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Interfacing with Sargon/CSE: the fem model
A short guide about creating an interface between a FEM program and Sargon/CSE environment
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Introduction
CSE has been created initially to read the Sargon file format (.WSR). However it is planned that CSE can read and manage more file formats. A special open file format has been set up in order to allow the interface of any possible program to CSE. Since the set of files that must be created are also compatible with Sargon, once created the necessary files you can get into Sargon as well as into CSE.

The main goal is basically to write the description of a fem model and the results obtained by solving, i.e. displacements, constraint reactions, and element internal stresses (generalized stresses). This set of information is enough to allow a CSE correct import of the data required.
Since cross-section description is quite important (as area properties are not enough to define connections), a special set of info has been prepared in order to allow the correct description of cross-section, in a very general way (see Shapes.doc and SR3.h). Sargon and CSE are even more general, as they manage mixed material cross-sections and standard cross sections of different Countries, however the capabilities already implemented are quite general.

In order to connect to CSE a FEM program should basically perform the following steps:

1. Write a binary .SR3 file describing the fem model. Here are described fem nodes and elements, connectivities, materials, cross-sections, load cases, load combinations, and applied actions.

2. Write a binary .DDB file (Displacement DataBase) embedding the displacements computed for each load case;

3. Write a binary .RDB file (Reaction DataBase) embedding the nodal constraint reactions and the nodal residuals computed for each load case. DDB and RDB are very similar, but RDB file misses the section with locations and nodal maxima (see the RDB.H header file for details).

4. Write a binary .SDB file (Stress DataBase) embedding the element stresses, i.e. axial forces for trusses, axial forces, shears, torsional and bending moments for beams, membrane stresses for membranes, and so on. If the aim is to connect to CSE truss, beam and spring stresses are basically needed.

5. Call CSE with the following call:

CSEPATH\CSE.EXE "SR3FILEPATH\SR3FILENAME.CSE" 3

where "3" is a code to search for a "SR3" file.

For instance, imagine you have CSE in the folder "C:\CSE" and that you've written the file "MYMODEL.SR3" in the folder "C:\WORKS\MY2010WORKS". The call will be:

C:\CSE\CSE.EXE  "C:\WORKS\MY2010WORKS\MYMODEL.CSE" 3

This will automatically call CSE and import the .SR3 file inside CSE itself. So you can directly call CSE from inside your program, and get your solved model into CSE ready for use.
In order to assess which is the CSE installation folder, you can have a look, for instance, at the following code (C++):

int YOURAPP::GetCSEFolder(unsigned char *path)

{


CString dest;


HKEY hCU;


if(RegOpenKeyEx(HKEY_LOCAL_MACHINE, "Software\\Castalia\\CSE\\Folder",

                            

0, KEY_QUERY_VALUE, &hCU) != ERROR_SUCCESS)


{


// if the key does not exist try environment variable


char buf[300];



int len = ::GetEnvironmentVariable("CSE", buf, 299);



if(len == 0)



{




// error message



return 1;



}



strcpy((char *)path, buf);



// now fixes the variable for future use



HKEY hkey;



DWORD disp;



if(RegCreateKeyEx(HKEY_LOCAL_MACHINE,"Software\\Castalia\\CSE\\Folder",




 

0, "Oggetto.CSE", REG_OPTION_NON_VOLATILE, 








KEY_ALL_ACCESS, NULL,








 &hkey, &disp) == ERROR_SUCCESS)



{




RegSetValueEx(hkey, "Folder", 0, REG_SZ, path, strlen((char *)path));



}



RegCloseKey(hkey);



return 0;


}

// else just and read the key

DWORD lpType;


ULONG ulSize = MAX_PATH;


RegQueryValueEx(hCU, "Folder", NULL, &lpType, path, &ulSize);


RegCloseKey(hCU);


return 0;

}

As can be seen the folder is stored into the key:
HKEY_LOCAL_MACHINE\Software\Castalia\CSE\Folder.

