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1.0 Introduction  

 

These tutorials describe many of the fracture simulation capabilities of FRANC3D.  The tutorials 

are applicable to ABAQUS, ANSYS and NASTRAN; where there are differences between the 

analysis codes, extra sub-sections are added.  The tutorials start at #2 because Tutorial #1 is the 

base tutorial, which is provided for each of the analysis codes in separate documents. 

 

Note that all tutorial model files are available from the FAC download site.  We do not describe 

how to build the FE models that we use in these tutorials, although there should be enough 

information included so that one can build their own models.  

 

 

2.0 Tutorial 2: Multiple Load Cases and Crack Face 

Tractions (CFTs) 

 

In the first part of Tutorial 2, we describe the process of importing a model with multiple load 

cases.  Once a crack is inserted, additional load cases are applied as a crack face pressure or 

traction (CFT).  We apply a constant pressure in Section 2.5, we apply a surface treatment 

residual stress in Section 2.10, and we apply mesh-based-stress in Section 2.11.  Section 12 of 

the Userôs Guide provides additional information on CFTs. 

 

A simple cube model with three load cases is used; this is the same finite element (FE) model 

used in the base tutorial (see either of the FRANC3D/ABAQUS, FRANC3D/ANSYS or 

FRANC3D/NASTRAN Tutorials), but with two extra load cases (or load steps).  The first extra 

load case includes positive (far-field) surface traction, equal in magnitude to the negative traction 

of the first load case.  The second extra load case includes negative (far-field) surface traction 

that is double the magnitude of the first load case.   
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Note that the first extra load case will cause the cube to compress, and we describe how to apply 

crack face contact (CFC) to prevent negative Mode I SIFs in Section 2.6. 

 

2.0.1 ABAQUS Load Cases 

 

For ABAQUS, the load cases are defined in the .inp file and are differentiated by ñ*STEPò 

commands.  Note that FRANC3D does not support *LOAD CASE data; you should use multiple 

*STEPs instead.  

 

2.0.2 ANSYS Load Cases 

 

For ANSYS, the load cases can be defined in the .cdb file and differentiated by ñlswriteò, or 

ñlsnum=ò, or they can be included with ñ/input, file, s##ò, or they can be defined in separate .s## 

files.  If .s## files are used, make sure the same load case(s) are not already contained in the .cdb 

file.  FRANC3D will look for boundary condition data in the .cdb file, and if data exists, 

appropriate load cases will be created. 

 

If one ñimports and dividesò a model with extra load steps, FRANC3D will incorporate the 

ñdividedò boundary conditions/loads into the appropriate local and global portions.  This data 

will be written to the corresponding .cdb files, rather than writing extra load step files.  

Consequently, when importing an ñalready dividedò model, the option to include extra load step 

files is not active.  This is important for users that wish to divide the model themselves (not using 

FRANC3D), as the global and local portions must include all the appropriate boundary 

conditions for all load steps. 

 

2.0.3 NASTRAN Load Cases 

 

For NASTRAN, the load cases are defined in the .bdf (or .nas or .dat) file and are differentiated 

by ñSUBCASEò. 
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2.1 Step 1:  Reading FE Model into FRANC3D 

 

Step 1.1: Importing FE Model  

 

Start the FRANC3D graphical user interface (GUI) and set the work directory.  Select File Ÿ 

Import , Fig 2.1, and in the dialog shown in Fig 2.2, choose Complete Model.  Switch the Mesh 

File Type radio button in the Select Import Mesh File dialog, Fig 2.3, to the appropriate analysis 

code.  Select the file name for the model, and then select Next. 

 

 

Figure 2.1  FRANC3D graphical user interface 

 

 

 

Figure 2.2 Import type 
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Note that we could subdivide the cube, but for simplicity we just import the full model.  For 

simple models, the time required to remesh the volume is short.  However, for most models, we 

want to subdivide to avoid remeshing the full model at each step of crack growth. 

 

 

Figure 2.3  Select Input Mesh File dialog box ï ABAQUS selected. 

 

 

2.1.1 ANSYS .s## files 

 

For ANSYS, if the extra load steps are contained in .s## files, the Extra load files box (top right 

of Fig 2.3) must be checked.  An extra dialog with all .s## files will be presented after choosing 

the base .cdb file.  The file selection dialog allows you to choose multiple files by holding the 

Shift or Ctrl keys. 

 

The tutorial files on the FAC download site include the base .cdb file and two extra load step 

files with extensions .s02 and .s03. The .cdb file contains the first load step. 
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Step 1.2: Select the Retained Items in the FE Model 

 

The next panel, Fig 2.4, allows you to choose the mesh surface facets that are retained.  Surfaces 

with boundary conditions appear blue, Fig 2.5, and turn red when selected, Fig 2.6.  We retain 

the surfaces with boundary conditions (top and bottom of the cube) by choosing Select All.  The 

boundary conditions are transferred automatically to the new mesh when the crack is inserted.  

Select Next to set the FE model units.  SI units of mm and MPa can be used for length and stress; 

there are no temperatures in this model, so those units are not relevant. 

 

Note that the boundary conditions for all load steps are applied to the same surfaces in this 

model. 

 

 

 

Figure 2.4  Select Retained BC Surfaces wizard panel. 
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Figure 2.5  Select Retained BC Surfaces wizard panel ï model rotated. 

 

 

Figure 2.6  Select Retained BC Surfaces wizard panel after Select All. 
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Step 1.3: Displaying the FE Model 

 

The model is displayed in the main window.  You can turn on the surface mesh and manipulate 

the view.  The model should appear as in Fig 2.7, which shows that the mesh is retained on the 

top and bottom (not shown) surfaces where the boundary conditions are applied. 

 

 

Figure 2.7  Model imported into FRANC3D, showing retained facets on the top. 

 

 

2.2 Step 2:  Insert Crack From File 

 

From the FRANC3D menu, select Cracks ŸFlaw From Files, Fig 2.8.  The first panel of the 

wizard, Fig 2.9, lets us choose Cube_Crack.crk; this file was created in Tutorial #1.  Select 

Accept once the file is selected. 

 

The flaw being added is a circle with radius=1, centered on the front face and parallel to the xz-

plane. This crack was created previously using the New Flaw Wizard with the save to file option 

selected; you can use the New Flaw Wizard if you do not have the .crk file. 
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Figure 2.8  Flaw from Files option in Crack menu. 

 

 

Figure 2.9  Flaw from file dialog to select .crk file. 
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The next panel of the wizard, Fig 2.10, allows you to adjust the location of the crack; a flaw from 

a file cannot be rotated.  Leave the crack at its location and select Next.  The final panel, Fig 

2.11, allows you to define the template.  The template radius is set to 0.05; leave all the other 

defaults and select Finish.   Fig 2.12 shows the resulting remeshed cracked model. Note that the 

template radius is reduced from the default to improve the solution when we include CFC later. 

 

 

Figure 2.10  Flaw wizard panel to set location. 

 

 

Figure 2.11  Flaw wizard panel to set the crack template mesh. 
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Figure 2.12  Remeshed cracked model. 

 

 

2.3 Step 3:  Apply Crack Surface Traction 

 

In addition to the three applied load steps, we will add a CFT load step also.  From the 

FRANC3D main menu, select Loads ŸCrack Face Pressure/Traction, Fig 2.13.  Click Add in 

the dialog box shown in the top left panel of Fig 2.14.  Choose Constant Crack Face Pressure, as 

shown in the top right panel of Fig 2.14; it is the default. The Advanced button is not used here; 

the default is to apply the CFT as a separate load step.  Select Next, set the Pressure value to 1 in 

the next dialog, Fig 2.14 ï bottom left, and select Next.  Note that a positive value of pressure 

will tend to open the crack.  The original dialog now contains one entry, Fig 2.14 ï bottom right; 

click Accept.   

