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HOW TO USE THIS MANUAL ? 
 
 
 
 
 This manual describes the formatted data file which must be created before any use of GEFDYN. It 
contains specifications on each line of data and on the columns dedicated to each datum. 
 
 
In the description of the data file each line is described by : 
 
  - a title which explains the common meaning of all data in the line;  
  - the number of times that this line must be given, if required;  
  - the name of the GEFDYN subroutine where this line is read as input; 
  - the FORTRAN lines containing the format required for this line. 
 
 
 
Each line may contain one or several data. Each datum is defined by : 
 
  - its position on the line ; 
  - its name ; 
  - a short definition ; 
  - a default value, in some cases; 
  - a note, which is given in some cases to further describe the meaning of the datum and the 
options available for it. 
 
 
 
 
Depending on the preceding data, some lines must sometimes not be given; they are then gathered in a 
section defined by a title and delimited by : 
 
 

_________________________________________________________________ 
SECTION  "NAME OF THE SECTION" 

skip this  section if ... 
_________________________________________________________________ 

 
 
    "description of the lines of the section" 
 
 
 

///////////////////////////////////////////////////////////////// 
end of the section "NAME OF THE SECTION" 

///////////////////////////////////////////////////////////////// 
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CONVENTIONS 
 
 
 
 
 - All the files used and generated by the program begin with the same prefix, which is given when 
running the program (cf. Appendix : Run of GEFDYN on a system UNIX). The length of this prefix is limited 
to 80 characters, but it may be reduced by the computer. 
 
 
 - When no value is written in the data file location reserved to a given datum, the value 0 is read by the 
program and in some cases is replaced by a different default value.  
 
 
 -When the words : "computed by the program" or "selected by the program" appear next to a given 
datum, the value mentionned in the data file by the user is ignored by the program. Consequently it is 
recommended to give no value or 0 for the corresponding datum, in order to make easier data checking. 
 
 
 - Remark : it is recommended to type the last character of each datum value exactly in the right end of 
the group of columns dedicated to this datum, and to write the real numbers with the decimal point under the 
form "x.yEz" or "x.y"  . These precautions will facilitate data file writing as well as checking. 
 
 - The following elements, which use rotationnal degrees of freedom, are called "structural elements" in 
this manual. They are : 
 
  - the truss elements 
  - the beam elements 
  - the rigid block elements 
  
 - The different nodal degrees of freedom are described by the following abbreviations : 
 
 ux displacement (translation) of the solid in x direction   
 uy displacement (translation) of the solid in y direction   
 uz displacement (translation) of the solid in z direction  
 p  pore pressure of the fluid 
 wy displacement (translation) of the fluid in y direction   
 wz displacement (translation) of the fluid in z direction  
 θyz rotation in the plane yz around x axis  
 θxz rotation in the plane yz around y axis  
 θxy rotation in the plane yz around z axis  
 
 
 - the symbol M stands for a new feature of this GEFDYN Version with respect to preceding one. 
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 MNEW FEATURES OF THE 5.3 VERSION  
 
 
Before describing the new features of the 5.3 Version, it must be said that many modifications were made 
concerning the savings and the data structure of the values saved. Nevertheless, a particular attention was 
paid to keep ascendant compatibility with the preceding versions. In this respect and in case of a restart 
from an older version, the user must only give the number of that version (IPREV), and do all other 
operations not taking any more care of this aspect. 
 
The following features have been added or modified: 
 
M1. Restart of a purely mechanical analysis after a purely fluid one, with account to the percolation forces 
(IPRESS_0). Two files must be given by the user : An  ASCII file (prefix.prsv) mentionning the times at 
which the pressures are saved, and a direct access binary file (prefix.ppsv) containing the nodal pressures 
function of time. 
 
M2. Using time dependant body forces by means of loading curves (NGRVRB_0) 
 
M3. Imposing boundary pore pressures by means of a reservoir (NPHYDR_0) 
 
M4. Backup of the nodal values by nodes to give more flexibility in case of a restart. If the preceding 
calculation was made with a GEFDYN version older than the 5.3 version, the number of this version must 
be given in IPREV. 
 
M5. Taking into account an initial desequilibrium different from the one drelated to the initial stresses 
calculated with fictive geological layers (NCOUCH_0).  
 
Now several choices can be made: 
 
in case of a  first analysis: 

 
- No account of the desequilibrium due to initial stresses (IDESEQ=1) computed by the program 
by means of the fictive geological layers (NCOUCH) 
- Possibility for the user to give initial stresses for each particular element (NINIT_0) 

 
in  case of a restart analysis: 
 

- No account of the desequilibrium obtained at the end of the preceding calculation (IDESEQ=1) 
- No account of the desequilibrium due to initial stresses defined in the present calculation 
(IDESEQ=2) 
- No account of the desequilibrium obtained at the end of the preceding calculation, nor of the 
desequilibrium due to initial stresses defined in the present calculation (IDESEQ=3) 
 

These possibilities will allow more easy restarts of dynamic calculations from static ones and vice versa. 
 

 
M6. A large strains formulation for purely mechanical problems, with a total Lagrangian description. This 
formulation is only possible with the Drucker-Prager model or Hujeux elastoplastic model (MODEL=1 or 
MODEL=2). 
 
M7. User defined constitutive model (for 2D and 3D solid elements), by choosing MODEL=30 
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M8. Imposing initial stresses or initial strains at the element level for 2D and 3D solid elements 
(NINIT_0). 
 
M9. Modification of the local integration of the viscoplastic multimechanisms constitutive model 
(MODEL=3) in order to increase the accuracy and in the same time decrease the time of analysis by 
cancelling useless operations. Integration is now possible with a variable time step. 
 
M10. Internal forces and moments in beam elements. The output values are printed in the file prefix.mnt 
 
M11. Imposing only positive or negative surface loadings when 2D or 3D surface loading elements are 
used.(ISIGN_0) 
 
M12. New elements, modelizing absorbent boundaries which can be used along the fluid elements already 
existing in the older GEFDYN version. 
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LIST OF INPUT AND OF OUTPUT FILES 
 
 
The list of the files used or created by GEFDYN is given hereafter by classes. Each file is described by 
its type, name and content. All the files begin with the prefix "prefix", given by the user when running 
the program. The types of files are : 
 
  - ASCII : formatted file 
  - BINDA : direct access binary file  
  - BINSA : sequential access binary file  
 
 
 
A-DATA FILES 
 
type  name   content 
 
ASCII  prefix.dat Input data required for GEFDYN calculation. 
 
ASCII  prefix.geom Mesh (nodes, elements) (may be incuded in prefix.dat) 
 
BINDA  prefix.prxi Velocity and stress field defining the incident field ; these 
     data are required when using paraxial elements with an  
    incident field of any sort (INCTYP=4 ) 
 
ASCII  prefix.prsv Time at which the pore pressures are given; these data are  
    required when option IPRESS_0 is retained for the computation  
    of the percolation forces in a purely mechanical analysis. 
 
BINDA  prefix.ppsv Pore pressure field used for the computation of the percolation  
    forces . 
 
 
 
B-OUTPUT FILES 
 
type  name   content 
 
ASCII  prefix.lst Comprehensive file describing the data given in file prefix.dat , 
    with general information or error messages on these data as well  
    as on the outputs (in some cases). 
 
ASCII  prefix.conv Convergence ratios obtained after each iteration, and used to plot 
    the convergence curves  
 
ASCII  prefix.ndrs Nodal outputs 
 
ASCII  prefix.prgs Current step and iteration . 
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BINDA  prefix.ndsv Binary saving of the displacements, rotations and pore 
    pressures for each degree of freedom of the model, at each saved  
    step mentionned in prefix.dat. 
 
BINDA  prefix.hisv Binary saving of the materials' history (stresses, strains, internal  
    parameters) at each integration point of the model and for each  
    saved step mentionned in prefix.dat. 
 
ASCII  prefix.tbsv Table of contents of prefix.hisv and prefix.ndsv files, used for  
    certain types of restarts and for post-processing. 
    Must be consulted when information is desired about the saved 
    steps. 
 
BINDA  prefix.ndvl Table of the nodal degrees of freedom, and nodal values of the  
    current step. 
 
BINDA  prefix.grif Informations concerning the elements groups. 
 
BINDA  prefix.grhi Informations concerning the history of the elements groups at the  
    current step. 
 
BINDA  prefix.inun Initial desequilibrium (computed if IDESEQ variable is used ; 
see  
    § on initial conditions). 
 
ASCII  prefix.rslt Reaction forces  
 
ASCII  prefix.mnt Internal forces and moments in the beams 
 
 
 
C- STIFFNESS AND MASS MATRIX FILES  
 
type  name   content 
 
BINDA  prefix.stif Global rigidity operator. 
 
BINDA  prefix.trgl Triangled global operator. 
 
BINDA  prefix.mass Mass matrix (in dynamics). 
 
BINDA  prefix.mdyn Mechanical rigidity operator (in dynamics). 
 
 
 
D-FILES USED DURING THE CALCULATION 
 
type  name   content 
 
BINSA  prefix.grsq Informations concerning all elements groups and used by the  
    program when reading the input data 
 
BINSA  prefix.fr16 Informations concerning the loading curves for all elements  
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    groups, and used by the program when reading the input data. 
 
BINSA  prefix.fr17 Informations concerning the loading curves of all elements  
    groups, and used by the program when reading the input data. 
 
BINDA  prefix.ndcv Informations concerning the nodal loading curves.  
 
BINDA  prefix.sscv Informations concerning the surface loading curves or  
    construction/excavation curves. 
 
BINDA  prefix.dssv Momentary saving of the initial desequilibrium coming from the
    preceding study. 
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1. TITLE LINE 
 
 
1. TITLE LINE 
 
======================================= 
input in routine IGNRAL    
  
      READ (LECG,2000) TITLE 
 2000 FORMAT(A72) 
======================================= 
 
  
 note  columns  variable definition 
  
       (1)    1-72      TITLE       title of the analysis 
  
  
  
  
          notes 
  
  
      
 (1) This title is mentionned at the beginning of each new analysis. 
  (72 characters only).  
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2. CONTROL LINES 
 
 
 
2. CONTROL LINES 
  
 



15 
 
 
2.1.definition of the analysis 
 
 
2.1.Analysis definition 
 
================================================================================= 
input in routine IGNRAL 
  
       READ (LECG,2010) 
  NUMNP,(IDDL(I),I=1,7),NEGNL,MODEX,IDGEOM,NODLGN,(IPREV(J),J=1,3)) 
 2010  FORMAT(I5,1X,7I1,I2,I5,5X,2I5,2X,3I1) 
================================================================================= 
 
 note  columns  variable definition 
  
   (1)    1-5       NUMNP       Total number of nodes in the mesh 
  
 (2)    7-13        IDDL    Code defining the type of analysis 
  
   (3)    14-15    NEGNL       Number of elements groups  
      1_ NEGNL _ 50 
 
       (4)(7)   16-20    MODEX       Code defining the mode of execution 
                                    =0  data checking 
                                    =1  standard execution  
                           =2  restart without rebuilding of the preconditionning matrices 
                                    =3  restart with rebuilding of the preconditionning matrices 
                             =4  dynamic study restarting from a static study,  
       with rebuilding of all preconditionning matrices. 
                                    =5  same restart as MODEX=3 with displacements 
        and strains set to zero. 
                                    =6  same restart as MODEX=4 with displacements  
       and strains set to zero. 
  
 (5) 26-30    IDGEOM      Code defining the space dimension. 
                                    =2  2D ( y-z plane ) 
                                    =3  3D 
                                    =0  by defaut set to 2 
  
 (6) 31-35  NODLGN Number of nodes (vertices of elements) defining the line on 
      which the reaction forces are computed. 
 
M (7) 38-40  IPREV(1-3) Number of the GEFDYN Version with which the preceding  
      analysis has been done. Three figures must be given. 
      (e.g. for the Version 5.1.0, give IPREV=510) 
 
      notes 
  
  
  (1)   The total number of nodes (NUMNP) controls the number of data which will be  
   read in the paragraph 3 headed "nodal data ". 
   If NUMNP=0 the program stops. 
  
  (2)   The code has to be chosen with relation to the type of the study, according to the   
   following table: 
    __________________________________________ 
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2.1.definition of the analysis 
 
     type of analysis   IDDL 
    __________________________________________ 
    2D mechanical without struct.elts  1001111  
    2D mechanical + structure elements 1000111  
    2D simple Biot without struct. elts  1001110  
    2D simple Biot + structure.elements 1000110  
    2D complete Biot without struct.elts 1000011  
    2D complete Biot + structure elts.  1000001  
 
    3D mechanical without struct.elts  0001111  
    3D mechanical + structure elements 0000001  
    3D simple Biot without struct.elts 0001110  
    3D simple Biot + structure elements 0000000  
 
    2D or 3D fluid    1111110  
    ___________________________________________ 
  
   The purely fluid analysis with (IDDL=1111110) is not available; 
   Presently a purely fluid analysis must be treated by choosing IDDL = 1001110  
   and locking the mechanical degrees of freedom when defining the nodal data. 
 
   The simplified Biot analysis corresponds to a coupled mechanical / fluid  
   study in statics or in dynamics. 
 
 
   For two-phases dynamic problems three formulations are available: 
 
              a)  simplified Biot formulation #1 
                It is a model called "u-p" which means that the  nodal unknowns are the displacements -  
   rotations of the  solid  and the pore pressure. 
        Furhtermore, the Darcy law is the standard one. 
 
           b)  simplified Biot formulation #2 
          It is  identical to the simplified formulation Biot #1 but with a generalized Darcy law ,  
   ( supplementary accelerations are taken into account) 
 
   c)  full Biot formulation  
      The  unknowns nodal are the displacements of the solid squeleton and the relative  
    displacements of the pore fluid.  
    The compressibilites of the fluid and of the solid are taken into account. 
  
 
   (3)  A group is defined by an ensemble of shared caracteristics  (cf. paragraphs 8.x.1 
caracteristic data of the elements groups (vector NPAR)). The main caracteristics  are the following : 
 
     - same type of elements (2-D , beams , interfaces) 
     - same type of non linear analysis 
     - same constitutive model 
     - same order of integration  
     - same local degrees of freedom 
     - same construction/excavation 
     - same time integration scheme of the model. 
 
    The maximum number of groups is 50. 
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2.1.definition of the analysis 
 
    All the groups are non linear in this version. 
    The nonlinear groups deal only with material nonlinearities except when specificied 
 
 
   (4)    MODEX selects whether a data checking , an execution or 
     a restart is performed.  
 
    MODEX = 0  :   Data checking 
 
    MODEX = 1 :   Standard Execution 
 
              MODEX = 2 :  Restart of the output and of the matrices from the     
     last step of a preceding analysis . 
  
                 The restart  may  performed from the data which have been saved at the end of a former analysis. 
    The files to be saved for this restart are : 
    -the files of output at the end of step 
     prefixe.ndvl 
     prefixe.grhi 
     prefixe.inun 
    - the matrix files 
     prefixe.mass 
     prefixe.mdyn 
     prefixe.stif 
     prefixe.trgl 
    where "prefixe" is the prefixe of the files of the preceding analysis .  
    The modifications to bring to the data file are the following : 
 
                 a) change the initial time (DATDEB)  ; 
                 b)  add at the end of this file the parameters which are located at     
 the end of the file prefixe.lst  (cf. Appendix "restart") 
 
 
    MODEX = 3 or 4 :   
    restart from the output of a given saved step during the preceding  
  
                 MODEX=3  is used for the static-static restart 
                                                  or the dynamic-dynamic restart 
                 MODEX=4  is used for the static-dynamic restart 
 
                 This  restart is performed from the output of any saved step during a former analysis.  
    The matrices are computed anew at the beginning og the restart. 
    The files to be saved for this restart are : 
    - the backup files: 
     prefixe.ndsv 
     prefixe.hisv 
     prefixe.tbsv 
    and the file prefixe.inun (cf. paragraph "initial conditions"- variable IDESEQ) 
    where "prefixe" is the prefixe of the files of the preceding analysis . 
 
    The required modifications to the data file are the following : 
 
     a) change the initial time (DATDEB) ; 
    b) set ICON = 0 (cf. paragraph "initial conditions") 
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2.1.definition of the analysis 
 
  
 
    REMARK : A dynamic-static restart is not possible. 
  
 
    MODEX = 5 or 6 : restart from the output of any step saved    
    from a former analysis with the displacements and of the strains set to zero. 
  
              this type of restart is used after an often fictive first step required to initialize the 
stresses. When restarting after such a step, the computed displacements and strains must be set to zero. 
 
        MODEX = 5 is similar to MODEX=3 but with this supplementary initialization. 
        MODEX = 6 is similar to MODEX=4 but with this supplementary initialization. 
 
   
    REMARK :  The detailed operations to be performed on the files before a restart  
   are described in the Appendix "restart" and may be handled by the command run of the program 
(cf. Run of GEFDYN on system UNIX) 
 
   (5) CAUTION : For 2D the problems, the plane is the y-z plane. 
 
 
   (6) The reaction forces are computed on a surface which is defined by the vertices of the 
elements. These points are defined by the data 3.3. In 2D, the components of the force are along the axes y and z (Fy,Fz), 
the moment with respect to the axis x (Mx) and the flux across this surface(V.n). The forces are computed from the 
effective stresses in the coupled case. In 3D (not available), the components of the force are along the axes x,y and z 
(Fx,Fy,Fz), the moments with respect to these axes  (Mx , My , Mz) and the flux across this surface (V.n). 
   
M   (7) In the case of a restart with MODEX > 2, if the preceding analysis has been  
    performed with a Version prior to 5.3.0., the number of  
    this Version shall be given with the variable IPREV. 
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2.2. static / dynamic analysis 
 
 
 
2.2. static / dynamic analysis 
 
============================================= 
input in routine IGNRAL 
  
       READ (LECG,2015) IDYNAM,IMASS 
 2015  FORMAT(2I5,T20,I5) 
============================================= 
  
 note  columns  variable definition  
 
 (1)     1-5       IDYNAM      analysis type 
                                    = 0   static 
                                    = 1   dynamic 
                                    = 2   dynamic coupled  
       (full Biot model) 
  
 (2) 6-10      IMASS       mass matrix type 
       = 0  static 
                                    = 1   lumped 
                                    = 2   consistant 
 
M (3) 15-20    IPRESS       analysis code for the percolation forces 
      = 0 no analysis of percolation forces 
      _ 0 number of steps for which the pore    
       pressures are given 
                             
 
     notes 
 
  
  (1)  The parameter IDYNAM is equal to 2 to the full Biot formulations   
 (cf. paragraph 2.1 "definition of the analysis") 
 
   CAUTION : the choice between the formulations 1 or 2 and simplified or    
 full  is performed  then  at  the level of each group of elements. (cf. elements groups caracteristics 2D - NPAR(4)) 
 
  (2) The variable IMASS is useful only in dynamic. 
   In static, give 0. 
 
M  (3) if IPRESS_0, the following files must be provided: 
    prefixe.prsv ASCII 
    prefixe.ppsv BINDA 
   In the file prefixe.prsv you give first the record length (LENDTA) used to write the file 
prefixe.ppsv. Then, you give IPRESS  times for wich the pressures are data in direct access. 
   In the file prefixe.ppsv, the pressures at all the nodes to IPRESS steps are output with a record 
length LENDTA . 
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2.3. time duration 
 
 
 
2.3. time duration 
 
=========================================================================== 
input in routine IGNRAL 
  
       READ (LECG,2020) NPASDT,DTINIT,DATDEB,DATFIN,IDTVRB, 
    DTTOL 
 2020  FORMAT(I5,3F10.0,I5,F10.0) 
=========================================================================== 
 
  
 note  columns  variable definition 
  
  
     (1)     1-5      NPASDT      maximum number of time steps 
  
   (1)     6-15     DTINIT         time step (initial if IDTVRB . NE. 0 ) 
  
      (2)    16-25    DATDEB      date at the beginning of the analysis 
  
 (2)    26-35    DATFIN      date at the end of the analysis 
  
 (3) 36-40  IDTVRB code for the variable time step scheme 
      default value 0 
  
 (4) 41-50  DTTOL minimum time step decrease ratio 
      by default set to 0.05 
      used if IDTVRB _0 
 
  
  
                                         notes 
 
  
      (1)   In static deformation only problems, DTINIT is only used to     define a 
time history of events.  
 
   In the coupled flow-deformations problems ( eg consolidation ) or in     
 dynamics, it is the true time of the analysis. 
 
   If the user imposed the time step (IDTVRB=0), DTINIT is the    
 first time step used. 
 
   In the case of a  study   with an adaptive time step (IDTVRB_0) 
   DTINIT is the initial time step . 
 
  (2)   DATDEB and DATFIN are used to define the time interval 
                 of the full analysis. 
 
   The criteria to stop the program are : 
 
    KETAP > NPASDT 
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2.3. time duration 
 
   or 
    TIME  > DATFIN 
 
   where KETAP is the number of the step and TIME the date of the current step. 
 
   In the case of a restart with a new computation of the preconditionning stiffness matrices  
    (MODEX=3, 4, 5, 6), DATDEB must be exactly equal to one of the dates of   
  backup of the output of the preceding analysis , which is written on the file prefixe.tbsv. 
 
  (3) IDTVRB is used in case of an adaptive time setp scheme. 
 
   If IDTVRB = 0 , the time step is given by the user 
   If IDTVRB = 1 , the time step is computed by the program    
 from theinitial time step . The critera used to change the time step are given in the paragraph 2.5 "algorithms ". 
 
   REMARK : The adaptive time step scheme is presently available only in statics. 
 
   CAUTION : The adaptive time step scheme is presently not compatible with    
 the modelisation of construction / excavation phases. 
                                          
 
  (4) DTTOL affords to give a lower limit to the time step. The time step courant (DTCAL) is  always 
chosen so that : 
    DTCAL > DTTOL * DTINIT 
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2.3. time duration 
 
__________________________________________________________________________ 
            SECTION  "ADAPTIVE TIME STEP " 
   skip this section if IDTVRB= 0 
__________________________________________________________________________ 
 
 
2.3. 1   Definition of the selected output dates  
 
2.3.1.a line 1 
 
 
==================================== 
input in routine IGNRAL 
  
       READ (LECG,2020) NTSOBS 
 2045  FORMAT(I5 ) 
==================================== 
 
 
 
 note  columns  variable  definition 
  
  
            1-5     NTSOBS    number of dates at which the output are selected. 
      1 _ NTSOBS _ ntdmax = 100 
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2.3. time duration 
 
2.3.1.b line 2 
 
======================================================== 
input in routine IGNRAL 
  
       READ (LECG,2060) (DATOBS (i) , i=1,NTSOBS) 
 2060  FORMAT(8F10.0 ) 
======================================================== 
 
 note  columns  variable definition 
  
       (1) 1-10     DATOBS(1)  1st date at which of the output are produced 
 
  11-20    DATOBS(2)  2nd date at which of the output are produced 
 
  ... 
 
                                          notes 
 
  (1)  give a maximum of 8 values on each line and as many lines as necessary. 
 
   The observation of the output consists in the output of the nodal unknowns on    
 the file prefixe.lst  and in the backup of the nodal unknowns and of  history parameters (stresses, strains, internal 
parameters) on the files of backup : 
    prefixe.ndsv 
    prefixe.hisv 
    prefixe.tbsv 
 
   REMARK : To obtain the output exactly at the selected dates of observation, the time step is 
reduced accordingly by the program. 
 
__________________________________________________________________________ 

END OF THE SECTION  "ADAPTIVE TIME STEP " 
__________________________________________________________________________ 
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2.4. Output types and files 
 
================================================= 
input in routine IGNRAL 
  
       READ (LECG,2025) IPRI,ISAVE,NIVIMP 
 2025  FORMAT(3I5) 
================================================= 
 
 note  columns  variable  definition 
 
            (1)  1-5      IPRI        Output of the nodal  unknowns on the     
      files prefixe.lst and prefixe.ndrs every IPRI steps. 
                                    = 0   no output 
 
 (2)   6-10     ISAVE       backup for the plotting every ISAVE steps 
                                     = 0    no backup 
                                     = n   Output of the nodal unknowns and of  history (stresses, 
strains,        internal parameters) every time steps of analysis on   
      the following backup files: 
        prefixe.ndsv 
        prefixe.hisv 
        prefixe.tbsv 
  
 (3)  11-15    NIVIMP       output level in the file prefixe.lst 
                                     = 0     shortest printing level ss  
                                     = n     printing  level 
                                           n varies between 1 and 4 
  
 
                                     notes 
 
  (1) It is recommended not to use an output period to avoid a useless filling of the files prefixe.lst and 
prefixe.ndrs. Consider especially that the nodal output may always be printed by the post-processor GEFDES. 
  
  (2)    If ISAVE is non vanishing, the output of the time step 0 (initialization) and of the last step of 
analysis are always saved, even if they do not correspond to the  chosen period (for security reasons). If an adaptive time 
step scheme is used, the steps corresponding to the dates defined at the preceding paragraph (line 2.3.1.b) are  always saved, 
together with the steps defined by ISAVE. 
  
       (3)   Definition of the different output levels : 
 
              NIVIMP =1:   convergence criteria at the end of each iteration 
  
   NIVIMP =2: same as NIVIMP=1 and: 
     generated nodes  
                            equations numbers  
                            table MASQUE, (to select the displacements or pressures degrees of freedom) 
                            initial displacements and pressures 
                            surface loads 
     output of the displacements and pressures at selected steps 
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              NIVIMP=3 : nodes input in the data file 
                            loadings nodal input 
      convergence criteria at the end of each iteration (EQUIT) 
 
              NIVIMP =4: memory partition for the analysis 
                            all the convergence messages are obtained during the iterations in EQUIT  
   
 CAUTION : During the data checking mode (MODEX = 0), the printing level is necessarily 4, to supply any 
 informations necessary for this verification. 
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2.5. Choice of numerical algorithm 
 
 
 
2.5. Choice of numerical algorithm 
 

 The tolerances are used to test the quality of the convergence at the end of each iteration. The convergence in 
both displacements ( displacements   - rotations - pressures) and in residuals (forces and mass flow) have to be satisfied. 
The displacements convergence has a higher privilege. The energy convergence test is used when the displacement 
convergence is obtained without any strong or weak residual convergence. 

                 
             For a coupled deformation-flow analysis, the convergence tests are split for the displacement and pressure 

component. The convergence is then reached when four tests are checked : 
  - displacements - rotations 
  - pore pressures 
  - residual forces 
  - residual flows 
  
 
  
=========================================================================== 
input in routine IGNRAL 
  
       READ (LECG,2030) ISREF,NUMREF,IEQUIT,ITEMAX,ITETYP, 
      *                  UTOL,RTOL,JTCG,STOL,ETOL,IPREDC 
 2030  FORMAT(5I5,2F10.0,I5,2F10.0,I5) 
=========================================================================== 
 
 
 
 note  columns variable  definition 
  
  
  
   (1)    1-5       ISREF       stiffness matrix computed every ISREF steps 
      default set to 1 
  
       (2)    6-10      NUMREF      maximum number of computation of a new stiffness matrix 

      at a given time step       
    not used ; input 0 

  
          11-15     IEQUIT      number of time steps between iterations analysis 
                                     by default set to 1 
  
       (3)    16-20     ITEMAX      maximum allowed number of iterations 
                                     by default set to 15 
  
       (4)    21-25     ITETYP      nonlinear technique code number 
                                     by default set to 1 for a coupled analysis  
                                      by default set to 11 in a deformation only analysis 
                                      by default set to 21 in a flow only analysis 
 
       (5)    26-35     UTOL        displacements tolerance  
                                     by default set to 1.E-3 
  
       (5)    36-45     RTOL        residual tolerance 
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                                     by default set to 1.E-1 
   
 (5) 61-70   ETOL  energy tolerance 
      by default set to RTOL*UTOL 
 
 (6) 71-75  IPREDC  prediction method code  
      default value 0  
      not available 
  
 
                                        
    notes 
  
  
  
   (1)   ISREF defines the computation period of a new preconditionning matrix. When this number is  

  larger than the maximum number of time steps the initial preconditionning matrix is always used. 
  For a given construction / excavation time step a new preconditionning matrix is always computed. 
               
  
 (2)   NUMREF is currently ignored. 
  
 (3)   Following the algebraic sign of ITEMAX, the behaviour of the program at the end of the   

 iterative processus is different : 
 
                    If  ITEMAX > 0  The program stops without  providing any output  
     if no convergence is obtained ; 
                    If  ITEMAX < 0  An output is printed even when convergence is not reached and the  

  analysis of the next time step will follow. 
 
  In the case of an adaptative time step scheme, ITEMAX gives the average maximum number of  

  iterations proposed by the user. The time step is chosen in order to have an optimal number of  
  iterations close to : ITEMAX / 5 

  
 (4)   ITETYP gives the code number for the iterative solution technique of the nonlinear problem. 
 
  For a deformation only analysis: 
   ITETYP = 11    Modified Newton technique 
   ITETYP =12    BFGS technique  
 
  For a flow only analysis: 
   ITETYP = 21    Modified Newton technique 
                 ITETYP =22    BFGS technique (dm*re negatif croissant) 
  
          For a coupled defortmation-flow analysis: 
         ITETYP = 1    Modified Newton technique 
                 ITETYP = 2    global BFGS technique  
                 ITETYP = 3    BFGS technique for the displacement only 
                 ITETYP = 4    BFGS technique for the pressures only 
   
 
 
 
      According to the sign of ITETYP, the behaviour of the iterative scheme will be different: 
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   if ITETYP > 0,  a residuals divergence between two consecutive iterations is not  
   allowed ;  the norm of the residual must decrease. 

   if ITETYP < 0 a residuals divergence between two consecutive iterations is  
   allowed ;  the norm of the residual can decrease. 

 
 (5) The convergence criteria are the following: 
 
  in displacements-rotations   ||AN+1 - A|| / ||A|| < UTOL 
  in pore pressures    ||PN+1 - PN|| / ||PN|| < UTOL 
  in force residuals    ||FMN+1 - FMN|| / ||FMN|| < RTOL 
  in flow residuals    ||FHN+1 - FHN|| / ||FHN|| < RTOL 
  in energy    ||(UF)N+1 - (UF)N|| / ||(UF)N|| < ETOL 
 
 
 (6) IPREDC is used to define the predictor in the iterative algorithm: 
 
   IPREDC = 0   U°n+1 = A 
   IPREDC = 1  U°n+1 = A + Dtn+1/ Δtn ( A -A-1 ) 
 
  CAUTION : The choice IPREDC=1, is not actually available and will be possible in statics only. 
 
  REMARK : IPREDC=1 may be used to accelerate the convergence. 
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2.6. Time integration technique 
 
 
2.6. Time integration technique 
 

========================================================== 
input in routine IGNRAL 
  
       READ (LECG,2040) IOPE,(OPVAR(i),i=1,7) 
 2040  FORMAT(I5,7F10.0) 
========================================================== 
  
       
 note  columns  variable  definition 
  
  
  
             (1) 1-5      IOPE        code for the time integration scheme  
                                   = 1   implicit statics 
                                   = 10  dynamic Newmark implicit-explicit 
                                   = 11  dynamic Newmark implicit 
                                   = 12  dynamic Newmark explicit 
  
  
       (2)     6-75     OPVAR(k),k=1,7 integration parameters 
  
  
 
 
  
  
                                         notes 
  
  
 (1) If IOPE=10, the choice of the integration scheme is detailed for each elements group (cf. 

paragraphes 8.x.1 "elements group properties" - NPAR(20)).  
  If IOPE=11 or 12, the data at each elements group level should be coherent with the IOPE value. 
  
 (2)   OPVAR keeps the integration  parameters according to the integration method. In statics, no value 

is necessary. 
               for the Newmark schemes ( IOPE = 10, 11, 12 ) 
               OPVAR (1) = γ 
               OPVAR (2) = β 
               default  γ = 1/2  
          β = (1/4) * (γ + 1/2)2    
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2.7. Modification of time step imposed by the user 

 
========================================= 
input in routine IGNRAL 
  
       READ (LECG,2045) NCHGDT 
 2045  FORMAT(I5) 
========================================= 
  
  
 
       note  columns  variable definition 
  
  
        (1)   1-5       NCHGDT       number of modifications to the time step 
  
 
  
                            notes 
  
  
 (1)  The maximum number of modifications to the time step is set to 16. When the adaptive option is 

used, IDTVRB _ 0 ( paragraph 2.3  - "time history")), this variable is not activated :  give NCHGDT = 0 
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 _______________________________________________________________________ 
 SECTION  "DEFINITION OF THE MODIFICATIONS OF TIME STEP IMPOSED" 

skip this section if NCHGDT = 0 
_______________________________________________________________________ 

 
2.7.1   line 1 
 
======================================================== 
input in routine IGNRAL 
  
       READ (LECG,2050) (INEWDT(i),i=1,NCHGDT) 
 2050  FORMAT(16I5) 
======================================================== 
 
 
  
 note  columns  variable  definition 
 
            (1) 1-80      INEWDT(k)    number of time steps with the time step (k-1) 
                         k=1,NCHGDT,  
  
 
 
                                        notes 
 
  
 (1) The time step 0 is given with the chronology data at the line 2.3. 
  Only one line of data is necessary (see the note (1) of the preceding paragraph) 
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2.7.2   lines 2 and eventually 3 
 
================================================== 
input in routine IGNRAL 
  
       READ (LECG,2060) (DTNEW(i),i=1,NCHGDT) 
 2060  FORMAT(8F10.0) 
================================================== 
 
 
 
       note  columns  variable  definition 
 
          (1)    1-80      DTNEW(k)     new time steps from the step KETAP 
                         k=1,NCHGDT    
  
 
 
 
                                         notes 
  
 
 (1) Maximum 2 data lines if  NCHGDT > 8. 
             The time step modification number k is activated at the time step number: 
 
   KETAP = ( INEWDT(1) + ... + INEWDT(k) ) 
 
             In order that the time step modification number k is taken into account, it is necessary that : 
 
                   NPASDT ._ ( INEWDT(1) + ... + INEWDT(k) + 1 ) 
  and that 
   DATFIN _ ( INEWDT(1)*DT(0) + ... + INEWDT(k)*DTNEW(k-1)) 
      
  with DT(0) = DTINIT 
 
 
/////////////////////////////////////////////////////////////////////// 
         END OF THE SECTION  "DEFINITION OF THE IMPOSED TIME STEP MODIFICATIONS " 
/////////////////////////////////////////////////////////////////////// 
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2.8. Output on file prefixe.ndrs 
 
============================================ 
input in routine IGNRAL 
  
       READ (LECG,2070) NPB,IDC,IVC,IAC 
 2070  FORMAT(4I5) 
============================================ 
 
       
 note  columns  variable   definition 
  
       (1)    1-5       NPB         number of blocks to print the output of the nodal dof  
      on the file prefixe.ndrs 
                                    =0  no output on prefixe.ndrs 
  
             6-10      IDC         output code for the displacements and pressures 
                                    =0  no output 
                                    =1  output 
  
             11-15     IVC         output code for the velocities 
                                    =0  no output 
                                    =1  output 
  
             16-20     IAC         output code for the accelerations 
                                    =0  no output 
                                    =1  output 
  
  
                                         notes 
  
 (1)   A printing block is an ensemble of nodes, between two nodes numbers. 
 
  According to the output level NIVIMP (cf. paragraph 2.4), the nodal output will be also printed on 

the file prefixe.lst to nodes belonging to the printing blocks defined at the following paragraph . It is thus recommanded 
to give NIVIMP=0 or 1 to avoid to fill this file up. 

  These printing blocks afford to write the truly required nodal output only (displacements, rotations, 
pressures). 

 
                 If NPB=0  no output will be performed on prefixe.ndrs and  prefixe.lst 
 
                The maximum number of blocks is set to 8 (NPB_8). 
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_______________________________________________________________________ 
    SECTION "DEFINITION OF THE BLOCKS OF PRINTING" 
    skip this section if NPB = 0 
_______________________________________________________________________ 
 
  
2.8.1     Definition of the printing blocks  
 
=========================================================== 
input in routine IGNRAL 
  
       READ (LECG,2080) ((IPNODE(i,j),i=1,2),j=1,NPB) 
 2080  FORMAT(16I5) 
=========================================================== 
 
       
 note  columns  variable  definition 
  
 (1)     1-5      IPNODE(1,1)   1st node of the 1st block 
  
              6-10     IPNODE(2,1)   last node of the 1st block 
  
             11-15     IPNODE(1,2)  1st node of the 2nd block 
  
              16-20     IPNODE(2,2)  last node of the 2nd block 
  
                 IPNODE(1,k)  1st node of the k-th block 
  
                   IPNODE(2,k)  last node of the k-th block 
                         etc..... 
 
 
  
                                         notes 
  
 (1)   two data are required for each printing block: the first and the last node. 
               The output of all the intermediairy nodes will be sent to the file  prefixe.ndrs . 
 
           If the user wants to print the nodal output of every degrees of freedom of every nodes, he must give 

  
    NPB = 1, IDC=1  
  and  IPNODE(1,1) = 1 and IPNODE(2,1) = NUMNP. 
 
           no more than 8 blocks of printing can be given 
 
 
/////////////////////////////////////////////////////////////////////// 

END OF THE SECTION "DEFINITION OF THE BLOCKS OF PRINTING" 
/////////////////////////////////////////////////////////////////////// 
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3. NODAL DATA 
  
3.1. Choice of the input mode  
 
================================================ 
input in routine INODAL 
 
 READ(LECG,3000) IPPGEF , IFORMA 
 3000  FORMAT(2I10) 
================================================  
 
 note columns  variable  definition 
  
 (1) 1-10  IPPGEF  type of the file on which the nodes are input  
      =  0   the nodes are input sequentially in the   
      data file 
      =  1  the nodes are input on a geometry file which  
       has a title 
  
 (2) 11-20  IFORMA code selecting with which format the  
      nodal data will be input 
      = 0 input of 4 d.o.f. for each node 
      = 1 input of 7 d.o.f. for each node 
  
  
     notes 
  
 
 (1) Thegeometry  file which has a title must be named prefixe.geom, where    "prefixe" 
is the prefixe of the files for the run-time. 
 
  (2) The choice IFORMA = 1 is necessary when structural elements are present in the mesh. 
 
  The choice IFORMA = 1 is recommended, because it corresponds to a more general formulation . 



37 
 
 
3. NODAL DATA 
 

_______________________________________________________________________ 
SECTION  "TITLE OF THE MESH" 

Skip this section if IPPGEF _ 1 
_______________________________________________________________________ 

 
3.1.a   Heading of the auxiliary file 
 
================================================= 
input in routine INODAL  if  IPPGEF = 1 
  
 READ(LECNOD,1001) TITDON 
1001  FORMAT (A72) 
================================================= 
 
 
 note  columns  variable     definition 
  
  
    (1)    1-72      TITDON      title output on the first line of the file    
     of geometry prefixe.geom 
  
  
     notes 
  
  
 (1)  This title is not more than 72 characters long. 
 
  CAUTION : this title must be output on the first line of the file prefixe.geom. 
 
 
 
 
 
///////////////////////////////////////////////////////////////// 
    END OF THE SECTION    "TITLE OF THE MESH " 
///////////////////////////////////////////////////////////////// 
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3.2. Definition of each node 
 
__________________________________________________________________ 
   SECTION  "INPUT OF THE NODES WITH 4 DOF" 
   Skip this section if IFORMA _ 0 
__________________________________________________________________ 
 
 Repeat this command as many times as necessary (cf. note (1)) 
 
========================================================================== 
input in routine INODAL 
  
      READ (LECNOD,1000) N,(IDT(i),i=1,3),IDT(7),X1,Y1,Z1,KN,IT 
    ,NEQUIV 
 1000  FORMAT (5I5,3F10.0,I5,A1,I5) 
========================================================================== 
 
  
 
  note  columns  variable  definition 
  
 
   (1)     1-5      N           node number  
                                    1 _ N _ NUMNP 
  
       (2)     6-10     IDT(1)     code for the 1st degree of freedom of the node N 
 
 (2) 11-15     IDT(2)     code for the 2nd degree of freedom of the node N 
 
 (2) 16-20     IDT(3)     code for the 3rd  degree of freedom of the node N 
 
    (2) 21-25     IDT(4 ou7)     code for the n-th  degree of freedom of the node N 
 
 (3) 26-35    X1        x coordinate of the node N 
      (not used in 2D) 
 
 (3) 36-45     Y1         y coordinate of the node N 
 
 (3) 46-55    Z1         z coordinate of the node N 
 
 (4)    56-60     KN          increment of the numbers of nodes to the     
    automatic generation 
                                    = 0  no generation 
  
       (5)     61       IT          code for cylindrical coordinates 
                                    = C       cylindrical coordinates 
                                    = white space   cartesian coordinates 
 
 (6) 62-66  NEQUIV number of the equivalent node  
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                                         notes 
  
  
     (1)   The nodes 1 to NUMNP must be defined or generated. In the latter case, the user may use an 
automatic mesh generation program; see the note (4). 
 
                The nodal data must necessarily be ended with the node NUMNP  
  (stop of the input of these data if N=NUMNP ) 
 
  CAUTION : If the automatic generation option is used, check that all the   
 nodes have well been generated, with the correct degrees of freedom. 
  
  
 (2)   The boundary conditions in each node N are given by   
   IDT(m)  m=1,2,3,4 
  with : 
                   IDT(m)=0    a free d.o.f.  
                   IDT(m)=1    an imposed equal to zero d.o.f.  
                   IDT(m)=-1   a specified not equal to zero d.o.f.  
   IDT(m)=1 a d.o.f. in useful 
 
  The values on an imposed and not equal to zero degree of freedom (d.o.f.) are   
 given in the paragraph 5 entitled "external nodal loadings". 
 
  The meaning of each degree of freedom is given in the following table ,    with the 
conventions specified at the beginning of this users's reference manual : 
 
  ___________________________________________________________________ 
  type of analysis    IDT(1) IDT(2) IDT(3) IDT(4 ou7) 
  ___________________________________________________________________ 
 
  2D deformation without struct. el. - uy uz -  
  2D Biot simple without  struct. el. - uy uz  p  
  2D full Biot without  struct. el.  uy uz  wy wz  
 
  3D deformation without  struct. el.  ux uy uz -  
  3D Biot simple without  struct. el. ux uy uz  p  
 
  flow only in 2D or 3D  - - - p  
  ________________________________________________________________ 
 
  
 
             (3)   The coordinates system is a cartesian reference frame. 
                When the analysis is 2D, it is performed in the y-z plane. 
 
