquot type of surcharges 
 

For the surcharges applied evenly on the entirety of the ground surface, the program 
RIDO uses the corresponding state principle and takes the value of the surcharge as an 
additive contribution in the calculation of p which conditions qa, q0, qp and w. 
 
 

B-2-2 Boussinesq type of surcharges 
 
B-2-2-1 Additive hypothesis 
 

In the absence of a complete mathematical model of soil behaviour, the superposition 
is commonly applied on a strip at level z according to the figure 7, the term S, 
appearing in the above expressions, takes the form 
 

 ( ) ( )
S x

Q
Arctg

b a x

ab x

ax

a x

bx

b x
=

−
+

+
+

−
+









π 2 2 2 2 2

 if x>0  (7) 

 
 ( )S x = 0  if x ≤ 0 

 
If there are several of these surcharges on the same soil, there must be a running total. 
This hypothesis is selected by option A of the title line of data. 
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B-2-2-2 Non-additive hypothesis 
 

The program RIDO version 3 and upper, allows a more elaborate, though non 
« classical », treatement of the Boussinesq type of surcharges. 
This results from the following observation : if it is considered that the strip loaded by 
Q is at the ground surface, and that a=0 and b→∞, the surcharge becomes Caquot type 
and the formule (7) gives 
 

 ( )S x
Q=
2

 

In the additive hypothesis, the error committed in treating the Caquot type as the limit 
of the Boussinesq case is immediately seen! 
Notably, the effect of the surcharge is independent from yhe ground conditions. 
 
For Caquot, the principe of corresponding states would give : 
 

( )S x K Qa=  for the active state 

( )S x K Q= 0  for the elastics state 

( )S x K Qp=  for the passive state 

 
Deriving thus the idea of replacing S(x) by 
 

 ( ) ( )S x
K

S x'
,

=
0 5

 

 
where K=Ka, K0 or Kp according to the soil state and thus achieving the continuity 
between Boussinesq and Caquot types. 
This hypothesis is implemented very simply in the RIDO version 3 and upper by 
cancelling the terms in the expressions (1),(2),(3),(4),(5),(6) and for each Boussinesq 
type surcharge, bringing the additive contribution 
 

 ( ) ( )
S x

S x
v =

0 5,
 

 
to the weight p relative to the level z+x. 
 
In the order to adopt this hypothesis, not putting option A in the title line of data is 
enough. 
 
Whatever is the chosen hypothesis the effect of all the surcharges of type Boussinesq 
and others is presented in the arrays of results. It is obtained as the difference between 
the calculated soil pressures at the equilibrium and that would be this pressure if the 
surcharges were absent in the current position of the wall. 
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B-2-2-3 Theory of images 
 

In the presence of a strongly blinded excavation, the horizontal displacements of a 
neighbouring ground of the retaining wall are almost null. By leaning on the theory of 
the elasticity, it is advisable to cancel these horizontal displacements by placing 
surcharges of type Boussinesq symmetrically with regard to the retaining wall. 
A coefficient 2 then is to be applied to this type of surcharge. 
 
Since the version 4.20 of RIDO this coefficient is planned in the data and can have a 
value included between 1 and 2. 
 
In the case of pre-existent surcharges in the implementation of the wall a preliminary 
calculation of equilibrium of the soil without wall is essential. In this case it is 
imperative to choose the coefficient 2 to obtain an effect of the surcharges of 
Boussinesq corresponding to horizontal null displacements in the axis of the future 
retaining wall. 
In the calculation of this equilibrium displacements appear and the image effect fades 
in zones in elastic state, but the augmentation of pressures in the soil owed to the 
surcharges will be present on each side of the wall during its implementation 
(see the keywords SUB and INE) 
 
 

B-3 MODIFICATIONS OF THE SOIL CHARACTERISTICS 
 
B-3-1 Redefining 

 
The keyword SOI enables the complete redefinition of a soil layer while allowing 
entirely a reinitialisation of the soil pressure at level z (in the interval of redefinition) 
for the deflection y resulting from previous equilibrium by a value Ki, introduced in 
the data. 
This initial soil pressure q is given by 
 
 q K pi i=     in the absence of cohesion 
 
and by 

 ( )q q
K K

K K
q qi a

i a

a
a= +

−
−

−
0

0   if C≠0 

 
v(z) is consequently calculated considering y to obtain an unadapted set of rheological 
parameters at level z. 
 
In the case of a possibility of separation, the initialisation is performed in such a way 
that qi=0, but y corresponds to the separation limit. 
It is advisable to note that this redefinition does not consider the previous 
active/passive conditions in the soil layer concerned and it is, therefore, not adequate 
for the modifications of long-term soil characteristics. 
 
The keyword BAC (process of backfilling) allows an identical initialisation in the case 
of a backfill, the remoulding of the ground induces one to take Ki=Ka. 
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B-3-2 Modification of the characteristics of plasticity of a ground 
 

The keyword PLA does not perform a reinitialisation of a soil pressure, but allows the 
introduction of a new values for Ka, Kp, C and ϕ in the formules (1), (2), (3) and (4) 
for a given soil. 
 
The parameters specifying the elastic domain of the model : w, K0, v(z) are invariant. 
In particular, the modification of the coefficient of elastic reaction w is not allowed 
because of strong risks of incoherence of the resulted model. 
 
 

B-4 NON-COPLANER OR NON-HORIZONTAL GROUND SURFACES 
 
B-4-1 Straight and inclined ground 
 

The case which goes back to an equivalent horizontal ground level may be treated by 
RIDO by introducing the adequate Ka, K0, Kp coefficients. 
 
If ground levels 1 and 2 are both inclined, even if their inclination is identical, the 
equivalent horizontal grounds do not have the same coefficients. It is advisable then to 
use the keyword SOIL to redefine one of them. 
 