 

 

Figure 2.13  Crack Face Pressure/Traction menu 
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Figure 2.14 Crack face traction dialogs. 

 

 

2.4 Step 4:  Static Crack Analysis 

 

From the FRANC3D menu, select Analysis ŸStatic Crack Analysis.  The first panel of the 

wizard, Fig 2.15, requests the file name for the FRANC3D database; call it 

Cube_LoadCases.fdb.  Select Next once you enter a File Name.  The next panel of the wizard, 
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Fig 2.16, allows you to specify the analysis code.  If this panel does not appear, the code has 

been chosen automatically.  Depending on your choice, proceed to the appropriate subsection.   

 

 

Figure 2.15  Static Analysis wizard first panel ï File Name. 

 

 

Figure 2.16  Static Analysis wizard second panel ï choose analysis code. 

 

2.4.1 ABAQUS Analysis 

 

If you choose ABAQUS, the next panel of the wizard, Fig 2.17a, allows you to specify the 

ABAQUS analysis and output options.  The Apply crack face tractions box is checked 

automatically.  There is no global model.  Click Finish when ready to proceed with the 



19 

 

ABAQUS analysis.  When ABAQUS is finished running, proceed to Step 5.  You can monitor 

the FRANC3D CMD window as well as the ABAQUS .dat and .msg files. 

 

 

Figure 2.17a  Static Analysis wizard third panel ï ABAQUS output options. 

 

 

2.4.2 ANSYS Analysis 

 

If you choose ANSYS, the next panel of the wizard, Fig 2.17b, allows you to specify the ANSYS 

analysis and output options.  The Apply crack face tractions box is checked automatically.  There 

is no global model.  Click Finish when ready to proceed with the ANSYS analysis.  When 

ANSYS is done, proceed to Step 5. You can monitor the FRANC3D CMD window as well as 

the ANSYS .log and .err files. 
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Figure 2.17b  Static Analysis wizard third panel ï ANSYS output options. 

 

 

2.4.3 NASTRAN Analysis 

 

If you choose NASTRAN, the next panel of the wizard, Fig 2.17c, allows you to specify the 

NASTRAN analysis and output options.  The Apply crack face tractions box is checked 

automatically.  There is no global model.  Click Finish when ready to proceed with the 

NASTRAN analysis. When NASTRAN is done, proceed to Step 5. You can monitor the 

FRANC3D CMD window as well as the NASTRAN .f06 and .msg files. 
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Figure 2.17c  Static Analysis wizard third panel ï NASTRAN output options. 

 

 

2.5 Step 5:  Compute SIFs 

 

We now compute stress intensity factors (SIFs) for this crack.  If you ran the analysis directly 

from FRANC3D, then the results (.dtp or .pch) file is read automatically.  If you run the analysis 

on a different PC, you should read the results file using File ŸRead Results. 

 

From the FRANC3D menu, select Cracks ŸCompute SIFs.  When the Compute SIFs dialog is 

displayed, Fig 2.18, you can select the Advanced button and make sure the reference 

temperature is correct (right side image in Fig 2.18).  Select Finish and the SIFs Plot dialog is 

displayed, Fig 2.19.  The initial plot shows the sum of KI for all load cases.  You can view all 

stress intensity factor (SIF) modes for the four load cases using the Analysis Load Step 

dropdown-menu.  Fig 2.20 shows the KI curves for the four load cases. 
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Note that load case 2 has a negative KI.  This is the compression load step, and we did not 

include CFC in the analysis, so the crack faces penetrate each other giving a negative crack 

opening.  In the next section, we will turn on CFC and redo the analysis. 

 

 

   

Figure 2.18  Compute SIFs and Advanced Parameters dialogs. 

 

 

 

Figure 2.19  Stress Intensity Factor dialog ï sum of Mode I SIFs. 
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Figure 2.20  Stress Intensity Factor dialog ï Mode I SIFs for each of the 4 load cases. 

 

 

2.6 Step 6:  Re-run static crack analysis with Crack Face Contact  

 

We now rerun the analysis with crack face contact (CFC).  From the FRANC3D menu, select 

Analysis ŸStatic Crack Analysis.  The first panel of the wizard (see Fig 2.15) lets us specify 

the file name for the FRANC3D database; call it Cube_LC_CFC.fdb.  Select Next once you 

enter the file name.  The next panel (see Fig 2.16) allows you to specify the solver; this might be 

set automatically.  Proceed to the appropriate sub-section for your solver. 
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2.6.1 ABAQUS Analysis 

 

If you are using ABAQUS, the next panel, Fig 2.21a, allows you to specify the ABAQUS 

analysis and output options. The Apply crack face tractions box is checked automatically.  We 

can check the Define crack face contact box, which will enable the Contact button.  Click the 

Contact button and the dialog shown in Fig 2.22a is displayed.  In practice, you must make sure 

that these parameters do not conflict with any ABAQUS data already in the model.  We are 

creating a new surface interaction, so we must enter the surface interaction name (cfc_si in Fig 

2.22a). The coefficient of friction is 0.5; the other parameters are left at their default values.  

Click Accept, and then click Finish in the previous panel (see Fig 2.21a) when ready to proceed 

with the ABAQUS analysis. 

 

 

 

Figure 2.21a  Static Analysis wizard third panel ï ABAQUS output options. 
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Figure 2.22a  ABAQUS contact options. 

 

 

2.6.2 ANSYS Analysis 

 

If you are using ANSYS, the next panel, Fig 2.21b, allows you to specify the ANSYS analysis 

and output options. The Apply crack face tractions box is checked automatically.  We can check 

the Define crack face contact box, which enables the Contact button.  Click the Contact button 

and the dialog shown in Fig 2.22b is displayed.  In practice, you must make sure that these 

parameters do not conflict with ANSYS data already in the model.  We can leave all the defaults 

except we set the coefficient of friction to be 0.5.  Click Accept and then click Finish in the 

previous panel (see Fig 2.21b) when ready to proceed with the ANSYS analysis. 
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Figure 2.21b  Static Analysis wizard third panel ï ANSYS output options. 

 

 

Figure 2.22b  ANSYS contact options. 
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2.6.3 NASTRAN Analysis 

 

If you are using NASTRAN, the next panel, Fig 2.21c, allows us to specify the NASTRAN 

analysis and output options. The Apply crack face tractions box is checked automatically.  We 

need to check the Define crack face contact box, which will enable the Contact button.  Click 

the Contact button and the dialog shown in Fig 2.22c is displayed.  In general, you will need to 

make sure that these parameters do not conflict with any NASTRAN data already in the model.  

We leave all the default values except for the coefficient of friction, which is set to 0.5.  Click 

Accept and then click Finish in the previous panel (see Fig 2.21c) when ready to proceed with 

the NASTRAN analysis. 

 

 

 

Figure 2.21c  Static Analysis wizard third panel ï NASTRAN output options. 
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Figure 2.22c  NASTRAN contact options. 

 

 

2.7 Step 7:  Compute SIFs with Crack Face Contact 

 

Once the analysis is finished, we compute the stress intensity factors.  If you ran directly from 

FRANC3D, then the model already exists and the results (.dtp or .pch) file will be read 

automatically.  From the FRANC3D menu, select Cracks ŸCompute SIFs.  When the 

Compute SIFs dialog is displayed, Fig 2.23, select the Advanced button and make sure that the 

Include Applied Crack Traction and Include Contact Crack Pressure boxes are checked.  Select 

Finish to display the SIFs Plot dialog, Fig 2.24.  The initial plot shows the sum of KI for all load 

cases.   
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Figure 2.23  Compute SIFs and Advanced Parameters dialogs. 