 
 
 (4)   The nodes  numbers are not necessarily input sequentially. However all the nodes from 1 to 
NUMNP must be defined. A crude automatic generation of nodes along a line is available: 
 
  The nodes n1,n1+1*kn1,n1+2*kn1, ...,n1+i*kn1,_ ,n2 may be 
                by 2 data lines : 
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                    n1,ID(1,n1),...,ID(7,n1),X(n1),...,kn1 
                    n2,ID(1,n2),...,ID(7,n2),X(n2),...,kn2 
 
                  The first generated node is  n1+1*kn1, 
  The i-th generated node is n1+ i*kn1, 
      etc _  
  The generation stops at i defined by :  
   n1+i*kn1 < n2 < n1+(i+1)*kn1 
  Note that n2-n1 may or non be divisible by kn1. 
                  The generated boundary conditions are those of n1. 
  
 (5)    Although the program uses a cartesian reference frame (x-y-z in 3D, or y-z in 2D), the user may 
enter the nodes with cylindrical coordinates, then : 
  in 2D  Y1 stands for r 
    Z1 stands forθ 
                      y = r cos θ , z = r sin θ 
  in 3D  X1 stands for r 
    Y1 stands for θ 
    Z1 stands for z 
                      x = r cos θ , y = r sin θ, z = z 
  
 (6) It is possible to constraint the nodal degrees of freedom of two nodes to be always equal in which 
case the nodes will be said to be equivalent. If the node N1 is equivalent to the node N2, it must also be input on the 
data line of the node N2, that the node N2 is equivalent to the node N1. 
 
  CAUTION : The semi-automatic generation option does not work with the equivalent nodes . 
 
 
 

////////////////////////////////////////////////////////////////// 
end of the section   "READ OF THE NODES WITH 4 DOF" 

////////////////////////////////////////////////////////////////// 
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__________________________________________________________________ 
SECTION  "INPUT OF THE NODES WITH 7 DOF" 

Skip this section if IFORMA _ 1 
__________________________________________________________________ 

 
 Repeat this line as many times as necessary (cf. note (1)) 
 
 
=========================================================================== 
input in routine INODAL 
  
      READ (LECNOD,1010) N,(IDT(i),i=1,7),X1,Y1,Z1,KN,IT,NEQUIV 
 1010  FORMAT (I5,7I2,6X,3F10.0,I5,A1,I5) 
=========================================================================== 
 
  
  note  columns  variable     definition 
  
  
   (1)     1-5      N            node number 
                                    where  1 _ N _ NUMNP 
  
  
       (2) 6-7    IDT(1)     1st degree of freedom code of the node N 
 
 (2) 8-9   IDT(2)     2nd degree of freedom code of the node N 
 
 (2) 10-11    IDT(3)     3rd degree of freedom code of the node N 
  
    (2) 12-13     IDT(4)     4th degree of freedom code of the node N 
 
 (2) 14-15     IDT(5)     5th degree of freedom code of the node N 
 
 (2) 16-17     IDT(6)     6th degree of freedom code of the node N 
 
 (2) 18 -19  IDT(7)  7th degree of freedom code of the node N 
 
 (3) 26-35    X(N)        coordinate x of the node N 
 
 (3) 36-45     Y(N)        coordinate y of the node N 
 
 (3) 46-55    Z(N)        coordinate z of the node N 
  
       (4) 56-60     KN          increment of the numbers of the nodes 
                                   for the generation automatic 
                                    = 0  no generation 
  
       (5) 61       IT          code for cylindricalcoordinates  
                                    = C       cylindrical coordinates 
                                    = white space cartesian coordinates 
 
 (6) 62-66  NEQUIV  number of the node equivalent 
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                         notes 
  
 
 (1) see the note (1) of the preceding section .  
 
 (2) see the note (2) of the preceding section .  
 
______________________________________________________________________________________ 
type of analysis    IDT(1) IDT(2) IDT(3) IDT(4) IDT(5) IDT(6) IDT(7) 
______________________________________________________________________________________ 
 
2D deformations without  struct. el.  - uy uz - - - - 
2D deformations + struct. el.  - uy uz θyz - - - 
2D Biot simple without  struct. el  - uy uz - - - p 
2D Biot simple +  struct. el - uy uz θyz - - p 
2D Biot complet without  struct. el uy uz wy wz - - - 
2D Biot comple +  struct. el - uy uz θyz  wy wz - 
 
3D deformations without  struct. el ux uy uz    - 
3D deformations +  struct. el ux uy uz θyz θxz  θxy - 
3D Biot simple without  struct. el  ux uy uz  - - - p 
3D Biot simple +  struct. el  ux uy uz  θyz θxz  θxy  p 
 
fluid flow only in 2D or 3D  - - - - - - p 
______________________________________________________________________________________ 
 
 (3) see the note (3) of the preceding section.  
 
 (4) see the note (4) of the preceding section.  
 
 (5) see the note (5) of the preceding section.  
 
 (6) see the note (6) of the preceding section.  
 

 
 

////////////////////////////////////////////////////////////////// 
   end of the section   "READ OF THE NODES WITH 7 DOF" 

////////////////////////////////////////////////////////////////// 
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3.3.   Data relative to the analysis of the reaction forces 
 

__________________________________________________________________ 
SECTION  "ANALYSIS OF THE REACTION FORCES" 

Skip this section if NODLGN _ 0 (see 2.1) 
__________________________________________________________________ 

 
 Repeat this line, which reads 16 values maximum, as many times as necessary. 
 
=========================================================== 
input in routine INRSLT 
  
      READ (LECNOD,2000) (NLIGNE(i),i=1,NODLGN) 
 2000  FORMAT (16I5) 
=========================================================== 
 
 
  note  columns  variable  definition 
  
 
   (1)     1-5      NLIGNE(1)       number of the first point belonging to the   
    line on which the reaction forces are to be computed 
       
  
            6-10     NLIGNE(2)       number of the second point belonging to the   
    line on which the reaction forces are to be computed 
 
    _  _ 
 
    NLIGNE(NODLGN) number of the last point belonging to the   
    line on which the reaction forces are to be computed  
  
                                         notes 
  
  
     (1)   Give only the nodes which are situated on the vertices of the elements. 
  The reaction forces in 2D are: 
   - Fy and Fz  forces along the axes y and z 
   - Mx  moment with respect to the x axis 
   - V.n  flux across the element 
   
  In the case d’un analysis coupled, you analyze the forces due to stresses effective. 
 
  The analysis of the reaction forces is performed only in the following elements: 
   - 2D solid elements 
   - 2D interface elements 
   - 2D surface load elements 

 
////////////////////////////////////////////////////////////////// 

end of the section   "ANALYSIS OF THE REACTION FORCES" 
////////////////////////////////////////////////////////////////// 
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4. ACCELERATION OF GRAVITY AND PROPERTIES OF THE FLUID 
 
 

=============================================================== 
 
input in routine IGNRAL 
  
       READ(LECG,2500) GX0,GY0,GZ0,DENW,COMPRW 
2500   FORMAT(5F10.0) 
===============================================================  
  
      note  columns  variable  definition 
  
 (1)    1-10      GX0          ignored 
  
       (1)   11-20      GY0          ignored 
  
       (1)   21-30      GZ0          intensity of the gravity along oz 
  
       (2)   31-40      DENW        density of the pore fluid 
  
       (3)   41-50      COMPRW      compressibility of the pore fluid 
  
  
                                         notes 
  
  
 (1)   The value GZ is a real number, it is used for the analysis of the  unit weight. In the following data ,
the user will give everywhere the density of the different materials. 
 
                CAUTION! do not give GZ = 0. 
  Usually  GZ = - 9.81m/s2 
 
                The axis oz is a vertical ascendant axis. The axes ox and oy are in  the horizontal plane   and make 
with oz a direct cartesian reference frame. 
  
M  It is possible to have a time dependant gravity. In this case, the user must choose   NGRVRB_0 in
the section 5.1. and introduce the required other data. If NGRVRB =0 , the values GX0,GY0 and GZ0 are assumed to
be constant. 
  
  (2)   The density of the pore fluid is used for the coupled deformation/fluid-flow problems and flow 
only problems. 
 
                CAUTION! do not give DENW = 0. 
  Usually  DENW = 1000 kg/m3. 
  
 (3)   Usually the compressibility of the fluid is taken equal to the compressibility of pure water, that is : 
  COMPRW = 4.5 10-10 Pa-1. 
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5. EXTERNAL NODAL LOADINGS  
 
  The loadings nodal external are of 4 different types : 
 
 a. nodal point loads          NCHARG 
 b. imposed non vanishing dof     NDIMP 
 c. ater levels              NRTNU 
 d. imposed accelerogram    JACCE 
 e. pore pressures imposed by a reservoir NPHYDR 
 f. time dependant gravity forces  NGRVRB 
 
The time evolution for each loading type is described by a curve y=f(t). 
First of all, every curves required to describe the time evolution of each loading type must be given.  
 
The nodal point loads are either forces, or moments nodal point, or nodal point flows. 
Each nodal point load and each imposed non vanishing degree of freedom is defined by : 
  a node,  
  a local dof ,  
  the function number, which describes the time evolution, 
  a multiplicative factor, which scales the amplitude of the function. 
 
Then, if there exists water levels in the model, each level is characterised by the function number. These water levels
may correspond either to: 
 
 - the reservoirs external to the model ; they may be combined with the interface fluid elements, which afford
to modelize the seepage (cf. paragraph  "elements of interface 2D" 8.4) and to compute the water pressuresalong the
reservoir. It is also possible to impos the pore pressures at given nodes (NPHYDR_0) when fully saturated conditions 
prevail. The corresponding imposed pore pressure is equal to the hydrostatic pressure below the water level and to zero
above it. 
 
 - inner water levels in the perfectly drained case with the Hujeux constitutive model (deformation only) ; ils
interviennent then in the caracteristiques of the materials : the density of the materials is the buoyant density under the
water level and the density of the dry material above of the water level. 
 
Then, if there exists an imposed accelerogram , a curve number and a scaling factor must be given for each three spatial
directions, to define the amplitude and the direction of the acceleration wrt to time. 
 
M If pore pressures are imposed on some nodes with the help of reservoirs (NPHYDR_0) the list of these
NPHYDR nodes must be given together with the reservoir number imposing the pressures on each of these nodes. 
 
M When the gravity is time dependant, corresponding to each direction a curve number must be given which
describes its time evolution, and a scaling factor which affords to modify the curve amplitude. 
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5.1. Loads and loads type number 
 
 
=====================================================================================
= 
input in routine IGNRAL 
  
       READ(LECG,2510) 
   NCHARG,NCOURB,NPTM,NRTNU,NDIMP,JACCE,NPHYDR, 
  NGRVRB 
2510   FORMAT (8I5) 
=====================================================================================
= 
  
 
  
       note  columns  variable  definition 
  
  
 (1)    1-5       NCHARG      nodal point load number at dof level 
  
 (2)    6-10      NCOURB      number of time dependant curves 
  
 (2)    11-15     NPTM        maximum number of points used 
                                   to describe each of the curves 
      by default set to 1 
   
       (3)    16-20     NRTNU       number of water levels  
      NRTNU < 10 
 
       (4)    21-25     NDIMP       number of conditions imposed to the nodal dof 
                                    
 
       (5)    26-30     JACCE       accelerogram code 
      = 0 no accelerogram 
      = 1 an accelerogram will be input 
   
M (6) 31-35  NPHYDR number of nodes with imposed by a reservoir pore pressure
 
M  36-40  NGRVRB time dependant gravity code 
 
 
                                         notes 
 
  
 (1)   A d.o.f. may be submitted to several nodal point loads; it must then be considered   as 
many times as different loads is applied ; in this case, the nodal point loads are added. 
   
  
 (2)  The loadings are applied through the time dependant functions. The user must here only give its
number and the maximum number of points which defines the graph (t,f(t)) or directly f(t) if it corresponds to an
analytic curve. 
                If each functions are defined analytically, give NPTM = 1. 
                If NCHARG = NRTNU = NDIMP = 0 and JACCE = 0, one must have NCOURB = 0. 
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 (3)   The available maximum number of water levels is  10 . 
 
 
          (4)   A non vanishing displacement imposed d.o.f. has already be identified the mesh input data by  
 ID(DOF,NODE) = -1 (cf. paragraph "data nodal" 3.2). The displacement value may be defined with the help
of several curves different whose amplitudes will be added algebraically. 
 
  REMARK :  
  If a d.o.f. is considered as imposed with ID(DOF,NODE) = -1, and if the imposed value is not
defined in this section, the imposed value of this d.o.f. will be considered equal to zero. 
 
 
 (5) The definition of the accelerogram is given at paragraph 5.5 through the time dependant curves
which define the amplitudes of the acceleration in the three spatial directions. 
 
M (6) If NPHYDR_0, NRTNU must be non vanishing. Caution, the corresponding imposed pore
pressures should not be considered in NDIMP. 
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______________________________________________________________ 
SECTION  "DEFINITION OF THE FUNCTIONS " 

skip this section if NCOURB = 0 
______________________________________________________________ 

  
5.2. Definition of the loadings curves  
 
 
 Give NCOURB  definitions of load functions  
 
 
 
 
===================== 
input in routine ICHARG 
===================== 
 
 
 
 
 
 
See the Appendix "Definition of time dependant functions" for the definition of each of the curves. 
 
 
  
CAUTION :  these curves will be used to define the nodal point loads as well as the imposed dof, and the water
levels or only one accelerogram. 
 
 
 
 
 

////////////////////////////////////////////////////////////// 
END OF THE SECTION  "DEFINITION OF THE FUNCTIONS " 

////////////////////////////////////////////////////////////// 
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______________________________________________________________  
 SECTION  " DEFINITION OF THE NODAL POINT LOADS " 

skip this section if NCHARG + NDIMP = NSOLLI = 0 
______________________________________________________________ 

  
 
5.3. Definition of the nodal loads 
 
 Give (NCHARG + NDIMP) data lines. 
  
 
======================================================================= 
input in routine ICHARG 
  
       READ (LECG,3200) 
  (NOD(i),IDIRN(i),NCUR(i),FAC(i),i=1,NSOLLI) 
 3200  FORMAT (3I10,F10.0) 
======================================================================= 
 
  
  
      note columns  variable  definition 
  
  
 (1)     1-10      NOD         number of the node where the load i is applied 
                                    (1 _ NOD_ NUMNP ) 
  
       (2)    11-20     IDIRN        correponding degree of freedom code 
      (depending on the type of the analysis) 
 
             21-30      NCUR        load curve number 
                                       1 _ NCUR _ NCOURB 
  
       (2)    31-40      FAC         scaling factor for f(t).       
    by default set a 1.0 
  
 
      
 
 
 
 
     notes 
  
 
 
 
 (1)   If the same degree of freedom (IDIRN) at same node (NOD) is given several times, the  
 program adds up the loads, without any error diagnostic. 
  
 
 
 (2)   The degree of freedom code to be given depends on the analysys type. It must thus be chosen
according to the  table below: 
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 _____________________________________________________________________________ 
 dof  ux uy uz θyz θxz θxy p 
   or    wy wz    
  or      wz     

 Type of analysis 
 _____________________________________________________________________________  
 2D Deformation without beam  - 1 2 - - - -  
 2D Deformation + beam  - 1 2 3 - - - 
 2D Biot simple without beam - 1 2 - - - 3 
 2D Biot simple + beam  - 1 2 3 - - 4 
 2D Biot full without beam  - 1 2 3 4 - - 
 2D Biot full + beam  - 1 2 3 4 5 - 
 
 3D Deformation without beam 1 2 3 - - - - 
 3D Deformation + beam   1 2 3 4 5 6 - 
 3D Biot simple without beam 1 2 3 - - - 4 
 3D Biot simple + beam  1 2 3 4 5 6 7 
 
 Fluid flow 2D or 3D  - - - - - - 1 
 _____________________________________________________________________________ 
 
 
  If IDIRN > 0, the loading thus defined is a nodal point load.  
  Depending on the type of analysis, the nodal point load is either: 
   - a force (dof ux,uy,uz), 
   - a moment (dof θyz, θxz, θxy), 
   - a flux (dof p). 
 
  If IDIRN < 0, the curve corresponds to an imposed dof.  
  Depending on the type of analysis, it is possible to imposer at a node either : 
 
   - the displacements (dof ux,uy,uz),  
   - the rotations (dof θyz, θxz, θxy), 
   - the relative displacements of fluid (dof wy,wz), 
   - the pore pressure (p). 
 
   CAUTION :  The degree of freedom of the node NOD must have been input with -1 in the 
nodal data set (cf. paragraph 3.2). 
 
 
 

////////////////////////////////////////////////////////////// 
END OF THE SECTION  " DEFINITION OF THE POINT LOADS NODAL " 

////////////////////////////////////////////////////////////// 
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______________________________________________________________ 
SECTION  "DEFINITION OF THE WATER LEVELS" 

skip this section if NRTNU = 0  
______________________________________________________________ 

 
 
5.4. Definition of the water levels 
 
 Give 8 values by line and 2 lines if NRTNU > 8 
 
========================================================= 
input in routine ICHARG 
  
          READ (LECG,3300) (NCRTNU(i),i=1,NRTNU) 
 3300  FORMAT (8I10) 
========================================================= 
 
   
    note  columns  variable  definition 
  
  
             1-10      NCRTNU(1)    curve number featuring the time evolution of the   
     altitude of the water corresponding to the water level 1 
 
             11-20      NCRTNU(2)    curve number featuring the time evolution of the   
     altitude of the water corresponding to the water level 2 
 
               NCRTNU(i)    curve number featuring the time evolution of the   
     altitude of the water corresponding to  the water level i 
 
               NCRTNU(NRTNU)curve number featuring the time evolution of the   
     altitude of the water corresponding  
      to the last level NRTNU 
 
 
 
 

////////////////////////////////////////////////////////////// 
  end of the section  "DEFINITION OF THE WATER LEVELS" 

////////////////////////////////////////////////////////////// 
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 ______________________________________________________________ 
SECTION  "DEFINITION OF AN ACCELEROGRAM" 

skip this section if JACCE= 0 
______________________________________________________________ 

 
 
5.5. Definition of the accelerogram 
 
=====================================================================================
= 
input in routine ICHARG 
  
          READ (LECG,3210) NACCEX,FACCEX,NACCEY,FACCEY,NACCEZ,FACCEZ 
 3210  FORMAT (I10,F10.0, I10,F10.0 , I10,F10.0 ) 
=====================================================================================
= 
   
    note  columns  variable  definition 
  
  
            (1) 1-10      NACCEX   curve number for the accelerogram in the direction x 
      1 _NACCEX _NCOURB 
 
           (1)  11-20      FACCEX   scaling factor in the direction x 
      no default value 
 
           (1)  21-30      NACCEY  curve number for the accelerogram in the direction y 
      1 _NACCEY_NCOURB 
 
           (1)  31-40      FACCEY   cscaling factor in the direction y  
      no default value 
 
           (1)  41-50      NACCEZ  curve number for the accelerogram in the direction z 
      1 _NACCEZ_NCOURB 
 
           (1)  51-60      FACCEZ   scaling factor in the direction z 
      no default value 
 
 
 
    notes 
  
  
 (1)   For a 2D analysis, give NACCEX=0 and FACCEX=0. 
  The imposed acceleration is defined at the instant t by its three components : 
 
   ACCEX = FACCEX * fNACCEX(t) 
    ACCEY = FACCEY * fNACCEY(t) 
   ACCEZ = FACCEZ * fNACCEZ(t) 
 
 

////////////////////////////////////////////////////////////// 
  end of the section  "DEFINITION OF AN ACCELEROGRAM" 

////////////////////////////////////////////////////////////// 
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 ______________________________________________________________ 
SECTION  "PORE PRESSURE IMPOSED BY A RESERVOIR" 

skip this section if NPHYDR= 0 
______________________________________________________________ 

 
M5.6. Definition of the reservoirs imposing the pore pressure 
 
 give NPHYDR data lines 
 
=====================================================================================
= 
input in routine ICHARG 
  
          READ (LECG,3220) INODCH,IRTNCH 
 3220  FORMAT (I10,10X, I10, ) 
=====================================================================================
= 
   
    note  columns  variable  definition 
  
  
 (1) 1-10      INODCH   node number where the pore pressure is imposed 
 
  21-30      IRTNCH  reservoir number 

  
     notes 

 
 (1) the pore pressure imposed is zero above the level of the reservoir IRTNCH and hydrostatic
underneathe.  The pressure is computed with the variables DENW and GZ (cf. §4) 
 
 
 

////////////////////////////////////////////////////////////// 
 end of the section  "PORE PRESSURE IMPOSED BY A RESERVOIR" 

////////////////////////////////////////////////////////////// 
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 ______________________________________________________________ 
SECTION  "DEFINITION OF THE TIME DEPENDANT GRAVITY FUNCTION 

skip this section if NGRVRB = 0 
______________________________________________________________ 

 
 
M5.7. Definition of the gravity function w.r.t. time 
 
=====================================================================================
= 
input in routine ICHARG 
  
          READ (LECG,3210) NGX,FACGX,NGY,FACGY,NGZ,FACGZ 
 3210  FORMAT (I10,F10.0, I10,F10.0 , I10,F10.0 ) 
=====================================================================================
= 
   
    note  columns  variable  definition 
  
  
 (1) 1-10      NGX    curve number for the gravity in the direction x 
      1 _NGX _NCOURB 
 
 (1)  11-20      FACGX   scaling factor in the direction x 
      no default value 
 
 (1) 21-30      NGY    curve number for the gravity  in the direction y 
      1 _NGY _NCOURB 
 
 (1)  31-40      FACGY   cscaling factor in the direction y 
      no default value 
 
 (1) 41-50      NGZ    curve number for the gravity in the direction z 
      1 _NGZ _NCOURB 
 
 (1)  11-20      FACGZ   scaling factor in the direction z 
      no default value 
 
    notes 
  
  
 (1)   For a 2D analysis, give NGX=0 and FACGX=0. 
 
  The gravity vector is defined at the date t by its three components : 
 
   GXT = GX0*FACGX * fNGX(t) 
   GYT = GY0*FACGY * fNGY(t) 
   GZT = GZ0*FACGZ * fNGZ(t) 
 
  where GX0,GY0 and GZ0 are input on the carte no. 4. 
 

////////////////////////////////////////////////////////////// 
  end of the section  "DEFINITION OF THE GRAVITY FUNCTION OF THE TIME" 

////////////////////////////////////////////////////////////// 
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6. INITIAL NODAL CONDITIONS  
 
 
 
 
 This paragraph affords to define the nodal initial conditions : the values of the different degrees of freedom 
the nodes (displacements, rotations, pressures, velocities, accelerations). The type of initial conditions is described wi
the help of the variable ICON. 
 
 
 
Run without restart (MODEX=1) : 
 For zero initial conditions, give ICON=0. 
 For non zero the initial conditions, give ICON=1,2,3,4,10,12,13. 
 
 
 
Run with restart (MODEX=2,3,4,5,6) 
 The program only takes into account ICON=0. The initial conditions are then adjusted corresponding to the ty
of restart (cf. "data general" paragraph 2.1).  
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6.1. Type of initial conditions 
 
============================================ 
input in routine INITAL 
  
       READ (LECG,1000) ICON,IDESEQ 
 1000  FORMAT (2I5) 
============================================ 
 
       
 note columns  variable  definition 
  
        (1)   1-5       ICON        code for the initial conditions 
  
        (2)   6-10      IDESEQ      code for the initial residual forces and flows  
  
 
                                  notes 
  
  
   (1)  If the initial conditions are zero, give ICON =  0. 
 
  If the  study   is a restart (MODEX > 1), give ICON = 0. 
 
  The following table sums up the different cases :  

 
_____________________________________________________________________________ 
type of I.Cond.  C.I. Defor.=0 C.I. Defor._0 C.I. Defor.=0 C.I. Defor._0 
  C.I. Flow. =0 C.I. Flow. =0 C.I. Flow. _0 C.I. Flow. _0 
_____________________________________________________________________________ 
all models  ICON = 0 ICON = 2 ICON = 2 ICON = 2 
 
 ( ------ ------ ICON = 10 ------ 
Biot simple ( ------ ------ ICON = 12 ICON = 12 
only ( ------ ------ ICON = 3 ICON = 4 
 ( ------ ------ ICON = 13 ICON = 13 
_____________________________________________________________________________ 
 

  
  Definition of the different values of ICON : 
 
         ICON = 2     initialization of some  nodal unknowns  
                                        according by the data of a node and a dof code  
 
   ICON = 3      the pressures are initialized with a degree    
     of saturation given at the element group level 
 
   ICON = 4    is equivalent to : 
      ICON = 3  then ICON = 2  
      The pressures are especially initialized to    
     with a degree of saturation given at the element group level; 
     if no degree of saturation has been given (SATUR0 = 0),  
     they are initialized node by node. 
                                      



59 
 
 
6. NODAL INITIAL CONDITIONS 
 

         ICON = 10     initialization of every pore pressure in the    
     model by an hydrostatic distribution. 
 
    ICON = 12     is equivalent to: 
      ICON = 10  then ICON = 2 
     The pressures are initialized with an hydrostatic variation,  
     then initialized node by node,  
     this second initialization having a higher priority. 
 
   ICON = 13 is equivalent to: 
      ICON = 3  then ICON = 10  then ICON = 2 
     The pressures are especially initialized with the help of a   
    degree of saturation given with the element group  ; 
     if no degree of saturation has been given    
     (SATUR0 = 0), they are initialized with an hydrostatic variation,  
     then initialized node by node. 
 
 
M (2) For nonlinear computations, it is often necessary to start a  study   with non zero initial  
effective stresses. Presently two possibilites are available to initialize the effective stresses: 
 

- either in an element group with stratigraphy data (NCOUCH_0) described in paragraph 8
8.2, 8.5.2.2.a, 8.8.3, 8.9.3, 8.10.3, 8.11.3 and 8.12 according to the corresponding types 
elements. 
- or at the element level for the solid elements 2D and 3D (NINIT_0)  
 

  IDESEQ _ 0, affords to equilibrate the effect of these initial effective stresses; The program comput
then the nodal forces necessary to equilibrate these stresses and it stores them in the file prefixe.inun.  
 
  Give IDESEQ=0, it is not wanted to equilibrate theeffective initial stresses    
 , or if the initial data are statically admissible. 
 
  Presently three possibilites are available for the analysis of the intial desequilibrium. 
 
   IDESEQ = 1  
 

- if MODEX=1 
this option affords to equilibrate the effect of the initial stresses  due to a stratigrap
(NCOUCH).  
- if (MODEX >1), the desequilibrium not resolved in a preceding analysis 
annihilated. The file prefixe.inun used in the preceding analysis must be available. 
 
 

   IDESEQ = 2 
 

- This option may not be used in the case of a restart. In this case, it is possible 
compensate the initial stresses which come from a preceding analysis. 
 
 

   IDESEQ = 3 
 

- This option may be used only in the case of a restart. In this case, it affords 
compensates the desequilibrium which has not been taken into account in t
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preceding analysis. In this case the file prefixe.inun of the preceding analysis mu
have been saved. 
 
 

  CAUTION : Only, the initial effective stresses are compensated with    IDESEQ _ 0
any other initial desequilibrium (due eg to gravity forces) is not compensated. 
   
M  REMARK: for a restart with IDESEQ=1 or IDESEQ=3, it is necessary to backup the file prefixe.inu
of the first analysis. There is different from the preceding Version. It is no more required to copy the file prefixe.inun 
the preceding  analysis on the file prefixe.inun of the present analysis. The program uses automatically the f
prefixe.inun from the preceding  analysis.  
 
 
  Exemples :  
 
  1) 
  - In order to avoid a costly initial static analysis, before a dynamicanalysis .     
Give wanted initial stresses but non necessarily equilibrated with IDESEQ=1 and without gravity forces to begin directt
the dynamic analysis. 
 
  - The effective stresses are well initialized, but because of non horizontal or irregular layers in t
domain, they do not compensate exactly the gravity. It is important to start with very well equilibrated stresses before
dynamic analysis. The small desequilibrium may be annihilated with IDESEQ = 1. 
 
  2) 
  - In the case of a dynamic analysis which is performed  after a static analysis, to be sure that the sm
residual forces do not cause perturbations in the dynamic analysis, the option IDESEQ=2 may be chosen. 
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______________________________________________________________ 
SECTION  " INITIAL PRESSURES CONDITIONS (HYDROSTATIC) " 

skip the following section if ICON = 0 , 2 , 3   or 4 
______________________________________________________________ 

 
6.2 Initial pressures (hydrostatic type)  
 
================================================ 
input in routine INITAL 
  
   READ(LECG,1090) FACNAP,ZNAPPE 
 1090  FORMAT (2F10.0) 
================================================ 
 
 
  
 note columns  variable  definition 
  
  
        (1)    1-10     FACNAP       scaling factor  
  
             11-20     ZNAPPE       altitude at which the pore pressure is zero. 
  
  
  
                               notes 
  
  
      (1)  The free pore pressures at every the nodes in the model are  initialized to : 
 
            p = FACNAP * ( ZNAPPE - z ) * DENW * ABS(GZT) 
 
           where   z  is  the initial  altitude (or altitude) of the node at which is initialized the pressure 
   GZT is the value of the gravity in the direction z (cf. § 4)  the instant DATDEB 
   (cf. § 2.3) 
   DENW is the density of the pore fluid (cf. §4) 
 
 
 
 
 

////////////////////////////////////////////////////////////// 
End of the section  " INITIAL PRESSURES CONDITIONS (TYPE HYDROSTATIC) " 

////////////////////////////////////////////////////////////// 
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______________________________________________________________ 
SECTION  " INITIAL CONDITIONS (NODAL DATA) " 

skip the section following if ICON = 0, 3  or 10 
______________________________________________________________ 

 
 
6.3. Initialization of the nodal unknowns 
 
 
 
6.3.1.  Number of initial conditions defined by the user 
 
 
===================================== 
input in routine INITAL 
 
    READ(LECG,1020) NCINIT 
 1020  FORMAT (I5) 
===================================== 
 
  
      note columns  variable  definition 
  
  
             1-5       NCINIT      initial conditions number defined     
     by the user and datailed in the following lines 6.3.2 
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6.3.2  initial values data given by the user 
 
              Give NCINIT lines 6.3.2 
======================================================= 
input in routine INITAL 
 
       READ(LECG,1030) NOD,JDDL,U0,DU0,D2U0 
 1030  FORMAT (2I5,3F10.0) 
======================================================= 
  
       note columns  variable  definition 
   
              1-5      NOD         node number where the initial condition is imposed 
      1_ NOD _ NUMNP 
  
             (1) 6-10     JDDL        dof code on which the initial condition is imposed 
  
             11-20     U0          initial displacement , rotation or of the pressures  
  
 (2)   21-30     DU0         initial velocity (of displacement, of rotation, of pressures) 
  
        (2)   31-40     D2U0        initial  acceleration (of displacement, of rotation, 
pressures)  
 
     notes 
 
  (1)   The degree of freedom code depends on the analysis type and of the involved unknown.  
  the value of JDDL must thus be chosen in the table below : 
 _______________________________________________________________________________ 
  dof  ux uy uz θyz θxz θxy p 
   or    wy wy wz 
   or     wz 
 Type of analysis 
 _______________________________________________________________________________ 
 2D Defor. without el. struct.  - 1 2 - - - - 
 2D Defor. +  el. struct. - 1 2 3 - - - 
 2D Biot simple without  el. struct. - 1 2 - - - 3 
 2D Biot simple +  el. struct. - 1 2 3 - - 4 
 2D Biot full without  el. struct. - 1 2 3 4 - - 
 2D Biot full +  el. struct. - 1 2 3 4 5 - 
 
 3D Defor. without  el. struct. 1 2 3 - - - - 
 3D Defor. +  el. struct.   1 2 3 4 5 6 - 
 3D Biot simple without  el. struct. 1 2 3 - - - 4 
 3D Biot simple +  el. struct. 1 2 3 4 5 6 7 
 
 Fluid flow 2D or 3D  - - - - - - 1 
 _______________________________________________________________________________ 
 
        (2)    Give DU0 and D2U0 only if the case of a dynamic analysis 
. 

////////////////////////////////////////////////////////////// 
End of the section  " INITIAL CONDITIONS DONNEES NODE BY NODE " 

////////////////////////////////////////////////////////////// 
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7. CONSTRUCTION / EXCAVATION 
 
 
7.1. General data 
 
============================================================ 
input in routine IELMNT 
 
       READ (LECG,1100) JCOUCH,NCURCC,NPTMAX 
 1100  FORMAT (3I10) 
============================================================ 
 
  
       note  columns  variable  definition 
 
 
       (1)     1-10     JCOUCH      global code for layered construction/excavatio
      = 0   no construction/excavation 
                                  = 1   construction/excavation 
  
       (2)    11-20     NCURCC      number of curves  
      defining the construction/excavation scenario 
  
             21-30     NPTMAX      maximum number of points necessary     
    to define any  curve  
 
 
  
     notes  
  
      (1)   If JCOUCH = 0, give NCURCC = 0 and NPTMAX = 0. 
 
  If JCOUCH = 1, the time evolution of the built or excavated height for each group of elements 
defined by a curve z(t). The construction/excavation scenario is thus described by NCURCC curves z(t) which afford t
define different heights reached during the process.  Each group of element refers to a curve z(t). In a same model, it 
thus possible to have a different construction/excavation sequence. 
 
If the function z(t) is increasing, the scenario corresponds to a construction, if it is decreasing, it corresponds to a
excavation. In a given element, the status of the zone of an element attached to an integration point may be at the ste
n+1 either : 
 
                     - empty      if  ZMAXN1(NG) < ZIPT  
                     - built      if ZMAXN(NG) <  ZIPT _ ZMAXN1(NG) 
                  - excavated  if  ZMAXN1(NG) <  ZIPT _ ZMAXN(NG) 
   - standard   in the other case 
 
  where  NG is the group number of the element 
   ZMAXN(NG) is the altitude reached at the time step n by the group NG, 
   ZMAXN1(NG) is the altitude reached at  the current time step n+1 by the group NG, 
   ZIPT is the altitude z of the point of integration. 
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  REMARK : It is recommanded to build or excavate a whole element at each time step. Thus, giv
preferably the functions defined point by point, and do not to use the adaptive time step option when th
building/excavation process is involved. 
 
 (2)   The number of curves NCURCC is limited to 100. 
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______________________________________________________________ 
SECTION   " CONSTRUCTION / EXCAVATION DATA " 

skip the section following if JCOUCH=0 
______________________________________________________________ 

  
 
7.2. Definition of the NCURCC curves of the scenario 
 
 
 Give NCURCC definitions of functions for construction / excavation. 
 
 
===================== 
input in routine ICOUCH 
===================== 
 
 
 See the Appendix  " Definition of the time dependant functions " for the definition of each of curve. 
 
 
 
 CAUTION : Do not give sinusoidale curve .(LTYP.NE.4) 
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7.3. Construction / excavation curves for each group 
 
 Give 8 values by line and as many lines as necessary for the number of groups of elements. 
 
 
======================================================== 
input in routine ICOUCH 
  
       READ  (LECG,3200) (IDNGCC(i),i=1,NEGNL) 
 3200  FORMAT (8I10) 
======================================================== 
 
 
 note columns  variable  definition 
  
  
        (1)   1-10      IDNGCC(1)     curve number for construction/excavation of the group 1 
 
   11-20      IDNGCC(2)     curve number for construction/excavation of the group 2 
 
    IDNGCC(i)     curve number for construction/excavation of the group i 
   
                 ....  etc 
  
     IDNGCC(NEGNL) curve number for construction/excavation group NEGNL. 
  
  
  
                               notes 
  
  
         (1) If a group i has no construction scenario (eg  if it is  always built) give IDNGCC(i) = 0. 
  But do not forget to give a value for IDNGCC for each group ! 
 
  REMARK : It is important to give IDNGCC(i), because this value affords the program to identif
whether the group i is  always built or if it is involved in the construction / excavation process. 
 
  If, for a time step, the height of the current level reaches a new group in the model, a new stiffnes
matrix is computed. 
 
  REMARK: In the case of an excavation and a coupled analysis , the pore pressures   
 are correctly computed only if it proceeds from the free surface. In the case of a tunnel for instance, impose th
pore pressures with the help of the imposed nodal dof option (NDIMP_0) 
  (cf.§5.1).  
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 7.4. Pressure curves imposed at the surface of an excavation 
 
 Give 8 values by line and as many lines as necessary for the number of groups of elements. 
======================================================= 
input in routine ICOUCH 
  
       READ  (LECG,3200) (IDNGNP(i),i=1,NEGNL) 
 3200  FORMAT (8I10) 
======================================================= 
  
     note columns  variable  definition 
  
 (1)   1-10      IDNGNP(1)     curve number  which defines the 
                                     height of the water level of the group 1. 
 
   11-20      IDNGNP(2)     curve number  which defines the 
                                     height of the water level of the group 2. 
 
       IDNGNP(i)     curve number  which defines the 
                                     height of the water level of the group i. 
  
                 ....  etc 
  
        IDNGNP(NEGNL) curve number  which defines the 
                                     height of the water level of the last    
      group NEGNL.  
 
    notes  
 
         (1)     These data are  useful only if the analysis is coupled deformation/fluid flow. In  
  deformation only, give for all the groups of elements : 
 
   IDNGNP(i) = 0 
 
                It is required to give a value of IDNGNP for each group ! 
 
  These functions IDNGNP afford to impose the pore pressure along the excavated surface: 
   If the altitude of the excavated level (data by IDNGCC(i)) is higher than the water level  
  (given by IDNGNP(i)), the pore pressure at the surface node will be zero 
   If the altitude of the level excave (data by IDNGCC(i)) is less than the water level  
   (given by IDNGNP(i)), the pore pressure at node on the excavated surface is  
  imposed to be equal to the hydrostatic pressures computed at the corresponding altitude. 
  Consequently, only one saturated material may be excavated . 
 
  To modelize an excavation, which is not performed under the water, give  
   IDNGNP (i) = IDNGCC(i) 
 
  This variable is useful only in the case of an excavation. 
 

////////////////////////////////////////////////////////////// 
END OF THE SECTION  " CONSTRUCTION / EXCAVATION  DATA" 

////////////////////////////////////////////////////////////// 
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 ELEMENT GROUPS 
 

  
 
  
Each group of element is introduced by a line with 20 input values (stored in a table NPAR), which are the 
common characteristics to all the elements of the group.  
 
 NEGNL groups of elements have to be defined 

 
  
8. DEFINITION OF THE ELEMENT GROUPS 
  
 
===================================== 
input in routine IELMNT 
  
       READ (LECG,1000) NPAR 
 1000  FORMAT (20I4) 
===================================== 
 
 
 Depending on the value of NPAR1 = NPAR(1), the user should refer to the corresponding paragraph. 
 
  
 NPAR1 = 1   TRUSS ELEMENTS ( BARR2D , BARR2 ) 
  
          truss elements 2D and 3D ;  
   straight lines with 2 nodes. 
  
 
 NPAR1 = 2    2D SOLID ELEMENTS ( EFNL2D , EFNL2 ) 
  
          2D isoparametric elements for deformation only or coupled deformation and fluid flow ;  
   quadrangles with 4 to  8 nodes ;  
   triangles with 3 to 6 nodes. 
  
 
 NPAR1 = 3     3D SOLID ELEMENTS ( EFNL3D , EFNL3 ) 
  
          3D isoparametric elements for deformation only or coupled deformation and fluid flow ;  
   hexaedrons with 8 to 21 nodes ;  
   prisme with 6 to 15 nodes ;  
   tetraedron with 4 to 10 nodes. 
  
 
 
 NPAR1 = 4  2D INTERFACE MECHANICAL OR FLUID  
      ( SAUT2D , SAUT2 ) 
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  2D interface elements isoparametric for contact and friction / sliding in mechanical or for seepage i
fluid ;  
   line with 4 to 6 nodes. 
  
 
 NPAR1 = 5    3D INTERFACE MECHANICAL OR FLUID  
      ( SAUT3D , SAUT3 ) 
  
  3D interface elements isoparametric for contact and friction / sliding in mechanical or for seepage i
fluid ;  
 
   quadrilaterals with 8 to 16 nodes ;  
   triangles with 6 to 12 nodes. 
 
  
 NPAR1 = 6    2D SURFACE LOADS   
      ( SURF2D , SURF2 ) 
  
  2D surface loads isoparametric elements  for deformation and fluid flow analyses ;  
 lines with 2 to 3 nodes. 
 
  
 NPAR1 = 7  3D SURFACE LOADS  
      ( SURF3D , SURF3 ) 
  
  3D surface loads isoparametric elements for deformation and fluid flow analyses ;  
   quadrilaterals with 4 to 8 nodes ;  
   triangles with 3 to 6 nodes. 
  
 
 NPAR1 = 8    2D PARAXIAL ELEMENTS ( PARX2D , PARX2 ) 
  
  2D paraxial elements  for defromation analyses in dynamics ;  
   lines with 2 to 3 nodes. 
 
  
 NPAR1 = 9   3D PARAXIAL ELEMENTS ( PARX3D , PARX3 ) 
  
  3D paraxialelements  for deformation analyses in dynamics ;  
   quadrilaterals with 4 to 8 nodes ;  
   triangles with 3 to 6 nodes. 
   
  
   NPAR1 = 10  2D AND 3D BEAMS  ( EFPT23 , EFPTRE ) 
  
  beam elements in 2D and 3D for deformation analyses ; 
   lines with 2 nodes. 
  
 
  
   NPAR1 = 11  2D BLOCKS RIGID  ( BDYN2D , BDYN2 ) 
  
  2D rigid blocks elements for deformation only analyses ; 
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   boundary defined by at least 3 nodes up to 20 nodes; 3 dof only. 
 
 
   NPAR1 = 12   2D GENERALISED MECHANICAL INTERFACES  
       ( SAUT2BD , SAUTBD ) 
  2D interface isoparametric elements   
  for contact and friction / sliding between deformable and/or rigid elements    
   line of 4 to 6 nodes. 
    (to be used only with rigid blocks) 
 
 
 NPAR1 = 13   3D RIGID BLOCKS  (not available)  
  
  3D rigid blocks elements for deformation only analyses ; 
 
 
   NPAR1 = 14  3D GENERALISED MECHANICAL INTERFACES  
      (not available) 
  
  3D interface isoparametric elements   
  for contact and friction / sliding between deformable and/or rigid elements    
    (to be used only with rigid blocks) 
 
 
 NPAR1 = 15  2D INTERFACE MECHANICAL , COUPLED MECHANICAL-FLUID  
     ( SAU2D , SAU2 ) 
  
  2D isoparametric interface elements for the contact and cyclic friction /    
  sliding in mechanical or in mechanical-fluid coupled;  
   line of 4 to 6 nodes. 
 