B-4-2 Berms 
 

An approximative calculation of the effect of a berm is integrated to the program 
RIDO version 3 and upper. 
 
It is an original approach to this complex problem where the coherence is sought by an 
unique and valid treatment irrespective of the active/passive elastic state of the soil. 
Figure 8 illustrates the form of calculation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is considered that the absence of soil due to the berm must be assimilated to an 
horizontal ground subject to the negative Boussinesq uniform loads, stretching to 
infinity and corresponding to the weigh per m2 of the soil layer of thickness du. 

µ
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Naturally, the non-additive hypothesis of the calculation of Boussinesq type of 
surcharges is used (see B-2-2-2) whether or not the option for the « real » surcharges of 
this type has been chosen. 
 
The contribution of the soil-weigh in the neighbourhood of the wall corresponds then a 
decrease 

 

( ) ( )
( ) ( )

( ) ( )
Q z arctg

z u

a u

a u z u

a u z u
du

e

e
= − +

−

+ −













∫
1

05 2 2.

.'

π
µ  

 
It should be noted that is approximate calculation even though it gives the satisfactory 
curves of soil pression at active and passive limit states (see figure 9), should be 
accompanied by a verification of the stability of the massif constituted by the berm 
after an equilibrium calculation of RIDO. 
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B-4-3 Banks 
 
Figure 10 shows how to decompose its effect in the form of two  Boussinesq type of 
surcharges, Q1 et Q2 equalling the respective weight per m2 of the correspondant parts 
of the slope. 
If more precision is desired, the inclined part can be decomposed in several vertical 
slices and the same amount of Boussinesq equivalentsurcharges can be placed to get a 
correct calculation, option A in the title MUST NOT BE CHOSEN. 
 
 
 

 
 
This decomposition is useless from the version 4.0 of RIDO. This one is made in more 
accurate calculation with the keyword EXC (geometrical description of the slope in 
symmetrical manner as a berm) while remaining compatible with the option A. 
In the sloping part the decomposition is made with a step of the order of 0.5 m.
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ANNEX C 

 

SHORINGS AND LINKAGES 
 
C-1 STRUTS AND ANCHORS 
 

A level of anchor of stiffness K
E s

l
= .

 

where E is the Young’s modulus of the material constituting 
 s the section 
 l its free lenght 
 inclined at I0 with the respect to the horizontal 
 spaced at a metre or Ft 
 preloaded at F0 tonnes or kN or KiP 
 
is automatically replaced by a level of equivalent horizontal anchor 
 
 with  1 metre or 1 Ft of spacing, 

 of k
K

a
I= cos2  stiffness 

 and with f
F

a
I0

0= cos  preload. 

The load f of these fictitious anchorss in the subsequent phases after its preloading is 
given by the expression 
 
 ( )f k y y f= − +0 0  

 
where y is the deflection at the wall at the anchoring point. 
 y0 is the deflection at the same point but taken at the end of the preloading or at 
 the time of installation if there is no preloading. 
 
In unilateral linkage, f is lower bounded by 0 if the retaining wall is free to deflect 
towards ground number 2, and upper bounded by 0 if the retaining wall is free to 
deflect towards ground number 1. 
 
In the output, the indicated load is the effective load in an anchor given by 
 

 F
f a

I
= .

cos
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In the bucking calculation, the vertical component intervenes in the calculation of 
bending moments with the pessimistic hypothesis that the entire loading is resisted by 
the point-bearing resistance of the retaining wall and not by the lateral soil-retaining 
wall friction. 
In this case, the sign of angle I is important. Figure 11 specifies it. 
 

 
 
 
 
This option set off by option F of the title line, has been integrated to the program 
RIDO to reassure certain users and prove to them that the effects of the second order 
only start to be sensitive to deflections of tens of cm!... 
 
 
The case of the strut is identical with I=0 and the possibility of bilateral linkages. 
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C-2 ELASTIC CONNECTIONS 
 

It is possible to place an elastic linkage (purely linear) at any point of the retaining wall 
with a given structure. 
Preliminary studying of this structure and calculation of its matrix of influence in 
contact with the retaining wall are necessary. 
For the considered level : 
 

 
∆
∆

∆
∆

T

M

CFY CFA

CMY CMA

Y

A

F

C









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







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







 +








  

 
where ∆T is the abrupt change of shear force 
 ∆M is the abrupt change of moment in the retaining wall 
 ∆Y is the variation of the deflection after installation of the elastic connection 
 ∆A is the variation of the angular displacement (in radians) after the installation 
of the connection 
 F is the horizontal force brought by the connection at  ∆Y = 0 et ∆A = 0 
 C is the couple brought by the connection at ∆Y = 0 et ∆A = 0. 
 
The sign conventions of the program RIDO are such that in the commun cases where 
the structure is a slab: 

 

CFY

CFA

CMY

CMA

<
=
=
>

0

0

0

0

  

that the slab is situated on the left or right of the retaining wall. 
 
 
C-3 TOP AND TOE CONNECTIONS 
 

Initially, the top and toe of the retaining wall are free. That is by far the most frequent 
case. 
 
In certain circumstances, the following conditions can be chosen (with the keyword 
LIM)  : 
 -simple support, for example, if the toe of the retaining wall is simply 
embedded in the molasse (soft tertiary sandstone). 
 -applied inclination, but free horizontal displacement, for the heads of 
embedded piles in a very stiff pile cap. 
 -perfectly fixed end: rare! even the molasse (soft tertiary sandstone). It is 
preferable to place an elastic connection (keyword CFM). 
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SIGN CONVENTIONS 
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STATES OF SOIL CODES 
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