 

 

 

Figure 2.24  Stress Intensity Factor dialog ï sum of Mode I SIFs. 

 

 

Fig 2.25 shows the KI values for the second load case.  Note that the value is close to 0.0.  To 

verify that the SIF results from the M-integral are reasonable, we compare them to the 

displacement correlation SIFs.  In the Compute SIFs dialog, choose Displacement Correlation, 

Fig 2.26.  The Mode I SIFs for load case 2 are shown in Fig 2.27.  The results are comparable to 

those for M-integral, not exactly 0.0 but close. You can try different mesh refinement and/or 

different contact options to improve the results, to get Mode I SIFs closer to zero. 
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Figure 2.25  Stress Intensity Factor dialog ï M-integral Mode I SIFs for the second load case. 

 

 

 

Figure 2.26  Compute SIFs dialog using Displacement Correlation. 

 



31 

 

 

Figure 2.27  Stress Intensity Factor dialog ï Displacement Correlation Mode I SIFs for second 

load case 

 

2.8 Step 8:  Apply Surface Treatment Residual Stress 

 

To simulate residual stress due to a surface treatment, such as shot-peening, FRANC3D allows 

you to define a 1-D stress profile as a function of distance from a surface. We demonstrate this 

using the cube model with only one far-field tension load step (same model as tutorial #1). 

 

Start with the FRANC3D GUI (see Fig 2.1) and select File ŸImport .  In the dialog (see Fig 

2.2), choose Complete Model.  Switch the Mesh File Type radio button (see Fig 2.3) to the 

appropriate FE type.  Select the appropriate ñcubeò file, and then select Next.  Retain all the 

boundary condition surfaces (see Figs 2.4 ï 2.6).  The model will appear as in Fig 2.7. 

 

Insert the same crack from file as before (see Figs 2.8 ï 2.12).  At this stage, we could do a static 

analysis to verify that the model is correct and compute the SIFs for the far-field loading only; 

the Mode I SIF should be the same as shown in the top left panel of Fig 2.20.  We leave this as 

an exercise for the reader.  The next step is to define the surface-treatment residual stress. 
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From the FRANC3D main menu, select Loads ŸCrack Face Pressure/Traction, Fig 2.28.  

Click on Add in the dialog box shown in the left panel of Fig 2.29.  Choose Surface Treatment 

Residual Stress, as shown in the right panel of Fig 2.29, and select Next.  The dialog shown in 

Fig 2.30 is displayed.  We use Read From File to import the residual stress distribution from a 

.txt file.   

 

Using the Open File dialog shown in Fig 2.31, select the file surf_treat_res.txt, and then select 

Accept. The distribution is read and displayed in the dialog, Fig 2.32.  Select Next on this dialog 

panel to choose the surface of the model that is treated.  The dialog shown in Fig 2.33 appears 

with all surfaces shown as blue; use the Shift key and the left mouse button to select the front 

surface (+z face) of the model.  Once selected, the surface is colored red/pink.  Select Next and 

the original Add Traction dialog is displayed with one entry, Fig 2.34; select Accept. 

 

 

 

Figure 2.28  Loads ï Crack Face Pressure/Traction menu item selected. 

 

  

Figure 2.29  Crack Face Traction wizard panels; surface treatment selected. 
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Figure 2.30  Surface treatment residual stress panel. 

 

 

Figure 2.31  Select file for surface treatment residual stress. 
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Figure 2.32  Surface treatment residual stress panel - residual stress distribution displayed. 

 

  

Figure 2.33  Surface treatment residual stress panel to select the treated surface. 
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Figure 2.34  Crack Face Traction wizard panel - surface treatment added. 

 

 

From the FRANC3D menu, select Analysis ŸStatic Crack Analysis.  Specify the file name for 

the FRANC3D database; we call it Cube_surf_treat.fdb; select Next once you enter the file 

name.  The next panel (see Fig 2.16) allows you to specify the solver; choose the appropriate 

solver (it might be selected automatically). The final panel (see Fig 2.17) allows you to specify 

the analysis and output options for the chosen solver.  Select Finish when ready to proceed with 

the analysis. 

 

When the analysis is finished, from the FRANC3D menu, select Cracks ŸCompute SIFs.  

When the Compute SIFs dialog is displayed select Finish and the SIFs Plot dialog is displayed, 

Fig 2.35.  The initial plot shows the sum of KI for both load cases.  The lower two panels of Fig 

2.35 show the KI values for the first and second load cases separately.  The values for the first 

load case are the same as previously computed.  The second load case produces a negative SIF 

indicating that this residual stress tends to keep the crack from opening.   

 

 



36 

 

 

 

   

Figure 2.35  Mode I SIF plots showing the sum (top) and the individual load case values; surface 

treatment load case produces a negative SIF (bottom right). 

 

 

2.9 Step 9:  Apply Tractions from Mesh-Based Stress 

 

The mesh-based-stress option provides the most flexibility for defining CFT. We demonstrate 

this option using the simple cube model with only one far-field tension load step (same model as 

tutorial #1). 
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2.9.1 Uncracked Model Stress 

 

The uncracked ñstressò model will typically be the same as the model that we use for crack 

growth simulations.  If it is different, it must capture the stresses where the crack is located.  In 

addition to the FE specific results files described in the subsections below, a .dtp file can also be 

used to store the nodal stresses. 

 

2.9.1.1 ANSYS Mesh-Stress 

 

To create ANSYS mesh-based stresses, we start with the cube model and define a varying far-

field stress on the top surface of the cube, Fig 2.36.  This creates a stress field that varies in the x-

direction, Fig 2.37.   

 

FRANC3D can read the ANSYS stress listing, Fig 2.38.  In ANSYS, turn off PowerGraphics, 

change the format for the listing if needed (using the ó/formatô command), create the nodal stress 

component listing (using the óprnsol,sô command), and save the listing to a file; we call it 

Ansys_Cube_surf_gradient.str.  The stress listing must be in the global Cartesian coordinate 

system.  We also save the corresponding Ansys_Cube_surf_gradient.cdb file.  
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Figure 2.36  Arbitrary far-field surface pressure. 

 

 

Figure 2.37  Stress in the y-direction for the arbitrary far-field surface pressure. 



39 

 

 

 

Figure 2.38  Nodal stress component listing. 

 

2.9.1.2 ABAQUS Mesh-Stress 

 

This section describes how to use ABAQUS to create mesh-based stresses.  The model is created 

with a varying far-field stress on the top surface of the cube.  The resulting y-direction stress 

contours are shown in Fig 2.39; the stresses are comparable to the ANSYS stresses (see Fig 

2.37).  

 

To generate a .fil  file from ABAQUS, add the following lines to the .inp file just before the 

ñ*End Stepò: 

** output displacements and stress to fil results file 

*File Format, ASCII 

*Node File, Frequency=1 

U 

*El File, position=averaged at nodes, Frequency=1 

S 
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Then submit the ABAQUS job for analysis.  Note that if you use ABAQUS CAE, you can add 

these lines using the ABAQUS CAE menu, under Model and Edit Keywords. 

 

An additional change should be made in ABAQUS CAE to flatten the .inp file; remove *Part, 

*Instance and *Assembly data: 

>>>  mdb.models["Abaqus_Cube"].setValues(noPartsInputFile=ON) 

This eliminates any confusion with node and element numbering.  This should be done prior to 

running the analysis. 