 
 NPAR1 = 16    INTERFACE MECHANICAL , MECHANICAL-FLUID    
 COUPLED 3D 
      ( SAU3D , SAUT3 ) 
  
  3D isoparametric interface elements for the contact and cyclic friction /    
  sliding in mechanical or in mechanical-fluid coupled;  
   quadrilaterals of 8 to 16 nodes ;  
   triangles of 6 to 12 nodes. 
 
 
 
 
 NPAR1 = 17  2D INTERFACE  SEEPAGE ELEMENTS 
      ( SUIN2D , SUIN2 ) 
  
  2D interface isoparametric elements for interface seepage ;  
   line with 4 to 6 nodes. 
   
 NPAR1 = 18   3D INTERFACE SEEPAGE ELEMENTS 
      ( SUIN3D , SUIN3 ) 
  
  3D interface isoparametric elements for interface seepage ;  
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   quadrilaterals with 8 to 16 nodes ;  
   triangles with 6 to 12 nodes.  
 
  
 NPAR1 = 19   2D ACOUSTIC ELEMENTS   
      ( ACOU2D , ACOU2 ) 
  
          2D isoparametric elements  for wave propagation in reservoirs;  
   quadrangles of 4 to  8 nodes ;  
   triangles of 3 to 6 nodes. 
  
 
 NPAR1 = 20   3D ACOUSTIC ELEMENTS   
      ( ACOU3D , ACOU3 ) 
  
  3D isoparametric elements  for wave propagation in reservoirs ;  
   hexaedrons with 8 to 21 nodes ;  
   prisme with 6 to 15 nodes ;  
   tetraedron with 4 to 10 nodes. 
  
  
 NPAR1 = 21  2D INTERFACES BETWEEN SOLID AND ACOUSTIC ELEMENTS 
      ( IEAU2D , IEAU2 ) 
  
  2D interface elements between 2D solid elements and 2D acoustic elements;  
   line WITH 2 or 3 nodes. 
  
 
 NPAR1 = 22    3D INTERFACES BETWEEN SOLID AND ACOUSTIC ELEMENTS 
      ( IEAU3D , IEAU3 ) 
  
  3D interface elements between 3D solid elements and 3D acoustic elements;  
   quadrilaterals with 4 to 8 nodes ;  
   triangles with 3 to 6 nodes. 
 
 
M NPAR1 = 23   2D PARAXIAL ACOUSTIC ELEMENTS       ( 
PAIX2D , PAIX2 ) 
  
  elements 2D paraxial for acousTIc elements 
   lines with 2 to 3 nodes. 
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CAUTION : 
 

 In this version of the users's reference manual, the elements are no more classified according to the 
number NPAR1. They are clustered by element types and classes in each of these types according to the 
reference number NPAR1. 

 
 
SOLID ELEMENTS : 
 
 NPAR1 = 2  2D solid elements 
 NPAR1 = 3 3D solid elements 
 
 
ACOUSTIC ELEMENTS : 
 
 NPAR1 = 19   2D acoustic Elements 
 NPAR1 = 20 3D acoustic Elements 
 
 
STRUCTURAL ELEMENTS : 
 
 NPAR1 = 1 Truss elements 2D 
 NPAR1 = 10 Beams 2D and 3D 
 NPAR1 = 11 rigid Blocks 2D 
 NPAR1 = 13 rigid Blocks 3D (non available) 
 
 
INTERFACE ELEMENTS: 
 
 NPAR1 = 4 2D Interface deformation or seepage  
 NPAR1 = 5 3D Interface deformation or seepage   
 NPAR1 = 12 2D generalized Interface deformation (with rigid blocks )  
 NPAR1 = 14 3D generalized Interface deformation (with rigid blocks )  (not available) 
 NPAR1 = 15 2D Interface deformation or deformation/fluid coupled  
 NPAR1 = 16 3D Interface deformation or deformation/fluid coupled  
 NPAR1 = 21 2D Interface deformation - acoustic (with acoustic elements )  
 NPAR1 = 22 3D Interface deformation - acoustic (with acoustic elements)  
 
 
BOUNDARY CONDITIONS ELEMENTS: 
 
 NPAR1 = 6 2D surface loads 
 NPAR1 = 7 3D surface loads 
 NPAR1 = 8 2D paraxial and deformation Elements 
 NPAR1 = 9 3D paraxial and deformation Elements 
 NPAR1 = 17 2D Interface seepage  
 NPAR1 = 18 3D Interface seepage  
M NPAR1 = 23 2D paraxial with acoustic elements 
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8.1. 2D SOLID ELEMENTS 
  
 
 
 
  
 Three types of elements are available : 
  
        isoparametric quadrangle with 4 to 8 nodes 
     isoparametric triangle with 3 to 6 nodes     
  isoparametric quadrangle to 9 nodes 
  
 
 
 
  7 constitutive models are available. 
M the user may also give its own constitutive model (MODEL=30)  
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8.1.1. Group identification 
 
 
===================================== 
input in routine IELMNT 
  
       READ (LECG,1000) NPAR 
 1000  FORMAT (20I4) 
===================================== 
 
 
 
  note  columns variable definition 
  
              1-4     NPAR(1)     enter the number 2 
  
             5-8     NPAR(2)     (NUME) number of 2D elements in this group. 
    NUME > 0 
                                 
 (1) 9-12    NPAR(3)     (INDNL) code selecting the type of non linear analysis 
                            = 0 set by default to 1 
                                 = 1    material non linear only 
M    = 2 total Lagrangian formulation 
 
 (2) 13-16    NPAR(4)     (IBIOT) code   selecting   the   type  of simplified   
   Biot model used in dynamics : 
    = 1   with non-generalized Darcy's law 
                                   = 2   with generalized Darcy's law 
  
 (3)        17-20    NPAR(5)     (ITYP2D) code selecting the type of geometry                      
    = 0 axisymetry 
                                  = 1 plane strain 
                                  = 2 plane stress 
  
             (4) 21-24    NPAR(6)     (NDIM) number of local d.o.f. 
                                 for element nodes in this group 
                                   = 2  d.o.f.    uy and uz (mechanical pure) 
                                   = 3 d.o.f.    uy, uz and p  (Simplified Biot) 
                                   = 4 d.o.f.    uy, uz, wy and wz (Full Biot) 
                                   = 0  by default set to 2 
  
 (5)    25-28    NPAR(7)     (MXNODS) maximum number of nodes  
                                 to describe an element in the group 
                                  3 _ MXNODS _ 9 
                                  by default set to 9 
  
       (6)    29-32    NPAR(8)     (IFVOL) code selecting if the gravity forces    
  are taken into account. 
                                 = 0 no gravity forces 
                                 = 1  gravity forces in the solid and in the fluid 
                                 = 2  gravity forces in the fluid 
                                 = 3  gravity forces in the solid 
  
           33-36    NPAR(9)     (KLAYER) selected by the program 
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    code selecting whether there is a construction by layers or a  
    excavation in the elements of this group. 
 
 (7)    37-40    NPAR(10) (NINT) order of numerical integration 
                                  by default set to 2 
                                  1 _ NINT _ 4 
 
   41-44    NPAR(11) (IPOUTR) selected by the program 
    code selecting the existence of  beam elements in the  
     mesh  
              
 (7) 45-48    NPAR(12) selected by the program 
    It is used to store the maximum number of points  
     of integration (NINTMX) . 
                                       
   49-52    NPAR(13)   (NTYPEL) type of 2D elements 
                                  = 1   quadrilateral with 4 to 8 nodes only 
                                  = 2   triangle with 3 to 6 nodes only 
    = 3   quadrilateral with 9 nodes only 
                                  = 0   type defined for each element, i.e. the group  
     may contain the three types of elements 
  
       (8)    53-56    NPAR(14) (INITPR) code for the printing of the stresses 
                                  = 0 no printing for this group 
                                  = 1 printing of the initial stresses 
                                  = 2 printing of the stresses at the end of each time step 
                                  = 3  printing of the initial stresses and at the end of each time step 
 
       (9)    57-60    NPAR(15) (MODEL) constitutive model number 
                                  1 _ MODEL _ 7 or MODEL = 30 
         = 1    elastoplastic  Drucker-Prager 
                  = 2    elastoplastic   Hujeux 
                = 3    viscoplastic    VPMCC 
                  = 4    VEEP-BB  Hujeux-Modaressi 
    = 5 viscoelastic Kelvin-Voigt 
    = 6 elastoplastic with oriented yield surface 
       Hujeux modified 
    = 7  elastoplastic with principal stresses  
       Hujeux modified 
M    = 30 constitutive model given by  
     the user 
 
 (9)    61-64    NPAR(16) (NUMMAT) number of different materials 
                                  NUMMAT_1 
                                  no default value 
  
       (9)    65-68    NPAR(17)   (NCON)  number of model parameters.      
  selected by the program for all the models sauf MODEL=30. 
     
  
       (9)    69-72    NPAR(18)   (JDETAT) dimension of the table necessary to store   
    the time history of the elements (of the material). 
    selected by the program for all the models  
    excepted MODEL=30 
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 (10) 73-76    NPAR(19) (INCOMP) code to define if the incompressibility   
  is to be handled numerically,( deformation only analysis) (NDIM=2) 
    =  0 no modelling 
    = 1 modelling of the incompressibility 
  
              77-80    NPAR(20) (IEXPL)  code which affords to define if the group  
     is modelled implicitly or explicitly in    
    a dynamics analysis  
    IOPE= 10 (cf. paragraph 2.6). 
                                  = 0  implicit group 
                                  = 1 explicit group 
  
  
     notes 
     
M  (1)    if NPAR(3) = 1, the displacements and the strains are assumed  
  infinitesimally small. Only the non linearities due to materials are modelled. 
  if NPAR(3) = 2, a total Lagrangian formulation is applied.  
  In this case the large displacements and the large strains are accounted for in  
  the analysis. This option is available only for the MODEL=1 and MODEL=2. 
 
  if the value of zero is input, the default value of 1 is assumed. 
 
 (2) IBIOT is useful only in dynamics with the simplified Biot model. 
  In the formulation with the generalized Darcy's law, we take into account the    
 inertia forces of the solid phase in the fluid flow velocity  : 
 
   _tw = -k  (grad p + ρf g + ρf _2tu) 
 
  The value of IBIOT given by the user is used by the  
    program only if  IDYNAM = 1 (cf. Paragraph 2.2). 
 
 (3) The formulation in plane stresses is possible only with the     Drucker-Prager 
constitutive model, i.e. only if MODEL=1. 
 
 (4) In static analysis, the only possible values are : 
  NDIM = 2  for the groups of elements modelled in deformation only (in drained) 
  NDIM = 3  for the groups of elements modelled in Simplified Biot (in non drained) 
 
  In dynamics, the values of NDIM must be compatible with the value of IDYNAM  
  data at paragraph 2.2 and of IBIOT : 
  NDIM = 2 for the groups of elements modelled in deformation only  (in drained) ;  
    it is necessary then that IDYNAM = 1. 
  NDIM = 3  for the groups of elements modelled in Simplified Biot (in non drained) ;  
    it is necessary then that IDYNAM = 1 and IBIOT = 1 or 2 
  NDIM = 4  for the groups of elements modelled in Full Biot (in non drained) ;  
    it is necessary then that IDYNAM = 2. 
 
 
 (5)       NPAR(7) gives the maximum number of nodes  allowed  to  describe any of the   
 elements  of the  group.   A  minimum  of 3 nodes and a maximum of 9 nodes are used to describe the 2D soli
elements. 
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 (6)       The simulation of the gravity forces is performed with the value of the gravity data in   
 paragraph 4. 
  
  (7)       For the quadrilateral elements close to rectangles, an order  of integration  of  2 is enough.  If   
  the element is highly distorted, an order of integration higher must be used. 
  The number of points of integration in each element depend on the type of element and of  
 the order of integration : 

_____________________________________________________ 
order of integration quadrilateral triangle 
_____________________________________________________ 
  
 1  1  1 
 2  4  3 
 3  9  4 
 4  16  7  
_____________________________________________________ 

 
  For the triangular elements, an order of integration of 3 may in some cases be necessary. In  
 fact,  
   if the order of integration is of 2, the points of integration of the triangle are the  
   midedge points ;  
   if the order of integration is of 3, the points of integration of the triangle are 4  
   points strictly inside the triangle. 
 
  The maximum number of points of integration by element in each group is   
 selected automatically by the program depending on the order of integration NINT   and of th
type of 2D elements, NTYPEL, used in each group. 
 
        The consistant mass matrix is  always computed with an order of integration of 3. 
 
 
 (8)       For a given group , one may  choose to write or not in the file prefixe.lst the   
 stresses of the elements of the group. 
         if  INITPR = 0  no printing 
         if  INITPR = 1  printing of the initial stresses  
         if  INITPR = 2  printing of the stresses obtained at the end    
    of each time step at the points of integration of the elements   
     for which IPS is equal to 1(v. §8.1.5) and if it is a  
     step where the on imprime the output (cf. paragraph 2.4,   
    IPRI). 
         if  INITPR = 3  printing as to INITPR = 1 and 2. 
  
        The effective stresses are imprimees to points of integration of the elements. 
  
 (9)       Only one constitutive model (defined  by  the  value  of  NPAR(15)) is allowed   
 in a group of elements. 
  The values of NPAR(18) and NPAR(17) which identify this model are selected   by 
the program, to all the models excepte the MODEL=30 which is given by    the user. 
  Do not give any value to NPAR(17) and NPAR(18) if NPAR(15)_30.  
 M  In the case where MODEL=30 is chosen, there is already 9 state variables provided by the  
  program to store the stresses, the strains and the pore pressure.  
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  One must thus enter the number of state variables of the constitutive model given by the  user
JDETAT in this case is limited to 30. 
  JDETAT < 30 
 
 (10) If this option is chosen, the isotropic and deviatoric contribution to the stiffness matrix. This 
justified for the analysis of the incompressible materials   (bituminous concrete by exemple) and avoids th
numerical locking of the mesh. 
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8.1.2.  Definition of the materials 
  
              NUMMAT (= NPAR(16))  sets of lines are entered in this section  
  
 The data for each material are defined by the line 8.1.2.1, which is independant of the chosen model, then b
the lines 8.1.2.x, which depend of the chosen model. 
  
  
8.1.2.1.General property of each material 
 
 This line is common for all the constitutive models.  
 
================================================================================== 
input in routine EFNL2 
  
       READ  (LECG,1000) 
   N,DEN(N),POROS0(N),COMPR0(N),ALFA0(N),SATUR0(N) 
 1000  FORMAT (I5,5F10.0) 
================================================================================== 
 
  note columns variable  definition  
  
              1-5       N           material property number 
                                   1 _ N _ NPAR(16) 
  
       (1)    6-15      DEN(N)      material density (ρs) 
  
       (2)   16-25     POROS0(N)   initial porosity of the material (n0) 
  
       (3)   26-35     COMPR0(N)   compressibility  of the grains 
      by default set to 0. 
  
       (4)   36-45     ALFA0(N)   coefficient ALFA (formulation Biot) 
      by default set to 1. 
 
 (5) 46-55  SATUR0(N) initial saturation ratio (S0) 
  
 
 
                                         notes 
  
 (1)   DEN is the density of the grains of the material ( ρ s ). 
  The density is used for the analysis of the gravity forces and for the     analysis o
the mass matrix. 
 
 (2) The initial porosity is used for to compute the total density of the material.  
 
  In fully saturated materials in a coupled analysis, it is : ρt = ρs (1-n) + ρw n 
 
                In deformation only, the material density is :  ρt = ρs (1-n)  
 
  For the constitutive models 2, 3, 6 and 7, in a coupled analysis and in static, the  
 material may be non saturated with a degree of saturation S ; the total density of the   material 
then : 
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     ρt = ρs (1-n) + ρw S n 
 
                In the case of the constitutive models 2, 3, 4, 6 and 7, the porosity may vary at    each step ; the gravit
forces are then updated, but the inertia forces    (mass matrix) are not modified.  
  For these models, one may also have,in deformation only, a phreatic surface to   
 through the material (see material property data of these models in the paragraphs   
 following). If a phreatic surface has been defined, in a point located above the level of   the wate
level, the material density is the one of the dry material : 
     ρt = ρs (1-n)  
  in a point located under the level of the water level, the material density is the one   of 
the buoyant material : 
     ρt = (ρs - ρw)  (1-n)  
  THE effect of this water level on the material density is not taken into account in   the 
analysis of the inertia forces. 
 
  To summarize, in deformation only, the material density used to the analysis   of the inert
forces (mass matrix) is  always constant and equal to : 
     ρt = ρs (1-n0) 
  In the two other models (1 and 5), the porosity is taken constant and equal to   
 POROS0. 
 
 (3) The compressibility of the  grains is handled in the full Biot formulation.  
  In soil mechanics, the  grains are very often assumed incompressible ; it must   then tak
COMPR0 = 0 in Simplified Biot, or a value very small in Full Biot. 
 
 (4) The coefficient ALFA  is handled  in  the  full Biot model. The  relation between   the 
total and the intergranular stress is given then as follows: 
  
                       σ (totale) = σ (intergranulaire) - ALFA * p * δ  
   
                  with      p :   the pore pressure 
                            δ :   Kronecker delta 
  
         In soil mechanics, ALFA=1 is recommanded and effective stresses are considered in place of  
 intergranular stresses. 
   
 (5) the initial degree of saturation is used only to compute the initial pore pressure ,  
 when ICON = 3,4,13 (cf. "Initial conditions" § 6). 
  At the boundary between two degrees of saturations non vanishing and different, the initial pressur
   is the average of the pressures obtained in each element. 
  At the boundary between a degree of saturation equal to zero and a non vanishing degree o
saturation ,   the initial pressure is the value corresponding to this degree of saturation. 
 
  SATUR0 = 1 means that the initial pore pressure p0 is equal to zero. 
   
  To get an initial pore pressure p0 > 0 , the user must either 
   - use ICON = 2, 10 or 12 
   - or use ICON = 13 or 4 and SATUR0 = 0 
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8.1.2.2. Material properties  
 
 
 
 See the Appendix "constitutive models " following the constitutive model (MODEL= NPAR(15)) chosen. 
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8.1.3. Initialization of the effective stresses 
 
 
8.1.3.1     Choice of initialization 
 
======================================== 
input in routine EFNL2 
 
       READ (LECG,1020) NCOUCH,NINIT 
 1020  FORMAT(2I10) 
======================================== 
 
  
       note  columns  variable   definition 
  
  
        (1)   1-10      NCOUCH      number of layers which define the 
                                   topography of the ground 
                                   0 _NCOUCH. _ 20 
 
M (2)   11-20     NINIT      code of initialization of the stresses 
      and of the strains for each element and by   
     the user. 
      = 0 the initialization is not performed by   
      the user. 
      _ 0 the initialization is performed by the user 
 
  
 
 
                          notes 
  
 (1)  The value of NCOUCH is limited to 20 
 
  If NCOUCH = 0, and if the run is standard (no restart), the initial effective stresses   are 
initialized to 0. 
 
M (2) The user may initialize the stresses and the strains in each element by choosing the value o
NINIT_0. In this case, after the input of the elements it must    give 4 values of stresses and 
values of strains for each element. (c.f. § 8.1.5) 
 
  REMARK: In some constitutive models, one may not start with a state   of stresse
equal to zeros. The user must thus have initialized the stresses with the fictive layers   (NCOUCH_0), or for eac
elements in the data file (NINIT_0) or   by a construction by layers (JCOUCH_0). 
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_________________________________________________________________ 
 SECTION  " DESCRIPTION OF THE FICTIVE LAYERS"       
skip this section if NCOUCH = 0            
_________________________________________________________________ 
 
8.1.3.2.   Description of each fictiv layer  
 
 Give NCOUCH lines of definition of the fictiv layers, for the initialization of the effective stresses. 
 
======================================================================= 
input in routine EFNL2 
  
       READ (LECG,1030) ((N,PROF(N),DENCH(N)),i=1,NCOUCH) 
 1030  FORMAT(I10,2F10.0) 
======================================================================= 
 
       note  columns  variable     definition 
  
        (1)    1-10      N           layer number 
      1 _ N _ NCOUCH 
  
             (1) 11-20     PROF(N)     altitude of the top of the layer N 
                                   (cad ordonnee z of the top) 
  
        (2)   21-30     DENCH(N)    density of the layer N 
  
  
                           notes 
 
  
          (1)  The numbers of the layers must be input in the increasing order  PROF(N), i.e. by beginning by th
lower layers and with 
 
                 PROF(1) < PROF(2) < ... < PROF(NCOUCH) 
  
          (2)  These layers are used to initialize the initial effective stresses . 
                
              In static and in dynamic analyses , DENCH is the apparent density of the     material, i.
: 
                    a)  in deformation only, the total density 
                    b)  in coupled analyses , the buoyant density  
 
              ρ' = ρ - ρw 
             with   ρ = ρs(1-n0) + ρw  n0 
  REMARK : this density is only used to compute the initial effective stresses due to the weight of th
earth and to the lateral earth pressure. They are different   from the material density.  
  

///////////////////////////////////////////////////////////////// 
end of the section " DESCRIPTION OF THE FICTIVE LAYERS"   

///////////////////////////////////////////////////////////////// 
 

8.1.4.  input file type of the elements 
 
======================================================== 
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input in routine EFNL2 
  
       READ (LECG,1040) IPPGEF,IELPRI, INCELT 
 1040  FORMAT (8I10) 
======================================================== 
 
  
       note  columns  variable     definition 
 
  
      (1)   1-10      IPPGEF      type of the file on which the elements are input  
                                    =  0   the elements are input sequentially in the   
     data file 
                                    =  1  the elements are input on a file of    
    geometry where are stored a title and the nodal data 
  
              11-20     IELPRI      code for printing the element data in    
   the file perfixe.lst : 
                                   = 0   printing 
                                   = 1   no printing 
 
 (3)   21-30     INCELT      number of elements already input. 
  
 
                                         notes 
  
 
 (1) The file of geometry, where are stored a title and the nodal data already input, must be named  
 prefixe.geom, where "prefixe" is the prefixe of the files of the run. 
 
 (3) If INCELT = 0, the first element of this current group must have the number 1. 
  To be able to have a global numbering of the elements over all the mesh, it is   
 possible to give the first element of the group with a number strictly larger  than 1. One must then giv
INCELT, in order that the first input element have the number INCELT + 1. 
 
  CAUTION : This global numbering is only important during the input   of the dat
After this first phase, during the computations, the program only knows   sequentially the elements in th
group. 
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8.1.5.  Elements data 
  
In the case where the stresses and the strains are not initialized by the user (NINIT_0): 
 Only one line of data if the element has no more than 8 nodes. Two data lines if the element  has 9 nodes. 
 
In the other case one must add two data lines for each element to give the values of the initial stresses and strains. 
 
8.1.5.1. Elements data 
 
======================================================================== 
input in routine EFNL2 
  
    READ(LECELT,1050)M,ITELT,IEL,IPS,BET,EPAI,MTYP,KG, 
        *             (NOD(i),i=1,NNODQ(ITELT)) 
 1050  FORMAT (I5,I1,I2,I2,2F10.0,10I5) 
======================================================================== 
 
       
 note  columns  variable     definition 
  
  
       (1)     1-5      M           element number 
                                   1 _ M _ NPAR(2) 
 
       (1')     6       ITELT       type of the element M 
                                    = 1   quadrilateral with 4 to 8 nodes 
                                    = 2   triangle with 3 to 6 nodes 
      = 3  quadrilateral with 9 nodes 
  
       (2)     7-8      IEL         number of nodes of the element      
   _ NPAR(7 )  
      = 0  by default set to 
                                            MIN(MXNODS,NNODQ(ITELT)) 
  
       (3)    9-10      IPS         code for the printing of the stresses 
                                    = 0    no printing 
  
       (4)    21-30     EPAI        element thickness,  
                                   in plane stress only (if NPAR(5)=2) 
  
              31-35     MTYP        element material number 
                                   1 _ MTYP _ NPAR(16) 
  
       (1)    36-40     KG          generation increment 
                                    = 0  set to 1 by default 
  
       (1)    41-45     NOD(1)      node 1  local 
  
              46-50     NOD(2)      node 2 
  
              51-55     NOD(3)      node 3 
  
              56-60     NOD(4)      node 4 
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              61-65     NOD(5)      node 5 
  
              66-70     NOD(6)      node 6 
  
              71-75     NOD(7)      node 7 
   
              76-80     NOD(8)      node 8 
  
 
2eme line of data if ITELT = 3 
 
  1-5     NOD(9)      node 9 
  
 
 
    notes 
  
  
 (1)   The user is required to give the last element of the group, i.e. :  
 
    M=NUME + INCELT 
 
                Semi-automatic generation of the elements: 
                    if the input lines of the elements (m+1,m+2,.....,m+j) are missing 
                 the j elements are generated by taking ITELT, IEL,IPS,BET, 
                 EPAI and MTYP of the element M and their nodes are obtained from the input nodes  on  the  inpu
line  of the element  M 
                 incremented by KG . only the  IEL  nodes  not equal to zero  are 
                 incremented. 
  
 (1')  ITELT must be input according to the input data of NTYPEL in NPAR  
  (NTYPEL = NPAR(13)) : 
 
                 if NTYPEL = 0, ITELT defines the type of each element 
                                 of the group 
                 if NTYPEL _0, ITELT must be equal to NTYPEL 
  
 (2)   The number of nodes of the element is set by IEL. 
 
                If IEL< NNODQ(ITELT), the unused nodes will be input as 0. 
                 enter 8  nodes if ITELT = 1 
                 enter 6  nodes if ITELT = 2 
   enter 9  nodes if ITELT = 3 
  
 (3)   If IPS=0 no output of the stresses is performed on the file     prefixe.lst for th
element.  
  If IPS =1 the stresses are printed at all the integration points of     the elemen
in the file prefixe.listing. 
  
 (4)   The element thickness is useful only in the plane stress case. 
  In plane strains, the thickness is equal to 1.   
  In axisymetry, the thickness is equal to 1 radian. 
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_________________________________________________________________ 
 SECTION  " INITIALIZATION OF THE STRESSES AND OF THE DEFORMATIONS "       

skip this section if NINIT= 0            
_________________________________________________________________ 

 
M 8.1.5.2.  The initial stresses and strains 
 
 For each element, the user must give 4 values of stresses and 4 values of strains 
 input on two lines. 
 
8.1.5.2.a.  Input of the stresses. 
======================================================================= 
input in routine INIT2D 
  
       READ (LECG,2010) (SIG(ijk),ijk=1,4) 
  2010  FORMAT(4F10.0) 
======================================================================= 
 
       note  columns  variable     definesion 
  
        (1)    1-10      SIG(1)  the effective stress in the direction x 
  
              11-20     SIG(2)  the effective stress in the direction y 
 
              21-30     SIG(3)  the effective stress in the direction z 
 
              31-40     SIG(4)  the shear stress in the plane yz 
  
  
                           notes 
 
  
          (1)  The  data for each element are input equally for all the integration points  
  of this element. 
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8.1.5.2.b.  Input of the strains. 
 
======================================================================= 
input in routine INIT2D 
  
       READ (LECG,2010) (EPS(ijk),ijk=1,4) 
  2010  FORMAT(4F10.0) 
======================================================================= 
 
       note  columns  variable     definesion 
  
        (1)    1-10      EPS(1)  the strain in the direction x 
  
              11-20     EPS(2)  the strain in the direction y 
 
              21-30     EPS(3)  the strain in the direction z 
 
              31-40     EPS(4)  the shear strain in the plane yz 
  
  
                           notes 
 
  
          (1)  The data for each element are input equally for all the integration points  
 
 
 
 
 
 
 
 
 

 //////////////////////////////////////////////////////////////////////// 
end of the section  

" INITIALIZATION OF THE STRESSES AND OF THE DEFORMATIONS FOR EACH ELEMENT " 
 //////////////////////////////////////////////////////////////////////// 
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Description of the local node numbering of the 3 types of elements: 
 
   NTYPEL = 1 : 
 
      isoparametric quadrilateral elements with 4 to 8 nodes 
                        
  
 
 
                               
 
 
   
O   :   position of the nodes            
x  :  position of the integration points for an order of integration NINT equal to 2. 
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   NTYPEL = 2 : 
 
      isoparametric triangular with 3 to 6 nodes  
                       
  
                               
 
 
 
 
 
 
 
 
 
 
 
 0  :   position of the nodes       
x :   position of the integration points for an order of integration NINT of 2  
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   NTYPEL = 3 : 
 
      isoparametric quadrilateral element with 9 nodes 
 
 
 
 
 
         
  
     
 
 
 
 
 
 
0  :   position of the nodes       
x   :   position of the integration points for an order of integration NINT equal 2. 
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8.3. FLUID ELEMENTS 2D   
  
 
 
 
  
 Three types of elements are available : 
  
  isoparametric quadrangle with 4 to 8 nodes 
  isoparametric triangle with 3 to 6 nodes     
  isoparametric quadrangle with 9 nodes 
  
 
 
 
  This is a model for acoustic wave propagation without damping. 
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8.3.1. Group identification 
 
 
===================================== 
input in routine IELMNT 
  
 READ (LECG,1000) NPAR 
 1000  FORMAT (20I4) 
===================================== 
 
 
 note columns variable definition 
 
  1-4   NPAR(1)  enter the number 19 
  
  5-8   NPAR(2) (NUME) number of 2D elements in this group. 
      NUME > 0 
 
 (1) 9-12  NPAR(3) (INDNL) code selecting the type of non linear analysis 
      = 0 set by default to 1 
      = 1    material non linear only 
 
  13-16  NPAR(4) not used 
      = 0  
 
  17-20  NPAR(5) (ITYP2D) code selecting the type of modelisation adoptee 
       to this group 
      = 0 axisymetry 
      = 1 plane strain 
      = 2 plane stress 
  
 (2) 21-24  NPAR(6) (NDIM) number of local d.o.f. of the nodes   
     of the elements to this group 
      = 1 d.o.f. p (the d.o.f. uy  of the mesh is used) 
 
 (3) 25-28  NPAR(7) (MXNODS) maximum number of nodes used to  
      describe an element of the group 
      3 _ MXNODS _ 9 
      by default set to 9 
 
 (4) 29-32  NPAR(8) (IFVOL) code selecting if the gravity forces are  
      taken into account. 
      = 0 no gravity forces 
      = 1  gravity forces of the fluid 
 
  33-36  NPAR(9) (KLAYER)  = 0 
      (no construction or excavation in this group) 
 
 (5) 37-40  NPAR(10) (NINT) order of numerical integration 
      by default set to 2 
      1 _ NINT _ 4 
 
  41-44  NPAR(11) (IPOUTR) selected by the program 
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      code selecting the existence of  beam elements in the 
model 
 
 (5) 45-48    NPAR(12) (NINTMX) selected by the program  
      It is used to store the maximum number of integration 
points  
 
   49-52  NPAR(13) (NTYPEL) type of 2D elements 
      = 1   quadrilateral with 4 to 8 nodes only 
      = 2   triangle of 3 with 6 nodes only 
      = 3   quadrilateral with 9 nodes only 
      = 0   type defined for each element, i.e. 
       the group may contain the three types of elements 
  
  53-56  NPAR(14) not used  
      = 0 
 
 (6) 57-60  NPAR(15) (MODEL) constitutive model number 
      =1 linear acoustic wave propagation in a fluid 
 
  61-64  NPAR(16) (NUMMAT) number of different sets of property for the 
      constitutive model chosen 
      NUMMAT_1 
      no default value 
 
 (6) 65-68  NPAR(17) (NCON) selected by the program  
      number of model parameters.  
  
 (6) 69-72  NPAR(18) (JDETAT) selected by the program  
      dimension of the table necessary to store the information 
on       the history of the elements (of the material). 
  
  73-76  NPAR(19) not used 
      = 0 
 
  77-80  NPAR(20) (IEXPL)  code which affords to define if the group is 
modelled implicitely or explicitly in a dynamics analysis with a code of integration IOPE= 10 (cf. paragraph 
2.6).The analysis must be implicit in dynamics 
      = 0  implicit group 
      = 1 explicit group 
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     notes 

 
(1) In the current version, give NPAR(3) = 0 or 1. 
 Only the material non linearities may be modelled : the displacements and the strains are assumed 

infinitesimal.  
 
(2) In static and in dynamics, the only value possible is NDIM = 1. For this group the only degreee of freedom 

is a water pressure which is affected on the degreee of freedom uy of the mesh for reasons of numerical 
integration (thus , it is possible to model these fluid elements in deformation only and of get the pressures 
in the fluid)  

 
(3) NPAR(7) set the maximum number of nodes allowed  to describe any of the elements of the  group. A  

minimum of 3 nodes and a maximum of 9 nodes are used to describe the fluid elements 2D. 
 
(4)  The simulation of the gravity forces is performed with the value of the gravity data at paragraph 4. 
 
(5)  For the rectangular elements , an order of integration of 2 is enough. If  the element is highly distorted, an 

order of integration higher must be used. 
 The number of integration points in each element depends on the type of element and of the order of 

integration : 
 __________________________________________ 
 order of integration quadrilateral triangle 
 __________________________________________ 
 
  1  1  1 
  2  4  3 
  3  9  4 
  4  16  7  
 __________________________________________ 
 
 For the triangular elements, an order of integration of 3 may in some cases be necessary. In fact, if the order 

of integration is 2, the integration points of the triangle are the midedge points ; if the order of integration is 
3, the integration points of the triangle are 4 points strictly inside the triangle ;  

 
 The maximum number of integration points for each element in each group is selected automatically by the 

program depending on the order of integration NINT and of the type of 2D elements, NTYPEL, used in 
each group. 

 
 The consistant mass matrix is always computed with an order of integration of 3. 
 
(6) Only one constitutive model (defined  by the value of NPAR(15)) is allowed in a group of elements. 
 The values of NPAR(18) and NPAR(17) which identify this model are selected by the program. 
 Do not give any value to NPAR(17) and NPAR(18).  
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8.3.2. Definition of the materials 
  
 NUMMAT (= NPAR(16))  sets of lines are to be entered in this section  
  
 
 
8.3.2.1.General properties of each material 
 
 
===================================== 
input in routine ACOUS2 
  
 READ (LECG,1000) N,DEN(N) 
 1000  FORMAT (I5,F10.0) 
 ===================================== 
 
 
 note columns variable definition 
 
  1-5   N  material property number 
      1 _ N _ NPAR(16) 
  
 (1) 6-15  DEN(N) density of the fluid (ρf) 
  
 
     notes 
 

(1) DEN is the density of the fluid( ρf ). 
 The density is used for the analysis of the gravity forces and for the analysis of the mass matrix. 
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8.3.2.2. Material properties  
 
 
=========================================== 
input in routine ACOUS2 
  
 READ  (LECG,2000) COMPR,PERM 
 2000  FORMAT (2F10.0) 
 =========================================== 
 
 
  note columns variable definition 
 
 (1) 1-10  COMPR  compressibility of the fluid  
 
 (2) 11-20  PERM  permeability of the fluid in static 
 
 
     notes 
  
  

(1) COMPR is the compressibility of the fluid. In particular, the compressibility of the pure water at 20 °C is 
4,5454 10 -10 Pa-1) 

 The compressibility is used for the computation of the mass matrix in dynamics. 
 
(2)  PERM is the permeability k or K of the material in statics. 
 
 In statics the element uses the law of Darcy and in dynamics the equation of acoustic wave propagation : 
 
   in statics _tw = -k  (gradp + ρf g) 
   in dynamics  K _2xp =  ρf _2tp 
 
 In statics, it is enough to take the permeability k very large with respect to permeabilites of the materials 

voisins to have a source of water infini.  
 In dynamics, if K is equal to zero, then the fluid is incompressible. in the other case the velocity of acoustic 

wave propagation C is given by the relation  C2 = 1/(K ρf ) 
 To be able to interface the acoustic elements with the solid elements, one must use the interface 

solids/fluids elements (NPAR(1) = 21). 
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8.3.4. Element input file type 
 
===================================================== 
input in routine ACOUS2 
  
 READ (LECG,1040) IPPGEF,IELPRI, INCELT 
 1040  FORMAT (8I10) 
 ==================================================== 
 
  
 note columns variable definition 
 
 (1)  1-10  IPPGEF type of the file on which the elements are input  
      =  0   the elements are input sequentially in the data file  
      =  1  the elements are input on a geometry file  
       where are stored a title and the nodal data 
  
  11-20  IELPRI  code for printing of the element data in the file   
     prefixe.lst : 
      = 0   printing 
      = 1   no printing 
 
  (2) 21-30   INCELT number of elements already input before. 
 
 
     notes 
  
 

(1) The geometry file, where are stored a title and the nodal data already input, must be named prefixe.geom, 
where "prefixe" is the prefixe of the files of the run. 

 
(2) If INCELT = 0, the first input element of this group must have the number 1. 
 To be able to have a global numbering of the elements on all the model, it is possible to give the first 

element of the group with a number strictly larger than 1. One must then give INCELT, in order that the 
input first element has the number INCELT + 1. 

 
 CAUTION : This global numbering is only important during the input of the data. After this first phase, 

during the computations, the program only knows sequentially the elements in the group. 
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8.3.5. Elements data 
  
 Only one line of data if the element has 8 nodes maximum. 
 Two data lines if the element has 9 nodes. 
 
===================================================================== 
input in routine ACOUS2 
  
 READ(LECELT,1050)M,ITELT,IEL,IPS,BET,EPAI,MTYP,KG, 
 *  (NOD(i),i=1,NNODQ(ITELT)) 
 1050  FORMAT (I5,I1,I2,I2,2F10.0,10I5) 
 ===================================================================== 
 
 
 note columns variable definition 
  
 (1) 1-5  M  element number 
      1 _ M _ NPAR(2) 
 
 (1') 6  ITELT  type of the element M 
      = 1   quadrilateral with 4 to 8 nodes 
      = 2   triangle with 3 to 6 nodes 
      = 3  quadrilateral with 9 nodes 
 
 (2) 7-8  IEL  number of nodes of the element  
      _ NPAR(7 )  
      = 0  by default set to MIN(MXNODS,NNODQ(ITELT)) 
  
  9-10  IPS   = 0    
  
 (3) 21-30  EPAI   element thickness, only in plane stress  
      (if NPAR(5)=2) 
      =0. 
  
  31-35  MTYP  element material number 
      1 _ MTYP _ NPAR(16) 
  
 (1) 36-40  KG  generation increment 
      = 0  set to 1 by default 
  
 (1) 41-45  NOD(1) node 1  local 
  
  46-50  NOD(2)  node 2 
  
  51-55  NOD(3)  node 3 
  
  56-60  NOD(4) node 4 
  
  61-65  NOD(5) node 5 
  
  66-70  NOD(6) node 6 
  
  71-75  NOD(7)  node 7 
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  76-80  NOD(8) node 8 
 
 
 
2eme line of data if ITELT = 3 
 
  1-5  NOD(9)  node 9 
 
 
     notes 
  
 
 (1) CAUTION ! the first element of this group must have the number 1 
  The variable INCELT is not available for this group of elements. 

 
(1')  ITELT must be input according to the input data of NTYPEL in NPAR (NTYPEL = NPAR(13)) : 
 
  if NTYPEL = 0, ITELT defines the type of each element of the group 
  if NTYPEL _0, ITELT must be equal to NTYPEL 
  
(2)  The number of nodes of the element is set by IEL. 
 
 If IEL< NNODQ(ITELT), the unused nodes will be input as 0. 
  enter 8  nodes if ITELT = 1 
  enter 6  nodes if ITELT = 2 
  enter 9  nodes if ITELT = 3 
  
(3) The element thickness is useful only in the plane stress case. 
 In plane strains, the thickness is equal to 1.   
 In axisymetry, the thickness is equal to 1 radian. 
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Description of the local node numbering of the 3 types of elements: 
 
 NTYPEL = 1 : 
 
 isoparametric quadrilateral element with 4 to 8 nodes 
 
  
 
 
 
 
 
 
x  :  position of the integration points for an order of integration NINT of 2. 
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 NTYPEL = 2 : 
 
 triangular isoparametric element with 3 to 6 nodes  
 
 
 
 
 
0  :   position of the nodes       
x  :   position of the integration points for an order of integration NINT of 2, which coincide with the 
quadratic nodes  . 
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 NTYPEL = 3 : 
 
 isoparametric quadrilateral element with 9 nodes 
 
  
 
 
0  :   position of the nodes       
x  :   position of the integration points for an order of integration NINT of 2. 
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 _ 8.5. TRUSS ELEMENTS   (NPAR(1)=1 )  
 
 
 
 
 
 Only one type of element available : line with 2 nodes 
 
 
 
 Two constitutive models are available : 
 
  - elastic linear 
  - elastic non linear  
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8.5.1. Group properties 
 
===================================== 
input in routine IELMNT 
  
       READ (LECG,1000) NPAR 
 1000  FORMAT (20I4) 
===================================== 
 
 
 note columns variable definition 
 
  1-4  NPAR(1) enter the number 1 
 
  5-8  NPAR(2) (NUME) number of elements  in this group 
      NUME _ 0 
 
 (1) 9-12   NPAR(3) (INDNL) code selecting the type  of nonlinearity  
      set by default to 1 
        = 1 material non linear only 
 
  13-16  NPAR(4) not used  
  
  17-20  NPAR(5) not used 
  
 (2) 21-24  NPAR(6) (NDIM) number of  nodal d.o.f. 
      by default set to 2 
      NDIM = 2  --->  2D deformation only 
      NDIM = 3  --->  3D deformation only 
 
  25-28  NPAR(7) (MXNODS) selected by the program 
      maximum number of  nodes 
      MXNODS = 2  
 
  29-32  NPAR(8) not used 
 
 (3)  33-36  NPAR(9) (KLAYER)  code of construction by layers  
      not used in the current version. 
      
  37-40  NPAR(10) not used 
 
  41-44  NPAR(11) not used 
 
  45-48  NPAR(12) not used 
 
  49-52  NPAR(13) not used 
 
 (4) 53-56  NPAR(14) (INITPR) code for the printing of the stresses  
      = 0 no printing for this group 
      = 1 printing of the initial stresses 
      = 2 printing of the stresses at the end of a time step 
      = 3  printing of the initial stresses and at the end of a 
time step 
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 (5) 57-60  NPAR(15) (MODEL) constitutive model number 
      1 _ MODEL _ 2 
      = 1 elastic linear 
      = 2 elastic non linear 
 
  61-64  NPAR(16) (NUMMAT) number of different materials 
      NUMMAT_1 
      no default value 
 
  65-68  NPAR(17) (NCON) number of uples ( SIG-EPS ) 
        for the model 2 only 
 
  69-72  NPAR(18) not used 
 
  73-76  NPAR(19) not used 
 
  77-80  NPAR(20) not used 
 
 
 
     notes 
  
 
  (1) In the current version, give NPAR(3) = 0 or 1. 
  Only the non linearities due to materials may be modelled : the displacements and the  
  strains are assumed infinitesimal.   
  