If you plan to link your program with CSE, once you've prepared your interface, you can send us a given set of four files (FILE.SR3, FILE.DDB, FILE.RDB, FILE.SDB) so that we can see if they are properly defined, importing them into CSE.
The files must be written using (mm, N, sec, °C) as units.

General remarks about the fem models managed

The finite element models currently managed include the following features:

· Linear elastic, isotropic materials.

· Two noded straight trusses

· Two noded straight Eulero Bernoulli beam elements

· Three or four noded plane membrane (constant thickneess)

· Three or four noded thin or thick plate-shell element (plate behaviour plus membrane behaviour). Constant thickness.

· 4, 6, or 8-noded solid elements.

· Ground springs translational and rotational

· Loads can be nodal forces or nodal moments (GF); distributed constant temperature applied to truss, beam, membrane, plate, and solid elements (TL); internal loads applied to beam elements include (both as force or moments): applied internal concentrated action (CF); constant distributed load (UL); linearly variable distributed load  from one end to another (LL); linearly variable distributed load ranging from one internal point to another (GLL). Internal loads can be defined in local or global reference system.
· Load cases include simple actions, previously defined.

· Load combinations are combinations of load cases (linear, sum abs (+/-), SRSS (+/-), range additive (+/-), envelope (+/-). They can be active (selected) or inactive (unselected).
· Springs also embed settles, if any.

· Nodal constraints are referred to global reference system.

Beam and truss elements are referred to a local system named (1, 2, 3). This can be mapped to (x, y, z) of Eurocode 3. Axis 2 and 3 are always coincident with cross-section principal axes.

Trusses should be oriented for connection purposes, not for solving purposes.

Beam elements have end offsets i.e. vectors defined in global reference system, going from the node to the extreme.

Beam elements can have rotational springs at their extremes. If so they must be released to bending.

Beam elements can be on Winkler foundation in one or both axis 2 and 3 directions.

If an end release is applied then a connection code should be automatically inserted. If there is no end release, a beam extreme can have or not a "connection code" which is used by CSE to decide which is the master and which are the slaves in the node.
Here is some info about element node numbering and local tern definition

(I,J,K,L...) <--> (1,2,3,4...)
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Node numbering for membrane and plate-shell elements
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3 noded elements: Axis 2 goes from element center to node K. Axis 3 is normal to element plane (positive normal counterclockwise ordering of nodes). Axis 2 forms a right tern with previous two.
4 noded elements: Axis 1 is parallel to vector going from mid side LI to mid side JK. Axis 3 is normal to element plane (positive normal, counterclockwise ordering). Axis 2 forms a right tern with previous.
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Node numbering for solid elements

Solid elements are rarely used. Presently their local tern definition is not referenced.
File .SR3

File .SR3 is defined in header file SR3.h. An example is also given with this pack, the file TestCase.SR3. In order to correctly read the file the struct member alignment must be set to 2 bytes.
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File .DDB

File .DDB is defined in header file DDB.h. An example is also given with this pack, the file TestCase.DDB. In order to correctly read the file the struct member alignment must be set to 2 bytes.
File .RDB

File .RDB is similar to file DDB but are written nodal residuals and nodal constraint reactions instead of nodal displacements. If a degree of freedom is free it is written a residual, otherwise it is written a constraint reaction. TestCase.rdb is an example. There are slight differences in the header section of the two files DDB.H and RDB.H. Please refer to RDB.H and DDB.H for more details. In order to correctly read the file the struct member alignment must be set to 2 bytes.
File .SDB

File .SDB is defined in header file SDB.h. An example is also given with this pack, the file TestCase.SDB. In order to correctly read the file the struct member alignment must be set to 2 bytes.
Example "Testcase"
This is a simple but meaningful model to test your interface. In the next figures it will be described. We use mm and N as units.