 

Instead of using the .fil  file, you can write the stress data to a .rpt file from ABAQUS CAE.  

Using the Report menu in CAE, choose Field Output.  The dialog in Fig 2.40 is displayed; 

select Stress components and click OK .  This assumes that you requested stress as a field output, 

which you do before submitting the analysis.  We request unique nodal stress values in the 

report.  By default, ABAQUS CAE saves the data to abaqus.rpt, you can change this using the 

Setup tab or just remember to rename the .rpt; we use Abaqus_Cube_surf_gradient.rpt (this 

name is used for the .inp and .fil  files also).  

 

 

Figure 2.39  ABAQUS stress in y-direction. 
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Figure 2.40  ABAQUS report field output dialog. 

 

2.9.1.3 NASTRAN Mesh-Stress 

 

If you use NASTRAN to create the stresses, FRANC3D reads .bdf (or .nas) files along with .pch 

files with the nodal stress data.  

 

2.9.2 Apply Mesh-Based Stress as Crack Face Traction 

 

Start with the FRANC3D GUI (see Fig 2.1) and select File ŸImport . In the dialog (see Fig 2.2), 

choose Complete Model.  Switch the Mesh File Type radio button (see Fig 2.3) to the 

appropriate FE input.  Select the appropriate ñcubeò file, and then select Next.  As before, retain 

all the boundary condition surfaces (see Figs 2.4 ï 2.6).  The model will appear as in Fig 2.7. 
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Insert the same crack from file as before (see Figs 2.8 ï 2.12).  At this stage, we could do a static 

analysis to verify that the model is correct and compute the SIFs for the far-field loading only; 

the Mode I SIF should be the same as was shown in the top left panel of Fig 2.20.  We leave this 

as an exercise for the reader.  The next step is to define the mesh-based crack surface traction. 

 

From the FRANC3D main menu, select Loads ŸCrack Face Pressure/Traction, Fig 2.41.  

Click on Add in the dialog box shown in the left panel of Fig 2.42.  Choose Residual Stress 

Defined on a Mesh, as shown in the right panel of Fig 2.42, and select Next.  The dialog shown 

on the left side of Fig 2.43 is displayed.  We select the files for the mesh and the stress listing.  

There is only one load step in the stress listing.  Select Finish; the original Add Traction dialog 

is displayed with one entry, Fig 2.43 ï right side; select Accept. 

 

 

 

Figure 2.41  Loads ï Crack Face Pressure/Traction menu item selected. 

 

 

  

Figure 2.42  Crack Face Traction wizard panels; Residual Stress Defined on a Mesh selected. 
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Figure 2.43  Crack Face Traction wizard panels for residual stress defined on a mesh. 

 

 

Note that we chose to apply ANSYS mesh-based stress; the ANSYS stress can be applied to the 

ABAQUS, ANSYS or NASTRAN crack model. 

 

From the FRANC3D menu, select Analysis ŸStatic Crack Analysis.  Select Next once you 

enter the file name.  The next two panels of the wizard allow you to specify the appropriate 

solver along with the related analysis and output options (see Figs 2.16-17).  Click Finish when 

ready to proceed with the analysis. 

 

Once the analysis is finished, from the FRANC3D menu, select Cracks ŸCompute SIFs.  

When the Compute SIFs dialog is displayed, select Finish and the SIFs Plot dialog is displayed, 

Fig 2.44.  The initial plot shows the sum of KI for both load cases.  The lower two panels of Fig 

2.44 show the KI values for the first and second load cases separately.  The SIF for the first load 

case is the same as previously computed.  The second load case produces a negative SIF with a 

gradient due to the mesh based CFTs.   
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Figure 2.44  Mode I SIF plots showing the sum (top) and the individual load case values;  

the mesh-based-stress load case produces a negative SIF (bottom right). 

 

 

2.10 Step 10:  Apply Tractions and Temperature from Mesh 

 

The mesh-based-stress CFT option allows one to include temperature. We demonstrate using the 

simple cube model with only one far-field tension load step (same model as tutorial #1).  The 

only change to the base model is the addition of temperature-dependent material properties; these 
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will be described later.  The stress and temperature for the CFT load steps will be defined next 

using the ABAQUS cube model. 

 

2.10.1 Uncracked ABAQUS Cube Stress and Temperature 

 

We start with the ABAQUS model from Section 2.9.1.2.  The model did not include temperature 

or temperature dependent material properties.  So, we modify the model to include a reference 

temperature of 0 degrees, using: 

*Initial Conditions, type=TEMPERATURE 
all_nodes, 0.0 

 

Load step #1 has a surface pressure with a gradient in the x-direction, and we add a simple 

temperature boundary condition to this load step, using: 

*TEMPERATURE, OP=NEW 
all_nodes,  1.000000000e+03 

 

Next, we add a second load step, which has uniform unit tension on the top surface and a 

temperature of: 

*TEMPERATURE, OP=NEW 
all_nodes,  1.000000000e+02 

 

The material properties are modified to be: 

*Material, name=MATERIAL-1 
*ELASTIC, TYPE=ISOTROPIC 
1.00000000e+04, 3.00000000e-01, 0.00000000e+00 
9.00000000e+03, 2.90000000e-01, 1.00000000e+03 
*EXPANSION 
3.00000000e-07, 0.00000000e+00 
3.00000000e-07, 1.00000000e+03 

 

The ABAQUS analysis of this model produces stress, temperature and displacement results  

shown in Figs 2.45-2.50.  These results can be exported from ABAQUS CAE to two .rpt files or 

saved to a single .dtp file.  The model itself is written as an .inp file.  The results files are 

described next. 
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Figure 2.45  S22 (y) stress component for load step #1.  

 

 

 

Figure 2.46  Displacement magnitude for load step #1.  
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Figure 2.47  Temperature for load step #1.  

 

 

 

Figure 2.48  S22 (y) stress component for load step #2.  
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Figure 2.49  Displacement magnitude for load step #2.  

 

 

Figure 2.50  Temperature for load step #2.  
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2.10.1.1 ABAQUS .rpt Files 

 

ABAQUS CAE can be used to write the results to a .rpt file for frame #1 of each load step, Fig 

2.51.  Note that we write all displacement and stress components to the file.  FRANC3CD will 

read the .rpt file; it expects all components of stress and displacement.  You can use the 

ac_sg_wt_ls1.rpt in the Tutorial #2 archive as an example. 

 

 

Figure 2.51  ABAQUS .rpt file written with temperature, displacement and stress.  

 

2.10.1.2  .dtp File 

 

The results can also be extracted from the ABAQUS .odb file using a Python script to create a 

single .dtp file.  A Python script (extract_stress_to_dtp.py) is included with the Tutorial #2 

archive.  The corresponding .dtp file (ac_sg_wt.dtp) is also included in the archive.  The .dtp file 

contains results for temperature, displacement, and stress for both load steps. 
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2.10.2 Apply Mesh-Based Temperature and Stress as Crack Face Traction 

 

For this example, we are using the tutorial #1 cube model, but it is modified to include a 

reference temperature of 0.0 degrees and temperature-dependent material properties (as given  

above). 

 

Start with the FRANC3D GUI (see Fig 2.1) and select File ŸImport . In the dialog (see Fig 2.2), 

choose Complete Model.  Switch the Mesh File Type radio button in the Select Import Mesh File 

window (see Fig 2.3) to the appropriate FE input type.  Select the appropriate ñcubeò file, and 

then select Next.  As before, retain all the boundary condition surfaces (see Figs 2.4 ï 2.6).  The 

model will appear as was shown in Fig 2.7.  Remember that the base model has uniform tension 

with a magnitude of 10 on the top surface. 