 (2) The only values of NDIM possibles are : 
   NDIM = 2  for a 2D analysis 
   NDIM = 3  for a 3D analysis 
 
 (3) It is not possible to perform construction by layers with the truss  
 
 (4)       We may  choose to write or not in the file prefixe.lst the stresses in the elements of the group. 
   if  INITPR = 0  no printing 
   if  INITPR = 1  printing of the initial stresses  
   if  INITPR = 2  printing of the stresses, obtained at the end of a time step,  
in the       elements to which IPS is equal 1 (v. §8.5.4) and if it is a 
      step where the on imprime the output (cf. paragraph 2.4, 
IPRI). 
   if  INITPR = 3  printing as to INITPR = 1 and 2. 
  
  The stress vector and the relative deformation in the truss are printed at   
  each element of the group which are chosen to be printed. 
 
 (5) Only one constitutive model (defined  by  the  value  of  NPAR(15)) is allowed in a  
  group of elements. 
  NPAR(17) is used only for the constitutive model 2, elastic non linear. It is equal to  
  number of couples (stress - strain) necessary to define the constitutive non linear model 
 of the truss. 
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8.5.2. Definition of the materials  
  
  
 NUMMAT (=NPAR(16))  sets of property must be defined with the following lines. 
 

_________________________________________________________________ 
SECTION  " MODEL ELASTIC LINEAR " 

skip this section if MODEL _ 1 
_________________________________________________________________ 

 
 
8.5.2.1. Isotropic linear elastic model 
 
  for this model MODEL = NPAR(15)=1   
  
 
=========================================================== 
input in routine BARR2 
   
 READ  (LECG,2500) N, (PROP(i,n), i=1,NCONM) 
  2500 FORMAT (I5,6F10.0 ) 
=========================================================== 
 
 
 
 note  columns  variable definition 
 
  1-10  PROP(1,n) (N)  number of the material 
      1 _ N _ NUMMAT 
 
  11-20  PROP(2,n) (SECT)  cross-section area of the truss 
 
  21-30  PROP(3,n) (EPSI) initial strain of the truss 
 
  31-40  PROP(4,n) (E)  elastic modulus of the truss 
 
 
 
 
 

///////////////////////////////////////////////////////////////// 
END OF THE SECTION  " MODEL ELASTIC LINEAR " 

///////////////////////////////////////////////////////////////// 
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_________________________________________________________________ 
SECTION  " MODEL ELASTIC NONLINEAR " 

skip this section if MODEL _ 2 
_________________________________________________________________ 

 
 
8.5.2.2.    Non linear elastic model 
 
 for this model MODEL = NPAR(15)=2  
 
 This model is piecewise linear 
 3 ensembles of data lines must be provided (8.5.2.2a, b, c) 
 
8.5.2.2a General  identification 
 
 One data line  
 
====================================================== 
input in routine BARR2 
 
       READ  (LECG, 2500) N, (PROP(IJ,N), IJ=1,2) 
  2500 FORMAT (I5,6F10.0) 
====================================================== 
 
 
 note columns variable definition 
 
  1-5  PROP(1,n) (N) number of the material 
      1 _ N _ NUMMAT 
 
  6-15  PROP(2,n) (SECT) cross-section area of the truss 
 
  16-25  PROP(3,n) (EPSI) initial strain of the truss 
 
 
 
 
8.5.2.2b Strains to define the piecewise linear curve 
 
 Give 8 values by line and as many lines as necessary with NCON = NPAR(17)  
 
================================================================ 
input in routine   BARR2 
 READ (LECG,2505) (PROP(IJ,N),IJ=3,NCONE) 
2505 FORMAT ( 8F10.0) 
================================================================ 
 
 note  columns variable definition 
 
 (1) 1-10  EPS(1)  initial strain at the point 1 
 
    EPS(I)  initial strain at the point i 
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    EPS(NCON) initial strain at the point NCON 
 
 
 
8.5.2.2c Stresses to define the piecewise linear curve 
 
 Give 8 values by line and as many lines as necessary with NCON = NPAR(17)  
 
========================================================================== 
input in routine   BARR2 
   
 READ (LECG,2505) (PROP(IJ,N),IJ=NCONE+1,NCONS) 
2505 FORMAT ( 8F10.0) 
========================================================================== 
 
 note  columns  variable definition 
  
 (1) 1-10  SIG(1)   stress at the point 1 
 
    SIG(I)  stress at the point i 
 
    SIG(NCON) stress at the point NCON 
 
 
 
 
     notes 
 
  
 (1) The function (stress - strain) is defined by an ensemble of points (NCON points)  
 the coordinates of which are (SIG(i) - EPS(i). 
 
 

///////////////////////////////////////////////////////////////// 
END OF THE SECTION  " MODEL ELASTIC NON  LINEAR " 

///////////////////////////////////////////////////////////////// 
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8.5.3.  Element input file type 
 
======================================================= 
input in routine BARR2 
  
 READ (LECG,2505) IPPGEF,IELPRI,INCELT 
 2505  FORMAT (3I10) 
======================================================= 
 
 
 note  columns  variable  definition 
 
 (1) 1-10  IPPGEF type of the file on which the elements are input  
      =  0   the elements are input sequentially in the data file                       
    =  1  the elements are input on the geometry file    
     prefixe.geom where are stored a title and the nodal data 
  
  11-20    IELPRI  code for printing of the element data in the file    
    prefixe.lst: 
      = 0   printing 
      = 1   no printing 
 
 (2) 21-30  INCELT number of elements already input before. 
 
 
     notes 
 
 (1) The geometry file, where are stored a title and the nodal data already input, must be named 
   prefixe.geom, where "prefixe" is the prefixe of the files of the run. 
 
 (2) If INCELT = 0, the first input element in this group must have the number 1. 
  To be able to have a global numbering of the elements on all the model, it is possible to  
 give the first element of the group with a number strictly larger than 1. One must then   
 give INCELT, in order that the first element input has the number INCELT + 1. 
 
  CAUTION : This global numbering is only important during the input of the   
 data. After this first phase, during the computations, the program only knows that the   
 elements numbered by group. 
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8.5.4.     Definition of the elements 
 
 
========================================================================= 
input in routine BARR2 
 
 READ(LECELT,2515) M,IPS,PRECON,MTYP,KG,(NOD(I),I=1,2) 
2515 FORMAT (I5,3X,I2,10X,F10.0,4I5 ) 
========================================================================= 
 
 
 note column variable definition 
 
 (1) 1-5  M  element number 
      1 _ M _ NPAR(2) 
 
  (3) 6-10  IPS  code for the printing of the stresses 
      =0 no printing 
      =1 printing 
  
 (2) 11-30  PRECON initial stress in the elastic truss  
  
  31-35  MTYP  element material number 
      1 _ MTYP  _ NPAR(16) 
 
 (1) 36-40  KG  generation increment 
      =0 set to 1 by default 
 
   41-45  NOD(1)  node 1 local 
 
  46-50  NOD(2)  node 2  local 
 
 
     notes 
 
 (1)   The user is required to give the last element of the group, i.e. :  
    M=NUME + INCELT 
 
   Generation of the elements: 
  if the input lines of the elements (m+1,m+2,.....,m+j) are missing, the j elements are generated 
in taking  ,IPS, PRECON and MTYP of the element M and their nodes are obtained from the nodes given  on  
the  input line of the element  M incremented by KG . Only the  IEL  nodes  not equal to zero  are incremented. 
 
  (2)   The stress in the truss is computed according to :   
 
    EPST=(XL-XL0) + EPSI 
    SIG=EPST*E + PRECON / SECT 
 
   XL = current length 
   XL0 = initial length 
   EPSI = initial deformation 
   PRECON = initial stress in the element 
   E = Young's modulus 
   SECT = cross-section of the truss 
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 (3) If IPS=0 no output of the stresses is performed on the file prefixe.lst for this element.  
  If IPS =1 the stresses of the element are printed in the file prefixe.lst. 
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8.6. BEAM ELEMENTS 
  
  
 
 Only one type of element is available : line with 2 nodes  
 
 
  
 Two constitutive models are available : 
 
  - elastic linear 
  - elastoplastic    
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8.6.1. Group properties 
 
 
================================ 
input in routine IELMNT 
 
 READ (LECG,1000) NPAR 
 1000  FORMAT (20I4) 
================================  
 
 
 note columns variable definition 
 
 
   1-4  NPAR(1) give the number 10 
  
  5-8  NPAR(2) (NUME) number of beam elements in this group 
      NUME _ 0 
  
 (1) 9-12  NPAR(3) (INDNL) code selecting the type of non linear analysis 
      = 0 set by default a "1" 
      = 1 material non linear only 
  
  13-16  NPAR(4)  not used  
 
 (2)  17-20  NPAR(5) (ITYPB) code selecting the dimension of the analysis 
      = 0 in 2D 
      = 1 in 3D 
 
 (3) 21-24  NPAR(6) (NTABLE) number of tables of output of stresses 
      if.=. 0 on imprime the stresses for all the points  
      of integration 
 
 (3) 25-28  NPAR(7) (JTABLE) maximum number of stresses in each  
      table 
      by default set to 16  
  
 (4) 29-32  NPAR(8) (IFVOL) code selecting if of the gravity forces are taken 
into account . 
      = 0 no gravity forces 
      = 1  gravity forces  
  
 (5) 33-36  NPAR(9) (KLAYER) selected automatically by the program 
      code selecting whether there is a construction by layers or 
a        excavation for the elements of this group 
      
 (6) 37-40  NPAR(10) (INTR) order of numerical integration in the local direction 
r 
      3 _ INTR _ 7 
      by default set to  3   
 
  (6) 41-44  NPAR(11) (INTS) order of numerical integration in the local direction 
s 
      1 _ INTS _ 7 
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      by default set to 1 
 
 (6) 45-48  NPAR(12) (NINTMX) selected by the program 
      It is used to store the number of integration points 
 
  49-52  NPAR(13) (INTT) order of numerical integration in the local direction 
s 
      1 _ INTT_ 8 
      by default set to  1 
 
 (7) 53-56  NPAR(14) (INITPR) code for the printing of the stresses 
       = 0 no printing for this group 
      = 1 printing of the initial stresses 
      = 2 printing of the stresses at the end of a time step 
      = 3  printing of the initial stresses and at the end of a 
time step 
  
 (8) 57-60  NPAR(15) (MODEL) constitutive model number 
      1 _ MODEL _ 2 
      = 1 elastic linear 
      = 2 elastoplastic  
 
  61-64  NPAR(16) (NUMMAT) number of "sets of property" different for the 
      constitutive model chosen 
      NUMMAT_1 
      no default value 
  
  65-68  NPAR(17) (NCON) selected by the program  
      number of parameters of the constitutive model 
 
  69-72   NPAR(18) (JDETAT) selected by the program 
      dimension of the table necessary to store the information 
on       the history of the elements(of the material). 
 
  73-76  NPAR(19) not used 
 
  77-80  NPAR(20) not used 
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     notes 
 
 (1) In the current version, give NPAR(3) = 0 or 1. 
  Only the non linearities due to materials may be modelled : the displacements and the  
  strains are assumed infinitesimal.  
  
 (2) the option NPAR(5)=0 is  applicable that for a nonlinear analysis. If NPAR(5)= 0 , the  
  beams have a constitutive different following the type of section : 
 
  a- in the case of a rectangular section, the bending takes place in one of the plans r-s  
   or r-t and consequently, one of the orders of integration in the sens t or s must be 
equal to 1  
 
  b- in the case of the circular section, the load is applied in the plane r-s, and the order 
   of integration given by NPAR(13) is applied in the sector defined by theta = 0° and  
theta = 180°  
   In this case, the integration formula of Newton Cotes  for n=3 to 7 is used to  
   the integration in the direction r. 
 
 (3) The stresses in an element are computed and printed in the file prefixe.lst at the points  
 of integration defined by the table of sortie of the stresses propre for each element. 
  NPAR(6) defines the total number of these tables.  
  NPAR(7) is the maximum number of these tables. 
 
 (4) The simulation of the gravity forces is performed with the value of the gravity data on the line 
4. 
 
 (5) It is not possible to modelize a construction by layer or an excavation of beams elements 
   (adding or withdrawing beams) in the current version. In the case of a   
 construction by layer / excavation (JCOUCH = 1), the user must give IDNGCC(i)=0 for the  
  groups i of beam elements (cf. §7). 
 
 (6) Only odd values are allowed. If an even value is given, the program takes the next higher odd 
order of integration. 
 
  The convention of the numbering of the integration points is the following: 
  the first point is located at material of the beam and the following points are numbered in the 
order   increasing by using successively the directions (r-l/2) positive and negative so that  
 all the even numbers are in the positive direction of (r-l/2) and vice versa. All the points  
  are located evenly. 
 
 (7)  For a given group, we may  choose   to write or not into the file prefixe.lst the stresses of the 
  elements of the group. 
   if  INITPR = 0  no printing 
   if  INITPR = 1  printing of the initial stresses  
   if  INITPR = 2  printing of the stresses obtained at the end of a time step to 
points of integration of the elements for which IPS is equal to1 (cf. §8.6.5) and if it is a step where the on 
imprime the output (cf. paragraph 2.4, IPRI). 
   if  INITPR = 3  printing as if INITPR = 1 and 2. 
  The stresses are printed at integration points of the elements. 
  
 (8) Only one constitutive model (defined  by  the  value  of  NPAR(15)) is allowed in a  
  group of elements. 
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  The values of NPAR(18) and NPAR(17) which identify this model are selected by the  
  program. Do not give any value to NPAR(17) and NPAR(18).  
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8.6.2. Definition of the materials 
  
 NUMMAT = (NPAR(16))   sets of lines 8.6.2.1 and 8.6.2.2 or 8.6.2.3 must be given. 
  
  
8.6.2.1.   Definition of the material properties 
 
================================================================ 
 input in routine EFPTRE 
  
 READ  (LECG,1010) N,ICS(N),ISHEAR(N)DEN(N) 
 1000  FORMAT (3I5,3F10.0) 
================================================================ 
 
 
 note columns variable definition 
 
  1-5  N   material property number 
      1 _ N _ NPAR(16) 
  
 (1) 6-10  ICS(N)  type of section 
      = 0   set by default to  1  
      = 1 rectangular section 
      = 2 annular section 
  
 (2)  11-15  ISHEAR(N) flag for the simulation of the correction of the shear forces 
      = 0 no correction 
      = 1 correction simulation 
 
 (3) 16-25  DEN(N) material density  
 
 
     notes 
  
  
 (1) The beam elements may have only the rectangular or annular sections. 
 
 (2) This correction is used to take into account the parabolic distribution of shear stresses 
  

 (3) The density is used for the analysis of the gravity forces and for the analysis of the mass 
matrix.



121 
 
 
8.6. BEAM ELEMENTS 
 

____________________________________________________________ 
SECTION  " ISOTROPIC LINEAR ELASTIC MODEL " 

skip the following section if MODEL _ 1 
____________________________________________________________ 

 
8.6.2.2 linear elastic model 
  
 to this model NPAR(15)=1  ---> elastic linear isotropic  
  
 
 the program takes  NCON=4  and JDETAT=6 
  
 
==================================================== 
input in routine EFPTRE 
  
 READ  (LECG,1011) (PROP(j,n), j=1,NCON) 
 1011 FORMAT (8F10.0) 
==================================================== 
 
 
 note columns variable definition 
 
  1-10  PROP(1,n) (E) Young's modulus (E) 
  
  11-20  PROP(2,n) (XNU) Poisson's ration (u) 
  
 (1) 21-30  PROP(3,n) (DO) first dimension of the section 
  
 (1) 31-40    PROP(4,n)   (DI) second dimension of the section 
  
  
     notes 
  
 (1) the dimensions have different meaning according to the type of the section. 
   a- rectangular section: 
    DO  the width of the beam in the direction s 
    DI  the thickness of the beam in the direction t 
   b- circular section : 
    DO  the outer diameter of the beam 
    DI the inner diameter of the beam 
 
 

//////////////////////////////////////////////////////////// 
End of the section  " ISOTROPIC LINEAR ELASTIC MODEL " 

//////////////////////////////////////////////////////////// 
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____________________________________________________________ 
SECTION  " ELASTOPLASTIC MODEL " 

skip the following section if MODEL _ 2 
____________________________________________________________ 

 
8.6.2.3   Which identify the elastoplastic model 
 
 
 to this model NPAR(15)=2  ---> elastoplastic  
  
  the model 2 is a nonlinear model 
 
  the program takes  NCON=6  and JDETAT=7 
 
  this model necessite 1 line of data 
  
====================================================== 
input in routine EFPTRE 
  
 READ  (LECG,1011) (PROP(j,n), j=1,NCON) 
 1011  FORMAT (8F10.0) 
====================================================== 
 
 
 note columns variable definition 
 
  1-10  PROP(1,n) Young's modulus(E) 
  
  11-20  PROP(2,n) Poisson's ratio(n ) 
  
 (1) 21-30  PROP(3,n) (DO) first dimension of the section 
  
 (1) 31-40  PROP(4,n) (DI) second dimension of the section 
  
 (2) 41-50  PROP(4,n) elastic limit (s y ) 
  
 (3)  51-60  PROP(5,n) hardening modulus ( And ) 
 
 
     notes  
 
 
 (1) see the note (1) of the 8.6.2.3 
 
 (2) This parameter is defined by a test of traction simple. 
 
 (3) The hardening is linear isotropic and And is the tangent modulus after the hardening according 
to a iniaxial traction test. 
 

//////////////////////////////////////////////////////////// 
End of the section  " ELASTOPLASTIC MODEL " 

//////////////////////////////////////////////////////////// 
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____________________________________________________________ 
SECTION  " DEFINITION OF THE TABLES OF PRINTING OF STRESSES " 

skip this section if NTABLE= 0 
//////////////////////////////////////////////////////////// 

  
8.6.3. Definition of the tables for stresses output 
 
 Give NTABLE = NPAR(6) groups of lines 8.6.3. 
 16 values by line. 
 
==================================================== 
input in routine 
 
 READ (LECG,1009) (ITABLE(i,jj) ,jj=k,kk) 
1009 FORMAT ( 16 I5 ) 
==================================================== 
 
 
  note columns variable definition 
 
 (1) 1-5  ITABLE(N,1) definition of the first integration point for which  
     a printing of the stresses will be performed  
 
  6-10  ITABLE(N,2) definition of the 2nd integration point for which  
     a printing of the stresses will be performed  
 
  _ 
 
  76-80  ITABLE(N,16) 
 
  _ 
 
    ITABLE(N,NPAR(7)) 
 
 
    notes 
 
 (1) the tables are defined in order to give some flexibility for the output of the stresses and 
especially to reduce the amount of output data. Each element may make referenced to a table . The  
 stresses printed correspond then to integration points selected in the tables. 
  Each table must contain at maximum JTABLE = NPAR(7) values.  
  The first " 0 " read in a table ends this table. 
  If a table does not contain JTABLES values, a "0" must be given after the last required value. 
  These values afford to define the list of the integration points where the user chose 
 to print the stresses. Each value identifies an integration point with the help of a   
 number of 3 digits (i1 i2 i3 ) in order that: 
   the first digit I1 is the number of the integration point in the direction r 
   the second digit I2 is the number of the integration point in the direction s 
   the third digit I3 is the number of the integration point in the direction t 
 

////////////////////////////////////////////////////////////////// 
End of the section  " DEFINITION OF THE TABLES FOR PRINTING OF STRESSES " 

////////////////////////////////////////////////////////////////// 
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8.6.4. Element input file type 
 
====================================================== 
input in routine EFPTRE 
  
 READ (LECG,2505) IPPGEF,IELPRI,INCELT 
 2505  FORMAT (8I10) 
====================================================== 
  
 note  columns  variable definition 
 
  
 (1) 1-10  IPPGEF type of the file on which the elements are input  
      =  0   the elements are input sequentially in the file of 
        data 
      =  1  the elements are input on a geometry file  
       prefixe.geom where are stored a title and the data 
of the         nodes 
  
  11-20  IELPRI code for printing of the element data in the file   
     prefixe.listing : 
      = 0   printing 
      = 1   no printing 
 
 (2) 21-30  INCELT number of elements already input before. 
 
 
 
     notes 
 
 (1) The geometry file, where are stored a title and the nodal data already input, must be named 
   prefixe.geom, where "prefixe" is the prefixe of the files of the run. 
 
 (2) If INCELT = 0, the first input element in this group must have the number 1. 
  To be able to have a global numbering of the elements on all the model, it is possible to  
 give the first element of the group with a number strictly larger than 1. One must then   give 
INCELT, in order to this that the first element input has the number INCELT + 1. 
 
  CAUTION : This global numbering is only important during the input of the   
 data. After this first phase, during the computations, the program only knows that the   
 elements numbered by group. 
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8.6.5. Elements data 
 
======================================================== 
input in routine 
 
 READ(LECELT,1002) M,IPS,MTYP,KG,II,JJ,KK 
1002 FORMAT ( 7I5 ) 
======================================================== 
 
 note column  variable definition 
 
 (1) 1-5  M  element number 
      1 _ M _ NPAR(2) 
 
  6-10  IPS  code for the printing of the stresses 
      =0 no printing 
 
  11-15  MTYP  element material number 
      1 _ MTYP  _ NPAR(16) 
 
  16-20  KG  generation increment 
      by default set to 1  
 
  21-25  II  node 1 local 
 
  26-30  JJ  node 2 
   
 (2) 31-35  KK  auxiliary node in the local plane r-s 
 
 
     notes 
 
 
 (1)   The user is required to give the last element of the group, i.e.    
 M=NUME + INCELT 
  Generation of the elements: 
   If the input lines of the elements (m+1,m+2,.....,m+j) are missing, 
   the j elements are generated by taking IPS and MTYP of  
   the element M and their nodes are obtained to  
   partir of the input nodes  on  the  line  of the element  M 
   incremented by KG . Only the  IEL nodes  not equal to zero  are 
   incremented. 
 
 (2) the node KK is only used to define the plane r-s and no 
  degreee of freedom is associated with it. If the node KK is not a true d.o.f., its D.O.F. must be 
locked when the nodal data are entered (cf §3.2) 
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Description and numbering of the beam elements: 
 
 
 
local reference frame and rule of integration : 
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8.7. 2D RIGID BLOCKS ELEMENTS 
 
 
 
 
 
 Only one type of element: element with general outer boundary wich is defined by at least 3 nodes and 
the d.o.f. are identified by an auxiliary inner node. 
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8.7.1 Group properties  
 
 
=================================== 
input in routine IELMNT 
  
 READ  (LECG,1000) NPAR 
 1000  FORMAT (20I4) 
=================================== 
 
 
 note columns variable definition 
 
  1-4  NPAR(1) give the number 11 
  
  5-8  NPAR(2) (NUME) number of rigid block elements in this group. 
      NUME > 0 
 
 (1) 9-12  NPAR(3) (INDNL) code selecting the type of non linear analysis 
      = 0 set by default to 1 
      = 1    material non linear only  
 
  13-16  NPAR(4) not used 
  
 (2) 17-20  NPAR(5) (ITYP2D) code selecting the type of the elements of the 
group : 
      = 1 2D only 
  
  21-24   NPAR(6) (NDIM) number of local d.o.f. of the nodes of the  
     elements of this group ; only one value possible : 
      = 3 d.o.f.    uy, uz and qyz 
      by default, set with 3. 
  
 (3) 25-28  NPAR(7) (MXNODS) maximum number of nodes used to describe 
      an element of the group 
      4 _ MXNODS  
      no default value 
  
 (4) 29-32  NPAR(8) (IFVOL) code selecting if of the distributed body forces 
are taken into account (only the gravity). 
      = 0 no distributed body forces 
      = 1  distributed body forces in the block 
 
 (5)    33-36    NPAR(9)     (KLAYER) selected by the program 
      code selecting whether there is a construction by layers or 
a         excavation for the elements of this group. 
 
  61-64  NPAR(16) (NUMMAT) number of materials different  
      NUMMAT_1 
      no default value 
  
 (6) 77-80  NPAR(20) (IEXPL)  code which affords to define if the group is 
modelled        implicitely or explicitly in a dynamics 
analysis 
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      with a code of integration  IOPE= 10 (cf. paragraph 2.6). 
      = 0  implicit group 
      = 1 explicit group 
 
 
 
     notes 
 
 
 (1) In the current version, give NPAR(3) = 0 or 1.  
  the displacements are assumed infinitesimal. 
 
 (2)  The rigid blocks rigid are presently available only in 2D. 
 
 (3) NPAR(7) set the maximum number of nodes  allowed  to  describe any of the  elements  
  of the  group. A  minimum  of 4 nodes is necessary to describe a block rigid (3 nodes for the 
  outer boundary and a node inner). NPAR(7) must be lower than 20. 
 
 (4)  The simulation of the gravity forces is performed with the value of the body forces data at 
   paragraph 4. 
  
  (5) NPAR(9) selects whether the elements of this group may be added or withdrawn. In the 
current version, it is not possible to add or withdraw the rigid elements. 
 
 (6) The rigid blocks rigid cannot be used in dynamics simultaneously with a Full Biot model. 
   (IDYNAM = 2) 
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8.7.2. material properties 
 
 DonnerNPAR(16)  (= NUMMAT)  lines 8.7.2 
 
======================================= 
input in routine BDYN2 
  
       READ  (LECG,1000) N,DEN(N) 
 1000  FORMAT (I5,F10.0) 
=======================================  
 
 
  note columns variable definition 
  
  
  1-5   N   number of the material 
      1 _ N _ NPAR(16) 
  
 (1) 6-15  DEN(N) material density 
  
  
  
     notes 
 
  
 (1) The density is used for the analysis of the distributed body forces (gravity) and for the  
  mass matrix. 
  DEN is the global density of the material. 
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8.7.3. Element input file type 
 
===================================================== 
input in routine BDYN2 
  
 READ (LECG,2505) IPPGEF,IELPRI,INCELT 
 2505  FORMAT (3I10) 
===================================================== 
 
 
 note  columns  variable     definition 
 
  
 (1) 1-10  IPPGEF type of the file on which the elements are input  
      =  0   the elements are input sequentially in the data file
      =  1  the elements are input on a geometry file  
       where are stored a title and the nodal data 
  
  11-20  IELPRI code for printing of the element data in the file   
     prefixe.listing : 
      = 0   printing 
      = 1   no printing 
 
 (2) 21-30  INCELT number of elements already input before. 
  
 
      notes 
  
 
 (1) The geometry file, where are stored a title and the nodal data already input, must be named 
   prefixe.geom, where "prefixe" is the prefixe of the files of the run. 
 
 (2) If INCELT = 0, the first input element in this group must have the number 1. 
  To be able to have a global numbering of the elements on all the model, it is possible to  
 give the first element of the group with a number strictly larger than 1. One must then   give 
INCELT, in order to this that the first element input has the number INCELT + 1. 
 
  CAUTION : This global numbering is only important during the input of the data.  
 After this first phase, during the computations, the program only knows that the sequential numbering 
of the elements in the group. 
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8.7.4.  Elements data 
 
 For each element, give as many lines as required to define each block. 
 
============================================================ 
input in routine BDYN2 
  
 READ(LECELT,1050)M,IEL,IPS,EPAI,MTYP,KG, 
 *   NOD(i),i=1,9) 
 1050  FORMAT (3I5,F10.0,11I5) 
 IF (IEL.GT.9) READ(LECELT,1055)(NOD(i),i=10,IEL) 
 1055  FORMAT (16I5) 
============================================================ 
 
 
 note  columns  variable definition 
  
  
 (1) 1-5  M   element number 
      1 _ M _ NPAR(2) 
  
 (2) 6-10  IEL  number of nodes of the element  
      1_IEL _ NPAR(7) 
      by default set to MXNODS 
  
  26-30  MTYP  element material number 
      1 _ MTYP _ NPAR(16) 
  
 (1) 31-35  KG  generation increment 
      = 0  set to 1 by default 
  
 (3) 36-40  NOD(1) node master 
  
  41-45  NOD(2) node 1 of the outer boundary of the block 
  
  46-50  NOD(3) node 2 of the outer boundary of the block 
 
      etc... 
  
  76-80  NOD(9) node 8 of the outer boundary of the block 
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lines supplementaires if IEL > 9  with 16 values by line 
 
  1-5     NOD(10)  node 9 of the outer boundary of the block 
 
      etc ... 
 
    NOD(IEL)  node IEL-1 of the outer boundary of the block 
  
 
 
 
     notes 
  
  
 (1) One must  always end by the last element that is to say M=NUME. 
 
  Generation of the elements: 
  If the input lines of the elements (m+1,m+2,.....,m+j) are missing, the j elements are generated 
by taking   IEL and MTYP of the element M and their nodes are obtained from the input nodes  
on  the    line  of the element  M incremented by KG . Only the  IEL  nodes  not equal to zero  
are incremented. 
 
 (2)   The number of nodes of the element is set by IEL 
 
 (3) The master node must be a node strictly inside the element. It is the node which determines 
  the movement of the block. Furthermore, it may be used to generate a standard 2D mesh made 
of triangles for the graphic output. 
 
  CAUTION : The master node has a maximum of 3 degrees of freedom (uy,uz,thetayz). The 
nodes of the outer boundary must have been declared with locked degrees of freedom uy and uz . 
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 description and numbering of a rigid element : 
 
 
 isoparametric quadrilateral element   of 4 nodes at minimum 
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8.8. ELEMENTS OF INTERFACE MECHANICAL OR FLUID  2D  
  
 
 
  
 Only one type of element available : 
 
  interface line with 4 to 6 nodes 
  
 
 
 
 These elements affords to modelize : 
 
  - either the contact and friction / sliding boundary conditions between two deformable solid 
2D elements. 
 
  - either the seepage boundary conditions. 
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8.8.1. Group properties 
 
===================================== 
input in routine IELMNT 
  
       READ (LECG,1000) NPAR 
 1000  FORMAT (20I4) 
===================================== 
 
  
  note columns variable definition 
  
  
  1-4   NPAR(1) give the number 4 
  
  5-8   NPAR(2) (NUME) number of elements in this group 
      NUME > 0 
  
 (1) 9-12  NPAR(3) (INDNL) code selecting the type of non linear analysis 
      = 0  set by defaut a "1" 
      = 1   material non linear only 
M      = 2 total Lagrangian formulation 
 
  13-16  NPAR(4) not used 
  
  17-20  NPAR(5) (ITYP2D) code selecting the type of modelisation 
      to this group 
      = 0 axisymetry 
      = 1 plane strain 
      = 2 plane stress 
   
 (2) 21-24  NPAR(6) (NDIM) number of local d.o.f. of the nodes  of the 
elements 
      = 2  dof  uy and uz  (deformation only) 
      = 3 dof  uy, uz and p (Simplified Biot) 
      = 0  set by default to 2 
  
 (3) 25-28  NPAR(7) (MXNODS)maximum number of nodes used to describe 
      an element of the group : 
      MXNODS = 4 or 6 
      set by default to 6 
  
  29-32   NPAR(8) not used 
 
  33-36  NPAR(9) (KLAYER) code selecting whether there is a construction 
by       layers or an excavation for the elements of this group. 
      selected automatically by the program 
 
 (4) 37-40  NPAR(10) (NINT) order of numerical integration 
      by default set to 2 
      1 _ NINT _ 4 
  
  41-44  NPAR(11) (IPOUTR) selected by the program 
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      code selecting the existence of  beam elements in the 
model  
 
 (4) 45-48  NPAR(12) (NINTMX) selected by the program  
      It is used to store the maximum number of integration 
points. 
 
  49-52  NPAR(13) not used 
  
 (5) 53-56  NPAR(14) (INITPR) code for the printing of the stresses   
      = 0 no printing for this group 
      = 1 printing of the initial stresses 
      = 2 printing of the stresses at the end of a time step 
      = 3  printing of the initial stresses and at the end of a 
time step 
  
 (6) 57-60  NPAR(15) (MODEL) constitutive model number 
       = 1 Mohr-Coulomb elastoplastic (deformation only) 
       = 3 Interface of seepage (flow only) 
      by default set to 1 
  
 (6) 61-64  NPAR(16) (NUMMAT) number of different materials  
      NUMMAT_1 
      no default value 
  
 (6) 65-68  NPAR(17) (NCON)  selected by the program  
      number of model parameters.  
 
 (6) 69-72   NPAR(18) (JDETAT)  selected by the program  
      dimension of the table necessary to store the information 
on       the history of the elements (of the materiau). 
 
  73-76  NPAR(19)  not used 
 
  77-80  NPAR(20)  not used 
 
 
 
     notes 
 
 
 M (1) if NPAR(3) = 1; the analysis is performed in small displacements and the geometric non 
linearities are taken into account. 
  if NPAR(3) = 2; a total Lagrangian formulation  
 (2) In statics, the only possible values are : 
  NDIM = 2  for the groups of elements modelling the mechanical boundary conditions 
  NDIM = 3  for the groups of elements modelling the flow boundary conditions 
 
  In dynamics, the values of NDIM must be compatible with the value of IDYNAM  
  data at paragraph 2.2 : 
  NDIM = 2 for the groups of elements modelling the mechanical boundary conditions  
    one must then give IDYNAM = 1. 
  The utilisation of these elements is not possible in coupled dynamics formulation (Simplified 
Biot or Full Biot) ; do not give NDIM = 3 in dynamics. 
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  In dynamics, the interface elements are  always implicit. 
 
 (3)  NPAR(7) set the maximum number of nodes allowed to describe any of the elements of the 
  group.  This number is limited to two possible values :  
   4 for a linear element, 
   6 to a quadratic element. 
  
 (4) For the line elements, an order of integration  of 3 is enough.  
  If  the element is highly distorted, an order of integration higher must be used. 
   The maximum number of integration points on an element line is equal for the order of 
integration. 
 
 (5) For a given group and for a mechanical constitutive model , we may  choose to write or  
 not into the file prefixe.lst the stresses of the elements of the group. 
  if  INITPR = 0  no printing 
  if  INITPR = 1  printing of the initial stresses  
  if  INITPR = 2  printing of the stresses obtained at the end of a time step to points of 
integration of the elements to which IPS is equal to 1 (v. §8.2.5) and if it is a time step where the output are 
printed (cf. paragraph 2.4,IPRI). 
  if  INITPR = 3  printing as to INITPR = 1 and 2. 
  
  The stress vectors on the interface are printed at integration points of the elements. 
 
 (6) Only one constitutive model (defined  by the value of NPAR(15)) is allowed in a group of 
elements. 
  The values of NPAR(18) and NPAR(17) which identify this model are selected by the  
  program. 
  Do not give any value to NPAR(17) and NPAR(18).  
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8.8.2. DEFINITION of the materials 
  
  
 NUMMAT (=NPAR(16)) sets of lines are entered in this section 
  

_______________________________________________________________ 
SECTION  " MOHR-COULOMB ELASTOPLASTIC MODEL  " 

skip the following section if MODEL_ 1 
_______________________________________________________________ 

 
8.8.2.1. Material properties - Elastoplastic Mohr-Coulomb  
  
 For this model,  MODEL = NPAR(15)=1    
 The model 1 is a nonlinear model. 
 The program takes  NCON=6  and JDETAT=6 
 
 Only one data line. 
======================================================= 
input in routine SAUT2 
  
       READ (LECG,2500) N,(PROP(k,N),k=1,NCON) 
 2500  FORMAT(I5,7F10.0) 
======================================================= 
 
 
 note columns variable definition 
  
  1-5  N  material property number 
      1_ N _ NUMMAT 
  
  6-15  PROP(1,n) elastic modulus for closing (Ef) 
  
  16-25  PROP(2,n) shear elastic modulus (G) 
 
  26-35  PROP(3,n) cohesion (c) 
  
  36-45  PROP(4,n) angle of friction of the joint (φ) 
  
  46-55  PROP(5,n) angle of dilatancy of the joint (ψ) 
  
 (1) 56-65  PROP(6,n) initial earth pressure coefficient (K0) 
  
     notes  
 
  (1) K0 is only used to identify the static initial stresses  with the help of the topography defined by 
the lines 8.3.3. ("Initialization of the effective stresses"). 
  The initial stress vector ( σ N and σ T )is defined, for the altitude z, by the weight of the above 
sediments 

/////////////////////////////////////////////////////////////// 
end of the SECTION  " ELASTOPLASTIC MODEL  MOHR-COULOMB " 

///////////////////////////////////////////////////////////////
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_______________________________________________________________ 
SECTION  " FLUID - SEEPAGE MODEL " 

skip the following section if MODEL_ 3 
_______________________________________________________________ 

 
8.8.2.2. Material properties - Seepage surface 
 
For this model, on a  MODEL = NPAR(15)=3  
   --->  seepage boundary conditions  (flow only) 
  
 The program takes  NCON=2     and JDETAT=0 
 
 Only one data line. 
 
 
======================================================= 
input in routine SAUT2 
  
 READ (LECG,2500) N,(PROP(k,N),k=1,NCON) 
 2500  FORMAT(I5,7F10.0) 
======================================================= 
 
 
 note  columns  variable definition 
  
  1-5  N  material property number 
      1 _ N _ NUMMAT 
  
 (1) 6-15  PROP(1,n) permeability of the joint (kj) 
  
 (2) 16-25  PROP(2,n) (IRTNU)number of the water level  adjacent. 
      1 _ IRTNU _ NRTNU 
  
  
 
     notes 
 
 (1)  The permeability of the interface fluid is given in a different unit from the permeability of the 
other materials of the model : its unit is the inverse of a unit of time (for exemple, s-1). 
  
 (2)   Each group of fluid interface elements is associated to one or several water levels. 
 Each water level has been prealably defined by its number and a function f(t)  
  (cf. paragraph 5.4.). 
 

/////////////////////////////////////////////////////////////// 
end of the SECTION  " FLUID - SEEPAGE MODEL " 

/////////////////////////////////////////////////////////////// 
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8.8.3. Initialization of the initial stresses   
 
  
8.8.3.1 Number of auxiliary layers 
 
====================================== 
input in routine SAUT2 
 
 READ (LECG,1020) NCOUCH 
 1020  FORMAT(I10) 
====================================== 
 
  
 note  columns  variable  definition 
  
 (1) 1-10  NCOUCH number of the layers which define the stratigraphy of the 
ground 
      0_NCOUCH _ 20 
  
 
 
     notes 
 
 
 (1) The value of NCOUCH is limited to 20 
  To a interface fluid, and to initialize the stresses in the interface mechanical to 0,  
 give NCOUCH = 0. 
  



142 
 
 
8.8. ELEMENTS OF INTERFACE MECHANICAL OR FLUID  2D 
 

_______________________________________________________________ 
SECTION  " DEFINITION OF THE AUXILIARY LAYERS OF THE STRATIGRAPHY" 

skip this section if NCOUCH = 0 
_______________________________________________________________ 

 
8.8.3.2.Definition of the layers of the stratigraphy 
 
  Give NCOUCH lines for the definition of the layers 
 
====================================================================== 
input in routine SAUT2 
  
       READ (LECG,1030) ((N,PROF(N),DENCH(N)),i=1,NCOUCH) 
 1030  FORMAT(I10,2F10.0) 
====================================================================== 
 
 note  columns  variable definition 
  
 (1) 1-10  N   number of the layer 
      1 _ N _ NCOUCH 
  
  11-20  PROF(N) altitude of the top of the layer N 
      (i.e. coordinate z of the top) 
  
 (2) 21-30  DENCH(N) density of the layer N 
  
  
     notes 
  
 
 (1)  The numbers of layers must be given in the increasing order of the values PROF(N),  
  i.e. by beginning by the lower layers and with : 
 
   PROF(1) < PROF(2) < ... < PROF(NCOUCH) 
  
  
 (2)  These layers are used to initialize the stress vector according to the formula : 
 
   sigzz = Σ i PROF(i) * DENCH(i) *  GZ 
 
   sigxx = sigyy = KO * sigzz 
 

 REMARK : these densities are only used to to compute the initial effective stresses due to the weight of th
earth and for the lateral earth pressure. They are different from the material densities.  

 
/////////////////////////////////////////////////////////////// 

end of the section " DEFINITION OF THE LAYERS OF THE STRATIGRAPHY" 
/////////////////////////////////////////////////////////////// 
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8.8.8. Element input file type 
 
====================================================== 
input in routine SAUT2 
  
 READ (LECG,2505) IPPGEF,IELPRI,INCELT 
 2505  FORMAT (3I10) 
====================================================== 
 
  
 note  columns variable definition 
 
 (1) 1-10  IPPGEF type of the file on which the elements are input  
      =  0   the elements are input sequentially in the data file 
      =  1  the elements are input on a geometry file  
       where are stored a title and the nodal data 
 
  11-20   IELPRI  code for printing of the element data in the file   
     prefixe.lst : 
      = 0   printing 
      = 1   no printing 
 
 (2)   21-30   INCELT number of elements already input before. 
  
 
     notes 
  
 
 (1) The geometry file, where are stored a title and the nodal data already input, must be named 
   prefixe.geom, where "prefixe" is the prefixe of the files of the run. 
 
 (2) If INCELT = 0, the first input element in this group must have the number 1. 
  To be able to have a global numbering of the elements on all the model, it is possible to  
 give the first element of the group with a number strictly larger than 1. One must then   give 
INCELT, in order to this that the first element input has the number INCELT + 1. 
 
  CAUTION : This global numbering is only important during the input   
  of the data. After this first phase, during the computations, the program only knows  
  sequentially the elements in the group. 
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8.8.5. Elements data 
 
 
================================================================================ 
input in routine SAUT2 
  
  READ (LECELT,2510) M,IEL,IPS,ISIG,EPAI,MTYP,KG,(NOD(i),i=1,6) 
 2510  FORMAT(I5,I3,I2,I10,F10.0,8I5) 
================================================================================ 
 
  
 note  columns  variable definition 
  
  
 (1) 1-5  M  element number 
  
 (2) 6-8  IEL  number of nodes of the element  
      IEL_ NPAR(7) 
      = 4 or 6    only 
      by default set to MIN(MXNODS,6) 
 
 (3)  9-10  IPS   code for the printing of the stresses 
       =  0    no printing 
 
  11-20  ISIG  = 0 
 
 (4) 21-30  EPAI  element thickness (used only in plane stress,  
     i.e. if NPAR(5)=2) 
 
  31-35  MTYP  element material number 
      1 _ MTYP _ NPAR(16) 
  
 (1) 36-40  KG  generation increment 
       = 0  set to 1 by defaut 
  
  41-45  NOD(1) node 1 local 
  
  46-50  NOD(2) node 2 
  
  51-55  NOD(3) node 3 
 
  56-60  NOD(4) node 4 
  
  61-65  NOD(5) node 5 
  
  66-70  NOD(6)  node 6 
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     notes 
 
 
 (1)  The user is required to give the last element of the group, i.e. :  
    M=NUME + INCELT 
 
  Generation of the elements: 
  if the input lines of the elements (m+1,m+2,.....,m+j) are missing the j elements are generated 
by taking    IEL,IPS, ISIG,EPAI and MTYP of the element M and their nodes are obtained from 
the given nodes  on  the  line  of the element  M incremented by KG .  
  Only the  IEL  nodes  not equal to zero  are incremented. 
 
