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1. Introduction  
 

This document is a supplement to the Reference and Tutorial documents.  It describes underlying 

features of the software and is intended to help more experienced users. 

 

 

2. FRANC3D Startup Initialization  
 

When FRANC3D is started, it reads a file to initialize internal data and preferences. The file can 

be edited with any text editor. 

 

For Linux, the file is:  franc3d.rc  

It is in the userôs home folder (i.e., /home/user-name/.franc3d.rc)   

 

For MS Windows, the file is:  franc3d.ini  

It is in the userôs home folder (i.e., C:\Users\user-name\franc3d.ini).   

 

The content of the file consists of blocks of data associated with specific settings.  For example, 

the ANSYS analysis settings are identified by the label:  [f3d_ansys]. 

ANSYS specific settings follow the label.  

 

The settings should match what is in the FRANC3D Preferences dialog, Fig 1.1; see Section 5.4 

of the Reference document for a description of this dialog. 

 

 

 

Figure 1.1 Preferences dialog with General tab displayed. 
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For example, the MS Windows version of the file might contain the following information: 

 
[prog_defs] 
help_dir="F:\\current\\FRANC3D_Docs " 
def_dir="F:\\tmp" 
fe_input=ABAQUS 
suppress_dir_box=false 
 
[avail_codes] 
codes=ANSYS|ABAQUS|NASTRAN 
 
 

The ñprog_defsò and ñavail_codesò correspond to settings under the General tabs in Fig 1.1. 
 
 
[SETTINGS] 
iconview=12582912 
doublesize=false 
selforecolor=#ffffff 
forecolor=#000000 
userheader=50 
nameheader=200 
width=810 
directory="F:\\current\\F3D_v7_models\\extra\\Lug" 
dateheader=150 
sorting=0 
normalfont=helvetica,90,bold 
typeheader=100 
backcolor=#ffffff 
hilitecolor=#ffffff 
itemspace=104 
shadowcolor=#8b8984 
bordercolor=#000000 
basecolor=#d4d0c8 
sizeheader=60 
height=500 
attrheader=60 
dirwidth=300 
selbackcolor=#0a246a 
 
[f3d_linewidth] 
linewidth=1 
 
[f3d_3d_color] 
Background Color=#ffffff 
3rd Highlight=#cccc00 
Text Color=#000000 
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Polygon Color=#b2b2b2 
Vector Color=#000000 
2nd Highlight=#00cccc 
1st Highlight=#cc0000 
Marker Color=#000000 
 
[f3d_3d_view_func] 
Recenter=29 
Zoom=4 
Zoom/Spin=3 
Group Select=49 
Select=17 
Rotate=1 
Back Clip=20 
Spin=4 
Front Clip=18 
Pan=2 
 
[File Dialog] 
style=12582912 
width=500 
height=300 
showhidden=0 
 
[f3d_startup_size] 
width=1155 
height=864 
def_width=900 
def_height=675 
 
 

The ñsettingsò and other options above correspond to settings in the Window, 3DView and 

Display tabs in Fig 1.1. 
 
 
[Visited Directories] 
0="F:\\current\\F3D_v7_models\\extra\\Lug" 
1="F:\\current\\F3D_v7_models" 
2="F:\\current" 
3="G:\\" 
visiting=0 
 
 
[f3d_ansys] 
executable=C:\\Program Files\\ANSYS Inc\\v222\\ansys\\bin\\win64\\ANSYS222.exe 
db_mem=0 
num_procs=1 
license=ansys 
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solver=0 
output_nset=1 
total_mem=0 
include_path=0 
delete_file_list=bcs,emat,esav 
delete_files=1 
 
[f3d_nastran] 
executable="C:\\Program Files\\Siemens\\SimcenterNastran_2206\\bin\\Nastran.exe" 
pyramids=1 
front_elems=0 
include_path=0 
delete_file_list=master,dball 
delete_files=1 
 
[f3d_abaqus] 
executable="C:\\SIMULIA\\Commands\\abq2022.bat" 
ask_delete=0 
num_procs=2 
output_nset=1 
output_frequency=0 
include_path=0 
delete_file_list=cid,com,stt 
delete_files=1 
 
 

The ñf3d_ansysò, ñf3d_nastranò and ñf3d_abaqusò blocks correspond to settings in the respective 

analysis code tabs in Fig 1.1. 