 

Insert the same crack from file as before (see Figs 2.8 ï 2.12).  At this stage, we could do a static 

analysis to verify that the model is correct and compute the SIFs for the far-field loading only; 

the Mode I SIF should be the same as was shown in the top left panel of Fig 2.20.  We leave this 

as an exercise for the reader.  The next step is to define the mesh-based-CFT and temperature. 

 

From the FRANC3D main menu, select Loads ŸCrack Face Pressure/Traction, Fig 2.52.  

Click on Add in the dialog box shown in the left panel of Fig 2.53.  Choose Residual Stress 

Defined on a Mesh, as shown in the right panel of Fig 2.53, and select Next.  The dialog shown 

on the left side of Fig 2.54 is displayed.  Select the files for the mesh and for the stress.  Fig 2.54 

shows the .dtp file is selected, and load step #1 in the .dtp file is specified.  If you use the .rpt 

file, there will only be results for one load step in each file.  Select Next to display the dialog on 

the right side of Fig 2.54.  In this dialog, choose Same file as external stresses, turn off Allow 

thermal expansion, and then select Finish.  
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Figure 2.52  Loads ï Crack Face Pressure/Traction menu item selected. 

 

 

  

Figure 2.53  Crack Face Traction wizard panels; residual stress defined on a mesh selected. 

 

   

Figure 2.54  Crack Face Traction wizard panels for residual stress defined on a mesh. 
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The original CFT dialog is displayed with one entry, Fig 2.55.  Click on the Add button again to 

add the second CFT load step.  Select the Residual Stress Defined on a Mesh again and select the 

same ABAQUS .inp file and the same .dtp file.  This time, however, set the external load step as 

2 (right panel of Fig 2.55).  The temperature settings for the second CFT load step are the same 

as the first.  The final CFT dialog will show two entries when you are done, Fig 2.56. 

 

  

Figure 2.55  Crack Face Traction wizard panels for adding the second CFT. 

 

 

Figure 2.56  Crack Face Traction dialog with two entries. 
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Note that we chose to apply ABAQUS mesh-based stress and temperature; the ABAQUS stress 

can be applied to the ABAQUS, ANSYS or NASTRAN crack model. 

 

From the FRANC3D menu, select Analysis ŸStatic Crack Analysis.  Select Next once you 

enter the file name.  The next two panels of the wizard allow you to specify the appropriate 

solver along with the related analysis and output options (see Figs 2.16-17).  Click Finish when 

ready to proceed with the analysis. 

 

Once the analysis is finished, from the FRANC3D menu, select Cracks ŸCompute SIFs.  The 

initial plot shows the sum of KI for the three load cases, Fig 2.57.   

 

You can also verify that the ABAQUS results have the correct temperature for each load step 

using ABAQUS CAE.  CFTs with temperature settings are part of Tutorial #4 also and are  

discussed in Section 12 of the Userôs Guide. 

 

 

 

Figure 2.57  Mode I SIF plots showing the sum of the SIFs for the three load steps. 
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3.0 Tutorial 3:  Two Cubes Glued Together 

 

In Tutorial 3, we use two cubes that are tied together to illustrate how to simulate crack growth 

in models where there is contact or constraint between parts of the model.  

 

3.1 Step 1:  Create the FE Model  

 

We use the same initial cube geometry and boundary conditions from tutorial #1 and add a 

second adjacent cube, Fig 3.1, with slightly different material properties.  The second cube has 

an elastic modulus of 20,000, which is double that of the first cube; the Poisson ratio is the same.  

The second cube is constrained in the y-direction and has a surface traction (negative pressure) 

of 10 on the upper surface, which is the same as the first cube. 

 

3.1.1 ABAQUS Model 

 

For ABAQUS, we define a *Tie constraint between the two cubes.  The right-side image of Fig 

3.1a shows the constrained surface.  The constraint settings are shown in Fig 3.2a.  The 

ABAQUS file is exported as doublecube_abaqus.inp.   

 

   

Figure 3.1a  ABAQUS double cube model with constraint surface between the cubes.  
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Figure 3.2a  ABAQUS tie constraint dialog.  

 

You could also use contact instead of constraint.  The surfaces will be the same.  The contact can 

be defined as tied-contact so the surfaces remain glued together. 

 

 

3.1.2 ANSYS Model 

 

For ANSYS, we define contact between the two cubes.  The lower image of Fig 3.1b shows the 

contact elements.  The analysis uses always-bonded contact, Fig 3.2b.  The ANSYS file is 

exported as doublecube_ansys.cdb. 
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Figure 3.1b  ANSYS double cube model with contact surface between the cubes.  
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Figure 3.2b  ANSYS contact wizard, with always-bonded contact selected.  

 

 

3.1.3 NASTRAN Model 

 

For NASTRAN, we define contact between the two cubes, Fig 3.1c.  The analysis uses bonded 

contact, Fig 3.2c.  The NASTRAN  file is saved as doublecube_nastran.nas.  Note that the 

NASTRAN model was meshed with tetrahedral elements rather than brick elements. 

 

  

Figure 3.1c  NASTRAN double cube model with contact surface between the cubes.  
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Figure 3.2c  NASTRAN contact surface with bonded contact selected.  

 

 

 

3.2 Step 2:  Import FE Model  into FRANC3D 

 

Import the FE model into FRANC3D as a full model; local+global cases are examined later in 

Section 3.8 

 

Step 2.1: Importing FE Model 

 

Start with the FRANC3D GUI and select File ŸImport .  In the Select Type of Import panel, 

choose Complete Model and select Next.  Switch the Mesh File Type radio button to the 

appropriate FE type and select the appropriate ñdoublecubeò file, Fig 3.3.  Select Next.   
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Figure 3.3  FRANC3D FE model import ï ABAQUS file selected.  

 

 

The Select Retained Surfaces dialog is displayed, Fig 3.4.  The surfaces with boundary 

conditions and the contact surfaces are highlighted in blue.  Choose Select All to retain all the 

surfaces; this includes the constraint/contact surfaces between the cubes. Select Next and set the 

units; use SI units of mm and MPa. 

 

  

Figure 3.4  FRANC3D select retained surfaces.  

 

 

3.3 Step 3:  Insert a Crack 

 

Insert a surface penny crack with radius of 1.0 in the second cube, Fig 3.5.  The template mesh 

radius is left at the default value of 0.1.  The resulting remeshed model is shown in Fig 3.6; the 

contact surface mesh facets between the two cubes are retained.   
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Note that the contact surface mesh does not have to be retained, and if the crack is located such 

that the contact surface must be remeshed, we must not retain it.  Here we retain it for simplicity 

and demonstration.  We show what happens if we do not retain it in Section 3.7. 

 

 

Figure 3.5  FRANC3D new crack insertion panel showing location and orientation.  

 

 

Figure 3.6  Remeshed cracked model, with contact surface mesh facets retained.  
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3.4 Step 4:  Static Crack Analysis 

 

Run a static analysis.  From the FRANC3D Analysis menu, select Static Crack Analysis.  Set 

the file name, we use constraint_cubes_crack.fdb.  Select the appropriate solver; all the default 

settings are used.  

 

3.4.1 ABAQUS 

 

The .inp file written by FRANC3D includes ABAQUS commands to regenerate the tie constraint 

between the two cubes. 

 

3.4.2 ANSYS 

 

The .cdb file written by FRANC3D includes ANSYS commands to regenerate the always-

bonded contact between the two cubes. 