 (2) The number of nodes of the element is set by IEL 
  The 6 nodal data are input on the line.  
  If IEL < 6, the unused nodes will be input as 0. 
  
 (3) If IPS=0 no output of the stresses is performed on the file prefixe.lst to this element.  
  If IPS =1 the stresses are printed at all the integration points of the element, in the file  
 prefixe.lst. 
  
 (4)   THE element thickness is useful only in the plane stress case. 
  In plane strains, the thickness is equal to 1.   
  In axisymetry, the thickness is equal to 1 radian. 
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Description and numbering of the  elements : 
  
 interface line elements with 4 or 6 nodes 
  
 
 
 Local reference frame and numbering rule : 
  
 
 
  
  O position of the nodes 
 X   position of the n-ieme integration point if NINT = 2. 
 
  
  The reference face is the face (a) which affords to identify the local reference frame (s,t). 
  CAUTION : the local numbering of the element determine the normal t, along which will be 
  computed the flux. 
 
  For deformation analyses the interfaces open along -t ( i.e. if the normal displacement jump
   
   STUN = UNa - UNb is positive) 
 
  For flow analyses (MODEL=3), the computed rate flows are positive in the formulation when 
they are directed towards the face (a) towards the face (b) (i.e. diriges along -t ) ;  they are the outer flux of the 
inner domain delimited by the face (a) (inner face ) towards the face (b) (outer face : reservoir, seepage surface 
). 
 CAUTION : the nodes of the outer face of the seepage interfaces must have all their d.o.f. locked 
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8.10. 2D GENERALIZED MECHANICAL INTERFACES  2D  
 
 
  
 Only one type of element available : 
 
  interface line with 4 to 6 nodes 
  
 
 These elements afford to modelize : 
 
  - either the contact and friction / sliding boundary conditions between two rigid block 
elements  
  - either the contact and friction / sliding boundary conditions between a solid deformable 
element and a rigid block element 
  
 
 
 A  constitutive elastoplastic model is available 
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8.10.1. Group properties 
 
 
 
================================== 
input in routine IELMNT 
  
 READ (LECG,1000) NPAR 
 1000  FORMAT (20I4) 
================================== 
 
 
  
  note columns variable definition 
  
  
  1-4   NPAR(1) give the number 12 
  
  5-8  NPAR(2) (NUME) number of elements in this group 
      NUME > 0 
  
 (1) 9-12  NPAR(3) (INDNL) code selecting the type of non linear analysis 
       = 0,  set by default a "1" 
       = 1,   material non linear only 
 
  13-16  NPAR(4) not used 
  
 (2) 17-20  NPAR(5) (ITYP2D) code selecting the type of modelisation for
      this group 
      = 1 plane strain only  
 
 (3) 21-24   NPAR(6) (NDIM) number of local d.o.f. of the nodes of the elements 
      = 3 dof  uy, uz and θyz (Deformation only) 
      = 0  set by default with 3 
  
 (4) 25-28  NPAR(7) (MXNODS)selected by the program. 
      MXNODS = 8 
      maximum number of nodes used to describe an element 
      of the group 
 
  29-32  NPAR(8)  not used 
 
  33-36  NPAR(9) (KLAYER) selected automatically by the program 
      code selecting whether there is a construction by layers or 
an        excavation for the elements of this group. 
 
 (5) 37-40  NPAR(10) (NINT) order of numerical integration 
      by default set to 2 
      1 _ NINT _ 4 
  
   41-44   NPAR(11) not used 
 
 (5) 45-48   NPAR(12) (NINTMX) selected by the program  
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      It is used to store the maximum number of integration 
points  . 
  
  49-52   NPAR(13)   not used 
  
 (6) 53-56  NPAR(14) (INITPR) code for the printing of the stresses (in 
mechanical       only) 
      = 0 no printing for this group 
      = 1 printing of the initial stresses 
      = 2 printing of the stresses at the end of a time step 
      = 3  printing of the initial stresses and at the end of a 
time step 
 
 (7) 57-60   NPAR(15) (MODEL) constitutive model number 
       = 1 Mohr-Coulomb elastoplastic (deformation only) 
      by default set to 1 
  
 (7) 61-64  NPAR(16) (NUMMAT) number of different materials. 
      NUMMAT_1 
      no default value 
  
 (7) 65-68  NPAR(17) (NCON) selected by the program  
      number of model parameters.  
 
 (7)    69-72  NPAR(18) (JDETAT) selected by the program  
      dimension of the table necessary to store the information 
on       the history of the elements (of the material). 
  
  73-76  NPAR(19) not used 
   
  77-80  NPAR(20)   not used 
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     notes 
 
 
 (1) In the current version, give NPAR(3) = 0 or 1. 
  Only the material nonlinearities may be modelled : the displacements and the   
 strains are assumed infinitesimal.  
 
 (2) In the current version, these elements may be used only in plane strains. 
  
 (3) The only one value possible for these elements is : 
   NDIM = 3  for the three local d.o.f. uy, uz and θyz  
 
  These elements may not be used in a coupled model (Simplified Biot or full). They are used 
only in deformation only. However, they may be used in statics and in dynamics 
 
 (4) NPAR(7) sets the maximum number of nodes allowed to describe any of the elements of the 
  group.  This number may take only one value (MXNODS=8), either for linear or quadratic 
elements. 
  
 (5) For the line elements, an order of integration of 2 is often enough.  
  In presence of rigid elements , it is adviced to use  an integration order of 4. 
   The maximum number of integration points on an element line is equal for the order of 
integration. 
  
 (6) For a given group and to a constitutive model mechanical, we may  choose to write or  
 not in the file prefixe.lst the stresses of the elements of the group. 
   if  INITPR = 0  no printing 
   if  INITPR = 1  printing of the initial stresses  
   if  INITPR = 2  printing of the stresses obtained at the end of a time step to 
integration points of the elements to which IPS is equal 1(v. §8.10.5) and if it is a step where the on imprime the 
output (cf. paragraph 2.4, IPRI). 
   if  INITPR = 3  printing as to INITPR = 1 and 2. 
  
  The stress vectors on the interface are printed at integration points of the elements. 
 
 (7) Only one constitutive model (defined  by  the  value  of  NPAR(15)) is allowed in a  
  group of elements. 
  The values of NPAR(18) and NPAR(17) which identify this model are selected by the  
  program. 
  Do not give any value to NPAR(17) and NPAR(18).  
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8.10.2.  Definition of the materials 
  
  
 NUMMAT (=NPAR(16)) sets of lines are entered in this section 
  
 For this model, on a  MODEL = NPAR(15)=1   
    --->  law elastoplastic of Mohr-Coulomb (deformation only) 
  
 The model 1 is a nonlinear model. 
 The program takes  NCON=6  and JDETAT=6 
 
 Only one data line. 
 
 
====================================================== 
input in routine SAUTBD 
  
 READ (LECG,2500) N,(PROP(k,N),k=1,NCON) 
 2500  FORMAT(I5,7F10.0) 
 ===================================================== 
  
 
 note columns variable definition 
  
  
  1-5  N  material property number 
      1_ N _ NUMMAT 
  
  6-15  PROP(1,n) elastic modulus for closing (Ef) 
  
   16-25  PROP(2,n) shear elastic modulus (G) 
  
  26-35  PROP(3,n) cohesion (c) 
  
  36-45  PROP(4,n) friction angle of the interface(f) 
  
  46-55  PROP(5,n) dilatancy angle of the interface (y) 
  
 (1) 56-65  PROP(6,n) initial earth pressure coefficient (K0) 
 
 
 
     notes 
 
 
  (1) K0 is only used to identify the initial static stresses with the help of the topography defined by 
  the lines 8.10.3. ("Initialization of the effective stresses"). 
  The initial stress vector ( σ N and σ T ) is defined, for the altitude z, by the weight of the 
above lying sediments. 
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8.10.3.  Initialization of the initial stresses   
 
  
8.10.3.1 Number of auxiliary layers 
 
======================================= 
input in routine SAUTBD 
 
 READ (LECG,1020) NCOUCH 
 1020  FORMAT(I10) 
======================================= 
  
 note columns variable definition 
  
  
 (1) 1-10  NCOUCH  number of the layers which define the stratigraphy of the 
ground 
      0 _ NCOUCH _ 20 
  
     notes 
 
 
 (1) The value of NCOUCH is limited to 20 
  To initialize the stresses in the mechanical interface to 0, give NCOUCH = 0. 
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__________________________________________________________________ 
SECTION  " DEFINITION OF THE LAYERS OF THE STRATIGRAPHY" 

skip this section if NCOUCH = 0 
__________________________________________________________________ 

 
8.10.3.2.Definition of the layers of the stratigraphy 
 
  Give NCOUCH lines of definition of the layers 
 
====================================================================== 
input in routine SAUTBD 
  
 READ (LECG,1030) ((N,PROF(N),DENCH(N)),i=1,NCOUCH) 
 1030  FORMAT(I10,2F10.0) 
====================================================================== 
 
 note columns variable  definition 
  
 (1)  1-10  N  number of the layer 
      1 _ N _ NCOUCH 
  
  11-20  PROF(N) altitude of the top of the layer N (i.e. coordinate z of the 
top) 
  
 (2) 21-30  DENCH(N) density of the layer N 
  
  
     notes 
  
 
 (1)  The numbers of layers must be given in the increasing order of the values PROF(N), i.e. by 
beginning by the layers the lower and with : 
 
   PROF(1) < PROF(2) < ... < PROF(NCOUCH) 
  
  
 (2)  These layers are used to initialize the stress vector initial. 
 
 
 

////////////////////////////////////////////////////////////////// 
end of the section " DEFINITION OF THE LAYERS OF THE STRATIGRAPHY" 

////////////////////////////////////////////////////////////////// 
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8.10.4.  Element input file type 
 
======================================================= 
input in routine SAUTBD 
  
 READ (LECG,2505) IPPGEF,IELPRI,INCELT 
 2505  FORMAT (3I10) 
======================================================= 
 
 
 note columns variable definition 
 
 (1) 1-10  IPPGEF type of the file on which the elements are input  
      =  0   the elements are input sequentially in the data file 
      =  1  the elements are input on a geometry file  
       where are stored a title and the nodal data 
  
  11-20  IELPRI code for printing of the element data in the file   
     prefixe.lst. 
      = 0   printing 
      = 1   no printing 
 
 (3) 21-30  INCELT number of elements already input before. 
 
 
 
     notes 
  
 
 (1) The geometry file, where are stored a title and the nodal data already input, must be named 
   prefixe.geom, where "prefixe" is the prefixe of the files of the run. 
 
 (3) If INCELT = 0, the first input element in this group must have the number 1. 
  To be able to have a global numbering of the elements on all the model, it is possible to  
 give the first element of the group with a number strictly larger than 1. One must then   give 
INCELT, in order to this that the first element input has the number INCELT + 1. 
 
  CAUTION : This global numbering is only important during the input of the   
 data. After this first phase, during the computations, the program only knows that the   
 elements are numbered by group. 
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8.10.5. Elements data 
 
 Give 1 line for each element either NUME lines. 
 
============================================================================ 
input in routine SAUTBD 
  
  READ (LECELT,2510)  
 * M,IEL,IPS,ISIG,EPAI,MTYP,KG,(NOD(i),i=1,8),IFAC 
 2510  FORMAT(I5,I3,I2,I10,F10.0,11I5) 
============================================================================ 
 
 
 
 note columns variable definition 
 
 (1) 1-5  M   element number 
  
 (2) 6-8  IEL  number of nodes of the element  
      IEL_ NPAR(7) 
      = 4 or 6    only 
      by default set to MIN(MXNODS,6) 
 
 (3) 9-10  IPS  code for the printing of the stresses 
       =  0    no printing 
 
  11-20  ISIG  = 0 
 
  21-30  EPAI  = 0. 
 
  31-35  MTYP  element material number 
      1 _ MTYP _ NPAR(16) 
  
 (1) 36-40  KG  generation increment 
       = 0  set to 1 by default 
  
  41-45  NOD(1) node 1 local 
  
  46-50  NOD(2) node 2 
  
  51-55  NOD(3) node 3 
   
  56-60  NOD(4) node 4 
  
  61-65  NOD(5) node 5 
  
  66-70  NOD(6) node 6 
 
 (4) 71-75  NOD(7) master node of the rigid block of the face A 
  
 (4) 76-80  NOD(8) master node of the rigid block of the face B 
 
 (4) 81-85  IFAC  code of type of interface 
      1_ IFAC _ 3 
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      no default value 
  
  
  
     notes 
  
 
 (1) The user is required to give the last element of the group, i.e. :  
    M=NUME + INCELT 
 
  Generation of the elements: 
if the input lines of the elements (m+1,m+2,.....,m+j) are missing, the j elements are generated by taking  
IEL,IPS and MTYP of the element M and their nodes are obtained from the nodes given on  the  line  of the 
element  M incremented by KG . Only the  IEL  nodes  not equal to zero  are incremented. 
 
 (2) The number of nodes of the element is set by IEL 
  The 8 nodal data are input on the line.  
  If IEL < 8, the unused nodes will be input as 0. 
  
 (3)   If IPS=0 no output of the stresses is performed on the file prefixe.lst to this element.  
  If IPS =1 the stresses are printed at all the integration points of the element, in the file  
 prefixe.lst. 
  
 (4) The faces A and B are defined after the local numbering of the nodes. 
  The value of IFAC depend on the type of elements which are neighbours of the interface : 
 
  if face A rigid and face B deformable  IFAC = 1 
  if face A deformable and face B rigid  IFAC = 2 
  if face A rigid and face B rigid   IFAC = 3 
 
  If IFAC = 1 or 3, give to NOD(7) the number of the master node of the element rigid which 
  constitutes the face One of the mechanical interface ; in the other case give NOD(7) = 0. 
 
  If IFAC = 2 or 3, give to NOD(8) the number of the master node of the element rigid which 
  constitutes the face One of the mechanical interface ; in the other case give NOD(8) = 0. 
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Description and numbering of the  elements : 
  
 Element of interface line of 8 nodes 
  
 Local reference frame and numbering rule : 
  
 
 
  
  O position of the nodes 
 X   position of the n-th integration point if NINT = 2. 
 
  
  The reference face is the face (a) which affords to identify the local reference frame (s,t). 
 
  CAUTION : the local numbering of the element determines the normal t, along which will be 
  computed the flux. 
 
  For the mechanical the interfaces open along -t ( i.e. if the normal displacement jump  
  STUN = UNa - UNb is positive) 
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8.11. 2D MECHANICAL OR COUPLED INTERFACES  
  
 
 
  
 Only one type of element available : 
 
  interface line with 4 to 6 nodes 
  
 
 
 
 These elements afford to modelize : 
 
  - the contact and friction / sliding boundary conditions between two solid deformable 
 elements ; 
  -  the boundary conditions coupled boundary conditions mechanical-fluids: contact and 
friction /  sliding between two solid deformable elements with fluid flow along the interface and 
between the inside of the interface and the neighbour porous-solid material. 
 
 
 
 3 constitutive models are available 
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8.11.1. Group properties 
 
===================================== 
input in routine IELMNT 
  
 READ (LECG,1000) NPAR 
 1000  FORMAT (20I4) 
===================================== 
 
  
 note columns variable definition 
  
  
  1-4  NPAR(1) give the number 15 
  
  5-8  NPAR(2) (NUME) number of elements in this group 
      NUME > 0 
  
 (1) 9-12  NPAR(3) (INDNL) code selecting the type of non linear analysis 
       = 0,  set by default a "1" 
       = 1,   material non linear only 
 
  13-16  NPAR(4) not used 
  
  17-20  NPAR(5) (ITYP2D) code selecting the type of chosen modelisation 
       to this group 
      = 0 axisymetry 
      = 1 plane strain 
      = 2 plane stress 
   
 (2) 21-24  NPAR(6) (NDIM) number of local d.o.f. of the nodes  of the 
elements 
      = 2  dof  uy and uz   (deformation only) 
      = 3 dof  uy, uz and p   (Simplified Biot) 
      = 0  set by default to 2 
  
 (3) 25-28  NPAR(7) (MXNODS) maximum number of nodes used  
       to describe an element of the group : 
      MXNODS = 4 or 6 
      set by default to 6 
  
  29-32  NPAR(8) not used 
 
  33-36  NPAR(9) (KLAYER) selected automatically by the program 
      code selecting whether there is a construction by layers or 
a        excavation for the elements of this group. 
 
 (4) 37-40  NPAR(10) (NINT) order of numerical integration 
      by default set to 2 
      1 _ NINT _ 4 
  
   41-44  NPAR(11) (IPOUTR) selected automatically by the program 
      code selecting the existence of  beam elements in the 
model       selected by the program 
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 (4) 45-48  NPAR(12) (NINTMX) selected automatically by the program  
      to store the maximum number of integration points . 
 
  49-52  NPAR(13) not used 
  
 (5) 53-56  NPAR(14) (INITPR) code for the printing of the stresses  
      = 0 no printing for this group 
      = 1 printing of the initial stresses 
      = 2 printing of the stresses at the end of a time step 
      = 3  printing of the initial stresses and at the end of a 
time step 
  
 (6) 57-60  NPAR(15)  (MODEL) constitutive model number 
       = 1 Mohr-Coulomb elastoplastic 
       = 2 Mohr-Coulomb viscoplastic  
       = 3 cyclic generalized Mohr-Coulomb  
      by default set to 1 
  
 (6) 61-64  NPAR(16) (NUMMAT) number of different materials. 
      NUMMAT_1 
      no default value 
  
 (6) 65-68  NPAR(17) (NCON) selected automatically by the program 
      number of model parameters.  
 
 (6) 69-72  NPAR(18) (JDETAT) selected automatically by the program 
      dimension of the table necessary to store the information 
on       the history of the elements (of the material). 
 
  73-76  NPAR(19)  not used 
   
  77-80  NPAR(20)  not used 
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     notes 
  
 
  (1) In the current version, give NPAR(3) = 0 or 1. 
  Only the material nonlinearities may be modelled : the displacements are assumed 
infinitesimal.  
  
 (2) In statics, the only possible values are : 
  NDIM = 2  for the groups of elements modelling the mechanical boundary conditions 
  NDIM = 3  for the groups of elements modelling the mechanical-fluid boundary 
conditions  
 
  In dynamics, the value of NDIM must be compatible with the value of IDYNAM data at 
paragraph 2.2 : 
  NDIM = 2 for the groups of elements modelling the mechanical boundary conditions ;  
    one must then have IDYNAM = 1. 
 
  CAUTION : 
  The utilisation of these elements is not possible in coupled dynamics (Simplified Biot or 
  Full Biot) ; do not give NDIM = 3 in dynamics. 
 
  In dynamics, the formulation of the elements of interface is  always implicit. 
 
 
 (3) NPAR(7) set the maximum number of nodes allowed to describe any of the   
  elements of the group.  This number is limited to two possible values :  
   4 for a linear element linear, 
   6 for a quadratic element. 
 
  
 (4) For the line elements, an order  of integration  of  2 is enough.  
  If  the element is highly distorted, an order of integration higher must be used. 
   The maximum number of integration points on an element line is equal for the order  
   of integration. 
  
 
 (5) For a given group and for a mechanical constitutive model, it is possible     
 to write or not into the file prefixe.listing the stresses of the elements of the group. 
  if  INITPR = 0  no printing 
  if  INITPR = 1  printing of the initial stresses  
  if  INITPR = 2  printing of the stresses obtained at the end of a time step to points 
      of integration of the elements for which IPS is equal to 1 
(v. §8.2.5) and if it is a time step where the output are printed  
     (cf. paragraph 2.4, IPRI). 
  if  INITPR = 3  printing same as for INITPR = 1 and 2. 
  
  The stress vectors on the interface are printed at integration points of the elements. 
 
 
 (6) Only one constitutive model (defined by the value of NPAR(15)) is allowed in a group  
 of elements. 
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  The values of NPAR(18) and NPAR(17) which identify this model are selected by the 
program. 
  Do not give any value to NPAR(17) and NPAR(18).  
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8.11.2.  Definition of the materials 
  
  
 NUMMAT (=NPAR(16)) sets of lines are to enter in this section 
  

_______________________________________________________________ 
SECTION  " MOHR-COULOMB ELASTOPLASTIC MODEL  " 

skip the following section if MODEL_ 1 
_______________________________________________________________ 

 
8.11.2.1. Material properties - Elastoplastic Mohr-Coulomb  
 
 
 For this model, on a  MODEL = NPAR(15)=1   
    (deformation only) 
  
 The model 1 is a nonlinear model. 
 The program takes  NCON=13  and JDETAT=8 
 
 
 Two data lines. 
======================================================= 
input in routine SAU2 
  
 READ (LECG,2500) N,(PROP(k,N),k=1,NCON) 
 2500  FORMAT(I5,7F10.0 /8F10.0) 
======================================================= 
 
 
 
 note columns variable definition 
 
1ere data line : 
 
  1-5  N   material property number 
      1_ N _ NUMMAT 
  
  6-15  PROP(1,n) (EF) elastic modulus for closing (Ef) 
  
  16-25   PROP(2,n)  (G) shear elastic modulus (G) 
 
  26-35  PROP(3,n) (C) cohesion (c) 
  
  36-45  PROP(4,n) (PHI) friction angle of the joint (φ) 
  
  46-55  PROP(5,n) (PSI) dilatancy angle of the joint (ψ) 
  
 (1) 56-65  PROP(6,n) (AK0) initial earth pressure coefficient (K0) 
 
    PROP(7,n) not used 
 
      PROP(8,n) not used 
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2nd data line  : 
 
 (2) 1-10  PROP(9,n) (XKFXI) coefficient of permeability of the fracture ( k f) 
 
 (2) 11-20  PROP(10,n) (EINI) initial thickness of the interface ( e0) 
 
 (2) 21-30  PROP(11,n) (EMIN) minimal thickness for the flow (e min) 
 
 (2) 31-40   PROP(12,n) (XKFAUX) auxiliary coefficient of permeability of the 
fracture  
      ( K faux) 
 
 (2) 41-50  PROP(13,n) (XKFETA) penalisation coefficient of permeability 
auxiliary          (K fη ) 
 
 
 
     notes 
 
 
  (1) K0 is only used to identify the initial static stresses with the help of the topography  
   defined by the lines 8.11.3. ("Initialization of the effective stresses"). 
  The initial stress vector ( σ N and σ T ) is defined, for the altitude z, by the weight of the 
above lying sediments. 
 
 (2) The flow of the fluid across the fracture is modelized by assuming a laminar flow  
   where the fluid flow velocity is proportional to the gradient of the pressures and 
    the opening of the fracture. Then the relation following is used: 
 
   _t urw  = - Kf grad p 
 
   with:  Kf = kf  e 2 
 
   where _t urw  is the velocity relative of the fluid with respect for the velocity absolue 
     of the levres of the fracture. 
 

/////////////////////////////////////////////////////////////// 
end of the SECTION  " MOHR-COULOMB ELASTOPLASTIC MODEL  " 

///////////////////////////////////////////////////////////////
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_______________________________________________________________ 
SECTION  " MOHR-COULOMB VISCOPLASTIC MODEL  " 

skip the following section if MODEL_ 2 
_______________________________________________________________ 

 
8.11.2.2. Material properties - Viscoplastic Mohr-Coulomb  
 
 
 
 For this model, on a  MODEL = NPAR(15)=2  
    --->  law viscoplastic of Mohr-Coulomb (deformation only) 
 
 
 The model 2 is a model non linear. 
 The program takes  NCON=13 and JDETAT=8 
 
 
 Two data lines. 
 
 
======================================================= 
input in routine SAU2 
  
 READ (LECG,2500) N,(PROP(k,N),k=1,NCON) 
 2500  FORMAT(I5,7F10.0/ 8F10.0/ 
======================================================= 
 
 
 
 note  columns  variable definition 
 
1ere data line : 
 
  1-5  N   material property number 
      1 _ N _ NUMMAT 
  
  6-15   PROP(1,n) (EF) elastic modulus for closing (Ef) 
 
  16-25  PROP(2,n) (G) shear elastic modulus (G) 
  
  26-35  PROP(3,n) (C) cohesion (c) 
  
  36-45  PROP(4,n) (PHI) friction angle of the joint (φ) 
  
  46-55  PROP(5,n) (PSI) dilatancy angle of the joint (ψ)  
 
 (1) 56-65  PROP(6,n) (AK0) initial earth pressure coefficient (K0) 
 
  66-75  PROP(7,n) (XMU) viscosity of the interface (μ) 
 



166 
 
 
8.11. INTERFACES MECHANICAL OR COUPLED 2D 
 
2nd data line : 
 
  1-10  PROP(8,n) (XN) exponant of the viscosity (n) 
 
 
 (2) 11-20  PROP(9,n) (XKFXI) coefficient of permeability of the fracture  
      ( k f) 
 
 (2) 21-30  PROP(10,n) (EINI) initial thickness of the interface ( e0) 
 
 (2) 31-40  PROP(11,n) (EMIN) minimal thickness for the flow  
      (e min) 
 
 (2) 41-50  PROP(12,n) (XKFAUX) auxiliary coefficient of permeability of the 
fracture  
      ( K faux) 
 
 (2) 51_60  PROP(13,n) (XKFETA) auxiliary coefficient of permeability for 
penalisation 
      (K fη ) 
 
 
 
     notes 
 
 
  (1) K0 is only used to identify the initial static stresses with the help of the topography  
   defined by the lines 8.11.3. ("Initialization of the effective stresses"). 
  The stress vector initiale ( σ N and σ T ) is defined, for the altitude z, by the weight of the 
above lying sediments. 
 
 (2) The flow of the fluid across the fracture is modelized by assuming a laminar flow where 
  the fluid flow velocity is proportional to the gradient of the pressures and the opening of the 
fracture.   Then the relation following is used: 
 
   _t urw  = - Kf grad p 
 
   with:  Kf = kf  e 2 
 
   where _t urw  is the relative velocity of the fluid with respect to the velocity  
    of the lips of the fracture. 
 
 
 

/////////////////////////////////////////////////////////////// 
end of the SECTION  " MOHR-COULOMB VISCOPLASTIC MODEL  " 

/////////////////////////////////////////////////////////////// 
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_______________________________________________________________ 
SECTION  " GENERALISED CYCLIC MOHR-COULOMB MODEL " 

skip the following section if MODEL_ 3 
_______________________________________________________________ 

 
8.11.2.3. Material properties - seepage surface 
 
  
 
 For this model, on a  MODEL = NPAR(15)=3  
    --->  generalized elastoplastic Mohr-Coulomb  
     with cyclic constitutive model (deformation only) 
 
  
 The program takes  NCON=24    and JDETAT=15 
 
 4 data lines. 
 
 
======================================================= 
input in routine SAU2 
  
 READ (LECG,2500) N,(PROP(k,N),k=1,NCON) 
 2501  FORMAT(I5,7F10.0/8F10.0/8F10.0/8F10.0) 
======================================================= 
 
 
 
 
 See the Appendix on the constitutive models for the description of the data relative to this model. 
 
 
 
 
 
 
/////////////////////////////////////////////////////////////// 

end of the SECTION  " MODEL  MOHR-COULOMB GENERALISE CYCLIC" 
/////////////////////////////////////////////////////////////// 
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8.11.3. Initialization of the initial stresses   
 
  
8.11.3.1  Number of auxiliary layers 
 
====================================== 
input in routine SAU2 
 
 READ (LECG,1020) NCOUCH 
 1020  FORMAT(I10) 
====================================== 
 
  
 note columns variable definition 
 
  
 (1) 1-10  NCOUCH number of auxiliary layers which define the stratigraphy 
       of the ground 
      0_NCOUCH _ 20 
  
 
 
     notes 
 
 
 (1) The value of NCOUCH is limited to 20 
  To initialize the stresses in the mechanical interface to 0, give NCOUCH = 0. 
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_______________________________________________________________ 
SECTION  " DEFINITION OF The AUXILIARY LAYERS OF The STRATIGRAPHY" 

skip this section if NCOUCH = 0 
_______________________________________________________________ 

 
8.11.3.2.Definition of the auxiliary layers 
 
  Give NCOUCH lines of definition of the layers 
 
====================================================================== 
input in routine SAU2 
  
 READ (LECG,1030) ((N,PROF(N),DENCH(N)),i=1,NCOUCH) 
 1030  FORMAT(I10,2F10.0) 
====================================================================== 
 
 note columns variable definition 
  
 (1) 1-10  N  number of the layer 
      1 _ N _ NCOUCH 
  
  11-20  PROF(N) altitude of the top of the layer N 
      (i.e. coordinate z of the top) 
  
 (2) 21-30  DENCH(N) density of the layer N 
  
  
     notes 
  
 
 (1)  The numbers of layers must be given in the increasing order of the values PROF(N),  
  i.e. by beginning by the lower layersand with : 
 
   PROF(1) < PROF(2) < ... < PROF(NCOUCH) 
  
  
 (2)  These layers are used to initialize the stress vector initial. 
 

/////////////////////////////////////////////////////////////// 
end of the section " DEFINITION OF The AUXILIARY LAYERS OF The STRATIGRAPHY" 

/////////////////////////////////////////////////////////////// 
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8.11.4.  Element input file type 
 
====================================================== 
input in routine SAU2 
  
 READ (LECG,2505) IPPGEF,IELPRI,INCELT 
 2505  FORMAT (3I10) 
====================================================== 
 
  
 note columns variable definition 
 
 
 (1) 1-10  IPPGEF type of the file on which the elements are input  
      =  0   the elements are input sequentially in the  
        data file 
      =  1  the elements are input on a geometry file  
       where are stored a title and the nodal data 
 
  11-20  IELPRI code for printing of the element data in the file   
     prefixe.lst : 
      = 0   printing 
      = 1   no printing 
 
 (2) 21-30  INCELT number of elements already input before. 
 
 
 
     notes 
 
 
 (1) The geometry file, where are stored a title and the nodal data already input, must be named 
   prefixe.geom, where "prefixe" is the prefixe of the files of the run. 
 
 (2) If INCELT = 0, the first input element in this group must have the number 1. 
  To be able to have a global numbering of the elements on all the model, it is possible  
  to give the first element of the group with a number strictly larger than 1. One must  
  then give INCELT, in order to this that the first element input has the number INCELT + 1. 
 
  CAUTION : This global numbering is only important during the input   
  of the data. After this first phase, during the computations, the program only knows  
  sequentially the elements in the group. 
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8.11.5.  Elements data 
 
 
================================================================================ 
input in routine SAU2 
  
  READ (LECELT,2510) M,IEL,IPS,ISIG,EPAI,MTYP,KG,(NOD(i),i=1,6) 
 2510  FORMAT(I5,I3,I2,I10,F10.0,8I5) 
================================================================================ 
 
  
 note columns variable definition 
  
  
 (1) 1-5  M  element number 
  
 (2) 6-8  IEL  number of nodes of the element  
      IEL_ NPAR(7) 
      = 4 or 6    only 
      by default set to MIN(MXNODS,6) 
  
 (3) 9-10  IPS   code for the printing of the stresses 
       =  0    no printing 
 
 (4) 21-30  EPAI  element thickness (used only in plane stresses  
      , i.e. if NPAR(5)=2) 
 
  31-35  MTYP  element material number 
      1 _ MTYP _ NPAR(16) 
  
 (1) 36-40  KG  generation increment 
       = 0  set to 1 by default 
  
  41-45  NOD(1) node 1 local 
  
  46-50  NOD(2) node 2 
  
  51-55  NOD(3) node 3 
 
  56-60  NOD(4) node 4 
  
  61-65  NOD(5) node 5 
  
  66-70  NOD(6) node 6 
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     notes 
  
 
 
 (1) The user is required to give the last element of the group, i.e. :  
    M=NUME + INCELT 
 
  Generation of the elements: 
  if the input lines of the elements (m+1,m+2,.....,m+j) are missing the j elements are generated 
in    taking  IEL,IPS, EPAI and MTYP of the element M and their nodes are obtained 
from the    nodes donnes on the input line of the element M incremented by KG .  
  Only the  IEL  nodes  not equal to zero  are incremented. 
  
  
 (2) The number of nodes of the element is set by IEL 
  The 6 nodal data are input on the line.  
  If IEL < 6, the unused nodes will be input as 0. 
  
 (3) If IPS=0 no output of the stresses is performed on the file prefixe.lst to this   
 element.  
  If IPS =1 the stresses are printed at all the integration points of the element, in the  
  file prefixe.lst. 
  
 (4)   The element thickness is useful only in the plane stress case. 
  In plane strains, the thickness is equal to 1.   
  In axisymetry, the thickness is equal to 1 radian. 
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Description and numbering of the  elements : 
  
 Element of interface line with 4 or 6 nodes 
  
 
 
 Local reference frame and numbering rule : 
  
 
 
  
  O position of the nodes 
 X position of the n-th integration point if NINT = 2. 
 
  
  The reference  reference is the face (a) which affords to identify the local reference frame (s,t). 
  CAUTION : the local numbering of the element determine the normal t,   
   along which will be computed the flux. 
 
  From the mechanical point of view the interfaces open along -t  
  ( i.e. if the saut of displacement normal    
   STUN = UNa - UNb is positive) 
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8.13. 2D FLUID-SOLID INTERFACES  
  
 
 
  
 Only one type of element available : 
 
  interface line with 4 to 6 nodes 
  
 
  These elements are located either between the solid elements (of the type NPAR(1) = 2) 
(modelisation of the soil) or the fluid elements (of the type NPAR(1) = 19) (modelisation of wave propagation 
in a fluid).  
 
 These elements afford : 
 
  - in statics, to define the fluid boundary conditions (seepage, water level of the water in  
 contact with the solid) and of to impose the forces of gravitation of the fluid on the solid 
 
  - in dynamics, these elements generate the pressure wave in the fluid causeed by the 
acceleration of the   solid wall in contact with the water and a reaction force on the solid material, 
of more a   permeability of interface affords to a flux of water whether there is a disequilibrium 
between the pore pressures in the soil and the water pressures in the fluid at level of the interface. 
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8.13.1.  Group properties 
 
================= 
input in routine IELMNT 
  
 READ (LECG,1000) NPAR 
 1000  FORMAT (20I4) 
 ================= 
 
 
 note columns variable definition 
  
  
  1-4   NPAR(1) give the number 21 
  
  5-8  NPAR(2) (NUME) number of elements in this group 
      NUME > 0 
  
 (1) 9-12  NPAR(3) (INDNL) code selecting the type of non linear analysis 
       = 0,  set by default a "1" 
       = 1,   material non linear only 
 
  13-16  NPAR(4) not used 
  
  17-20  NPAR(5)  (ITYP2D) code selecting the type of modelisation  
      chosen to this group 
      = 0 axisymetry 
      = 1 plane strain 
      = 2 plane stress 
 
 (2) 21-24   NPAR(6)  (NDIM) number of local d.o.f. of the nodes of the elements 
      = 2  dof  uy and uz 
      = 3 dof  uy  uz and p 
  
 (3) 25-28  NPAR(7) (MXNODS)maximum number of nodes used  
      to describe an element of the group : 
      MXNODS = 4 or 6 
      set by default to 6 
  
  29-32  NPAR(8) not used 
 
  33-36  NPAR(9) (KLAYER)  = 0 
      no construction / excavation  in this group 
 
 (4) 37-40  NPAR(10) (NINT) order of numerical integration 
      by default set to 2 
      1 _ NINT _ 4 
  
   41-44  NPAR(11) (IPOUTR) selected by the program 
      code selecting the existence of  beam elements in the 
model 
 
 (4) 45-48  NPAR(12) (NINTMX) selected by the program  
      to store the maximum number of integration points . 
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  49-52  NPAR(13) not used 
  
  53-56  NPAR(14) not used 
 
 (5) 57-60  NPAR(15) (MODEL) constitutive model number 
       = 1 model of interface fluid solid connected  
       with the fluid elements 
 
 (5) 61-64   NPAR(16)  (NUMMAT) number of materials , 
      different for the type of material chosen. 
      NUMMAT_1 
      no default value 
  
 (5) 65-68  NPAR(17) (NCON)  selected automatically by the program 
      number of model parameters.  
 
 (5) 69-72  NPAR(18) (JDETAT) selected automatically pqar the program 
      dimension of the table necessary to store the information  
      on the history of the elements (of the material). 
 
  73-76  NPAR(19) not used 
   
  77-80  NPAR(20)  not used 
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     notes 
 
 
 (1) In the current version, give NPAR(3) = 0 or 1. 
  Only material nonlinearities may be modelled : the displacements and the strains are assumed 
infinitesimal.  
  
 (2) In statics and in dynamics, the only possible values are: 
 
  NDIM = 2  on the face of the element in contact with the solid material (NPAR1 = 2) the 
degrees of freedom are uy and uz , on the face of the element fluid(NPAR1 = 19) there is only one d.o.f. which 
stands for  the pressures of fluid and which is affected to the mechanical d.o.f. uy for numerical integration 
reasons. 
 
  NDIM = 3  on the face of the element in contact with the solid material (NPAR1 = 2) the 
    degrees of freedom are uy and uz  and the pressures p,  
    on the face of the fluid element (NPAR1 = 19) there is only one d.o.f. which 
stands for the fluid pressures and which  is affected to the mechanical d.o.f. uy for numerical integration 
reasons. 
  In dynamics, the formulation of the elements of interface is  always implicit. 
 
 (3)  NPAR(7) set the maximum number of nodes allowed to describe any of the elements  
 of the group.  This number is limited to two possible values :  
   4 for a linear element , 
   6 tfor a quadratic element. 
 
 (4) For the line elements , an order  of integration  of  2 is  enough.  
  If  the element is highly distorted, an order of integration higher must be used. 
   The maximum number of integration points on an element line is equal for the order  
  of integration. 
 
 (5) Only one constitutive model (defined  by  the  value  of  NPAR(15)) is allowed in a  
 group of elements. The values of NPAR(18) and NPAR(17) which identify this model are selected by 
the program. 
  Do not give any value to NPAR(17) and NPAR(18).  
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8.13.2.  Definition of the materials 
  
  
 NUMMAT (=NPAR(16)) sets of lines are entered in this section 
  
  
 
8.13.2.1. Material properties - interface water - solid  
 
  
 
 For this model, on a  MODEL = NPAR(15)=1   
   --->  interface water - solid 
 
   NCON = 1 
   JDETAT = 0 
 
 
 Only one data line. 
 
 
======================================================== 
input in routine IEAU2 
  
 READ (LECG,2500) N,(PROP(k,N),k=1,NCON) 
 2500  FORMAT(I5,7F10.0) 
 ======================================================== 
 
 
 note columns variable definition 
  
  
  1-5   N  material property number 
      1_ N _ NUMMAT 
  
 (1)  6-15  PROP(1,n) permeability of the interface  
 
 
 
 
     notes 
  
 
 (1) The permeability of the interface is the one which is related to the flux which may take place if 
the pore pressure in the solid is different from the pressures in the fluid.The permeability of the interface fluid is 
given in a different unit from the permeability of the porous solid materials: its unit is the inverse of a unit of 
time (for example, s-1). 
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8.13.4.  Element input file type 
 
==================================================== 
input in routine IEAU2 
  
 READ (LECG,2505) IPPGEF,IELPRI,INCELT 
 2505  FORMAT (3I10) 
 ==================================================== 
 
  
 note columns variable definition 
 
  
 (1) 1-10  IPPGEF type of the file on which the elements are input  
      =  0   the elements are input sequentially   
       in the data file 
      =  1  the elements are input on a geometry file  
      prefixe.geom where are stored a title and the data of the 
       nodes 
  
  
  11-20  IELPRI  code for printing of the element data in the file   
    prefixe.lst : 
      = 0   printing 
      = 1   no printing 
 
 (2) 21-30  INCELT number of elements already input before. 
 
 
 
     notes 
  
 
 (1) The geometry file, where are stored a title and the nodal data already input, must be named 
  prefixe.geom, where "prefixe" is the prefixe of the files of the run. 
 
 (2) If INCELT = 0, the first input element in this group must have the number 1. 
  To be able to have a global numbering of the elements on all the model, it is possible to  
 give the first element of the group with a number strictly larger than 1. One must then   give 
INCELT, in order to this that the first element input has the number INCELT + 1. 
 
  CAUTION : This global numbering is only important during the input of the   data. 
After this first phase, during the computations, the program only knows that the   elements 
numbered by group. 
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8.13.5. Elements data 
 
 
============================================================== 
input in routine IEAU2 
  
  READ (LECELT,2510) M,IEL,IPS,ISIG,EPAI,MTYP,KG,(NOD(i),i=1,6) 
 2510  FORMAT(I5,I3,I2,I10,F10.0,8I5) 
============================================================== 
 
 
 note columns variable definition 
  
  
 (1) 1-5  M  element number 
  
 (2) 6-8  IEL  number of nodes of the element  
      IEL_ NPAR(7) 
      = 4 or 6    only 
      by default set to MIN(MXNODS,6) 
 
  9-10  IPS  =  0 
 
  11-20  ISIG  = 0 
 
 (3) 21-30  EPAI  element thickness  
      (used only in stresses planes, i.e. if NPAR(5)=2) 
 
  31-35  MTYP  element material number 
      1 _ MTYP _ NPAR(16) 
  
 (1)  36-40  KG  generation increment 
       = 0  set to 1 by default 
  
  41-45   NOD(1)  node 1 local 
  
  46-50  NOD(2) node 2 
  
  51-55  NOD(3) node 3 
   
  56-60  NOD(4) node 4 
  
  61-65  NOD(5) node 5 
  
  66-70  NOD(6) node 6 
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     notes 
 
 
 (1)   The user is required to give the last element of the group, i.e. :  
    M=NUME + INCELT 
 
  Generation of the elements: 
  if the input lines of the elements (m+1,m+2,.....,m+j) are missing, the j elements are generated 
in   taking IEL, EPAI and MTYP of the element M and their nodes are obtained from the given 
nodes on the input line of the element  M incremented by KG . Only the  IEL  nodes  not equal to zero  are 
  incremented. 
 
 (2)  The number of nodes of the element is set by IEL 
  The 6 nodal data are input on the line.  
  If IEL < 6, the unused nodes will be input as 0. 
  
 (3)   The element thickness is useful only in the plane stress case. 
  In plane strains, the thickness is equal to 1.   
  In axisymetry, the thickness is equal to 1 radian. 
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Description and numbering of the  elements : 
  
 interface line with 4 or 6 nodes 
 
 Local reference frame and numbering rule : 
 
  face a : solid side 
  face b : fluid side 
  
 
 
  
  O position of the nodes 
 X position of the n-th integration point if NINT = 2. 
 