 
 
[f3d_meshing] 
coarsen_crack_mouth=1 
write_files_only=0 
max_backtrack_restarts=4 
local_surface_refinement=0 
max_volume_elements=500000 
volume_mesher=franc3d 

 
[f3d_advanced_meshing] 
surface_refinement_factor=1.2 
volume_octree_refine_factor=2.6 
volume_optimal_sphere_factor=0.75 
volume_optimal_size_factor=1.375 
surface_boundary_factor=0.3 
uniform_refine=0 
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The ñf3d_meshingò and ñf3d_advanced_meshingò blocks correspond to settings in the respective 

meshing tabs in in Fig 1.1.  

 

Most data-blocks listed above correspond with tabs in the Preferences dialog.  For some data-

blocks, such as [f3d_3d_view_func], it is easier to change the settings using the FRANC3D GUI.   

 

For some settings, it might be necessary to change the settings by editing the file.  For example, 

if FRANC3D does not list the userôs ANSYS license string, the string can be set in the resource 

file.   

 

Settings from older versions of FRANC3D will be ignored if they are no longer used. 
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3. FRANC3D Files and Archiving Simulations 
 

Many files can be generated during a crack growth simulation.  For each step of crack growth, 

FRANC3D will save a restart file along with the analysis finite element (FE) files.  FRANC3D 

automatically names (with numbers) the crack growth step files using the user-supplied base-

name plus:  _STEP_###.  The numbering typically starts with ó000ô for the initial crack front.  

 

The analysis codes create many files that do not need to be retained.  There is a setting 

(delete_files=1) in the ñf3d_ansys/abaqus/nastranò resource block (see Section 2) that allows 

FRANC3D to delete (most of) the unneeded analysis files.  FRANC3D will not delete all the 

analysis files; for instance, for ANSYS the .db and .rst file are not deleted, as these can be read 

into ANSYS to display the crack model and corresponding results. 

 

The various file types are described in Section 3.1.  Section 3.2 gives options for archiving the 

simulation while reducing disk storage requirements. 

 

 

3.1 File Extensions 
 

A list of the simulation file extensions is given here: 

 

1. .fdb ï FRANC3D restart file 

a) stores crack geometry, growth model, stress intensity factor (SIF) history, 

b) references other files described below, which are read upon restart also 

 

2. .cdb/.inp/.nas  ï original uncracked FE model and cracked FE model files 

a) cdb is for ANSYS 

b) inp is for ABAQUS 

c) nas (or bdf or dat) is for NASTRAN 

 

3. .dtp/.pch ï results file with displacements, temperatures, contact pressures 

a) ANSYS and ABAQUS results are in a .dtp file 

b) NASTRAN results are in a .pch file 

 

4. .crk ï crack (flaw) geometry 

 

5. .log (.f3d) ï GUI session log file contains FRANC3D commands 

 

6. .sif ï SIF data 

a) for a single crack growth step, a single crack front, and a single load step 

b) for SIF along a path 

c) for SIFs for all crack growth steps for a crack front and load step 

 

7. .fcg ï fatigue crack growth data (SIF history and crack growth model) 

 

8. .cgp ï crack growth parameters, including crack growth rate data and load schedule 
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9. .db & .rst are the ANSYS FE analysis files that are not deleted by FRANC3D; these 

files can be read into ANSYS to view results 

 

10. .odb is the ABAQUS FE analysis file that is not deleted by FRANC3D; this file can be 

read into ABAQUS CAE to view results 

a) the ABAQUS .dat file contains ABAQUS contour integral results and is not deleted 

 

11. .op2/.fno are NASTRAN FE results files that can be used to view results 

 

12. .py ï Python script 

 

13. .txt ï several ASCII text files are created and some of these are important when 

archiving a simulation.  For instance, the RETAINED text files created when importing a 

FE model should be saved.   

 

 

3.2 Archiving Files  
 

Users might save all their simulation files.  However, even if the files are compressed, this easily 

can lead to TB's worth of data.  The notes below provide ideas for reducing the amount of data 

that is archived. 

 

You can retain the FRANC3D session log file along with the original uncracked FE input (.inp, 

.cdb, or .nas) file.  If you have multiple session log files for a simulation, you can combine these 

into a single session.log (.f3d is an alternate extension that can be used instead of the generic .log 

extension).  

 

If you are doing a local+global subdivision inside FRANC3D, you will have a 

_RETAINED_ELEMS.txt.  Also, you might have a _RETAINED.txt file for the mesh facets/nodes 

that are retained.  You should keep these two .txt files along with the LOCAL and GLOBAL .inp 

(or .cdb or .nas) files.  