 

3.4.2 NASTRAN 

 

The .bdf file written by FRANC3D includes NASTRAN data to regenerate the glued contact 

between the two cubes. 

 

 

3.5 Step 5:  Compute SIFs 

 

The resulting Mode I SIF plot is shown in Fig 3.7; the curve is asymmetric, and the values are 

slightly higher than for the base model.  
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Figure 3.7  Mode I SIFs for double_cube with contact/constraint between cubes.  

 

 

3.6 Plot Deformed Shape 

 

We can plot the deformed shape in FRANC3D.  From the Display menu select View Response, 

Fig 3.8.  Fig 3.9 shows that the displacement is not uniform; the first cube deforms about twice 

as much as the second, which is expected as it has a lower elastic modulus.  The tie constraint (or 

bonded contact) between the two cubes is maintained. 

 

 

 

Figure 3.8  FRANC3D View Response menu option.  
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Figure 3.9  Deformed shape ï 200x magnification.  

 

 

3.7 Contact surface mesh not Retained 

 

If we choose not to retain the mesh on the constraint/contact surface when importing the FE 

model into FRANC3D, we must manually select the top and bottom cube surfaces, or use Select 

All  and then unselect the contact surfaces, Fig 3.10; note that both sides of the interface must be 

unselected.  Unselect/select is done using the Shift key with the left mouse button.   Note that 

you must use the Clipping  tool (see Section 2 of the Reference document) to see inside the 

model or use saved camera positions. 

 

Insert the same crack, as in Step 3 (Section 3.3), into the second cube and run the static crack 

analysis.  The resulting surface mesh, Fig 3.11, has a remeshed tie/contact surface.  The resulting 

Mode I SIFs, Fig 3.12, are practically the same as computed previously (see Fig 3.7). 
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Figure 3.10  Import FE double_cube model with constraint/contact surface unselected.  

 

 

 

Figure 3.11  Double_cube model with unretained constraint/contact surface remeshed.  
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Figure 3.12  Mode I SIFs for double_cube with remeshed contact/constraint between cubes.  

 

 

 

3.8 Local / Global Cases 

 

For most models, we want to do a local submodel extraction.  When there is contact, there are 

choices.  The simplest choice is to extract a local model that avoids the contact so that all contact 

surfaces and associated information goes with the global model.  We leave this case for the user 

to try on their own. 

 

Sometimes it is not possible to avoid the contact, and we have three choices:  1) part of one of 

the contact surfaces is in the local model and the remainder is in the global, or 2) one side of the 

contact surface is in the local and the other side of the contact is in the global, or 3) one side of 

the contact surface is in the local plus there is a cut-surface.   

 

We use the ANSYS double-cube model from above to illustrate these three cases. 
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3.8.1 Local model has part of the contact surface 

 

In the first case, the local model includes a portion of one side of the contact.  We use the 

FRANC3D import and divide option when reading the double-cube model.  In the submodeler 

tool, select material #2, Fig 3.13, and Crop.  Then using the Rubberband Box, select a portion of 

the material #2 region, Fig 3.14, and Crop.   

 

This element selection will include part of one side of the contact surface; this will be clear when 

selecting the sets/surfaces to retain.  Select Next once you have the local portion cropped. 

 

 

 

Figure 3.13  Material #2 selected for cropping.  
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Figure 3.14  Part of material #2 selected for cropping.  

 

 

Save the local and global files using the default file names and continue to the Select Retained 

BC Surfaces dialog, Fig 3.15.  Select the Show Node Sets button to show the cut surface nodes 

and tie/contact nodes in the respective sets, Fig 3.16; in this display the Vectors and Polygons are 

turned off.  

 

Note that for ABAQUS and NASTRAN, the tie/contact surface might be under the Show 

surfaces button, rather than the Show Node Sets. 

 

 



68 

 

 

Figure 3.15  Select Retained BC Surfaces dialog. 

 

 

Figure 3.16  Select Retained BC Surfaces dialog, showing cut surface and contact surface nodes. 
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Depending on the crack location, you might not want to retain the contact surface nodes.  For 

this example, we retain the contact surface, the cut-surface, and the surfaces with boundary 

conditions; the crack is not being inserted (or propagated) into the contact surface.  Select Finish 

(and set the units) and the model will be displayed in the main window, Fig 3.17.  The facets on 

the BC surfaces (top and bottom), as well as the facets on the cut-surface and the facets on the 

contact surface are all preserved. 

 

 

Figure 3.17  Local model with retained nodes and facets. 

 

 

We insert the same crack as in Section 3.3, Fig 3.18.  The resulting remeshed crack model is 

shown in Fig 3.19; we have pushed the front cutting plane into the model to show the crack 

surface. 
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Figure 3.18  Surface crack inserted into local model. 

 

 

 

Figure 3.19  Surface mesh for cracked local model. 
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Once the crack is inserted, we do a static crack analysis.  Fig 3.20 shows the local/global 

connection dialog when using the ANSYS FE model and solver.  The AUTO_CUT_SURF and 

GLOBAL_CONNECT_SURF will be connected by merging the nodes.   

 

The contact surface is automatically regenerated by FRANC3D using the local portion of the 

contact surface in the cracked region plus the rest of this surface and the mating surface, both of 

which are part of the global model.  

 

The SIFs are consistent with those shown in Section 3.5.  Fig 3.21 shows the deformed shape of 

the full model in ANSYS, and Fig 3.22 shows the Mode I SIFs. 

 

 

 

Figure 3.20  Local/global connection panel. 
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Figure 3.21  Deformed shape for full model. 

 

 

 

Figure 3.22  Mode I SIFs for case #1. 
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3.8.2 Local model has one side of the contact surface 

 

For the second case, we do import and divide, but we stop cropping after selecting material #2 

(see Fig 3.13).  The entire second cube is the local model, and the entire contact surface from this 

second cube is contained with the local portion. 

 

With this selection cropped, proceed with saving the local and global model files, and then 

proceed to the Select Retained BC Surfaces dialog, Fig 3.23.  

 

There is no AUTO_CUT_SURF node set in this case.  One side of the contact surface is included 

in the contact_5_4 node set.  We retain this node set for simplicity.  The top and bottom BC 

surfaces are retained also.  The resulting local model is shown in Fig 3.24. 

 

 

 

Figure 3.23  Select retained BC surfaces for material #2 selection. 
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Figure 3.24  Local model for material #2 selection. 

 

 

We insert the same crack as before, Fig 3.25; the resulting cracked meshed model is shown in 

Fig 3.26.  

 

 

 

Figure 3.25  Local model for material #2 selection. 
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Figure 3.26  Surface mesh for cracked local model. 

 

 

Once the crack is inserted and remeshed, we can proceed with the static crack analysis. The 

local/global connection panel for the ANSYS FE model and solver is shown in Fig 3.27.  In this 

case, there is no cut surface.  Instead, we connect the local and global using Contact conditions.  

We could also use Constraints, but we will use bonded contact to be consistent with the 

uncracked ANSYS model. 

 

Select the Contact button to display the contact settings, Fig 3.28.  The contact behavior is set to 

bonded_always.  Changes to other contact settings might improve the results; you should check 

the results in ANSYS to verify that the cracked model deformation is consistent with the original 

uncracked model.   

 

Mode I SIFs are shown in Fig 3.29 and are consistent with previous results.  
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Figure 3.27  Local/global ANSYS connection using contact. 

 

 

 

Figure 3.28  Local/global ANSYS contact settings. 
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Figure 3.29  Mode I SIFs for case #2. 