  
  The reference face is the face (a) which affords to identify the local reference frame (s,t). 
  CAUTION : the local numbering of the element determines the normal t, along which will be 
computed the flux. 
  CAUTION : The mesh must be given according to the above choice of the fluid and solid 
sides. 
 
   
   The computed flux are positive when they are directed from the face (a) towards the  
 face (b) (i.e. along -t ) ;  this is the outgoing flux from the inner domain delimited by the  
 face (a) (inner solid face ) towards the face (b) (outer face: reservoir, seepage surface ). 
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8.15 2D SURFACE LOADING ELEMENTS   
  
 
These elements compute the nodal forces due to a surface mechanical load (surface pressures), or fluid flow 
  
 
 The loading per unit area  may : 
  - vary with space (definition of a gradient of load) 
  - vary with time ( definition of time functions for the load at a reference point and for the 
gradient of load) 
 
 The loads are assumed positive if they are oriented along the outer normal vector to the surface element 
(cf. description of the element). 
  
 
 One type of element is available :   
 
  isoparametric line of 2 to 3 nodes 
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8.15.1.   Group properties 
 
 
==================================== 
input in routine IELMNT 
  
 READ (LECG,1000) NPAR 
 1000  FORMAT (20I4) 
==================================== 
 
 
  
 note columns variable definition 
  
  
  1-4  NPAR(1) enter the number 6 
  
  5-8  NPAR(2) (NUME) number of elements in this group 
      NUME > 0 
  
 (1)  9-12  NPAR(3) (INDNL) code selecting the type of non linear analysis 
       = 0,  set by default a "1" 
       = 1,   material non linear only 
  
  13-16  NPAR(4) not used 
  
  17-20  NPAR(5) not used 
  
 (2) 21-24    NPAR(6) (NDIM) number of local d.o.f. of the nodes of the elements 
      = 2 dof  uy and uz (load mechanical)  
      = 3 dof  uy, uz and p (load mechanical   
      and fluid) 
      = 0  set by default to 2 
 
 (3) 25-28  NPAR(7) (MXNODS)maximum number of nodes used to  
      describe an element of the group 
      = 2 or 3 only 
      by default set to 2 
  
  29-32  NPAR(8) not used 
 
  33-36  NPAR(9) (KLAYER) selected automatically by the program 
      code selecting whether there is a construction by layers or 
a       excavation for the elements of this group. 
 
 (4) 37-40  NPAR(10) (NINT) order of numerical integration 
      no default value 
      1 _ NINT _ 4 
  
  41-44   NPAR(11) (IPOUTR) selected automatically by the program 
      code selecting the existence of beam elements in the model 
  
  45-48  NPAR(12) not used 
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  49-52  NPAR(13) not used 
  
  53-56  NPAR(14) not used 
 
 (5) 57-60  NPAR(15) (NCHARG) number of load case for this group 
      NCHARG > 0 
  
 (5) 61-64  NPAR(16) (NCOURB) number of load curves   
      to describe the different load cases 
      NCOURB > 0 
  
 (5) 65-68  NPAR(17) (NPTMAX) maximum number of points by curve 
      by default set to 1 
  
  69-72  NPAR(18) not used 
  
  73-76  NPAR(19) not used 
  
  77-80  NPAR(20) not used 
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     notes 
  
 
  (1) In the current version, give NPAR(3) = 0 or 1. 
  Only the material nonlinearities may be modelled : the displacements and the  strains are 
  assumed infinitesimal.  
 
 (2) The only possible values are : 
  NDIM = 3 for the loads mechanical  
  NDIM = 4 for the loads mechanical and/or  fluids 
 
 
 (3) NPAR(7) set the maximum number of nodes allowed to describe any 
  element of the group.  A minimum of 2 nodes and a 
  maximum of 3 nodes are used to describe these surface elements. 
  
 (4)  An order of integration of 2 is enough.  
  If  the element is highly distorted, an order of integration higher must be used. 
   
 (5) Each group affords to define NCHARG (=NPAR(15)) load cases. 
  Each of these load case is defined by the 10 property following : 
 
   - the loaded dof   
    1 or -1  or ± 11,12 mechanicalpressures  
    2 or -2    fluid flow 
   - YREF  coordinate y of the reference point MREF 
   - ZREF  coordinate z of the reference point MREF 
   - GRADY  component y of the load gradient 
   - GRADZ  component z of the load gradient 
   - PREF(t) curve number at reference point 
   - FAC1  multiplyer applied to the curve PREF(t) 
   - GRDREF(t) curve number of the load gradient 
   - FAC2  multiplyer applied to  the curve GRDREF(t) 
M   - ISIGN sign of the loads taken into account 
 
  If ISIGN=0, the value of the load in a point M is then computed by : 
 
  p(t) = FAC1*PREF(t) + scalar product  (M-MREF, GRDREF(t)*FAC2) 
 
  If ISIGN=1, p(t) is equal to this value if it is positive and nul if it is negative.   
 If ISIGN=-1, p(t) is equal to this value if it is negative and nul if it is positive.  
  ISIGN_0 is useful to represent the mechanical load  due to a reservoir if seepage elements are 
  not used. 
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8.15.2. Element input file type 
 
========================================= 
input in routine  SURF2 
  
 READ (LECG,2505) IPPGEF,IELPRI,INCELT 
 2505  FORMAT (8I10) 
 ========================================= 
 
  
 note columns variable definition 
 
  
 (1) 1-10  IPPGEF type of the file on which the elements are input  
      =  0   the elements are input sequentially in the data file 
      =  1  the elements are input on a geometry file  
      where are stored a title and the nodal data 
  
  11-20  IELPRI  code for printing of the element data in the file   
    prefixe.lst : 
      = 0   printing 
      = 1   no printing 
 
 (2)   21-30  INCELT number of elements already input before. 
  
 
     notes 
  
 
 (1) The geometry file, where are stored a title and the nodal data already input, must be named 
  prefixe.geom, where "prefixe" is the prefixe of the files of the run. 
 
 (2) If INCELT = 0, the first input element in this group must have the number 1. 
  To be able to have a global numbering of the elements on all the model, it is possible to  
 give the first element of the group with a number strictly larger than 1. One must then   give 
INCELT, in order to this that the first element input has the number INCELT + 1. 
 
  CAUTION : This global numbering is only important during the input of the   
 data. After this first phase, during the computations, the program only knows that the  
 elements numbered by group. 
 
  REMARK : using INCELT = 0 is advised, if you want to define    
  different loads for each element (cf. paragraph 8.15.4.4). 
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8.15.3. Elements data 
 
 Give as many lines as necessary. 
 
================================================= 
input in routine SURF2 
  
 READ (LECELT,1050) M,IEL,EPAI,KG,(NOD(i),i=1,3) 
 1050  FORMAT (I5,I3,12X,F10.0,5X,9I5) 
 ================================================= 
 
  
 note columns variable definition 
  
 (1) 1-5  M  element number 
 
 (2) 6-8  IEL  number of nodes of the element  
      IEL _ NPAR(7) 
       set by default to MIN(MXNODS,3) 
 
 (3) 21-30  EPAI  element thickness 
       in plane stress only (if NPAR(5)=2) 
 
 (1) 36-40  KG  generation increment 
       set by default to 1 
  
  41-45  NOD(1) node 1 local 
  
  46-50  NOD(2) node 2 
  
  51-55  NOD(3) node 3 
 
 
  
     notes 
  
 
 (1) The user is required to give the last element of the group, i.e. :  
    M=NUME + INCELT 
 
  Semi-automatic generation of the elements: 
   if the input lines of the elements (m+1,m+2,.....,m+j) are missing 
   the j elements are generated by taking  IEL and EPAI of the element M  
   and their nodes are obtained from the nodes donnes on the  line of   
   the element M incremented by KG . Only the  IEL  nodes  not equal to zero  are 
   incremented. 
  
 (2) The number of nodes of the element is set to IEL. 
  3 nodal data are readed on each line. 
  If IEL < 3, the unused nodes will be input as 0. 
 
 (3)  The element thickness is usefull only in plane stress case. 
  In plane strains, the thickness is equal to 1. 
  In axisymetry, the thickness is equal to 1 radian. 
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8.15.4.  Definition of the load case of the group  
 
 
 Give NCHARG definition of the load case, i.e. NCHARG lines 8.15.4.1, 8.15.4.2, 8.15.4.3 and 
8.15.4.4. 
 
  
8.15.4.1  Which identify space variations of load case 
 
=============================================================== 
input in routine SURF2 
  
 READ (LECG,2000)KKL,JDDL,(PTMREF(i),i=1,2),(GRDREF(i),i=1,2),ISIGN 
 2000  FORMAT (2I5,4F10.0,I5) 
=============================================================== 
 
 
 note columns variable definition 
  
  1-5   KKL  loadf number 
  
 (1) 6-10  JDDL  code of the loaded "degree of freedom"  
  
  11-20  PTMREF(1) coordinate y of the reference point MREF 
  
  21-30  PTMREF(2) coordinate z of the reference point MREF 
  
  31-40  GRDREF(1) coordinate y of the load gradient 
 
  41-50  GRDREF(2) coordinate z of the load  gradient 
 
M  51-55  ISIGN  sign of the loads taken into account 
 
  
     notes 
 
 (1) If JDDL > 0,  all the elements of the group are assumed to be loaded by the   
  KKL th load case. 
  If JDDL < 0,  one must precise the element numbers which are loaded by the   
  KKL th load case (cf. line 8.15.4.3). 
 
   if  JDDL = ± 1  surface load is a mechanical force applied     
    normally to the surface of the element ;  
 
  if  JDDL = ±11 surface load is a mechanical force applied      
    following the y-axis direction. 
 
  if  JDDL = ±12 surface load is a mechanical force applied      
    following the z-axis direction.  
 
  If  JDDL = ±2  the load is a fluid flow across the      
    surface of the element. 
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8.15.4.2. Which identifiy time variation of the load case 
 
=========================================== 
input in routine SURF2 
  
 READ (LECG,2010) NCRB1,FAC1,NCRB2,FAC2 
 2010   FORMAT(I5,F10.0,I5,F10.0) 
 =========================================== 
 
 
  note columns variable definition 
  
 (1) 1-5  NCRB1 PREF(t) curve number of the load at reference point MREF 
  
 (1) 6-15  FAC1  multiplyer applied to the curve PREF(t) 
  
 (1) 16-20  NCRB2 GRDREF(t) number of the curve of load gradient. 
  
 (1) 21-30  FAC2  multiplyer applied to  the curve GRDREF(t) 
  
  
     notes 
  
  
 (1) At any M (y,z) integration point of the surface element,  
  the loading p(t) is computed by : 
 
   p(t) = FAC1*PREF(t) + scalar product  ( M-MREF , GRDREF*FAC2 ) 
  
  To have a load uniform in space, it is enough to give NCRB2 = 0, without to precise 
  PTMREF, GRDREF and FAC2. 
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____________________________________________________________________ 

SECTION  "DEFINITION OF THE LOADED ELEMENTS" 
skip this section if JDDL > 0 

____________________________________________________________________ 
  
8.15.4.3 Number of elements loaded by the load case KKL 
 
 
 
=========================== 
input in routine SURF3 
  
 READ (LECG,2020) NELTC 
 2020  FORMAT (16I5) 
 =========================== 
 
 
 note columns variable definition 
  
 
 (1) 1-5  NELTC number of elements loaded by the 
      load case KKL at dof JDDL 
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8.15.4.4  Elements loaded by the load case KKL 
 
 Give 16 elements by line and as many lines as necessary NELTC. 
 
===================================================== 
input in routine SURF3 
  
 READ (LECG,2020) (IDSURF(NCHARG+1,jj),jj=1,NELTC) 
 2020  FORMAT (16I5) 
 ===================================================== 
 
  
 note columns variable definition 
  
 (1) 1-5  IDSURF(1) number of the 1st element loaded by the 
      load caseKKL at dof JDDL 
 
    IDSURF(jj) number of the jj-th element loaded   
     by the load case KKL at dof JDDL 
  
    IDSURF(NELTC)number of the last element loaded   
     by the load caseKKL at dof JDDL 
  
  
 
     notes 
  
 
 (1) If JDDL < 0, the user must give the number of elements loaded by the   
   load case KKL and precise here the loaded element numbers. 
 
  CAUTION : The element number which must be given here is the local element number in the 
  current group; i.e. that : 
   local number = global number - INCELT 
  If INCELT = 0, the local and global numbers are equal. 
 
 
 
 

//////////////////////////////////////////////////////////////////// 
end of the section "Definition of the loaded elements" 

//////////////////////////////////////////////////////////////////// 
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8.15.5. Definition of the NCOURB functions of load 
 
 
 
 Give NCOURB definitions of functions of load. 
 
 
 
================= 
input in routine ICHRGS 
================= 
 
 
 See the Appendix " function time dependant"  for the definition of each of the curves. 
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Description and numbering of the elements : 
  
 local reference frame and numbering rule 
  
 
  
   ! n 
   ! 
   ! 
  1 +------+------+ 2 - - s 
   3 
 
 
 
 The loads are assumed positive if they are oriented along the outer normal  to the surface element. 
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8.17. 2D PARAXIAL ELEMENTS    
  
  
 
 Only one type of element : line from 2 to 3 nodes 
 
 
 
 The paraxial element is in this version of order 0, i.e. a consistant dashpot . 
  
   
  
 The different types of seismic incident field are : 
  
    - no field   incident 
    - harmonic plane wave 
     - Ricker signal and plane wave 
     - transient plane wave 
     - general incident field 
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8.17.1.  Group properties 
 
 
================================= 
input in routine IELMNT 
  
 READ (LECG,1000) NPAR 
 1000  FORMAT (20I4) 
================================= 
 
  note columns variable definition 
  
  1-4  NPAR(1) give the number 8 
  
  5-8      NPAR(2) (NUME) number of elements in this group 
      NUME _ 0 
  
 (1)  9-12  NPAR(3) (INDNL) code selecting the type  of nonlinearity  
      set by default to 1 
        = 1 material non linear only 
   
  13-16  NPAR(4) (IPARX) order of element paraxial 
      = 0  only 
  
 (2) 17-20  NPAR(5) (ITYP2D) code selecting the type of modelisation  
      chosen  for this group 
       = 1 plane strain only 
  
 (3) 21-24  NPAR(6) (NDIM) number of local d.o.f. of the nodes of the elements 
      = 2  dof uy and uz (mechanical only) 
      = 0  by default set to 2 
  
 (4) 25-28   NPAR(7) (MXNODS) maximum number of nodes used 
      to describe an element of the group 
      MXNODS = 2 or 3 
      by default set with 3 
  
  29-32  NPAR(8) not used 
  
  33-36  NPAR(9) not used 
  
 (5) 37-40   NPAR(10) (NINT) order of numerical integration 
      by default set to 2 
      1 _ NINT _ 4 
 
  41-44  NPAR(11) not used 
  
  45-48  NPAR(12) not used 
  
  49-52  NPAR(13) not used 
 
 (6) 53-56  NPAR(14) (INCTYP) type of field   incident 
      = 0 no field   incident 
      = 1 harmonic plane wave. 
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      = 2 Ricker  signal and plane wave 
      = 3 transient plane wave 
      = 4 transient field 
 
 (7) 57-60  NPAR(15) (MODEL) constitutive model number 
      = 1  only 
      by default set to 1 
  
  61-64  NPAR(16) (NUMMAT) number of materials 
      NUMMAT _ 1 
      no default value  
  
  65-68  NPAR(17) not used 
  
 (6) 69-72  NPAR(18) (NMBNO) number of local paraxial nodes 
      (only if INCTYP=4) 
  
 (6) 73-76  NPAR(19) (NMBDT) number of time step 
      (only if INCTYP=4) 
 
  77-80  NPAR(20) (IEXPL)  code which affords to define if 
      the group is modelled implicitely or 
      explicitly in a dynamics analysis 
      with a code of integration  IOPE= 10  
      (cf. paragraph 2.6). 
       = 1   explicit group (only) 
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     notes 
  
 
  (1) In the current version, give NPAR(3) = 0 or 1. 
  Only the material nonlinearities may be modelled : the    
 displacements and the strains are assumed infinitesimal.  
 
 (2) No paraxial elements fro plane stress or axisymetry. 
 
 (3) The paraxial elements are in deformation only (no coupled deformation/flow ) 
 
 (4)  NPAR(7) set the maximum number of nodes allowed to describe any 
  element of the group.  A minimum of 2 nodes and a 
  maximum of 3 nodes are used to describe these elements . 
 
 (5)  An order  of integration  of  2 is generally enough. 
  If  the element is highly distorted, a higher order of integration must be used. 
  
 (6) To define an incident field there are two possibilites: 
   a) either a plane wave : 
    - harmonic 
    - Ricker signal 
    - transient 
   b) either a general field  
 
  a) In the plane wave case one must define the materials, which identify the waves and the 
  coordinates of the control point. The control point is a point located on the free surface  
  (cf underneath figure ).  
  The two first cases correspond to built-in analitycal curves and the amplitude of the  
  displacements are specified at the control point. 
  For the general plane waves the user must give the horizontal and vertical accelerations  
  at the control point using the general data curves defined in the section ???.  
  In both cases the program computes the field of stresses and of velocities necessary at  
 levels of the paraxial element, taking into account the phase of the arrival of the incident direct and 
reflected waves. 
   
  The control point corresponding to the solution of half-space, is not perturbed by the presence 
of irregularities. 
 
  Caution  For INCTYP =1,2, and 3 it is the composition of the waves Sv and P   
 which affords to get the field at the control point. 
 
  b) For the general field the velocity and stress fields are a priori computed and output on a 
direct access (prefixe.prxi) the data-structure of which is the following : 
 
   NMBNO,NMBDT,T0PRX,DTPRX 
    
   NUM(1),RHO(1),Cs(1),Cp(1) 
   NUM(2),RHO(2),Cs(2),Cp(2) 
   .......................................... 
   .......................................... 
   XNUM(n),RHO(n),Cs(n),Cp(n)          n = NMBNO 
 
   Vy(1),Vy(2),......................Vy(NMBDT) 1er   node 
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   Vz(1),Vz(2),.......................Vz(NMBDT) 
   SIGyy(1),SIGyy(2),........SIGyy(NMBDT)        
   SIGzz(1),SIGzz(2),..........SIGzz(NMBDT) 
   SIGyz(1),SIGyz(2),.........SIGyz(NMBDT) 
 
   Vy(1),Vy(2),......................Vy(NMBDT) 2nd node 
   Vz(1),Vz(2),.......................Vz(NMBDT) 
   SIGyy(1),SIGyy(2),........SIGyy(NMBDT)        
   SIGzz(1),SIGzz(2),..........SIGzz(NMBDT) 
   SIGyz(1),SIGyz(2),.........SIGyz(NMBDT) 
 
   ........................................................ 
   ........................................................ 
 
   Vy(1),Vy(2),......................Vy(NMBDT) neme node 
   Vz(1),Vz(2),.......................Vz(NMBDT) 
   SIGyy(1),SIGyy(2),........SIGyy(NMBDT)        
   SIGzz(1),SIGzz(2),..........SIGzz(NMBDT) 
   SIGyz(1),SIGyz(2),.........SIGyz(NMBDT) 
 
  with : 
   NMBNO : number of paraxial nodes 
   NMBDT : number of time step 
   T0PRX : initial time  
   DTPRX : time step 
   NUM(i) : number of the node i 
   RHO(i)  : density at node i 
   Cs(i)  : velocity of wave S at node i 
   Cp(i)  : velocity of wave P at node i 
   Vy(j)  : horizontal velocity of the node i at the instant j  
   Vz(j)  : vertical velocity of the node i at the instant j  
   SIGyy(j) : stress yy of the node i at the instant j  
   SIGzz(j) : stress zz of the node i at the instant j  
   SIGyz(j) : stress yz of the node i at the instant j  
 
 
 (7)      Only one constitutive model is available : elastic material (MODEL = 1). 
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___________________________________________________________________ 
SECTION  "DEFINITION OF THE MATERIALS" 

skip this section if INCTYP  = 4 
___________________________________________________________________ 
 
8.17.2.   Definition of the materials  
 
 
 NUMMAT (=NPAR(16))   sets of lines 8.17.2.1,  8.17.2.2 and 8.17.2.3 or 8.17.2.4 must be given. 
 
 
 
 
 
8.17.2.1.    Material density 
 
 
======================================= 
input in routine PARX2 
  
 READ(LECG,1000) N,DEN(N) 
 1000  FORMAT(I5,F10.0) 
======================================= 
 
 
 
  note columns variable definition 
  
 
  1-5   N   material property number 
      1 _ N _ NPAR(16) 
  
  6-15  DEN(N) material density 
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8.17.2.2.   Mechanical properties of the material (MODEL = 1) 
 
 
================================================== 
input in routine PARX2 
  
 READ(LECG,1010) (PROP(k,n),k=1,nm) 
 1010  FORMAT(5F10.0) 
================================================== 
  
  
 note columns variable definition 
  
  1-10  PROP(1,n) Young's modulus (E) 
  
  11-20  PROP(2,n) Poisson's ratio (ν) 
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__________________________________________________________________ 
SECTION  " DEFINITION OF THE SEISMIC INCIDENT HARMONIC FIELD   " 

skip this section  if INCTYP  _ 1 
__________________________________________________________________ 

  
 
8.17.2.3. Coefficients of the seismic incident harmonic field 
 
 
==================================================================== 
input in routine PARX2 
  
 READ(LECG,1010) (PROP(nm+k,n),k=1,NDON(INCTYP)) 
 1010  FORMAT(8F10.0) 
==================================================================== 
  
  
  note  columns variable definition 
  
 (1) 1-10   COMPY maximal amplitude of the horizontal displacement at 
control point  
  11-20  COMPZ maximal amplitude of the vertical displacement at control point  
 
  21-30   THETAS incidence angle for SV waves 
 
  31-40   THETAP incident angle for P waves 
  
  41-50  TP  period of the incident wave 
 
  51-60      ----- 
 
  61-70  Yp  abscissa of the control point 
   
  71-80  Zp  ordinate of the control point 
  
  
 
     note 
  
 
 (1) The signal is defined by the function : 
 
   f(t) = sin(2pi * t / TP) 
 
 
 
 
 

////////////////////////////////////////////////////////////////// 
end of the section  " DEFINITION OF THE INCIDENT HARMONICFIELD " 

////////////////////////////////////////////////////////////////// 
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__________________________________________________________________ 
SECTION  " DEFINITION OF THE INCIDENT RICKER FIELD   " 

skip this section  if INCTYP  _ 2 
__________________________________________________________________ 

 
8.17.2.4  Definition of the incident field  - Ricker signal 
  
 
==================================================================== 
input in routine PARX2  
  
 READ(LECG,1010) (PROP(nm+k,n),k=1,NDON(INCTYP)) 
 1010  FORMAT(8F10.0) 
==================================================================== 
  
 
 note columns variable  definition 
 
 
 (1) 1-10  COMPY maximal amplitude of the horizontal displacement  
      at control point 
  
  11-20  COMPZ maximal amplitude of the vertical displacement   
     at control point 
 
  21-30  THETAS incident angle SV 
 
  31-40  THETAP incident angle P 
  
  41-50  TP  characteristic period 
  
  51-60  TS  time at which maximal amplitude is reached 
 
  61-70  Yp  abscissa of the control point 
   
  71-80  Zp  ordinate of the control point 
 
 
 
     notes 
 
  
 (1) The Ricker signal is defined by the function : 
   
   f(t) =  (a - 0.5) * exp(-a) 
 
   with a = (pi (t - TS) / TP)2 
 
 

////////////////////////////////////////////////////////////////// 
end of the section  " DEFINITION OF THE INCIDENT RICKER FIELD " 

////////////////////////////////////////////////////////////////// 
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__________________________________________________________________ 
SECTION  " DEFINITION OF THE INCIDENT PLANE WAVE FIELD  " 

skip this section  if INCTYP  _ 3 
__________________________________________________________________ 
 
8.17.2.4  Definition of the incident field - transient plane wave 
 
==================================================================== 
input in routine PARX2  
 READ(LECG,1010) (PROP(nm+k,n),k=1,NDON(INCTYP)) 
 1010  FORMAT(8F10.0) 
==================================================================== 
 
 note columns variable  definition 
 
 
 (1) 1-10   AMPLS  amplitude of component Sv of the incident wave 
  
  11-20  AMPLP camplitude of component P of the incident wave 
 
  21-30  THETAS incident angle SV 
 
  31-40  THETAP incident angle P 
  
 (2) 41-50  NCRH  number of the curve where are stored    
    the horizontal acceleration at control point 
  
 (2) 51-60  NCRV  number of load curve where are stored   
     the vertical acceleration at control point 
 
  61-70  Yp  abscissa of the control point 
   
  71-80  Zp  ordinate of the control point 
 
     notes 
  
 (1) Caution  It is the superposition of the waves Sv and P which affords to get the field at  
 control point. Thus the role of AMPLS and of AMPLP is to combine if necessary one of the  
 two components. The unit value of these two quantites correspond at movement of the control point 
  . If it is needed for instance to double the acceleration at the control point one must take the 
  value of 2  for AMPLS and AMPLP. If these two coefficients are different the  
 response at control point will be naturally modified. 
 
 (2) The horizontal and vertical accelerations at control point are entered from the load curves with 
the constant time step (LTYP = 2). They must have the same number of points, initial time and time step. 
 

////////////////////////////////////////////////////////////////// 
end of the section  " DEFINITION OF THE INCIDENT FIELD TRANSIENT PLANE WAVE" 

////////////////////////////////////////////////////////////////// 
////////////////////////////////////////////////////////////////// 

end of the section  " DEFINITION OF THE MATERIALS " 
////////////////////////////////////////////////////////////////// 
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8.17.3.  Element input file type 
 
======================================================= 
input in routine PARX2 
  
 READ (LECG,2505) IPPGEF,IELPRI,INCELT 
 2505  FORMAT (3I10) 
======================================================= 
 
  
 note columns variable definition 
 
  
 (1) 1-10   IPPGEF type of the file on which the elements are input  
      =  0   the elements are input sequentially   
       in the data file 
      =  1  the elements are input on a geometry file  
      where are stored a title and the nodal data 
  
  11-20  IELPRI code for printing of the element data in the file   
    prefixe.lst : 
      = 0   printing 
      = 1   no printing 
 
 (2) 21-30  INCELT number of elements already input before. 
  
 
     notes 
  
 
 (1) The geometry file, where are stored a title and the nodal data already input, must be named 
  prefixe.geom, where "prefixe" is the prefixe of the files of the run. 
 
 (2) If INCELT = 0, the first input element in this group must have the number 1. 
  To be able to have a global numbering of the elements on all the model, it is possible  
 of give the first element of the group with a number strictly larger than 1. One must   then 
give INCELT, in order to this that the first element input has the number INCELT + 1. 
 
  CAUTION : This global numbering is only important during the    input 
of the data. After this first phase, during the computations, the     program only 
knows sequentially the elements in the group. 
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8.17.4.   Elements data 
  
================================================================ 
input in routine PARX2 
  
   READ(LECELT,1030)M,IEL,MTYP,KG,(NOD(i),i=1,3) 
 1030  FORMAT (I5,I3,22X,I5,I5,10I5) 
================================================================ 
 
  
 note columns variable definition 
  
  
 (1) 1-5  M  element number 
      1 _ M _ NPAR(2) 
  
 (2) 7-8  IEL  number of nodes of the element 
      set by default to MIN(MXNODS,3) 
  
  31-35  MTYP  number of material 
      1 _ MTYP _ NUMMAT 
  
 (1) 36-40  KG  generation increment 
       set by default to 1 
  
  41-45  NOD(1) node 1  local 
  
  46-50  NOD(2) node 2 
  
  51-55  NOD(3) node 3 
  
  
  
  
     notes 
  
  
  
  (1) The user is required to give the last element of the group, i.e. : 
    M=NUME + INCELT 
  Generation of the elements: 
   if the input lines of the elements (m+1,m+2,.....,m+j) are missing the j   
   elements are generated by taking IEL and MTYP of the element M and their  
   nodes are obtained from the input nodes  on  the  line  of    
  the element  M incremented by KG . Only the  IEL nodes  not equal to zero  are 
   incremented. 
  
 (2) The number of nodes of the element is set by IEL. 
  The 3 numbers of nodes entrees are input on the line.  
  If IEL <  3,  the node non used must be given nul. 
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  Description and numbering of a 2D paraxial element  : 
  
  
 local reference frame and numbering rule 
  
 
  
   ! n 
   ! 
   ! 
  1 +------+------+ 2 - - s 
   3 
 



208 
 
 
8.18.  ELEMENTS PARAXIAL FLUIDS 2D  
 
 
  
  
  

8.18.  2D PARAXIAL FLUIDS ELEMENTS     
  
  
 
 Only one type of element : line from 2 to 3 nodes 
 
 
 
 The paraxial element is in this version a paraxial element of order 0, i.e. consistant dashpot without 
incident field. 
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8.18.1.  Group properties 
 
 
================================= 
input in routine IELMNT 
  
 READ (LECG,1000) NPAR 
 1000  FORMAT (20I4) 
================================= 
 
  note columns variable definition 
  
  1-4  NPAR(1) give the number 8 
  
  5-8      NPAR(2) (NUME) number of elements in this group 
      NUME _ 0 
  
  9-12  NPAR(3) (INDNL) code selecting the type  of nonlinearity  
      set by default to 1 
        = 1 material non linear only 
   
  13-16  NPAR(4) (IPARX) order of paraxial element 
      = 0  only 
  
 (1) 17-20  NPAR(5) (ITYP2D) code selecting the type of modelisation  
      chosen  for this group 
       = 1 plane strain only 
  
  21-24  NPAR(6) (NDIM) number of local d.o.f. of the nodes of the elements 
      = 1  d.o.f.  p (pressures of the water) 
      = 0  by default set to 1 
  
 (2) 25-28   NPAR(7) (MXNODS) maximum number of nodes used 
      to describe an element of the group 
      MXNODS = 2 or 3 
      by default set with 3 
  
  29-32  NPAR(8) not used 
  
  33-36  NPAR(9) not used 
  
 (3) 37-40   NPAR(10) (NINT) order of numerical integration 
      by default set to 2 
      1 _ NINT _ 4 
 
  41-44  NPAR(11) not used 
  
  45-48  NPAR(12) not used 
  
  49-52  NPAR(13) not used 
 
  53-56  NPAR(14) (INCTYP) type of incident field 
      = 0 no incident field 
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 (4) 57-60  NPAR(15) (MODEL) constitutive model number 
      = 1  only 
      by default set to 1 
  
  61-64  NPAR(16) (NUMMAT) number of materials 
      different for the constitutive model chosen 
      NUMMAT _ 1 
      no default value  
  
  65-68  NPAR(17) not used 
  
  69-72  NPAR(18) not used 
  
  73-76  NPAR(19) not used 
 
  77-80  NPAR(20) (IEXPL)  code which affords to define if 
      the group is modelled implicitely or 
      explicitly in a dynamics analysis 
      with a code of integration  IOPE= 10  
      (cf. paragraph 2.6). 
       = 1   explicit group (only) 
  
  
  
 
 
      notes 
  
 
 (1) No paraxial elements in plane stress or in axisymetry. 
 
 (2)  NPAR(7) gives the maximum number of nodes allowed to describe  
  any one of the  elements of the group.  A minimum of 2 nodes and a 
  maximum of 3 nodes are used to describe these elements . 
 
 (3)  An order  of integration  of  2 is generally enough. 
  If  the element is highly distorted, an order of integration higher must be   
 used. 
  
 (4)      Only one constitutive model possible : acoustic (MODEL = 1). 
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8.18.2.   Definition of the fluid  
 
 
 NUMMAT (=NPAR(16))   sets of lines 8.18.2.1,  8.18.2.2 and 8.18.2.3 or 8.18.2.4 are to give . 
 
 
 
 
 
8.18.2.1.    Density of the fluid 
 
 
======================================= 
input in routine PAIX2 
  
 READ(LECG,1000) N,DEN(N) 
 1000  FORMAT(I5,F10.0) 
======================================= 
 
 
 
  note columns variable definition 
  
 
  1-5   N   material property number 
      1 _ N _ NPAR(16) 
  
  6-15  DEN(N) density of the fluid 
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8.18.2.2.   Properties of the fluid (MODEL = 1) 
 
 
================================================== 
input in routine PAIX2 
  
 READ(LECG,1010) (PROP(k,n),k=1,nm) 
 1010  FORMAT(5F10.0) 
================================================== 
  
  
 note columns variable definition 
  
  1-10  PROP(1,n) compressibility of the fluid ( for the water 4.5454 e-10 ) 
  
  11-20  PROP(2,n) coefficient ranging between 0 and 1 which affords to take a 
      percentage of the damping (0 no damping,  
      1 full damping ) 
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8.18.3.  Element input file type 
 
======================================================= 
input in routine PAIX2 
  
 READ (LECG,2505) IPPGEF,IELPRI,INCELT 
 2505  FORMAT (3I10) 
======================================================= 
 
  
 note columns variable definition 
 
  
 (1) 1-10   IPPGEF type of the file on which the elements are input  
      =  0   the elements are input sequentially   
       in the data file 
      =  1  the elements are input on a geometry file  
      where are stored a title and the nodal data 
  
  11-20  IELPRI code for printing of the element data in the file   
    prefixe.lst : 
      = 0   printing 
      = 1   no printing 
 
 (2) 21-30  INCELT number of elements already input before. 
  
 
     notes 
  
 
 (1) The geometry file, where are stored a title and the nodal data already input, must be named 
  prefixe.geom, where "prefixe" is the prefixe of the files of the run. 
 
 (2) If INCELT = 0, the first input element in this group must have the number 1. 
  To be able to have a global numbering of the elements on all the model, it is possible  
 of give the first element of the group with a number strictly larger than 1. One must   then 
give INCELT, in order to this that the first element input has the number INCELT + 1. 
 
  CAUTION : This global numbering is only important during the input of the data. After this 
first phase, during the computations, the program only knows sequentially the elements in the group. 
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8.18.4.   Elements data 
  
================================================================ 
input in routine PAIX2 
  
   READ(LECELT,1030)M,IEL,MTYP,KG,(NOD(i),i=1,3) 
 1030  FORMAT (I5,I3,22X,I5,I5,10I5) 
================================================================ 
 
  
 note columns variable definition 
  
  
 (1) 1-5  M  element number 
      1 _ M _ NPAR(2) 
  
 (2) 7-8  IEL  number of nodes of the element 
      set by default to MIN(MXNODS,3) 
  
  31-35  MTYP  number of the jeu of material of the element 
      1 _ MTYP _ NUMMAT 
  
 (1) 36-40  KG  generation increment 
       set by default to 1 
  
  41-45  NOD(1) node 1  local 
  
  46-50  NOD(2) node 2 
  
  51-55  NOD(3) node 3 
  
  
  
  
     notes 
  
  
  
  (1) The user is required to give the last element of the group, i.e. : 
    M=NUME + INCELT 
  Generation of the elements: 
   if the input lines of the elements (m+1,m+2,.....,m+j) are missing the j   
   elements are generated by taking IEL and MTYP of the element M and their  
   nodes are obtained from the input nodes  on  the  line  of    
  the element  M incremented by KG . Only the  IEL nodes  not equal to zero  are 
   incremented. 
  
 (2) The number of nodes of the element is set by IEL. 
  The 3 numbers of nodes are input on the line.  
  If IEL <  3,  the not used node must be set equal to zero. 
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  Description and numbering of a 2D paraxial fluid element : 
  
  
 local reference frame and numbering rule 
  
 
  
   ! n 
   ! 
   ! 
  1 +------+------+ 2 - - s 
   3 
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8.19. 2D SEEPAGE INTERFACE ELEMENTS  
  
 
 
  
 Only one type of element available : 
 
  interface line from 4 to 6 nodes 
  
 
 
 
 These elements afford to modelize the seepage boundary conditions. 
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8.19.1. Group properties 
 
===================================== 
input in routine IELMNT 
  
 READ (LECG,1000) NPAR 
 1000  FORMAT (20I4) 
===================================== 
 
  
  note columns variable definition 
  
  
  1-4   NPAR(1) give the number 17 
  
  5-8   NPAR(2) (NUME) number of elements in this group 
      NUME > 0 
  
 (1) 9-12  NPAR(3) (INDNL) code selecting the type of non linear analysis 
       = 0,  set by default a "1" 
       = 1,   material non linear only 
 
  13-16  NPAR(4) not used 
  
  17-20  NPAR(5) (ITYP2D) code selecting the type of modelisation chosen 
       to this group 
      = 0 axisymetry 
      = 1 plane strain 
      = 2 plane stress 
   
 (2) 21-24  NPAR(6) (NDIM) number of local d.o.f. of the nodes  of the 
elements 
      = 3 only one value possible 
      = 0  set by default with 3 
  
 (3) 25-28  NPAR(7) (MXNODS)maximum number of nodes used to describe 
      an element of the group : 
      MXNODS = 4 or 6 
      set by default to 6 
  
  29-32   NPAR(8) not used 
 
  33-36  NPAR(9) (KLAYER) selected automatically by the program 
      code selecting whether there is a construction by layers or 
a        excavation for the elements of this group. 
       
 (4) 37-40  NPAR(10) (NINT) order of numerical integration 
      by default set to 2 
      1 _ NINT _ 4 
  
  41-44  NPAR(11) (IPOUTR) selected automatically by the program 
      code selecting the existence of  elements beams in the 
model  
 



218 
 
 
8.19. ELEMENTS OF INTERFACE OF SEEPAGE  2D  
 
 (4) 45-48  NPAR(12) (NINTMX) selected by the program  
      It is used to store the maximum number of integration 
points. 
 
  49-52  NPAR(13) not used 
  
  53-56  NPAR(14) not used 
  
 (5) 57-60  NPAR(15) (MODEL) constitutive model number 
      = 1 Seepage interface (fluid pure) 
      by default set to 1 
  
 (5) 61-64  NPAR(16) (NUMMAT) number of different materials   
     NUMMAT_1 
      no default value 
  
 (5) 65-68  NPAR(17) (NCON)  selected by the program  
      number of model parameters.  
 
 (5) 69-72   NPAR(18) (JDETAT)  selected by the program  
      dimension of the table necessary to store the information 
on       the history of the elements (of the material). 
 
  73-76  NPAR(19)  not used 
 
  77-80  NPAR(20)  not used 
 
 
 
     notes 
 
 
  (1) In the current version, give NPAR(3) = 0 or 1. 
  Only the material nonlinearities may be modelled :  
   the displacements and the strains are assumed infinitesimal.  
  
 (2) In statics, the only one value possible is NDIM = 3  
 
  These element ne may be used in dynamics. 
 
 (3)  NPAR(7) set the maximum number of nodes allowed to describe any of the elements of the 
  group.  This number is limited to two possible values :  
   4 to an element linear, 
   6 to an element quadratique. 
  
 (4) For the elements lines, an order of integration  of 2 is enough.  
  If  the element is highly distorted, an order of integration higher must be used. 
   The maximum number of integration points on an element line is equal for the order of 
integration. 
 
 (5) Only one constitutive model is available for these elements of seepage. 
  The values of NPAR(18) and NPAR(17) which identify this model are selected by the  
  program. 
  Do not give any value to NPAR(17) and NPAR(18).  
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8.19.2.  DEFINITION of the materials 
  
  
 NUMMAT (=NPAR(16)) sets of lines are entered in this section 
  

_______________________________________________________________ 
SECTION  " MODEL FLUID - SEEPAGE " 

skip the following section if MODEL_ 1 
_______________________________________________________________ 

 
8.19.2.1. Material properties 
 
 
 
 For this model,   MODEL = NPAR(15)=1 
   --->  seepage boundary conditions (flow only) 
  
 The program takes  NCON=2    and JDETAT=0 
 
 Only one data line. 
 
 
======================================================= 
input in routine SUIN2 
  
 READ (LECG,2500) N,(PROP(k,N),k=1,NCON) 
 2500  FORMAT(I5,7F10.0) 
======================================================= 
 
 
 note  columns  variable definition 
  
  1-5  N  material property number 
      1 _ N _ NUMMAT 
  
 (1) 6-15  PROP(1,n) permeability of the joint (kj) 
  
 (2) 16-25  PROP(2,n) (IRTNU)number of the water level  adjacent. 
      1 _ IRTNU _ NRTNU 
  
  
 
     notes 
 
 (1)  The permeability of the interface fluid is exprimee in a unite differente of the   
  permeability of the other materials of the model : its unite is the inverse of a unite of time 
   (by exemple, s-1). 
  
 (2)   Each group of elements of interface fluid is associated to one or several water levels  
  (one water level for each property).  
  Each water level has been prealably defined by its number and a function f(t)  
  (cf. paragraph 5.4.). 
 

/////////////////////////////////////////////////////////////// 
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end of the SECTION  " MODEL FLUID - SEEPAGE " 
///////////////////////////////////////////////////////////////
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8.19.3. Element input file type 
 
====================================================== 
input in routine SUIN2 
  
 READ (LECG,2505) IPPGEF,IELPRI,INCELT 
 2505  FORMAT (3I10) 
====================================================== 
 
  
 note  columns variable definition 
 
 (1) 1-10  IPPGEF type of the file on which the elements are input  
      =  0   the elements are input sequentially in the data file 
      =  1  the elements are input on a geometry file  
       where are stored a title and the nodal data 
 
  11-20   IELPRI  code for printing of the element data in the file   
     prefixe.lst : 
      = 0   printing 
      = 1   no printing 
 
 (2)   21-30   INCELT number of elements already input before. 
  
 
     notes 
  
 
 (1) The geometry file, where are stored a title and the nodal data already input, must be named 
   prefixe.geom, where "prefixe" is the prefixe of the files of the run. 
 
 (2) If INCELT = 0, the first input element in this group must have the number 1. 
  To be able to have a global numbering of the elements on all the model, it is possible to  
 give the first element of the group with a number strictly larger than 1. One must then   give 
INCELT, in order to this that the first element input has the number INCELT + 1. 
 