 

You can save the initial crack as a .crk file.  Even though the initial crack might be described in 

the session log, saving this file is recommended especially if you do not save the initial crack 

restart .fdb file (discussed below).  Note that if you save the initial crack restart file, you can 

extract the initial crack geometry information from the .fdb file (see Section 2.10 of the base 

Tutorial documents). 

 

With the above files, you can repeat everything using the FRANC3D playback feature; note that 

fatigue cycle integration (and corresponding display) cannot be replayed.  

 

The initial uncracked FE files and the FRANC3D session log represent the minimum for 

archiving, but this will require re-running all the crack growth steps.  
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For bigger more complex models that take significant runtime, you could also keep the initial 

and final crack step files.  This includes the .fdb, .inp (or .cdb or .nas), and .dtp files.  Sometimes 

it is helpful to keep a few intermediate steps as well. 

 

The final crack-step .fdb file contains all the crack growth history data.  With this, you can re-

extract the SIF history or re-compute cycles without having to rerun the entire simulation. 

 

Another alternative is to keep all crack step files except for the FE analysis files; the FE analysis 

results files (.rst, .odb or .op2) are usually the largest.  You could also keep the initial and final 

crack step FE files but compress them.  

 

The analysis results files (.odb for ABAQUS or .rst /.db for ANSYS or .op2/.fno for NASTRAN) 

can be moved into a subfolder and saved (and compressed) until you are finished with the 

simulation.  Those files usually take the most disk space, but they are useful for extracting results 

such as color contours of displacement or stress for the full model, which might be required for 

reports or presentations. 

 

For example, consider the basic tutorial using ABAQUS files and using the local+global 

extraction.  The minimum archive consists of: 

 

  1) Abaqus-Cube.inp,  

  2) Abaqus-Cube_RETAINED_ELEMS.txt and 

  3) session.log.   

 

The óRETAINEDô .txt file contains the list of elements in the local portion. The first command in 

the session log will import and divide the model using this file.  The rest of the simulation will 

proceed without any additional files.  Edit the session.log file as needed, if you want to change 

the initial crack, for example. 
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4. Crack and Model Surface Geometry  
 

This chapter describes how FRANC3D manages the underlying geometry of the model and crack 

surfaces.  Crack insertion is based on geometric intersections of the crack surface, crack front 

template and model surfaces.  

 

The first section describes how model surface geometry is created from the imported FE model. 

 

4.1. Creating Model Geometry 
 

Starting from an uncracked 3D FE volume mesh, the exterior surface facets of the volume mesh 

are determined, and the model surface geometry is approximated from this faceted-surface mesh.  

 

Extracting a local submodel from a full model reduces and simplifies the mesh-to-geometry 

process.  Fig 4.1 shows the full model of a simple ñtest specimenò along with the highlighted 

collection of elements that comprise the local model.  The local submodel is converted to 

FRANC3D geometry while the rest of the full model remains ñas-isò in a separate ñglobalò FE 

model file. 

 

 

 

 

Figure 4.1 Full 3D model with highlighted local submodel. 
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Converting the 3D volume elements to FRANC3D geometry follows these steps: 

 

1) compute the weighted average surface-facet normal at all FE nodes, 

2) define one or two triangular Bezier patches for each FE facet, 

3) identify ñtopologicalò edges, and group together patches that form logical faces. 

 

 

Fig 4.2 shows the local submodel surface triangular patches.  Each quadrilateral facet of the 

original brick mesh is split into two patches.  If the original mesh is comprised of tetrahedral 

elements, the surface mesh would consist of triangles, and these would be used directly.  Fig 4.3 

shows the underlying Bezier triangle geometry with 10 control points; planar and curved 

surfaces can be represented. 

 

  

Figure 4.2 Triangular patches defined from the surface facets of 3D elements. 

 

 

 

Figure 4.3 Triangular Bezier patch with control points. 
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The angle between adjacent patches can be used to define the topological boundaries of 

collections of patches.  Fig 4.4 shows the ñlogical facesò for the submodel from Fig 4.2.  Section 

4.4 describes how one can modify the ókinkô angle to improve the topological surfaces for some 

models. The lower right corner of Fig 4.4 shows an extra edge; it is a display artifact that is 

shown because the surface mesh facets, on the two adjacent cut-surfaces, have been retained. 

 

 

 

Figure 4.4 Topological faces of the submodel. 