Some output results are also given, which can be useful to test proper read/write of SDB and DDB files.
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node numbering
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beam numbering
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truss numbering
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shape and material assign
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constraint and end-releases. Have a look at the pixel inside the dot. Lighted pixels stand for contraint or release applied. Upward row: translation; downward row: rotations. End release dot with no pixel are connection codes with no true release applied.
   1 1 1 1 1 1 1  0.00000000000000E+00  1.00000000376832E+14  0.00000000000000E+00 0  0.0000E+00 0 0

       2 1 1 1 1 1 1  0.00000000000000E+00  0.00000000000000E+00  1.00000000376832E+14 0  0.0000E+00

       3 1 1 1 1 1 1  1.00000000376832E+14  0.00000000000000E+00  0.00000000000000E+00 0  0.0000E+00

       4 1 1 1 1 1 1  0.00000000000000E+00 -1.00000000376832E+14  0.00000000000000E+00 0  0.0000E+00

       5 1 1 1 1 1 1  0.00000000000000E+00  0.00000000000000E+00 -1.00000000376832E+14 0  0.0000E+00

       6 1 1 1 1 1 1 -1.00000000376832E+14  0.00000000000000E+00  0.00000000000000E+00 0  0.0000E+00

       7 1 1 1 1 1 1  0.00000000000000E+00  0.00000000000000E+00  0.00000000000000E+00 0  0.0000E+00

       8 0 0 0 0 0 0  0.00000000000000E+00  0.00000000000000E+00  4.00000000000000E+03 0  0.0000E+00

       9 0 0 0 0 0 0  6.00000000000000E+03  0.00000000000000E+00  4.00000000000000E+03 0  0.0000E+00

      10 1 1 1 0 0 0  6.00000000000000E+03  0.00000000000000E+00  0.00000000000000E+00 0  0.0000E+00

      11 1 1 1 1 1 1  0.00000000000000E+00  5.00000000000000E+03  0.00000000000000E+00 0  0.0000E+00

      12 0 0 0 0 0 0  0.00000000000000E+00  5.00000000000000E+03  5.00000000000000E+03 0  0.0000E+00

      13 0 0 0 0 0 0  6.00000000000000E+03  5.00000000000000E+03  5.00000000000000E+03 0  0.0000E+00

      14 1 1 1 0 0 1  6.00000000000000E+03  5.00000000000000E+03  0.00000000000000E+00 0  0.0000E+00

Nodal coordinates and constraint in SAPV derived style.
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assigned cross sections
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[image: image18.png]Data acquisition of a section made up by polygons
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[image: image19.png]M Omega shapes (cold formed)
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load case 1
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load case 2
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load case 3: uniform loads
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load case 3- linear loads (beam #7)
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load case 3- general linear load (beam #8)
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load case 4- all elements +25°C
    1
 1.00
 1.00
 1.00
 1.00


    2
 0.00
 1.20
 0.00
 1.20


    3
 1.30
 0.00
 1.30
 0.00

combinations table (all combi are linear additive and selected, active)
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combinations name
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element local tern
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element local tern
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element local tern
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element local tern
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ortho solid view
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Detail of node 13
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Detail of node 8
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Displacements case 1
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Displacements case 2
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Displacements case 3
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Displacements case 4

[image: image46.png]d{-0.09852,0.76143,1.02135)mm

L0L00L:US - 010271 OF'6 1A - W0 daMeleIsed i - 1S elelsed A - guofles

E
E
3
8
3

d{0.77639,-2.641890




Displacements combi 1
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Displacements combi 2
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Displacements combi 3
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Some axial forces case 1
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Some axial forces case 2
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Some axial forces case 3
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Some axial forces case 4
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Some bending M2 case 1
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Some bending M2 case 2
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Some bending M2 case 3

[image: image56.png]M2=1519461.29685 Nmm

M2=-0.00000-4

M2=0.009004Tmm
M2=-54607 § 4998 Nmm

M2=0.00§00 Nmm

T

Sargon® - by Castalia sri - wwiw castaliawen com - ver. 9.40 1-2010 - sn:100101





Some bending M2 case 4
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Distribution on beams case 1, M2
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Distribution on beams case 2, M2
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Distribution on beams case 3, M2
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Distribution on beams case 4
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