  CAUTION : This global numbering is only important during the input   
  of the data. After this first phase, during the computations, the program only knows  
  sequentially the elements in the group. 
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8.19.4. Elements data 
 
 
================================================================================ 
input in routine SUIN2 
  
  READ (LECELT,2510) M,IEL,IPS,ISIG,EPAI,MTYP,KG,(NOD(i),i=1,6) 
 2510  FORMAT(I5,I3,I2,I10,F10.0,8I5) 
================================================================================ 
 
  
 note  columns  variable definition 
  
  
 (1) 1-5  M  element number 
  
 (2) 6-8  IEL  number of nodes of the element  
      IEL_ NPAR(7) 
      = 4 or 6    only 
      by default set to MIN(MXNODS,6) 
 
  9-10  IPS   =  0  
 
  11-20  ISIG  = 0 
 
 (3 21-30  EPAI  element thickness (used only in plane stress,  
     i.e. if NPAR(5)=2) 
 
  31-35  MTYP  element material number 
      1 _ MTYP _ NPAR(16) 
  
 (1) 36-40  KG  generation increment 
       = 0  set to 1 by default 
  
  41-45  NOD(1) node 1 local 
  
  46-50  NOD(2) node 2 
  
  51-55  NOD(3) node 3 
 
  56-60  NOD(4) node 4 
  
  61-65  NOD(5) node 5 
  
  66-70  NOD(6)  node 6 
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     notes 
 
 
 (1)  The user is required to give the last element of the group, i.e. :  
    M=NUME + INCELT 
 
  Generation of the elements: 
  if the input lines of the elements (m+1,m+2,.....,m+j) are missing the j elements are generated 
by taking    IEL,IPS, ISIG,EPAI and MTYP of the element M and their nodes are obtained from 
the given nodes  on  the  line  of the element  M incremented by KG .  
  Only the  IEL  nodes  not equal to zero  are incremented. 
 
 (2) The number of nodes of the element is set by IEL 
  The 6 nodal data are input on the line.  
  If IEL < 6, the unused nodes will be input as 0. 
 
 (3)   The element thickness is useful only in the plane stress case. 
  In plane strains, the thickness is equal to 1.   
  In axisymetry, the thickness is equal to 1 radian. 



224 
 
 
8.19. ELEMENTS OF INTERFACE OF SEEPAGE  2D  
 
 
Description and numbering of the  elements : 
  
 Element of interface line of 4 or 6 nodes 
  
 
 
 Local reference frame and numbering rule : 
  
 
 
  
  O position of the nodes 
 X   position of the n-th integration point if NINT = 2. 
 
  
  The face of reference is the face (a) which affords to identify the local reference frame (s,t). 
  CAUTION : the local numbering of the element determines the normal t, along which will be 
  computed the flux. 
 
  The flux computed are positive in the formulation when they are directed from the face (a) 
towards the face (b) (i.e. diriges along -t ) ;  they are the outgoing flux of the inner domain delimited by the face 
(a) (face inner) towards the face (b) (face outer : reservoir, surface of seepage). 
 
  CAUTION :  the nodes of the outer face of the seepage interfaces    
   must have all their degrees of freedom bloques 
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APPENDIX A1 
 

DEFINITION OF TIME FUNCTIONS 
 



226 
 

 
APPENDIX A1: DEFINITION OF TIME FUNCTIONS  
 
A1. 1 General definition of the function 
  
 
 
 ===================================================== 
       READ (LECG,3000)  LL,LTYP,NPTC,DATACT,LECHRG,ICHPRI 
 3000  FORMAT (3I10,F10.0,2I10) 
  ===================================================== 
 
  
  
 note  columns  variable definition 
  
  
 (1) 1-10  LL  number of the function 
      1 _ LL _ NCOURB 
  
 (2) 11-20  LTYP  type of the function 
       1 _ LTYP _ 5 
  
 (3) 21-30  NPTC  number of couples (t-f(t)) used 
      to define the curve.  
      by default NPTC = 1 
      1_ NPTC _  NPTM 
  
 (4) 31-40  DATACT date of activation of the function LL 
 
 (5) 41-50  LECHRG type of the file on which will be input the   
      values point by point of the curve. 
      = 0  input sequentially of the data file prefixe.dat 
  
   51-60 ICHPRI code for printing of the values of the 
      curves entrees point by point (type 1   
      or 2) in the file prefixe.listing. 
      ICHPRI=0    on n'imprime pas 
      ICHPRI=1    on imprime 
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     notes 
  
  
 (1) The curves must be described one by one in the increasing order of the   
  numbers. NCOURB is the maximum number of curves to define. 
  
 (2) 5 different types are available : 
 
  LTYP = 1    curve described point by point (t-f(t)) with     
   linear interpolation between the points 
    (cf. paragraph A.2) 
 
  LTYP = 2    curve described point by point (f(tk)) with      
    interpolation linear between the points;  
    The values tk are defined from an initial  time    
    t0 and with a time step Dt by : 
     tk = t0 + k* Dt  
    (cf. paragraph A.3) 
  
  LTYP = 3    constantcurve . (cf. paragraph A.4) 
 
  LTYP = 4    sinusoidal curve . (cf. paragraph A.5) 
 
  LTYP = 5    staircase curve. (cf. paragraph A.6) 
 
  Each type of function corresponds to a different input of the data    
 necessary for the definition of the curves 
  
 (3)    If LTYP = 1 or 2, the number of points NPTC must be such that : 
    2 < NPTC < NPTM 
  where NPTM is the maximum number of points by curve. 
 
  If LTYP = 3, 4 or 5, the number of points NPTC ne joue no rôle.  
  Give NPTC=1. 
  
 (4) As long as the date of the step of analysis T is such that T < DATACT, the function 
   is imposed equal to zero. As soon as T _ DATACT, the function takes the value  
   corresponding to the date T. 
 
  If the function is of type 1 or 2, it must be defined on all the duration of 
   the  analysis  , i.e. between max(DATACT,DATDEB) and DATFIN, where DATDEB  
  and DATFIN have been defined at paragraph 2.3. 
 
 (5) In the current version, the point by point values of the curves must 
  be input only in the data file prefixe.dat. 
  Give LECHRG=0. 
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__________________________________________________________________ 
SECTION "CURVE DIGITALISEE POINT BY POINT - TYPE 1" 

skip this section if LTYP_1 
__________________________________________________________________ 

 
A1.2.  digitalized curve (LTYP=1) 
 
=================================================== 
  READ (LECHRG,3100) ((TEMPC(i),VALC(i)),i=1,NPTC) 
 3100  FORMAT (8F10.0) 
 =================================================== 
 
  
 note  columns variable definition 
  
  
 (1) 1-10  TEMPC(1) date t1 of the point 1 
  
  11-20   VALC(1) value of the function f(t1) 
  
  21-30  TEMPC(2) date t2 of the point 2 
  
  31-40  VALC(2) value of the function f(t2) 
      etc... 
  
       TEMPC(NPTC)date of the point NPTC 
  
       VALC(NPTC) value of the function f(tNPTC) 
 
  
     notes 
  
 (1)   One must have TEMPC(1)<TEMPC(2)<TEMPC(3)<... 
  One must also have : 
   TEMPC(1)_ Max(DATACT,DATDEB) 
  and : 
   TEMPC(NPTC) _ DATFIN  
 
  Give 4 couples of values (t-f(t)) by line and as many lines A.2 
   as required by NPTC. 
 

////////////////////////////////////////////////////////////////// 
END OF THE SECTION  "DIGITALIZED CURVE  - TYPE 1" 

////////////////////////////////////////////////////////////////// 
 



229 
 

 
APPENDIX A1: DEFINITION OF TIME FUNCTIONS  
 

__________________________________________________________________ 
 SECTION "DIGITALIZED CURVE - TYPE 2" 

skip this section if LTYP_ 2 
__________________________________________________________________ 

 
A1.3 digitalised Curve (LTYP=2  ) 
 
 
A1.3a Definition of the initial time and of the time step 
 
================================ 
       READ (LECHRG,3100) T0,DELTAT 
 3100  FORMAT (8F10.0) 
 ================================ 
 
  
 
      note columns variable definition 
  
  
 (1) 1-10   T0  initial time of discretisation 
  
  11-20   DELTAT time step of discretisation 
  
 
 
     notes 
  
  
 (1) One must also that : 
 
   T0 _ Max(DATACT,DATDEB) 
  and that : 
   T0 + (NPTC-1)*DELTAT _ DATFIN  
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A1.3b Definition of the values of the function 
 
 Give 8 values by line and as many lines as necessary NPTC. 
 
 ======================================== 
       READ (LECHRG,3100) (VALC(i),i=1,NPTC) 
 3100  FORMAT (8F10.0) 
  ======================================== 
 
  
      note columns variable definition 
  
 (1) 1-10  VALC(1) value of the curve at time T0 
 
  11-20    VALC(2) value of the curve at time T0+ DELTAT 
 
         VALC(k) value of the curve at time  
       tk = T0 + (k-1)*DELTAT 
 
          VALC(NPTC) value of the curve at time  
      tNPTC = T0 + (NPTC-1)*DELTAT 
  
 
 
     notes 
  
  
 (1)  The value of the function at time tk is given by VALC(tk) and it is 
   computed at time t by linear interpolation between two points  k and k+1  
  of the curve, if tk < t < tk+1 
  

////////////////////////////////////////////////////////////////// 
END OF The SECTION  "DIGITALISED CURVE  - TYPE 2" 

////////////////////////////////////////////////////////////////// 
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__________________________________________________________________ 
SECTION "CONSTANT CURVE " 
skip this section if LTYP_ 3 

__________________________________________________________________ 
 
A1.4   constant   Curve (LTYP=3) 
 
 
=========================== 
    READ (LECG,3100) VALCST 
 3100  FORMAT (8F10.0) 
 =========================== 
 
  
  
       note columns variable definition 
  
  1-10  VALCST constant value of the function 
  
 

////////////////////////////////////////////////////////////////// 
END OF The SECTION  "CONSTANT CURVE " 

////////////////////////////////////////////////////////////////// 
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__________________________________________________________________ 
SECTION "SINUSOIDAL CURVE" 
skip this section if LTYP_ 4 

__________________________________________________________________ 
 
A1.5 Sinusoidal curve (LTYP=4) 
 
 
======================================= 
 READ(LECG,3100) AMPLIT,OMEGA,PHASE 
 3100  FORMAT (8F10.0) 
 ======================================= 
 
 
 note columns variable definition 
  
  
 (1)  1-10   AMPLIT amplitude of the function 
  
 (1) 11-20  OMEGA  pulsation of the function 
  
 (1) 21-30  PHASE  phase at the origine of time 
  
 
     notes 
  
 (1) The function is defined at the date t by : 
 
   f(t)=AMPLIT*sin(OMEGA*t+PHASE) 
 

////////////////////////////////////////////////////////////////// 
END OF The SECTION  "SINUSOIDAL CURVE" 

////////////////////////////////////////////////////////////////// 
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__________________________________________________________________ 
SECTION "STAIRCASE CURVE" 
skip this section if LTYP_ 5 

__________________________________________________________________ 
 
A1.6  Staircase curve  (LTYP=5) 
 
======================================== 
   READ (LECG,3100) YIELD SURFACE,DMARCH,DELTAT 
 3100  FORMAT (8F10.0) 
 ======================================== 
 
  
 note columns variable definition 
  
 (1) 1-10  YIELD SURFACE  Value of the function for the date  
        of activation DATACT 
  
 (1) 11-20  DMARCH Amplitude of the step of the function    
  
 (1) 21-30  DELTAT Duration of the step of the function     
  
  
     notes 
  
  
 (1)  The function is defined for the date t by : 
 
  f(t)= threshhold + kmarch*DMARCH 
 
  where kmarch is the integer part of (t - DATACT)/DELTAT 
 
 

////////////////////////////////////////////////////////////////// 
END OF The SECTION  "STAIRCASE CURVE" 

////////////////////////////////////////////////////////////////// 
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APPENDIX A2 
 
 
 

CONSTITUTIVE MODELS 
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A2.1. Drucker Prager model 
 
 used by the 2D elements (NPAR(1) = 2) 
 
 
 
 For this model,   MODEL = NPAR(15)=1   
     ---> elastoplastic Drucker-Prager model 
  
 The model 1 is a nonlinear model. 
 The program takes  NCON=8  and JDETAT=11 
 
 Two data lines. 
 
 
========================================== 
input in routine  
  
       READ  (LECG,1010) (PROP(j,n), j=1,NCON) 
 1010  FORMAT (8F10.0) 
 ========================================== 
  
 
 
 
 note columns variable definition 
 
1ere line : 
 
  1-10   PROP(1,n) (E) Young's modulus (E) 
  
  11-20  PROP(2,n) (XNU) Poisson's ratio (u) 
  
 (1) 21-30  PROP(3,n (PHI) friction angle (f) 
  
  31-40  PROP(4,n)  (C)cohesion (c) 
  
 (1) 41-50  PROP(5,n) (PSI) dilatancy angle (y) 
  
 (2) 51-60  PROP(6,n) (AK0) initial earth pressure coefficient (Ko) 
  
 (3) 61-70  PROP(7,n) permeability saturated for the porosity 
      POROS0 in the direction oy 
  
 (3) 71-80  PROP(8,n) saturated permeability for the porosity 
      POROS0 in the direction oz. 
 
2nd line : 
 
 (4) 1-10  PROP(9,n) (FACNAP) coefficient for an initial eventual phreatic 
surface 
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 (5) 11-20  PROP(10,n)  (ZWATER LEVEL) altitude of the phreatic surface 
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     notes 
  
 
 (1)  The flow rule may be associated (PHI=PSI) or non associated (PHI_PSI) 
  The angles must be given in degrees. 
 
  (2) K0 is only used to identify the initial static stresses with the help of the defined topography 
  by the lines 8.x.3. ("Initialization of the effective stresses"). 
  The computed initial stresses are defined, for the altitude z, by the weight of the above lying 
sediments   to  σ z and by  σx = σy = K0 * σz 
 
 (3) The permeabilites must be given with compatible units with the other   data (time step 
by exemple). They have  always the dimension of a unit of length divided by a unit of time. 
 
 (4) The simulation of the presence of a phreatic surface is useful only to initialize the  
 pore pressures PINT at the integration points of the elements of the group, by: 
 
   PINT = FACNAP * DENW * ABS(GZ) * (ZIPT-ZWATER LEVEL) 
 
  where  ZIPT is the altitude of the integration point 
   DENW is the density of the fluid 
   GZ is the gravity in the direction z. 
 
    It is assumed that the  nodal unknowns have been first initialized else where (with  
 ICON = 10 or 12)  
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A2.2. Von Mises model 
 
 used by the 3D elements (NPAR(1) = 3) 
 
 Two data lines 
================================================== 
input in routine  
  
 READ  (LECG,3010) (PROP(j,n), j=1,NCON) 
 3010  FORMAT (8F10.0) 
================================================== 
  
  
 for this model NPAR(15)=1  ---> (elastoplastic Von-Mises) 
  
  the model 1 is a nonlinear model 
  the program takes  NPAR(17)=9  and NPAR(18)=14 
  this model requires 2 input data lines 
 
 
 note columns variable definition 
 
1st line : 
 
  1-10  PROP(1,n) (E) Young's modulus(E) 
  
  11-20  PROP(2,n) (NU) Poisson's ratio (n) 
  
 (3) 21-30  PROP(3,n) (S0) initial elastic limit 
  
 (4) 31-40  PROP(4,n) (AND) hardening modulus 
  
  41-50  PROP(5,n) (MOD) hardening mode 
      = 1    isotropic hardening 
      = 2  kinematic hardening 
  
 (1) 51-60   PROP(6,n) (K0) initial earth pressures coefficient 
  
 (2)  61-70  PROP(7,n) (AKX) saturated permeability at the porosity 
      POROS0 in the direction ox 
  
 (2) 71-80  PROP(8,n) (AKY) saturated permeability at the porosity 
      POROS0 in the direction oy. 
 
 
2nd line : 
   
 (2) 1-10  PROP(9,n) (AKZ) saturated permeability at the porosity  
      POROS0 in the direction z  
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     notes 
  
 
 (1) K0 is used only to identify the initial static stresses 
  with the help of the defined topography with the input following lines 2c. 
  the computed initial stresses by IVM3D are defined 
  at the altitude z by the weight of the above lying sediments for σz and 
  by  σx = σy = K0* σz 
 
 (2) the permeabilites must be entered with units compatible with  
  the units of the other data (time step for example). in the program  
  they are then divided by (DENW*ABS(GZ)), which      
  requires to give DENW and GZ different from zero. 
 
 (3) the yield surface is initialized with S02/3. 
  which must be strictly positive. 
  
 (4) a perfectly plastic material may be modelized by taking 
  the hardening modulus PROP(4) = 0 
  if the computed stresses are less than a tolerance, then 
  if MOD = 1   a correction is performed 
  if MOD = 2   no correction is performed 
  the tolerance used here is the value of an equivalente stress 
  equal to 0.5 per cent of the value of the yield surface in simple traction  
  the Von-Mises yield surface is : 
 
   _( σ) = (3/2 σij σji) 1/2  -  σ0 
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A2.3. Hujeux cyclic elastoplastic model 
 
 used by the 2D elements and 3D (NPAR(1) = 2 or 3)  
 
 
 for this model MODEL=NPAR(15)=2  ---> Hujeux elastoplastic law  
  
  the model 2 is a nonlinear model 
  the program takes  NCON=36   and JDETAT=35 
 
      6 data lines 
 
 
========================================== 
input in routine  and  
  
 READ  (LECG,1010) (PROP(j,n), j=1,NCON) 
 1010  FORMAT (8F10.0) 
 READ (LECG,1070) (INIPEL(j),j=1,4) 
 1070  FORMAT(4I5) 
 ========================================== 
 
 
 
  
 note columns variable definition 
  
 line 1 : 
 
 (1) 1-10  PROP(1,n)   (XKI) bulk modulus at the effective reference pressure
       PREF (= PROP(36)) (Ki) 
  
  11-20  PROP(2,n)  (XGI) shear modulus at the effective reference pressure 
      PREF (= PROP(36)) (Gi) 
  
  21-30  PROP(3,n) (XN)nonlinear elasticity exponent (n) 
  
  31-40  PROP(4,n) (PHI)critical state friction angle (φ)(in degrees) 
  
  41-50   PROP(5,n) (PSI)characteristic state angle (in degrees)(ψ) 
  
  51-60  PROP(6,n) (BETA)density hardening parameter (β) 
  
  61-70  PROP(7,n) (PCI)initial critical pressure (pci ) 
 
  71-80  PROP(8,n) (A)monotonous deviatoric hardening parameter (am) 
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line 2 : 
 
 (2) 1-10  PROP(9,n) (B)deviatoric yield surfaces density parameter (b) 
  
  11-20  PROP(10,n) (ACYC)cyclic deviatoric hardening parameter (acyc ) 
  
  21-30  PROP(11,n) (ALFA)domain dependant dilatancy parameter ( α ) 
        
  31-40  PROP(12,n) (RAYELA)radius of the elastic domain (r ela ) 
      0 _ rayela _ ray hys _ raymbl _ 1 
  
  41-50  PROP(13,n) (RAYHYS)radius of the hysteretic domain (rhys ) 
       0 _ ray hys _ 1 
  
  51-60  PROP(14,n) (RAYMBL)radius of the mobilized domain (rmbl ) 
       0 _ raymbl _ 1 
  
  61-70  PROP(15,n) (C)monotonous isotropic hardening parameter (c) 
  
  71-80  PROP(16,n) (D)critical and isotropic consolidation lines distance(d) 
 
 line 3 : 
 
  1-10  PROP(17,n) (CCYC)cyclic isotropic hardening parameter (ccyc) 
  
  11-20   PROP(18,n) (DLTELA)radius of the elastic domain of the  
       isotropic mechanism(r4 ela) 
 
  21-30  PROP(19,n) (XKIMIN)isotropic hardening coefficient 
      usual value = 0 
  
  31-40  PROP(20,n) (XM)behaviour domain parameter(m) 
  
  41-50  PROP(21,n) (FACINC)subincrement size parameter 
      usual value = 0.2 
 
 (3) 51-60  PROP(22,n) (XKAUX) preconditionning bulk modulus 
       XKAUX _ XKI 
  
 (3)  61-70  PROP(23,n) (XGAUX) preconditionning shear modulus 
       XGAUX _ XGI 
  
  71-80  PROP(24,n) (IECOUL)code of the type of flow rule 
       possible values : ±1, ±3 
       usual value = 1 
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line 4  : 
 
  1-10  PROP(25,n) (INCMAX) max. number of subincrements 
  
  11-20   PROP(26,n) (AKS(1))saturated permeability at the porosity POROS0 in 
the       direction ox (in usefull in 2D) 
  
  21-30   PROP(27,n) (AKS(2))saturated permeability at the porosity POROS0 in 
the       direction oy 
  
  31-40  PROP(28,n) (AKS(3))saturated permeability at the porosity POROS0 in 
the       direction oz  
  
  41-50  PROP(29,n) (AK0)initial earth pressure coefficient (K0) 
  
  51-60  PROP(30,n) = 0 ; PROP(30) mechanisms initial activation parameter  
      computed depending on the values of INIPEL. 
  
 (4) 61-70  PROP(31,n) either 
      (SATR)residual saturation (Sr) 
      in statics and for coupled analysis, 
      or 
      (IRTNU)associated water level number 
      in statics and deformation only analysis 
  
 (4) 71-80  PROP(32,n) (ALFAS)saturation/pore pressure parameter S(p) 
      in statics and for coupled analysis. 
 
line 5 : 
 
 (4) 1-10  PROP(33,n) (DSDPMX)selected by the program 
      maximum of d(sat)/dp 
 
 (5) 11-20  PROP(34,n) (FACNAP)coefficient for an initial eventual phreatic 
surface 
  
 (5) 21-30  PROP(35,n) (ZWATER LEVEL)altitude of the phreatic surface 
 
  31-40  PROP(36,n) (PREF)Reference pressure  
      by default set to -1.E6. 
  
 line 6 : 
 
 (6) 1-5   INIPEL(1) deviatoric mech. initial activation 1, plane yz 
  6-10  INIPEL(2) deviatoric mech. initial activation 2, plane zx 
  11-15  INIPEL(3) deviatoric mech. initial activation 3, plane xy 
  16-20  INIPEL(4) isotropic mech. initial activation 
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     notes 
  
  
  (1) The Hujeux constitutive model (version  juin 86) is an elastoplastic constitutive model, based 
on the following concepts: 
 
  1)  satisfies the critical state theory adapted to Mohr-Coulomb 
 
  2)  the plastic deformation rate is divided into 4 mechanisms: 
 
   - 3 plane strains mechanisms associated to 3 perpendicular planes with the 
   axes of the reference frame. The rotation of these planes due to the hardening is not 
   provided in this constitutive model. 
    
   The yield surface for each deviatoric mechanism is defined by: 
 
   _k = qk- sin(φ)pk(1-b log(ppp/pc))rk 
 
   with:   pc = pci exp (βevp)   (density hardening) 
 
    ppp = pk  if IECOUL > 0 
    ppp = p if IECOUL < 0 
 
   and 
    _trk = λk  (1-rk)2 / ak  (deviatoric hardening) 
 
   where : 
    ak = acyc + (am - acyc ) αk 
     
     
     αk = PROP(11) *[ (rk - rhys )/(rmbl - rhys ) ]m 
    
   the choice of PROP(11) = ALFA is thus very important for the influence of the 
dilatancy. 
 
   PROP(11) = 0 inhibated dilatancy 
   PROP(11) _ 0 dilatancy 
 
 
 
   The dilatancy law may be chosen among 3 following assumptions   
 with the data of JECOUL (=ABS(IECOUL) ) : 
 
   if  JECOUL=1, _tεvpk /_tεpk = sin(ψ) - qk/pk* cos(θ) 
 
    where θ is the angle between the stresses and of the plastic strain rates  
    (=0 in monotonous); 
 
     if  JECOUL=2,  _tεvpk /_tεpk  = sin(ψ) - qkc/pk 
          (Roscoe law) 
 
     if  JECOUL=3,  _tεvpk /_tεpk  = sin(ψ) (hyp. Mohr-Coulomb) 
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   The 2 first assumptions are different only in cyclic. The first    
  is proposed by Hujeux, the second by Lassoudiere.  
 
 
   -1 mechanism for isotropic behaviour: 
   The yield surface is defined by :   _c = p - d pc r4 
 
   The hardening law is defined by :  _tr4 = λc (1-r4)2 / c 
 
 
 
 
  3)  The concept of the field of plastic moduli allows to handle the cyclic behaviour of 
each    mechanism. The concept of domain of behaviour refines furthermore the model. 
 
  4)  The nonlinear elastic part is defined by the following moduli: 
 
   K = Ki (p/pref)n (bulk modulus) 
   G = Gi (p/pref)n  (shear modulus) 
 
   where  pref is the reference pressure 
    p is the effective pressure 
 
 (2) the limit value of "b" afford to get either Cam-Clay or Mohr-Coulomb yield surfaces: 
   b =0 Mohr-Coulomb type 
   b = 1 Cam-Clay type 
 
 (3) XKAUX and XGAUX are the parameters used to compute the preconditionning stiffness 
matrix, which is used to solve the non linear system. In general, give for XKAUX and XGAUX  
  values at least larger than the values of XKI and XGI. The increase of these 
  values may lead to a better convergence of the whole analysis but may increase the number of 
iterations. 
 
 (4) The variation of the degree of saturation (S) and of the permeability (K) depending on the 
porosity (n) and of the pore pressure (Pint) is defined by the following law : 
 
   S = Sr + (1.-Sr) / [1+(αs pint/ρw/gz)2 ]1/2 
 
   K(S) = Kr (n) * ( (S-Sr)/(1.-Sr) )3 
 
  where Sr is the residual saturation  
   αs characterizes the curvature of the function p(S) 
 
  The relative permeability Kr is a function of the porosity n (POROS) according to the 
following equation : 
    Kr = Kr0 * n3 / (1.-n)2 
 
  where Kr0 is the permeability for the initial porosity n0 ; it is function of the viscosity of the 
fluid. 
 
  REMARK : 
  In a deformation only analysis, it is sometimes to model a water level. The material density is 
then : 
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   (1-n)ρs   above the water level 
   (1-n)( ρs - ρw)  under the water level (i.e. the buoyant density) 
 
  The water level, first defined in the paragraph "Loads" (§5.4), is given by its number IRTNU 
in the table PROP for the place of the saturation  residuelle in usefull in deformation only.  
  This feature may not be used in dynamics (cf. note (2) §8.2.2.1). 
  
  
 (5) The simulation of the presence of a phreatic surface is useful only to initialize 
  the pore pressures PINT at the integration points of the elements of the group, with: 
 
   PINT = FACNAP * DENW * ABS(GZ) * (ZIPT-ZWATER LEVEL) 
 
  where  ZIPT is the altitude of the integration point 
   DENW is the density of the fluid 
   GZ is the gravity in the direction z. 
 
    It is assumed that the nodal unknowns have been first initialized else where  
  (with ICON = 10 or 12)  
 
 (6) For the initialization of the mechanisms, two possibilites are currently available : 
 
   a) INIPEL(i)  = 1  :  the stress point is on the yield surface,  
    the program computes the monotonous radius ri  to be plastically 
    admissible , the yield surface is adjusted on the values of the stresses  
 
    if ri_rela   RAY(i,1) = ri 
 
    if ri  < rela  RAY(i,1) = rela  and INIPEL(i) = -1 
      elastic domain 
 
 
  
   b)  INIPEL(i)  = -1  : The program computes the monotonous radius ri     
    corresponding to the state of stress 
  
    if ri <  rela    RAY(i,1) = rela 
 
    if ri _ rela    the program stops 
 
 
  REMARK : In general, enter INIPEL(i) = 1. 
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A2.4. Viscoplastic cyclic model VPMCC 
 
 used by the 2D elements and 3D (NPAR(1) = 2 or 3)  
 
 On a for this model MODEL=NPAR(15)=3  
    ---> law viscoplastic Mohr - Coulomb cyclic 
  
     the model 3 is a nonlinear model 
  the program takes  NCON=40  and JDETAT=35 
 
  6 data lines 
 
 
========================================== 
input in routine   and  
  
 READ  (LECG,1010) (PROP(j,n), j=1,NCON) 
 1010  FORMAT (8F10.0) 
 READ (LECG,1070) (INIPEL(j),j=1,4) 
 1070  FORMAT(4I5) 
 ========================================== 
 
 
 
  
 note columns variable definition 
  
 line 1 : 
 
 (1) 1-10  PROP(1,n)   (XKI)bulk modulus     
    at the effective reference pressure PREF (= PROP(36)) (Ki) 
  
  11-20  PROP(2,n)  (XGI)shear modulus at the effective reference pressure 
      PREF (= PROP(36)) (Gi) 
  
  21-30  PROP(3,n) (XN)nonlinear elasticity exponent (n) 
  
  31-40  PROP(4,n) (PHI)critical state friction angle (φ)(in degrees) 
  
  41-50   PROP(5,n) (PSI)characteristic state angle (in degrees)(ψ) 
  
  51-60  PROP(6,n) (BETA)density hardening parameter (β) 
  
  61-70  PROP(7,n) (PCI)initial critical pressure (pci ) 
 
  71-80  PROP(8,n) (A)coefficient of the hardening law 
      of the mechanisms deviatoitres (am) 
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line 2 : 
 
 (2) 1-10  PROP(9,n) (B)deviatoric yield surfaces density parameter (b) 
  
  11-20  PROP(10,n) (ACYC)cyclic deviatoric hardening parameter (acyc ) 
  
  21-30  PROP(11,n) (ALFA)domain dependant dilatancy parameter ( α ) 
        
  31-40  PROP(12,n) (RAYELA)radius of the elastic domain (r ela ) 
      0 _ rayela _ ray hys _ raymbl _ 1 
  
  41-50  PROP(13,n) (RAYHYS)radius of the hysteretic domain (rhys ) 
       0 _ ray hys _ 1 
  
  51-60  PROP(14,n) (RAYMBL)radius of the mobilized domain (rmbl ) 
       0 _ raymbl _ 1 
  
  61-70  PROP(15,n) (C)monotonous isotropic hardening parameter (c) 
  
  71-80  PROP(16,n) (D)critical and isotropic consolidation lines distance(d) 
 
 line 3 : 
 
  1-10  PROP(17,n) (CCYC)cyclic isotropic hardening parameter (ccyc) 
  
  11-20   PROP(18,n) (DLTELA)radius of the elastic domain of the  
       isotropic mechanism(r4 ela) 
 
  21-30  PROP(19,n) (XKIMIN)isotropic hardening coefficient 
      usual value = 0 
  
  31-40  PROP(20,n) (XM)behaviour domain parameter(m) 
  
  41-50  PROP(21,n) (FACINC)subincrement size parameter 
      usual value = 0.2 
 
 (3) 51-60  PROP(22,n) (XKAUX) preconditionning bulk modulus 
       XKAUX _ XKI 
  
 (3)  61-70  PROP(23,n) (XGAUX) preconditionning shear modulus 
       XGAUX _ XGI 
  
  71-80  PROP(24,n) (IECOUL)code of the type of flow rule 
       possible values : ±1, ±3 
       usual value = 1 
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line 4  : 
 
  1-10  PROP(25,n) (INCMAX) max. number of subincrements 
  
  11-20   PROP(26,n) (AKS(1))saturated permeability at the porosity POROS0 in 
the       direction ox (in usefull in 2D) 
  
  21-30   PROP(27,n) (AKS(2))saturated permeability at the porosity POROS0 in 
the       direction oy 
  
  31-40  PROP(28,n) (AKS(3))saturated permeability a the porosity POROS0 in 
the       direction oz  
  
  41-50  PROP(29,n) (AK0)initial earth pressure coefficient (K0) 
  
  51-60  PROP(30,n) = 0 ; PROP(30) mechanisms initial activation parameter  
      it is computed depending on the values of INIPEL. 
  
 (4) 61-70  PROP(31,n) (SATR)residual saturation (Sr) 
      in statics and for coupled analysis, 
       or 
      (IRTNU)associated water level number 
      in statics and deformation only analysis 
  
 (4) 71-80  PROP(32,n) (ALFAS)saturation/pore pressure parameter S(p) 
      in statics and for coupled analysis. 
 
line 5 : 
 
 (4) 1-10  PROP(33,n) (DSDPMX)selected by the program 
      maximum of d(sat)/dp 
 
 (5) 11-20  PROP(34,n) (FACNAP)coefficient for an initial eventual phreatic 
surface 
  
 (5) 21-30  PROP(35,n) (ZWATER LEVEL)altitude of the phreatic surface 
 
  31-40  PROP(36,n) (VISDEV)coefficient of viscosity of the 
      mechanism in deviateur (μdev) 
  
   41-50  PROP(37,n) (VISISO)coefficient of viscosity of the 
      isotropic mechanism (μiso) 
  
  51-60  PROP(38,n) (VISTRC)coefficient of viscosity of the 
      mechanism of traction (μtrc) 
  
  61-70  PROP(39,n) (XNVIS) exponent of the flow rule (nvis) 
 
  71-80  PROP(40,n) (PREF)Reference pressure  
      by default set to -1.E6. 
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line 6 : 
 
 (6) 1-5   INIPEL(1) deviatoric mech. initial activation 1, plane yz 
  6-10  INIPEL(2) deviatoric mech. initial activation 2, plane zx 
  11-15  INIPEL(3) deviatoric mech. initial activation 3, plane xy 
  16-20  INIPEL(4) isotropic mech. initial activation 
  
  
     notes 
  
  
  (1) The law VPMCC is a law viscoplastic cyclic with 4 mechanisms for the   
  sols, basee on the following concepts: 
 
  1)  satisfies the critical state theory adapted to Mohr-Coulomb 
 
  2)  the plastic deformation rate is divided into 4 mechanisms: 
 
   -3 plane strains mechanisms associated to 3 perpendicular planes with the 
   axes of the reference frame. The rotation of these planes due to the hardening is not 
provided in this 
   constitutive model. 
    
   The yield surface for each deviatoric mechanism is defined by: 
 
   _k = qk- sin(φ)pk(1-b log(ppp/pc))rk 
 
   with:   pc = pci exp (βevp)   (density hardening) 
 
    ppp = pk  if IECOUL > 0 
    ppp = p if IECOUL < 0 
 
   and 
    _trk = λ  (1-rk)2 / ak  (deviatoric hardening) 
 
   where : λ =(_k/_0)nvis /μdev 
 
    ak = acyc + (am - acyc ) αk 
 
     αk = PROP(11) *[ (rk - rhys )/(rmbl - rhys ) ]m 
    
   the choice of PROP(11) = ALFA is thus very important for the influence of the 
dilatancy. 
 
   PROP(11) = 0 inhibated dilatancy 
   PROP(11) _ 0 dilatancy 
 
 
 
   The dilatancy law may be chosen among 3 following assumptions   
 with the data of JECOUL (=ABS(IECOUL) ) : 
 
   if  JECOUL=1, _tεvpk /_tεpk = sin(ψ) - qk/pk* cos(θ) 
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    where θ is the angle between the stresses and of the plastic strain rates  
    (=0 in monotonous); 
 
     if  JECOUL=2,  _tεvpk /_tεpk  = sin(ψ) - qkc/pk 
          (Roscoe law) 
 
     if  JECOUL=3,  _tεvpk /_tεpk  = sin(ψ) (hyp. Mohr-Coulomb) 
 
   The 2 first assumptions are different only in cyclic. The first    
  is proposed by Hujeux, the second by Lassoudiere.  
 
 
   -1 mechanism for isotropic behaviour: 
   The yield surface is defined by :   _c = p - d pc r4 
 
   The hardening law is defined by :  _tr4 = λc (1-r4)2 / c 
 
      with   λ c=(_c/_0)nvis /μiso 
 
 
 
  3)  The load cyclic is taken into account in appliquant, for the 3    
 mechanisms in deviateur and for the isotropic mechanism, the concept of modulus plastique  
  to only moduli of hardening intrinseques of each mechanism, thus that the notion  
  of domain of constitutive for the mechanisms deviatoric. 
 
  4)  The partie elastic a a constitutive non linear isotropic, of the forme: 
 
   K = Ki (p/pref)n (bulk modulus) 
   G = Gi (p/pref)n  (shear modulus) 
 
   where  pref is the reference pressure 
    p is the stress isotropic 
 
 (2) the limit value of "b" afford to get the yield surfaces Cam-Clay and Mohr-Coulomb : 
   b =0 yield surface of plasticite Mohr-Coulomb 
   b = 1 yield surface of plasticite Cam-Clay 
 
 (3) XKAUX and XGAUX are the parameters used to to compute the matrice of elasticite 
auxiliary, 
  which is used for resoudre the system non linear. In order generale, give to XKAUX and 
XGAUX  
  of the values egales or more large that the values of XKI and XGI. The augmentation of these 
  values may conduire to a convergence but may augmenter the time CPU. 
 
 (4) The variation of the degree of saturation (S) and of the permeability (K) depending on the 
porosity (n)  
  and of the pore pressure (Pint) is defined by the lois of evolution following : 
 
   S = Sr + (1.-Sr) / [1+(αs pint/ρw/gz)2 ]1/2 
 
   K(S) = Kr (n) * ( (S-Sr)/(1.-Sr) )3 
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  where Sr is the residual saturation  
   αs characterizes the curvature of the function p(S) 
 
  The relative permeability Kr is function of the porosity n (POROS)according to the following 
equation : 
    Kr = Kr0 * n3 / (1.-n)2 
 
  where Kr0 is the permeability for the initial porosity n0 ; it is function of the viscosity of the 
fluid. 
 
  REMARK : 
  In a deformation only analysis, it is sometimes to model a water levelThe material density is 
then : 
   (1-n)ρs   above the water level 
   (1-n)( ρs - ρw)  under the water level (i.e. the buoyant density) 
 
  The water level,first defined in the paragraph "Loads" (§5.4), is given by   its 
number IRTNU in the table PROP for the place of the saturation  residuelle in usefull in  
 deformation only.  
  This possibilite may not be used in dynamics (cf. note (2) §8.2.2.1). 
  
  
 (5) The simulation of the presence of a phreatic surface is useful only to initialize 
  the pore pressures PINT to integration points of the elements of the group, by: 
 
   PINT = FACNAP * DENW * ABS(GZ) * (ZIPT-ZWATER LEVEL) 
 
  where  ZIPT is the altitude of the integration point 
   DENW is the density of the fluid 
   GZ is the gravity in the direction z. 
 
    It is assumed that the  nodal unknowns have been first initialized else where  
  (with ICON = 10 or 12)  
 
 (6) For the initialization of the mechanisms, two possibilites are currently available : 
 
   a) INIPEL(i)  = 1  :  the stress point normalise is on the yield surface,  
    the program compute the radius ri in monotonous to be plastically 
    admissible , on ajuste thus the yield surface on the values of the stresses  
    but if on trouve r < rela . on a thus : 
 
    if ri_rela   RAY(i,1) = ri 
 
    if ri  <  rela  RAY(i,1) = rela  and INIPEL(i) = -1 
      on is in a elastic domain 
   it ne may y have of modifications of sens (mechanism cyclic enclenche) or  
   of load plastique as long as the on reste in this domain. 
  
   b)  INIPEL(i)  = -1  : The program compute the radius ri in monotonous   
    corresponding for the state of stress 
  
    if ri <  rela    RAY(i,1) = rela 
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    if ri _ rela    the program stops 
 
 
  In all the case where INIPEL(i)= -1, on ne may thus pas have of modification of sens initial 
  or of decharge. One must of abord agrandir the surface monotonous by a loaded  
  (i.e. one must passer by a state INIPEL(i) = 1) 
 
  REMARK : In order generale, give INIPEL(i) = 1. 
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A2.5. VEEP - BB model 
  
 used by the 2D elements and 3D (NPAR(1) = 2 or 3) 
 
 
 On a for this model MODEL=NPAR(15)=4 
   ---> law viscoelastic - elastoplastic 'bituminous concrete' 
  
     the model 4 is a nonlinear model 
  the program takes  NCON=42  and JDETAT=43 
 
      7 data lines 
 
 
========================================== 
input in routine  and  
  
 READ  (LECG,1010) (PROP(j,n), j=1,NCON) 
 1010  FORMAT (8F10.0) 
 READ (LECG,1070) (INIPEL(j),j=1,4) 
 1070  FORMAT(4I5) 
 ========================================== 
 
 
 
  
 note columns variable definition 
  
 line 1 : 
 
 (1) 1-10  PROP(1,n)   (XKI)bulk modulus     
    at the effective reference pressure PREF (= PROP(36)) (Ki) 
  
  11-20  PROP(2,n)  (XGI)shear modulus at the effective reference pressure 
      PREF (= PROP(36)) (Gi) 
  
  21-30  PROP(3,n) (XN)nonlinear elasticity exponent (n) 
  
  31-40  PROP(4,n) (PHI)critical state friction angle (φ)(in degrees) 
  
  41-50   PROP(5,n) (PSI)characteristic state angle (in degrees)(ψ) 
  
  51-60  PROP(6,n) (BETA)density hardening parameter (β) 
  
  61-70  PROP(7,n) (PCI)initial critical pressure (pci ) 
 
  71-80  PROP(8,n) (A)coefficient of the hardening law 
      of the mechanisms deviatoitres (am) 
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line 2 : 
 
 (2) 1-10  PROP(9,n) (B)deviatoric yield surfaces density parameter (b) 
  
  11-20  PROP(10,n) (ACYC)cyclic deviatoric hardening parameter (acyc ) 
  
  21-30  PROP(11,n) (ALFA)domain dependant dilatancy parameter ( α ) 
        
  31-40  PROP(12,n) (RAYELA)radius of the elastic domain (r ela ) 
      0 _ rayela _ ray hys _ raymbl _ 1 
  
  41-50  PROP(13,n) (RAYHYS)radius of the hysteretic domain (rhys ) 
       0 _ ray hys _ 1 
  
  51-60  PROP(14,n) (RAYMBL)radius of the mobilized domain (rmbl ) 
       0 _ raymbl _ 1 
  
  61-70  PROP(15,n) (C)monotonous isotropic hardening parameter (c) 
  
  71-80  PROP(16,n) (D)critical and isotropic consolidation lines distance(d) 
 
 line 3 : 
 
  1-10  PROP(17,n) (CCYC)cyclic isotropic hardening parameter (ccyc) 
  
  11-20   PROP(18,n) (DLTELA)radius of the elastic domain of the  
       isotropic mechanism(r4 ela) 
 
  21-30  PROP(19,n) (XKIMIN)isotropic hardening parameter 
      usual value = 0 
  
  31-40  PROP(20,n) (XM)domain dependance exponent(m) 
  
  41-50  PROP(21,n) (FACINC)subincrements size parameter 
      usual value = 0.2 
 
 (3) 51-60  PROP(22,n) (XKAUX) preconditionning auxiliary bulk modulus . 
       XKAUX _ XKI 
  
 (3)  61-70  PROP(23,n) (XGAUX) preconditionning auxiliary shear modulus 
       XGAUX _ XGI 
  
  71-80  PROP(24,n) (IECOUL)code of the type of flow rule 
       possible values : ±1, ±3 
       usual value = 1 
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line 4  : 
 
  1-10  PROP(25,n) (INCMAX) max. number of subincrements at any time step 
  
  11-20   PROP(26,n) (AKS(1))saturated permeability at the porosity POROS0 in 
the       direction ox (not used in 2D) 
  
  21-30   PROP(27,n) (AKS(2))saturated permeability at the porosity POROS0 in 
the       direction oy 
  
  31-40  PROP(28,n) (AKS(3))saturated permeability at the porosity POROS0 in 
the       direction oz  
  
  41-50  PROP(29,n) (AK0)initial earth pressure coefficient (K0) 
  
  51-60  PROP(30,n) = 0 ; PROP(30) mechanisms initial activation parameter,  
      computed depending on the values of INIPEL. 
  