 

 

In FRANC3D, the local submodel is merged with the ñglobalò FE model after crack insertion 

and remeshing.  The best method for merging is to óglueô the nodes and element faces on the cut-

surfaces.  Consequently, the mesh facets on the cut-surface are normally retained, Fig 4.5, and 

FRANC3D uses these facets for the surface mesh when remeshing. 

 

 

  

Figure 4.5 Topological faces of the submodel with cut-surface mesh facets retained. 
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4.2  Crack Insertion 
 

The model shown in Fig 4.5 includes both geometry and topology information.  A crack or flaw, 

which has its own geometry and topology, is inserted into this model.  

 

Flaw surfaces are defined using a collection of Bezier patches.  Crack front edges can be curves 

(cubic splines) or straight lines, and the flaw surface can be planar or non-planar.  Fig 4.6 shows 

a penny-shaped crack consisting of a collection of triangular Bezier patches being inserted into 

the local submodel; the triangular Bezier patches of both the local model and crack surface are 

shown. 

 

 

 

  

Figure 4.6 Flaw geometry inserted into model geometry. 

 

 

Surface-surface intersections are determined so that only the portion of the crack geometry that 

falls inside the model is retained when building the composite geometry for remeshing.  

 

It is noted here that cracks are extended by re-inserting the ñextendedò crack geometry into the 

original uncracked model.  Fig 4.7 shows the original penny-shaped crack plus two steps of 

crack growth.  The new extended geometry is added to the previous geometry; the crack surface 

is typically non-planar. 
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Figure 4.7 Extended flaw geometry. 

 

 

4.2.1 Crack Front Template 

 

A crack normally has a template mesh along the crack front.  The template is used to place well-

shaped elements, a combination of brick and quarter-point-wedge elements, along the crack 

fronts.  The template geometry, Fig 4.8, is tied to the flaw surface geometry, and also must 

intersect the model surface geoemtry for surface-breaking cracks.  

 

The original flaw surface patches are split into as many pieces as needed to produce watertight 

connections between all geometric patches on the flaw and the template, Fig 4.8. 

 

 

  

Figure 4.8 Template geometry tied to the flaw geometry. 

 

 

The combined flaw and template geometry is added to the model geometry.  First, surface-

surface intersections are computed for all model and flaw patches.  Patches are trimmed, so that 

only the geometry inside the model is retained, and then these are combined into composite 

initial crack

crack extension

Typical template 
cross-section
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objects.  The trimmed patches are divided into triangular sub-patches to keep the model 

watertight.  Fig 4.9 shows the trimmed penny-shaped crack inserted into the model, with patches 

divided to produce a watertight geometry.  Note that in Fig 4.9, the template is ñhollowò.  The 

inside of the template is pre-defined and does not need to be included at this stage. 

 

 

 

Figure 4.9 Trimmed flaw geometry added to the model geometry. 

 

 

 

The collection of triangular patches into logical faces, for this corner crack model, is shown in 

Fig 4.10.   

 

 

 

  

Figure 4.10 Topological faces of the flaw, template, and model. 
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4.2.2 Crack Insertion into Model Surfaces with Boundary Conditions 

 

 

In Fig 4.5, the local model was displayed with the cut-surface mesh facets retained.  A crack 

cannot be inserted (or propagated) into surfaces where the mesh is retained, so the local model 

should be large enough to allow for crack insertion and volume meshing around it.  Local 

submodel extraction is discussed further in Chapter 5. 

 

If a model surface has boundary conditions attached to it, FRANC3D allows the user to retain 

the mesh facets on those surfaces.  However, a crack cannot be inserted into such a surface; 

FRANC3D will give a FLAW_IN_RETAINED_ERR error message. 

 

If a crack is to be inserted into a model surface that has boundary conditions, then the surface 

mesh must not be retained.  In such a case, the boundary condition data is mapped (rather than 

directly transferred) to the remeshed surface.  Fig 4.11 shows the Select Retained BC Surfaces 

dialog; the blue color indicates that a boundary condition is attached to the surface.  If the user 

elects to retain this surface, then the surface color is switched to red.  

 

 

  

Figure 4.11 Surfaces with boundary conditions ï selected to be retained. 

 

 

If one tries to insert an edge-crack, Fig 4.12, an error message is displayed and the crack 

insertion is aborted.  Note the the upper suface mesh facets are also retained as these are part of 

the cut-surface.  To get an edge-crack inserted at this location, do not retain the ñblueò surface in 

Fig 4.11.  The local model will appear as shown in the left panel of Fig 4.13; the mesh facets on 

the ófrontô surface are not retained but the cut-surface facets on the ótopô surface are retained. 
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Figure 4.12 Edge crack cannot be inserted due to the retained mesh. 