 

 

3.8.3 Local model has one side of the contact surface plus a cut-surface 

 

For the third case, we again do import and divide, but the second selection consists of the region 

shown in Fig 3.30.  This selection contains the entire contact surface of the second cube and has 

a cut surface.  This local model will require ñextraò connection settings in FRANC3D for the 

static crack analysis. 

 

With the crop selection in Fig 3.30, proceed with saving the local and global model files, and 

then proceed to the Select Retained BC Surfaces dialog, Fig 3.31.  We will retain the top and 

bottom BC surfaces along with the cut-surface and the contact surface.  

 

The resulting local model is shown in Fig 3.32.  We insert the same crack as before, Fig 3.33.  

The resulting remeshed cracked local model is shown in Fig 3.34.  Once the crack is inserted, we 

can proceed with the static analysis.  The local/global connections are a little more complicated 

in this case.   
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Figure 3.30  Select part of material #2. 

 

 

 

Figure 3.31  Retain BC surfaces along with cut-surface and contact surface. 
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Figure 3.32  Local model with BC surfaces, cut surface and contact surface retained. 

 

 

 

Figure 3.33  Crack inserted into local model. 
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Figure 3.34  Resulting surface mesh for local crack model. 

 

Fig 3.35 shows the initial local/global connection panel for the ANSYS FE model and solver, 

where the AUTO_CUT_SURF and GLOBAL_CONNECT_SURF sets are selected for node 

merging.   

 

 

Figure 3.35  Initial local/global connection panel. 
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Because we completely separated the contact surfaces in the local and global portions, we must 

also add an ñextraò connection.  Select the Add Connection button to display the dialog in Fig 

3.36. 

 

 

 

Figure 3.36  Extra connection dialog. 

 

 

Switch the connection type to Single contact and then select the Contact button to display the 

dialog in Fig 3.37.  Switch the Contact behavior to bonded_always.  

 

Select the Accept button in Fig 3.37 to return to the top level local/global connection panel.  It 

will now include the extra connection that was just defined, Fig 3.38.  Proceed with the analysis 

and verify that the ANSYS results are consistent with results for the original uncracked model.   

 

The Mode I SIFs for this case are shown in Fig 3.39 and are consistent with previous results. 
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Figure 3.37  Extra connection contact settings. 

 

 

 

Figure 3.38  Final local/global connection panel. 
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Figure 3.39  Mode I SIFs for case #3. 

 

 

 

Tutorial #7 includes an extra contact connection, and Section 11 of the Userôs Guide includes 

additional information on local + global connections. 
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4.0 Tutorial 4:  Disk with Rotation and Temperature 

 

In Tutorial 4, we simulate crack growth in a simple disk model that includes temperature 

variation and rotation. In Step 1, we briefly describe the model and the thermal analysis that 

produces the temperature variation.  Once the temperatures are defined, we run a structural 

analysis that includes rotation.  From this structural model, we proceed with the crack growth 

simulation.  This tutorial shows how temperature can affect SIFs. 

 

4.1 Step 1:  Create the Disk Model  

 

The disk is created as a quarter-symmetry model.  Heat transfer analysis is conducted to generate 

nodal temperatures, and these temperatures are then applied, along with mechanical loads 

(rotation) and constraints, to create a model that can be used for crack growth.  The following 

three subsections describe the steps for ABAQUS, ANSYS and NASTRAN. 

 

4.1.1 ABAQUS Disk 

 

The first step is to build the FE model and to define the material properties.  The model is shown 

in Fig 4.1a.  The inner disk radius is 1, the outer radius is 10 and the width is 1.  

 

We define both thermal and structural properties, which consist of density, specific heat, 

enthalpy, thermal expansion, conductivity, elastic modulus, and Poisson ratio.  The material can 

be temperature dependent; for this analysis we use constant values for all data except for the 

elastic modulus, Fig 4.2a.  Density is set to 1.0 and enthalpy is set to 0. 
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Figure 4.1a  ABAQUS disk geometry. 
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Figure 4.2a  ABAQUS disk material properties. 

 

 

4.1.1.1 ABAQUS Disk Thermal Analysis 

 

The first analysis is for heat transfer, so we set the element type (DC3D10) and create a volume 

mesh.  The model is meshed with all tetrahedral elements, Fig 4.3a.  The boundary conditions 

consist of temperatures on two surfaces; temperature at the inner radius of the disk is set to 1000 

and temperature at the outer radius is set to 100, Fig 4.3a.  The resulting nodal temperatures are 

shown in Fig 4.4a.  These nodal temperatures are applied as initial conditions for the structural 

analysis. 
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Figure 4.3a  Volume mesh and thermal boundary conditions. 

 

 

Figure 4.4a  Resulting nodal temperature contours. 
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4.1.1.2 ABAQUS Disk Structural Analysis 

 

We switch the element type from DC3D10 to C3D10 for the structural analysis.  The boundary 

conditions include rollers on the (symmetry) surfaces at x=0 and y=0.  We also fix a point in the 

z-direction to prevent rigid body motion and apply the nodal temperatures from the thermal 

analysis as initial conditions.  Finally, we define the rotational velocity (centrif) as 0.2809 about 

the z-axis.  The model with boundary conditions is shown in the left panel of Fig 4.5a.  The 

resulting maximum principal stress contours from the structural analysis are shown in the right 

panel of Fig 4.5a. 

 

We save the ABAQUS .cae file in case we need to re-analyze the model, and we create an .inp 

file for use with FRANC3D.  Note that we could create global and local model portions in 

ABAQUS for FRANC3D.  However, for this tutorial, we rely on the FRANC3D submodeling 

tool, so we just archive the full model. We also save the ABAQUS stress listing as 

Abaqus_Disk.rpt for use in Section 4.10 

 

  

Figure 4.5a  Boundary conditions for structural analysis ï left panel,  

and resulting maximum principal stress contours ï right panel. 
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4.1.2 ANSYS Disk 

 

The first step is to build the FE model and to define the material properties.  The outline of the 

disk model is shown in the left panel of Fig 4.1b.  The inner radius is set to 1.0 and the outer 

radius is set to 10.  The disk is set to be one unit wide; the final geometry is shown in the right 

panel of Fig 4.1b.  

 

We define both thermal and structural properties, which consist of density, specific heat, 

enthalpy, thermal expansion, conductivity, elastic modulus, and Poisson ratio.  The material can 

be temperature dependent; for this analysis we use constant values for all data except for the 

elastic modulus, Fig 4.2b.  Density is set to 1.0 and enthalpy is set to 0. 

 

 

Figure 4.1b  ANSYS disk geometry. 
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Figure 4.2b  ANSYS disk material properties. 

 

4.1.2.1 ANSYS Disk Thermal Analysis 

 

The first analysis is for heat transfer, so we set the element type (Solid87) and create a volume 

mesh.  The model is meshed with all tetrahedral elements, left panel of Fig 4.3b.  The boundary 

conditions consist of temperatures on two surfaces; temperature at the inner radius of the disk is 

set to 1000 and temperature at the outer radius is set to 100, right panel of Fig 4.3b.  The 

resulting nodal temperatures are shown in Fig 4.4b.  These nodal temperatures are applied as 

initial conditions for the structural analysis. 

 

  

Figure 4.3b  Volume mesh and thermal boundary conditions. 
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Figure 4.4b  Resulting nodal temperature contours. 