 (4) 61-70  PROP(31,n) (IRTNU)associated water level number 
       statics and in deformation only. 
  
  71-80  PROP(32,n) =0 (not used presently) 
 
line 5 : 
 
  1-10  PROP(33,n) =0 (not used presently) 
 
 (5) 11-20  PROP(34,n) (FACNAP)coefficient for an initial eventual phreatic 
surface 
  
 (5) 21-30  PROP(35,n) (ZWATER LEVEL)altitude of the phreatic surface 
 
  31-40   PROP(36,n)  (VIS)coefficient of viscosity of the bitume to  
      a taux of shear of 1 t-1 (μ )   
     (where t is the unit of time used)   
 
  41-50  PROP(37,n) (IN)exponent of the constitutive model of the fluid (nv ) 
  
  51-60  PROP(38,n)  (XKF)bulk modulus of the fluid (Kf) 
  
  61-70  PROP(39,n) (XGF)shear modulus of the fluid (Gf) 
  
  71-80  PROP(40,n)  (VFFLU)pourcentage of vide remplis by the fluid 
 
 line 6 : 
 
  1-10  PROP(41,n) (DSATF)degree of saturation of the fluid visqueux 
  
  11-20  PROP(42,n) (PREF)Reference pressure  
      by default set to -1.E6. 
  
 line 7 : 
 (6) 1-5   INIPEL(1) deviatoric mech. initial activation 1, plane yz 
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  6-10  INIPEL(2) deviatoric mech. initial activation 2, plane zx 
  11-15  INIPEL(3) deviatoric mech. initial activation 3, plane xy 
  16-20  INIPEL(4) isotropic mech. initial activation 
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     notes 
  
  
  (1) The law VEEP-BB is a law viscoelastic - elastoplastic cyclic with 4 mechanisms to  
  the materials constitues of a phase solid (elastoplastic) and of a phase fluid 
  (viscoelastic, i.e. bituminous concrete), basee on the following concepts: 
 
  For the phase solid : 
 
  1)  satisfies the critical state theory adapted to Mohr-Coulomb 
 
  2)  the plastic deformation rate is divided into 4 mechanisms: 
 
   -3 plane strains mechanisms associated to 3 perpendicular planes with the 
   axes of the reference frame. The rotation of these planes due to the hardening is not 
provided in this 
   constitutive model. 
    
   The yield surface for each deviatoric mechanism is defined by: 
 
   _k = qk- sin(φ)pk(1-b log(ppp/pc))rk 
 
   with:   pc = pci exp (βevp)   (density hardening) 
 
    ppp = pk  if IECOUL > 0 
    ppp = p if IECOUL < 0 
 
   and 
    _trk = λk  (1-rk)2 / ak  (deviatoric hardening) 
 
   where : 
    ak = acyc + (am - acyc ) αk 
     
     
     αk = PROP(11) *[ (rk - rhys )/(rmbl - rhys ) ]m 
    
   the choice of PROP(11) = ALFA is thus very important for the influence of the 
dilatancy. 
 
   PROP(11) = 0 inhibated dilatancy 
   PROP(11) _ 0 dilatancy 
 
 
   The dilatancy law may be chosen among 3 following assumptions   
 with the data of JECOUL (=ABS(IECOUL) ) : 
 
   if  JECOUL=1, _tεvpk /_tεpk = sin(ψ) - qk/pk* cos(θ) 
 
    where θ is the angle between the stresses and of the plastic strain rates  
    (=0 in monotonous); 
 
     if  JECOUL=2,  _tεvpk /_tεpk  = sin(ψ) - qkc/pk 
          (Roscoe law) 
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     if  JECOUL=3,  _tεvpk /_tεpk  = sin(ψ) (hyp. Mohr-Coulomb) 
 
   The 2 first assumptions are different only in cyclic. The first    
  is proposed by Hujeux, the second by Lassoudiere.  
 
 
   -1 mechanism for isotropic behaviour: 
   The yield surface is defined by :   _c = p - d pc r4 
 
   The hardening law is defined by :  _tr4 = λc (1-r4)2 / c 
 
  For the phase fluid: 
 
   The phase fluid obeit for the law of Maxwell Norton : 
  
    _tεp = _tq/3Gf  + Af*(q/pa)nv 
 
     which is resolue by the methode of Runge-Kutta. 
  
 
 
 
  3)  The load cyclic is taken into account in appliquant, for the 3    
 mechanisms in deviateur and for the isotropic mechanism, the concept of modulus plastique  
  to only moduli of hardening intrinseques of each mechanism, thus that the notion  
  of domain of constitutive for the mechanisms deviatoric. 
 
  4)  The partie elastic a a constitutive non linear isotropic, of the forme: 
 
   K = Ki (p/pref)n (bulk modulus) 
   G = Gi (p/pref)n  (shear modulus) 
 
   where  pref is the reference pressure 
    p is the stress isotropic 
 
 
 (2) the limit value of "b" afford to get the yield surfaces Cam-Clay and Mohr-Coulomb : 
   b =0 yield surface of plasticite Mohr-Coulomb 
   b = 1 yield surface of plasticite Cam-Clay 
 
 
 (3) XKAUX and XGAUX are the parameters used to to compute the matrice of elasticite 
auxiliary, 
  which is used for resoudre the system non linear. In order generale, give to XKAUX and 
XGAUX  
  of the values egales or more large that the values of XKI and XGI. The augmentation of these 
  values may conduire to a convergence but may augmenter the time CPU. 
 
 
 (4) The simulation of the non saturation in water is not available in this version of the law 
  of constitutive. 
  REMARK : 
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  In a deformation only analysis, it is sometimes to model a water levelThe material density is 
then : 
   (1-n)ρs   above the water level 
   (1-n)( ρs - ρw)  under the water level (i.e. the buoyant density) 
 
  The water level,first defined in the paragraph "Loads" (§5.4), is given by   its 
number IRTNU in the table PROP for the place of the saturation  residuelle in usefull in  
 deformation only.  
  This possibilite may not be used in dynamics (cf. note (2) §8.2.2.1). 
  
  
 (5) The simulation of the presence of a phreatic surface is useful only to initialize 
  the pore pressures PINT to integration points of the elements of the group, by: 
 
   PINT = FACNAP * DENW * ABS(GZ) * (ZIPT-ZWATER LEVEL) 
 
  where  ZIPT is the altitude of the integration point 
   DENW is the density of the fluid 
   GZ is the gravity in the direction z. 
 
    It is assumed that the  nodal unknowns have been first initialized else where  
  (with ICON = 10, 12 or 13)  
 
 (6) For the initialization of the mechanisms, two possibilites are currently available : 
 
   a) INIPEL(i)  = 1  :  the stress point normalise is on the yield surface,  
    the program compute the radius ri in monotonous to be plastically 
    admissible , on ajuste thus the yield surface on the values of the stresses  
    but if on trouve r < rela . on a thus : 
 
    if ri_rela   RAY(i,1) = ri 
 
    if ri  <  rela  RAY(i,1) = rela  and INIPEL(i) = -1 
      on is in a elastic domain 
   it ne may y have of modifications of sens (mechanism cyclic enclenche) or  
   of load plastique as long as the on reste in this domain. 
  
   b)  INIPEL(i)  = -1  : The program compute the radius ri in monotonous   
    corresponding for the state of stress 
  
    if ri <  rela    RAY(i,1) = rela 
 
    if ri _ rela    the program stops 
 
 
  In all the case where INIPEL(i)= -1, on ne may thus pas have of modification of sens initial 
  or of decharge. One must of abord agrandir the surface monotonous by a loaded  
  (i.e. one must passer by a state INIPEL(i) = 1) 
 
  REMARK : In order generale, give INIPEL(i) = 1. 
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A2.6. KELVIN-VOIGT model 
 
 used by the 2D elements (NPAR(1) = 2) 
 
 
 On a for this model MODEL=NPAR(15)=5 ---> law viscoelastic Kelvin-Voigt 
  
         the program takes  NCON=7  and JDETAT=8 
 
      1 data line 
 
 
========================================== 
input in routine   
 
 READ  (LECG,1010) (PROP(j,n), j=1,NCON) 
 1010  FORMAT (8F10.0) 
 ========================================== 
 
  
 note columns variable definition 
  
  
  1-10  PROP(1,n) (YOUNG)Young's modulus(E) 
  
  11-20   PROP(2,n) (XNU)Poisson's ratio (n) 
  
 (1) 21-30   PROP(3,n) (ETAV)coefficient of the amortissement   
      volumique (ηv ) 
  
  31-40  PROP(4,n) (ETAD)coefficient of the amortissement   
      deviatoric (ηd )  
  
 (2) 41-50  PROP(5,n) (AK0)coeff. of poussee of the terres initial (K 0) 
 
 (1) 51-60   PROP(6,n)  (AKS(2) saturated permeability for the   
      porosity POROS0 in the direction oy 
  
 (1) 61-70   PROP(7,n)  (AKS(3))saturated permeability for the   
      porosity POROS0 in the direction oz 
 
 
     notes 
  
  
 
 (1) The permeabilites and the viscosites must be given with compatible units with the  
 units of the other data (time step for example). The permeabilites have  always the  
 dimension of a unit of length divisee by a unit of time. The viscosites have the   dimension of 
inverse of the unit of time. 
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 (2) K0 is only used to identify the initial static stresses with the help of the defined topography 
  by the lines 8.2.3. ("Initialization of the effective stresses"). 
  The computed initial stresses are defined, for the altitude z, by the weight of the above lying 
sediments   to  σ z and by  σ x = σ y = K 0 *σ z 
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A2.7. Oriented elastoplastic model: GEOMAT 
 
  used by the 2D elements and 3D (NPAR(1) = 2 or 3) 
 
 On a for this model MODEL=NPAR(15)=6 
   --->  law elastoplastic cyclic to yield surface oriente    
  applicable to geomateriaux, y compris the rocks 
  
     the model 6 is a nonlinear model 
         the program takes  NCON=44  and JDETAT=47 
 
      6 data lines 
 
 
========================================== 
input in routine  and  
  
 READ  (LECG,1010) (PROP(j,n), j=1,NCON) 
 1010  FORMAT (8F10.0) 
 READ (LECG,1070) (INIPEL(j),j=1,4) 
 1070  FORMAT(4I5) 
 ========================================== 
 
 
 
  
 note columns variable definition 
  
 line 1 : 
 
 (1) 1-10   PROP(1,n) (XEI)Young's modulus  under the pressures of  
      reference Pref = (PROP(44)(Ei) 
  
  11-20  PROP(2,n) (XNU)Poisson's ratio (ν ) 
 
  21-30  PROP(3,n) (XN)nonlinear elasticity exponent (n) 
  
  31-40  PROP(4,n) (BETA)density hardening parameter (β) 
  
  41-50   PROP(5,n) (SIGEN0) stress normal critical initiale( σ N ci ) 
  
  51-60  PROP(6,n) (A)coefficient of the hardening law 
      of the mechanisms deviatoitres (am) 
 
  61-70  PROP(7,n) (B)deviatoric yield surfaces density parameter (b) 
 
  71-80  PROP(8,n) (ACYC)cyclic deviatoric hardening parameter (acyc ) 
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line 2 : 
 
  1-10  PROP(9,n) (ALFA)domain dependant dilatancy parameter ( α ) 
 
  11-20  PROP(10,n) (RAYELA)radius of the elastic domain (r ela ) 
      0 _ rayela _ ray hys _ raymbl _ 1 
 
  21-30  PROP(11,n) (RAYHYS)radius of the hysteretic domain (rhys ) 
       0 _ ray hys _ 1 
 
  31-40  PROP(12,n) (RAYMBL)radius of the mobilized domain (rmbl ) 
       0 _ raymbl _ 1 
 
  41-50  PROP(13,n) (XM)domain dependance exponent(m) 
 
 (2) 51-60  PROP(14,n) (XEAUX) Young's modulus for the preconditionning 
matrix . 
       XEAUX _ XEI 
 
 (2) 61-70  PROP(15,n) (XNUUX) Poisson's ratio for the preconditionning matrix 
 
  71-80  PROP(16,n) (PHI(1))friction angle plastique    
     parfait on the plane 1(φ1) (in degrees > 0)  
 
 line 3 : 
 
  1-10  PROP(17,n)  (PHI(2))friction angle plastique    
     parfait on the plane 2(φ2) (in degrees > 0)  
  
  11-20  PROP(18,n)  (PHI(3))friction angle plastique    
     parfait on the plane 3(φ3) (in degrees > 0)  
  
  21-30  PROP(19,n)  (PSI(1))characteristic state angle on the plane 1 
       (in degrees > 0)(y1) 
  
  31-40  PROP(20,n)  (PSI(2))characteristic state angle on the plane 2 
       (in degrees > 0)(y2) 
  
  41-50  PROP(21,n)  (PSI(3))characteristic state angle on the plane 3 
       (in degrees)(y3) 
  
  51-60  PROP(22,n)  (DIRCOS(1,1))component of the normal   
      at plane 1 along the axis ox 
  
  61-70  PROP(23,n)  (DIRCOS(2,1))component of the normal    
     at plane 1 along the axis oy 
  
  71-80   PROP(24,n)  (DIRCOS(3,1))component of the normal   
      at plane 1 along the axis oy 
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line 4 : 
 
  1-10  PROP(25,n)  (DIRCOS(1,2))component of the normal    
     at plane 2 along the axis ox 
  
  11-20   PROP(26,n)  (DIRCOS(2,2))component of the normal   
      at plane 2 along the axis oy 
 
   21-30  PROP(27,n)  (DIRCOS(3,2))component of the normal    
     at plane 2 along the axis oz 
  
  31-40   PROP(28,n)  (DIRCOS(1,3))component of the normal   
      at plane 3 along the axis ox 
  
  41-50   PROP(29,n)  (DIRCOS(2,3))component of the normal    
     at plane 3 along the axis oy 
  
  51-60  PROP(30,n) (DIRCOS(3,3))component of the normal   
      at plane 3 along the axis oz 
  
  61-70   PROP(31,n)  (COHSN)cohesion  (c ) 
  
  71-80   PROP(32,n)  (TRCLMT)stresses limiteds of the mechanism of traction 
 
  line 5 : 
 
  1-10  PROP(33,n)  (NPLAN)number of planes (limited with 3) 
 
  11-20   PROP(34,n)  (INCMAX)maximum number of    
      under-increments allowed 
  
  21-30   PROP(35,n) (AKS(1))saturated permeability at the porosity POROS0 in 
the       direction ox (in usefull in 2D) 
  
  31-40  PROP(36,n) (AKS(2))saturated permeability at the porosity POROS0 in 
the       direction oy 
  
  41-50  PROP(37,n) (AKS(3))saturated permeability a the porosity POROS0 in 
the       direction oz  
  
  51-60  PROP(38,n) (AK0)initial earth pressure coefficient (K0) 
  
 (3) 61-70  PROP(39,n) (SATR)residual saturation (Sr) 
      in statics and for coupled analysis, 
       or 
      (IRTNU)associated water level number 
       statics and in deformation only. 
  
 (3) 71-80  PROP(40,n) (ALFAS)saturation/pore pressure parameter S(p) 
      in statics and for coupled analysis. 
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line 6 : 
 
 (3) 1-10  PROP(41,n) (DSDPMX)selected by the program 
      maximum of d(sat)/dp 
 
 (4) 11-20  PROP(42,n) (FACNAP)coefficient for an initial eventual phreatic 
surface 
  
 (4) 21-30  PROP(43,n) (ZWATER LEVEL)altitude of the phreatic surface 
 
  31-40  PROP(44,n) (PREF)Reference pressure  
      by default set to -1.E6. 
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     notes 
  
  
 (1) The law GEOMAT is a constitutive elastoplastic model cyclic to    yield 
surface oriente  for the geomateriaux, basee on the following concepts: 
 
  1)  obeit at principe of critical state on a facette a  of normal n a  
 
  2)  the dissipation plastique is the somme of the dissipations on the planes of  
   faiblesse of the material donnes by the user. 
 
      -  The yield surface to each plane, of type friction of    
 Coulomb, is defined by : 
 
    _α = || σ T α || - tg(φ α )σ n α F α( σ n α, np)  r α 
 
   with:  
    F, function of enchevêtrement, defined by : 
    F ( σ n α, np) = 1-b log( σ n α /σ n αc(np))  
 
    a density hardening :  σ nc = σ ni exp (-β  np)  
 
    a deviatoric hardening :  _tr α = λ α  (1-r α )2 / a  
    np , the strain normal plastique (the porosity plastique). 
 
  
   - The flow rule is caracterisee by : 
 
   a sliding on the plane of normal n α , in the direction b α , in respectant the law 
   of dilatancy of Roscoe and the state caracteristique defined by ψ , thus that the 
caractere 
   standard relativement to  the cission of friction: 
 
   b α  =  σ T α  /  || σ T α ||  + ( tg ψα  +  || σ T α || / σ n α ) nα 
 
   a velocity of strain plastique: 
   
    Dpα = nα _  bα 
 
  3)  The load cyclic is taken into account in appliquant the concept of  
   modulus plastique to only moduli of hardening intrinseques of each plane, 
   thus that the notion of domain of constitutive . 
 
  4)  The partie elastic a a constitutive non linear isotropic, of the forme: 
 
    E = Ei (p/pref)n  (Young's modulus)  
 
   where  pref is a reference pressure data by the user 
    p is the stress isotropic 
  
  5) For the initialization of the degrees of mobilisation, on suppose that the on  
   commence  always in cyclic, of où : 
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    r α m =  1. 
 
   The rayons cycliques are then initialized in order to be  always to   
  the inner or on the yield surface, i.e. of the as follows: 
 
   if   ||σ T α || - tg(φ α )σ n α F α ( σ n α , np)  r ela  _ 0 
 
   then  r α c =  r ela 
 
   in the other case :  
    r α c =  -  || σ T α || / tg(φ α )σ n αF α ( σ n α , np)  _ 1. 
 
 
 
 (2) XEAUX and XNUUX are the parameters used to to compute the matrice of elasticite 
auxiliary, 
  which is used for resoudre the system non linear. In order generale, give to XEAUX a value 
  equal or more large that the value of XEI . The augmentation of these values may conduire to 
a   convergence but may augmenter the time CPU. 
  
 (3) The variation of the degree of saturation (S) and of the permeability (K) depending on the 
porosity (n) and   of the pore pressure (Pint) is defined by the lois of evolution following : 
 
   S = Sr + (1.-Sr) / [1+(αs pint/ρw/gz)2 ]1/2 
 
   K(S) = Kr(n) * ( (S-Sr)/(1.-Sr) )3 
 
  where Sr is the residual saturation  
   αs characterizes the curvature of the function p(S) 
 
  The relative permeability Krest function of the porosity n (POROS)according to the following 
equation : 
    Kr = Kr0 * n3 / (1.-n)2 
 
  where Kr0 is the permeability for the initial porosity n0  ; it is function of the viscosity of the 
fluid. 
 
  REMARK : 
  In a deformation only analysis, we may vouloir modeliser the presence of a water level, 
  which throughe the material. The material density is then : 
   (1-n)ρs   above the water level 
   (1-n)( ρs - ρw)  under the water level (i.e. the buoyant density) 
 
  The water level,first defined in the paragraph "Loads" (§5.4), is given by   its 
number IRTNU in the table PROP for the place of the saturation  residuelle in usefull in  
 deformation only.  
  This possibilite may not be used in dynamics (cf. note (2) §8.2.2.1). 
  
  
 (4) The simulation of the presence of a phreatic surface is useful only to initialize the  
 pore pressures PINT to integration points of the elements of the group, by: 
 
       PINT = FACNAP * DENW * ABS(GZ) * (ZIPT-ZWATER LEVEL) 
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  where  ZIPT is the altitude of the integration point 
   DENW is the density of the fluid 
   GZ is the gravity in the direction z. 
 
    It is assumed that the  nodal unknowns have been first initialized else where (with  
 ICON = 10 ,12 or 13)  
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A2.8. Elastoplastic modifiedd Hujeux model: ISOGEO 
 
 
 used by the 2D elements and 3D  (NPAR(1) = 2 or 3) 
 
 On a for this model MODEL=NPAR(15)=7 
   --->  law elastoplastic isotropic (in the reference frame of stresses principales) 
  
 
  the model 7 is a model non linear 
  the program takes  NCON=35  and JDETAT=29 
 
      5 data lines 
 
 
 
========================================== 
input in routine  and  
  
 READ  (LECG,1010) (PROP(j,n), j=1,NCON) 
 1010  FORMAT (8F10.0) 
 READ (LECG,1070) (INIPEL(j),j=1,4) 
 1070  FORMAT(4I5) 
 ========================================== 
 
 
 
  
 note columns variable definition 
  
 line 1 : 
 
 (1) 1-10   PROP(1,n) (XEI)Young's modulus  under the pressures of  
      reference Pref = (PROP(44)(Ei) 
  
  11-20  PROP(2,n) (XNU)Poisson's ratio (ν ) 
 
  21-30  PROP(3,n) (XN)nonlinear elasticity exponent (n) 
  
  31-40  PROP(4,n) (PHI)critical state friction angle (φ)(in degrees) 
  
  41-50   PROP(5,n) (PSI)characteristic state angle (in degrees)(ψ) 
  
  51-60  PROP(6,n) (BETA)density hardening parameter (β) 
  
  61-70  PROP(7,n) (PCI)initial critical pressure (pci ) 
 
  71-80  PROP(8,n) (A)coefficient of the hardening law 
      of the mechanisms deviatoitres (am) 
 



270 
 

 
APPENDIX A2: Elastoplastic modified Hujeux model: ISOGEO 

 
line 2 : 
 
  1-10  PROP(9,n) (B)deviatoric yield surfaces density parameter (b) 
  
  11-20  PROP(10,n) (ACYC)cyclic deviatoric hardening parameter (acyc ) 
  
  21-30  PROP(11,n) (C)monotonous isotropic hardening parameter (c) 
 
  31-40  PROP(12,n) (D)critical and isotropic consolidation lines distance(d) 
  
  41-50  PROP(13,n) (CCYC)cyclic isotropic hardening parameter (ccyc) 
  
  51-60  PROP(14,n) (DLTELA)radius of the elastic domain of the  
       isotropic mechanism(r4 ela) 
  
  61-70  PROP(15,n) (XKIMIN)isotropic hardening parameter 
      usual value = 0 
 
  71-80  PROP(16,n) (ALFA)domain dependant dilatancy parameter ( α ) 
 
 line 3 : 
 
  1-10  PROP(17,n) (RAYELA)radius of the elastic domain (r ela ) 
      0 _ rayela _ ray hys _ raymbl _ 1 
 
  11-20   PROP(18,n) (RAYHYS)radius of the hysteretic domain (rhys ) 
       0 _ ray hys _ 1 
 
  21-30  PROP(19,n) (RAYMBL)radius of the mobilized domain (rmbl ) 
       0 _ raymbl _ 1 
  
  31-40  PROP(20,n) (XM)domain dependance exponent(m) 
  
 (2) 41-50  PROP(21,n) (XEAUX) Young's modulus for the preconditionning 
matrix . 
       XEAUX _ XEI 
 
 (2) 51-60  PROP(22,n) (XNUUX) Poisson's ratio for the preconditionning matrix 
  
  61-70  PROP(23,n) (COHSN)cohesion  (c ) 
 
  71-80  PROP(24,n) (TRCLMT)stresses limiteds of the mechanism of traction 
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line 4 : 
 
  1-10  PROP(25,n)  (INCMAX)maximum number of    
      under-increments allowed 
 
  11-20   PROP(26,n)  (AKS(1))saturated permeability at the porosity POROS0 in 
the       direction ox (in usefull in 2D) 
 
  21-30   PROP(27,n) (AKS(2))saturated permeability at the porosity POROS0 in 
the       direction oy 
 
  31-40  PROP(28,n) (AKS(3))saturated permeability a the porosity POROS0 in 
the       direction oz  
 
  41-50  PROP(29,n) (AK0)initial earth pressure coefficient (K0) 
 
 (3) 51-60  PROP(30,n) (SATR)residual saturation (Sr) 
      in statics and for coupled analysis, 
       or 
      (IRTNU)associated water level number 
       statics and in deformation only. 
 
 (3) 61-70  PROP(31,n) (ALFAS)saturation/pore pressure parameter S(p) 
      in statics and for coupled analysis. 
 
 (3) 71-80  PROP(32,n) (DSDPMX)selected by the program 
      maximum of d(sat)/dp 
 
line 5 : 
 
 (4) 1-10  PROP(33,n) (FACNAP)coefficient for an initial eventual phreatic 
surface 
 
 (4) 11-20  PROP(34,n) (ZWATER LEVEL)altitude of the phreatic surface 
 
  21-30  PROP(35,n) (PREF)Reference pressure  
      by default set to -1.E6. 
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     notes 
  
  
  (1) The law ISOGEO is a constitutive elastoplastic model cyclic      for 
the geomateriaux, basee on the following concepts: 
 
  1)  obeit at principe of critical state for the stresses principales,  
    modified to Mohr-Coulomb 
 
  2)  the plastic deformation rate is divided into 4 mechanisms : 
 
      -3 mechanisms in 3 planes  orthotropes coïncidant  with the axes   
   principaux. The yield surface for each mechanism, of the type   
   friction of Coulomb, is defined by : 
 
   _a = | σ b - σ c | + sin φ (σ b + σ c) F  ( (σ b + σ c) , np)  r a 
   with:   
   
   a function of enchevêtrement defined by : 
 
    F (  (σ b + σ c) , np) = 1-b log( (σ b + σ c) / σ c(np))   
 
   a density hardening :  σ c = σ ci exp (-β  np)  
 
   a deviatoric hardening :  _tr a = λ a(1-r a )2 / a      
   np , the strain normal plastique (the porosity plastique) 
  
 
 
   -The flow rule is associated in deviateur and respecte the law of   
   dilatancy of Roscoe and the state caracteristique defined by Ψ, in volumique. 
   The velocity of strain plastique is given by : 
   
    D p a  =    λ a Ψ a 
 
   with:  
 
   Ψ a = _σ  (  σ b - σ c) + (1/3)( sin ψ + ( σ b - σ c)/ (σ b+ σ c) ) I   
  
 
 
   - a isotropic mechanism dont the yield surface is defined by : 
 
    _ iso = p - d pc riso  
 
    and the hardening law by : 
 
    _cr iso  = λ iso  (1-r iso  )2 / c 
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  3)  The load cyclic is taken into account in appliquant the concept of   
  modulus plastique to only moduli of hardening intrinseques of each mechanism, 
   thus that the notion of domain of constitutive for the mechanisms deviatoric. 
 
 
  4)  The partie elastic a a constitutive non linear isotropic, of the    
  forme: 
 
   E = Ei (p/p ref)n (Young's modulus)  
 
    where  p ref is a reference pressure data by the user. 
     p is the stress isotropic 
 
  
  5) For the initialization of the degrees of mobilisation, on suppose that the on  
    commence  always in cyclic, of où : 
   r a m =  1. 
 
   The rayons cycliques are then initialized in order to be  always to   
  the inner or on the yield surface, i.e. of the as follows: 
  
   if   | σ b - σ c | + sin φ (σ b + σ c) F  ( (σ b+ σ c) , np)  rela _ 0 
 
   then  r ac =  r ela 
 
   in the other case :  
    r ac  =  -  | σ b - σ c | / sin φ (σ b + σ c) F  ( (σ b+ σ c) , np)   _ 1. 
 
 
 
 (2) XEAUX and XNUUX are the parameters used to to compute the matrice of elasticite 
auxiliary, 
  which is used for resoudre the system non linear. In order generale, give to XEAUX  of the 
values 
  egales or more large that the values of XEI . The augmentation of these values may conduire 
to 
  a convergence but may augmenter the time CPU. 
 
 
 (3) The variation of the degree of saturation (S) and of the permeability (K) depending on the 
porosity (n) and   of the pore pressure (Pint) is defined by the lois of evolution following : 
 
   S = Sr + (1.-Sr) / [1+(αs pint/ρw/gz)2 ]1/2 
 
   K(S) = Kr(n) * ( (S-Sr)/(1.-Sr) )3 
 
  where Sr is the residual saturation  
   αs characterizes the curvature of the function p(S) 
 
  The relative permeability Krest function of the porosity n (POROS)according to the following 
equation : 
    Kr = Kr0 * n3 / (1.-n)2 
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  where Kr0 is the permeability for the initial porosity n0  ; it is function of the viscosity of the 
fluid. 
 
  REMARK : 
  In a deformation only analysis, we may vouloir modeliser the presence of a water level, 
  which throughe the material. The material density is then : 
   (1-n)ρs   above the water level 
   (1-n)( ρs - ρw)  under the water level (i.e. the buoyant density) 
 
  The water level,first defined in the paragraph "Loads" (§5.4), is given by   its 
number IRTNU in the table PROP for the place of the saturation  residuelle in usefull in  
 deformation only.  
  This possibilite may not be used in dynamics (cf. note (2) §8.2.2.1). 
  
  
 (4) The simulation of the presence of a phreatic surface is useful only to initialize the  
 pore pressures PINT to integration points of the elements of the group, by: 
 
       PINT = FACNAP * DENW * ABS(GZ) * (ZIPT-ZWATER LEVEL) 
 
  where  ZIPT is the altitude of the integration point 
   DENW is the density of the fluid 
   GZ is the gravity in the direction z. 
 
    It is assumed that the  nodal unknowns have been first initialized else where (with  
 ICON = 10 ,12 or 13)  
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MA2.9. User defined constitutive model 
 
A2.9.1. Constitutive model in 2D 
 
 
 used by the 2D elements (NPAR(1) = 2) 
 
 
 
 For this model, on a  MODEL = NPAR(15)=30   
       

The model 30 is a nonlinear model. The number of the property (NCON) and the size of the table 
history (JDETAT) must be given by the user at level of the carte 8.1.1. 
4 Stresses (SIGyy, SIGzz, SIGyz, SIGxx) and 4 strains (EPSyy, EPSzz, EPSyz, EPSxx) and the pore 
pressure are already provided in the table of the history. Thus, as value of JDETAT, one must enter the 
size of the table history that l’ user  a introduit in its law apart the stresses, the strains and the pore 
pressure. 
 

NCON = NPAR(17) 
JDETAT = NPAR(18) 

 
 The value of JDTETA ne must pas depasser 30. 

The number of data lines depend on the number of the property.  
 
 

========================================== 
input in routine  
  
       READ  (LECG,1010) (PROP(j,n), j=1,NCON) 
 1010  FORMAT (8F10.0) 
 ========================================== 

 
 
The three first values of the table of the property are already affectees at parameters following: 
 
 

 note columns variable definition 
 
1ere line : 
 

(1) 1-10  PROP(1,n)   (AK0) initial earth pressure coefficient (Ko) 
 
 11-20  PROP(2,n)  EAUXA elastic modulus used to to compute  
     the stiffness matrix 
 
 21-30  PROP(3,n)   XNUAUX coeff. of Poisson used to to compute   
     the stiffness matrix 
 
(2) 31-40  PROP(4,n)  AKAUX2(1) saturated permeability at the porosity 
     POROS0 in the direction oy 
 
(2) 41-50  PROP(5,n)   AKAUX2(2) saturated permeability at the porosity 
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     POROS0 in the direction oz 
 
  
 51-60  PROP(6,n) property defined by the user 

 
 61-70  PROP(7,n) property defined by the user 

 
  ...  ...  ... 
 
  ...  ...  ... 
 
 
 
     notes 
  
  
  (1) K0 is only used to identify the initial static stresses with the help of the defined topography 
  by the lines 8.1.3. ("Initialization of the effective stresses"). 
  The computed initial stresses are defined, for the altitude z, by the weight of the above lying 
sediments   to  σ z and by  σx = σy = K0 * σz 
 
 (2) The permeabilites must be given with compatible units with the units of the other  
 data (time step for example). They have  always the dimension of a unit of length  
 divided by a unit of time. 
 
 (3) The under programmes concernes by this constitutive model are: 
 
 
  INITMP  appele by IETA2D which is used for initialize the values of AKO and 
AKAUX2. 
    normalement the user n'a pas to modify this subroutine but if it a  
   of the property which are then stockees in the table history. 
 
  HINT2D appele by INIT2D which is used for initialize the variables of  history. In the 
case     of exsistance of the variables of  history initial not equal to zero, it faudra 
completer this     subroutine, in the other case this under program se loaded 
d’initialiser the     stresses and the strains thus that the pore pressure. 
 
  LOITP2 appele by SIGEP2 fait appel to under-programmes CALDEP, LAWMP and  
   REMISE.Normalement the user n'a pas to modify this subroutine. 
 
  CALAUX appele by LOITP2 analysis the matrice of elasticite auxiliary which is used 
for to compute     the stiffness matrix. The values of the matrice auxiliary are 
computed with     the property number 2 and 3. 
 
  CALDEP appele by LOITP2 analysis l’increment of strains to a step data. 
 
  LAWTMP appele by LOITP2 is the program which must contain the law of  
    constitutive proprement dit. This under program a as argument  
   d’entre l’etat initial (stresses, strains, state variables) and    
  l’increment of strains. A the output, one must  provide  l’etat final c’est to dire   
  the stresses and the state variables finaux. This under program must be   
  complete by l’ user .  
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    the table of stresses is range of as follows: 
 
    SIGyy SIGzz SIGyz SIGxx 
 
    the table of strains is range of as follows: 
 
    EPSyy EPSzz EPSyz EPSxx 
 
  REMISE appele by LOITMP, s’occupe of the mise to jour of the variables history. 
    Normalement l’ user  n’a pas for the modify. 
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MA2.9.2. Constitutive model in 3D 
 
 
 used by the 3D elements (NPAR(1) = 3) 
 
 
 
 For this model, on a  MODEL = NPAR(15)=30   
       

The model 30 is a nonlinear model. The number of the property (NCON) and the size of the table 
history (JDETAT) must be given by the user at level of the carte 8.1.1. 
6 Stresses (SIGxx, SIGyy, SIGzz, SIGyz, SIGxz, SIGxy ), 6 strains (EPSxx, EPSyy, EPSzz, EPSyz, 
EPSxz, EPSxy) and the pore pressure are already provided in the table of the history. Thus, as value of 
JDETAT, one must enter the size of the table history that l’ user  a introduit in its law apart the stresses, 
the strains and the pore pressure. 
 

NCON = NPAR(17) 
JDETAT = NPAR(18) 

 
The value of JDTETA ne must pas depasser 30. 
The number of data lines depend on the number of the property.  
 
 

========================================== 
input in routine  
  
       READ  (LECG,1010) (PROP(j,n), j=1,NCON) 
 1010  FORMAT (8F10.0) 
 ========================================== 

 
 
The three first values of the table of the property are already affectees at parameters following: 
 
 

 note columns variable definition 
 
1ere line : 
 

(1) 1-10  PROP(1,n)   (AK0) initial earth pressure coefficient (Ko) 
 
 11-20  PROP(2,n)  EAUXA elastic modulus used to to compute  
     the stiffness matrix 
 
 21-30  PROP(3,n)   XNUAUX coeff. of Poisson used to to compute   
     the stiffness matrix 
 
(2) 11-20  PROP(4,n)  AKAUX2(1) saturated permeability at the porosity 
     POROS0 in the direction ox 
 
(2) 21-30  PROP(5,n)   AKAUX2(2) saturated permeability at the porosity 
     POROS0 in the direction oy 
 
(2) 31-40  PROP(6,n)   AKAUX2(3) saturated permeability at the porosity 
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     POROS0 in the direction oz 
 
 41-50  PROP(7,n) property defined by the user 

 
 51-60  PROP(8,n) property defined by the user 

 
  ...  ...  ... 
 
 
     notes 
  
  
  (1) K0 is only used to identify the initial static stresses with the help of the defined topography 
  by the lines 8.1.3. ("Initialization of the effective stresses"). 
  The computed initial stresses are defined, for the altitude z, by the weight of the above lying 
sediments   to  σ z and by  σx = σy = K0 * σz 
 
 (2) The permeabilites must be given with compatible units with the units of the other  
 data (time step for example). They have  always the dimension of a unit of length  
 divided by a unit of time. 
 
  INITMP  appele by IETA3D which is used for initialize the values of AKO and 
AKAUX. 
    normalement the user n'a pas to modify this subroutine but if it a  
   of the property which are then stockees in the table history. 
 
  HINT3D appele by INIT3D which is used for initialize the variables of  history. In the 
case     of exsistance of the variables of  history initial not equal to zero, it faudra 
completer this     subroutine, in the other case this under program se loaded 
d’initialiser the     stresses and the strains thus that the pore pressure. 
 
  LOITP3 appele by SIGEP3 fait appel to under-programmes CALDEP, CALAUX,  
   LAWTMP and REMISE.Normalement the user n'a pas to modify this under- 
   program. 
 
  CALAUX appele by LOITP2 analysis the matrice of elasticite auxiliary which is used 
for to compute     the stiffness matrix. The values of the matrice auxiliary are 
computed with     the property number 2 and 3. 
 
  CALDEP appele by LOITP3 analysis l’increment of strains to a step data. 
 
  LAWTMP appele by LOITP3 is the program which must contain the law of  
    constitutive proprement dit. This under program a as argument  
   d’input l’etat initial (stresses, strains, state variables) and    
  l’increment of strains. A the output, one must  provide  l’etat final c’est to dire   
  the stresses and the state variables finaux. This under program must be   
  complete by l’ user .  
 
    the table of stresses is range of as follows: 
 
    SIGxx SIGyy SIGzz SIGxy SIGxz SIGxy 
 
    the table of strains is range of as follows: 
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    EPSxx EPSyy EPSzz EPSxy EPSxz EPSyz 
 
  REMISE appele by LOITMP, s’occupe of the mise to jour of the variables of the 
history.     Normalement l’ user  n’a pas for the modify. 
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 In the case of a restart, one must copy the data file prefixe1.dat in a data file of restart prefixe2.dat and, 
eventually,  the geometry file prefixe1.geom in prefixe2.geom. Following the type of restart to effectuer, of the 
copies of files supplementaires are to effectuer. 
At beginning of the run of the run, GEFDYN lit the prefixe of the data file of the restart (prefixe2) then celui of 
the data file to restart (prefixe1). 
 
 A commands automatic may gerer the copie of the files supplementaires to effectuer depending on the 
type of restart, thus that the transmission of the prefixes at beginning of the run of GEFDYN (cf. Appendix A4) 
 
 
 In all the case, one must changer in the file prefixe2.dat : 
  - the date initiale of the analysis (DATDEB) ;  
  - eventually the date finale (DATFIN) ;  
  - eventually, the value of the code of initial conditions (paragraph 6.) 
    (lors of a restart, on must have ICON = 0, and one must supprimer the lines     
  of data supplementaires eventuelles). 
  - eventually the value of the code of the simulation of the desequilibrium  s initiaux (paragraph 
6) 
 
 
REMARK :  It is recommande of save the output of the analysis to restart before of lancer the run of the restart 
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To a restart of type MODEX = 2 , the files to copy are : 
 
  - prefixe1.trgl in prefixe2.trgl  
  - prefixe1.stif in prefixe2.stif 
M  - it is more necessary of copy the file prefixe1.inun in prefixe2.inun. The program se  
  loaded automatically of lire the file prefixe1.inun. I must only s'assurer that se file  
 existe. 
 
 and, in more, if the  study   is dynamics,  
 
  - prefixe1.mdyn in prefixe2.mdyn  
  - prefixe1.mass in prefixe2.mass 
 
 Of the data supplementaires must be entrees for the end of the data file prefixe2.dat : 
 
line 1 : 
 
=============================== 
input in routine REPRIS 
 
 READ (LECG,1000)L,KLREC, KMXREC 
1000 FORMAT (3I10) 
=============================== 
 
 note  column  variable definition 
 
 (1) 1-10  L number of unit to redefinir (10,14,7,11,13) 
 
 (2) 11-20  KLREC length of the enregistrement 
 
 (2) 21-30  KMXREC last enregistrement output 
 
 
    notes 
 
 
 (1) Redefinir the units 10 and 14  (and eventually 13, if IDESEQ_0) 
  in statics and in dynamics. In dynamics, redefinir also the units 7 and 11. 
 
 
 (2) These values are printed at the end of the file listing prefixe1.lst, before  
  the mesures of time CPU. It is enough to recopier ici the values input in the   
   prefixe1.lst. 
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line 2  and following: 
 
 Give as many as lines that of blocks of matrice 
 
=============================== 
input in routine REPRIS 
 
 READ (LECG,1000)L,IRECBL(L) 
1000 FORMAT (3I10) 
=============================== 
 
 note  column  variable definition 
 
 (1) 1-10  L  number of the block of matrice 
 
 (1) 11-20  IRECBL(L) number of the first enregistrement of the block L 
 
 
    notes 
 
 
 (1) These data are used to relire the files of matrice. 
  They are printed at the end of the file listing prefixe1.lst, before 
   the mesures of time CPU. It is enough to recopier ici the values input in the   
   prefixe1.lst. 
 
 
 
REMARK : This type of restart ne may be effectue that on a analysis which s'est completement termine. It is 
interessant to use that in the case of computations very volumineux and to which the time of resolution of the 
matrice is very important. 
 
 
The run of such a restart with the commands UNIX given in Appendix is : 
 
to a statics analysis : 
 
 gefdyn prefixe2 -rep2 prefixe1  
 
to a dynamics analysis : 
 
 gefdyn prefixe2 -rep2 prefixe1 -dyn 
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To a restart of type MODEX = 3,4,5,6 :  
 
M it is more necessary of copy the file prefixe1.inun on prefixe2.inun. The program reads itself the file 
prefixe1.inun if necessary. 
 
No data further is to add for the end of the data file. 
 
The files prefixe1.ndsv, prefixe1.hisv and prefixe1.tbsv are necessary at beginning of the run of the restart, for 
the recovery of the displacements, rotations and pressures and of the history (stresses, strains, internal 
parameters,etc...). 
 
This type of restart affords to restart the output of any step saved of a analysis preceding. It is much more often 
used, because more easy to use that the preceding. 
 
 
The run of such a restart with the commands UNIX given in Appendix is : 
 
to a statics analysis or dynamics : 
 
 gefdyn prefixe2 -rep3 prefixe1  
 