 

 

  

Figure 4.13 Edge crack inserted and remeshed. 

 

 

 

FRANC3D will insert the edge-crack in this model and remesh (right panel of Fig 4.13), and 

automatically map the boundary condition data from the original mesh to the remeshed surface, 

Fig 4.14. 

 

Note that transfer of boundary condition data is simpler and more precise if the surface mesh can 

be retained, but FRANC3D will automatically map the boundary condition data to the new mesh 

regardless.  This model corresponds with Chapter 5 of the Benchmark document, where 

symmetry boundary conditions and plane-strain constraints are required. 
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Figure 4.14 Constraint boundary conditions mapped from the original mesh (left) to the cracked-

remeshed model (right). 

 

 

 

4.3  Meshing Cracked Geometry 
 

Once the geometric intersection (of the crack, template and model surfaces) is complete and the 

patches are organized into logical surfaces, meshing can be performed.  First, surface meshes are 

generated for all logical surfaces using triangular facets (note that the template outer surface is 

already meshed).  The surface mesh must conform to any retained cut-surface mesh, as well as 

all un-retained surface geometry.  Fig 4.15 shows the surface mesh for the corner crack in the 

model (see Fig 4.10), minus the template mesh ends; Fig 4.16 shows additional views. 
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Figure 4.15 Surface mesh on the flaw and model surfaces. 

 

 

 

Figure 4.16 Surface mesh for a corner crack. 

 

 

The surface mesh is the starting point for the 3D volume meshing.  Quadrilateral faces will get a 

pyramid element added first, which leaves an all-triangular surface mesh for the subsequent 

tetrahedral meshing.  Pyramid elements are generated for compatibility between quadrilateral 

facets on template or retained cut-surface facets, as shown in Fig 4.17.  It is noted that pyramid 

elements will have a finite volume (FRANC3D does not produce flat pyramids). 

 

Additional information on meshing and the óadvancedô settings for meshing are discussed in 

Chapter 7.  

 

retained cut-
surface meshesTemplate mesh 

extracted as it is 
already meshed
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Figure 4.17 Pyramid elements attached to any quadrilateral mesh facet. 

 

 

The crack front template volume mesh is pre-defined and will be added to the final volume 

mesh.  The template mesh consists of wedge and brick elements, Fig 4.18; this is described in 

Section 6.1.15 of the Reference document. 

 

 

 

 

Figure 4.18 Crack front template elements. 

 

 

4.4  Edge Wizard  
 

The FRANC3D Advanced menu includes the Edges Wizardé option.  The edge extraction 

dialog is often required for models with no clearly defined geometry boundaries.  For example, 

an airfoil , Fig 4.19, typically requires that the user break the geometry into manageable pieces.  

The leading (and trailing) edge of the airfoil and the transition to the platform might not have 

edges that meet the default kink angle threshold.  The result is a large complex surface that is 

cut surfaces
template 
surfaces

quarter-point singular wedge 

crack-front elements

two or more ñringsò of 

brick elements

pyramids provide compatibility 

between bricks and tetrahedra

tetrahedral elements used 

for most of volume mesh
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more difficult to remesh.  Quite often, there are small pieces of surfaces and dangling edges, Fig 

4.20, that lead to meshing failures (typically the software will get stuck at surface meshing). 

 

 

 

Figure 4.19 Airfoil imported ï prior to using edge extraction dialog. 

 

 

By adjusting the kink angle threshold, Fig 4.21, one can create additional boundary edges that 

break the surface into more manageable pieces and remove dangling surface-edges.  Note that 

you will have to use the up/down arrow to get the angle threshold to change correctly.  The only 

guideline is that you should use an angle that does not create dangling surface edges; you might 

have to carefully inspect the bounding edges that are displayed.   

 

Note that you should rarely need to use the Edge extraction dialog.  If FRANC3D is having 

difficulty creating the surface mesh during crack insertion, then you can try adjusting the angle 

threshold (or you can send us the debug.tst file to examine).  Section 17.3 describes potential 

error messages that you might encounter in these cases. 
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Figure 4.20 Red circle highlights a dangling edge on the surface. 

 

 

 

Figure 4.21 Edge extraction kink angle adjusted to break the surface into multiple surfaces. 

 

  
























































































































































































































































































































































































































































