 

4.1.2.2 ANSYS Disk Structural Analysis 

 

Switch the element type in the model from Solid87 to Solid92 for the structural analysis.  The 

boundary conditions include rollers on the (symmetry) surfaces at x=0 and y=0.  We also fix a 

point in the z-direction to prevent rigid body motion, and we apply the temperatures from the 

heat transfer analysis as initial conditions.  Finally, we define the rotational velocity (omega) as 

0.53 about the z-axis.  The resulting model with boundary conditions should appear as in the left 

panel of Fig 4.5b.  The resulting maximum principal stress contours from the structural analysis 

are shown in the right panel of Fig 4.5b. 

 

We save the ANSYS .db file in case we need to re-analyze the model.  We also archive the 

model to a .cdb file for use with FRANC3D.  Note that we could create global and local model 

portions in ANSYS for FRANC3D.  However, for this tutorial we rely on the FRANC3D 

submodeling tool, so we will just archive the full model; use ñcdwite,DB,file_name,cdbò.  We 

also save the ANSYS stress listing as Ansys_Disk.str for use in Section 4.10. 
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Figure 4.5b  Boundary conditions for structural analysis ï left panel,  

and resulting maximum principal stress contours ï right panel. 

 

 

4.1.3 NASTRAN Disk 

 

The first step is to build the FE model and to define the material properties.  The outline of the 

disk model is shown in the left panel of Fig 4.1c.  The inner radius is set to 1.0 and the outer 

radius is set to 10.  The disk is set to be one unit wide; the final geometry is shown in the right 

panel of Fig 4.1c.  

 

We define both thermal and structural properties, which consist of density, specific heat, 

enthalpy, thermal expansion, conductivity, elastic modulus, and Poisson ratio.  The material can 

be temperature dependent; for this analysis we use mostly constant values, Fig 4.2c.  The elastic 

modulus is 10,000 at temperature=0 and 5,000 at temperature=1000.  Poisson ratio is constant at 

0.25.  The density is set to 1.0.  The coefficient of thermal expansion is set to 3e-7. 
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Figure 4.1c  NASTRAN disk geometry. 

 

 

 

Figure 4.2c  NASTRAN disk material properties. 

 

4.1.3.1 NASTRAN Disk Thermal Analysis 

 

The first analysis is for heat transfer.  The model is meshed with all tetrahedral elements, Fig 

4.3c.  The boundary conditions consist of temperatures on two surfaces; temperature at the inner 

radius of the disk is set to 1000 and temperature at the outer radius is set to 100.  The nodal 



94 

 

temperatures for the steady-state heat transfer are shown in Fig 4.4c.  These temperatures are 

applied as initial conditions for the structural analysis. 

 

 

Figure 4.3c  Volume mesh and thermal boundary conditions. 

 

 

Figure 4.4c  Resulting nodal temperature contours. 

 

4.1.3.2 NASTRAN Disk Structural Analysis 

 

The boundary conditions include rollers on the (symmetry) surfaces at x=0 and y=0.  We also fix 

a point in the z-direction to prevent rigid body motion, and we apply the temperatures from the 

heat transfer analysis as initial conditions.  Finally, we define the rotational velocity (rforce) as 
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0.08435 about the z-axis.  The resulting model with boundary conditions should appear as in the 

left panel of Fig 4.5c.  The resulting maximum principal stress contours from the structural 

analysis are shown in the right panel of Fig 4.5c. 

 

We save the Inventor files in case we need to re-analyze the model.  We also archive the model 

to a .nas file for use with FRANC3D; this is done automatically by Inventor when running the 

NASTRAN analysis.  Note that we could create global and local model portions in NASTRAN 

for FRANC3D.  However, for this tutorial we rely on the FRANC3D submodeling tool, so we 

will just archive the full model.  We also save the NASTRAN stress listing as Nastran_Disk.pch 

for use in Section 4.10; take note of the subcase ID for the stress results if it is not set to 1. 

 

 

  

Figure 4.5c  Boundary conditions for structural analysis ï left panel,  

and resulting maximum principal stress contours ï right panel. 

 

 

4.2 Step 2:  Import Disk into FRANC3D   

 

Once the structural model is ready, we can proceed with the crack growth simulation.  Start with 

the FRANC3D GUI and select File ŸImport .  In the Select Type of Import panel, choose the 

Import and divide into global and local models radio button and select Next.  Switch the Mesh 

File Type radio button to the appropriate FE type and select the file name for the model, Fig 4.6, 

and click Next.  
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Figure 4.6  FRANC3D FE model import ï ABAQUS selection.  

 

 

Create a local model using the Rubberband Box tool and the Crop button in the Define Local 

Submodel window, Fig 4.7.  Select Next and save the local and global model files using the 

default file names.  In the Select Retained BC Surfaces dialog, Fig 4.8, use the Select All button 

to retain the two surfaces with displacement constraints, and then select Next.  Set the FEM units 

so that they are consistent with the FE model units; in this case, the temperature units are also 

required.  SI units of mm, MPa and C are okay. 

 

The model will be displayed in the FRANC3D main window, and we are ready to insert a crack 

into the local model. 

 

 

  

Figure 4.7  FRANC3D FE model import.  
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Figure 4.8  FRANC3D FE model import ï BC surface selection.  

 

 

4.3 Step 3:  Insert Initial Crack   

 

Insert a circular crack with a radius of 0.1, Fig 4.9.  The crack is located at the front of the disk, 

rotated 45 degrees from the xz-plane, Fig 4.10.  The crack front template has a radius of 0.01, 

Fig 4.11.  The resulting remeshed crack model is shown in Fig 4.12. 

 

 

 

Figure 4.9  Elliptical crack dimension dialog. 
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Figure 4.10  Crack location and orientation dialog. 

 

 

 

Figure 4.11  Crack front template dialog. 
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Figure 4.12  Final meshed crack model. 

 

 

4.4 Step 4:  Static Crack Analysis  

 

We perform a static crack analysis.  Choose Analysis ŸStatic Crack Analysis from the 

FRANC3D menu.  Provide a file name and choose the solver.  Proceed to the appropriate sub-

section for the chosen solver. 

 

4.4.1 ABAQUS Solver 

 

The ABAQUS options are shown in Fig 4.13a.  The Connect to global model option is checked 

automatically. Select Next. 

 

The next dialog box has options for connecting the local and global portions, Fig 4.14a.  We use 

node merging with the automatically selected local and global cut-surfaces.  Click Finish to 

begin the ABAQUS analysis. 
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Figure 4.13a  Static analysis options for ABAQUS. 

 

 

Figure 4.14a  Static analysis ABAQUS local + global model connection dialog. 
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4.4.2 ANSYS Solver 

 

The ANSYS options are shown in Fig 4.13b; the default settings will cause ANSYS to write 

nodal temperatures to the results (.dtp) file.  The Connect to global model option is checked 

automatically. Select Next. 

 

The next dialog box has options for connecting the local and global portions, Fig 4.14b.  We use 

node merging with the automatically selected local and global cut-surfaces.  Click Finish to 

begin the ANSYS analysis. 

 

 

Figure 4.13b  Static analysis options for ANSYS. 
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Figure 4.14b  Static analysis ANSYS local + global model connection dialog. 

  

 

4.4.3 NASTRAN Solver 

 

The NASTRAN options are shown in Fig 4.13c.  Note that the NASTRAN .pch results file does 

not contain temperatures; instead, the temperatures are extracted from the model boundary 

condition data.  The Connect to global model option is checked automatically. Select Next. 

 

The next dialog box has options for connecting the local and global portions, Fig 4.14c.  We use 

node merging with the automatically selected local and global cut-surfaces.  Click Finish to 

begin the NASTRAN analysis. 
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Figure 4.13c  Static analysis options for NASTRAN. 

 

 

Figure 4.14c  Static analysis NASTRAN local/global model connection dialog. 






























































































































































































































































































































































































































































