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1.0 Introduction  

 

This tutorial introduces the fracture simulation capabilities of FRANC3D Version 8 and 

SIERRA.  FRANC3D is introduced by analyzing a single surface crack in a SIERRA finite 

element (FE) model of a cube.  

 

Subsequent tutorials (see the FRANC3D Tutorials #2-14 document) build on this first example 

and describe additional capabilities and features of the software.  It is intended that the user 

perform operations as they are presented, but you are free to experiment and consult the other 

reference documentation whenever necessary. 

 

FRANC3D menu and dialog button selections are indicated by bold text, such as File menu.  

Window regions along with dialog options, fields and labels are underlined.  Model names and 

file names are indicated by italic text.   

 

The FRANC3D main window is shown in Fig 1.1.  When you start the tutorial, the first thing to 

do is set the working directory using the File and Work Directory  menu option, Fig 1.1.  

 

Before or after a model is imported, you can set the FE model units, Fig 1.2.  The selected units 

are applied to plots and figures that FRANC3D might display and are used during crack growth 

in combination with fatigue crack growth rate data, which also has units.  

 

You can also set your preferences; it is helpful to set the path to the SIERRA executable.  You 

can view the preferences using the Edit  and Preferences menu option.  The Preferences dialog is 

described in Section 5.4 of the FRANC3D Reference document. 
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Figure 1.1  FRANC3D main window ï Work Directory menu option. 

 

 

    

Figure 1.2  FRANC3D FE model unit conversion menu option and dialog. 
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2.0 Tutorial 1: Crack Insertion and Growth in a Cube 

 

In this tutorial, a single surface crack in a cube under far-field tension is modeled.  It is assumed 

that the user is familiar with a pre-processor for SIERRA.  Once the FE model is created, the 

FRANC3D steps to: 1) read the model, 2) insert a crack, 3) perform the SIERRA analysis, and 4) 

compute stress intensity factors, are all described.  

 

2.1 Step 1:  Create the SIERRA FE Model  

 

First, you must create a cube model using any pre-processor for SIERRA.  We outline the steps 

to create the FE model with boundary conditions to ensure that you have a model that can be 

used with FRANC3D.   

 

1. Create a 10x10x10 cube geometry; units of length are mm. 

2. Subdivide the edges for meshing, using 10 to 20 subdivisions. 

3. Define the element type as quadratic; use brick or tetrahedral elements to mesh the 

volume. 

4. Define the material properties; elastic modulus (E) is 10000 and Poissonôs ratio is 0.3; 

units for E are MPa. 

5. Boundary conditions consist of displacement constraints on the bottom surface and 

uniform traction (a negative pressure) on the top surface. The bottom surface is 

constrained in the y-direction, the bottom left edge is also constrained in the x-direction, 

and the point at the origin is also constrained in the z-direction.  The top surface traction 

is 10 MPa. 

6. Write the files (Sierra_Cube.i, Sierra_Cube.e, Sierra_Cube.g).  

 

The resulting model is shown in Fig 2.1.  
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Figure 2.1  SIERRA cube meshed with brick elements. 

 

 

 

2.2 Step 2:  Reading SIERRA FE Model into FRANC3D 

 

Once the SIERRA FE model is created and the files are saved, we can proceed with importing 

the FE model into FRANC3D.  We use the Sierra_Cube.i file that was created in the previous 

step.  

 

You can choose to do either Step 2 or Step 3 (see Section 2.3). 

 

Step 2.1: Importing Complete SIERRA FE Model  

 

From the FRANC3D menu (see Fig 1.1), select File ŸImport , Fig 2.2.  In the dialog shown in 

Fig 2.3, choose Complete Model and select Next.  
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Figure 2.2  File Import menu option. 

 

 

Figure 2.3  Model Import Type dialog. 

 

 

Switch the Mesh File Type radio button in the Select Import Mesh File window, Fig 2.4, to 

SIERRA and select the file name for the model, Sierra_Cube.i, and then select Next.   

 

Note that the mesh file type can be set in the Preferences if you always use the same analysis 

code. 
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Figure 2.4  Select Input Mesh File dialog box 

 

 

Step 2.2: Select the Retained Items in the FE Model 

 

The next dialog, Fig 2.5, allows you to choose the mesh surface facets that are retained.  Surfaces 

with boundary conditions appear as blue, Fig 2.6, and turn red when selected, Fig 2.7.  You can 

rotate the model to view all surfaces.  We retain the surfaces with boundary conditions (top and 

bottom of the cube) by choosing Select All.  The boundary conditions will be transferred 

automatically to the new mesh once a crack is inserted.  

 

Select Next to proceed. The Units dialog will be displayed; if you have already set the units 

using the Edit  menu, just select Finish. 
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Figure 2.5  Select Retained BC Surfaces wizard panel. 

 

 

Figure 2.6  SIERRA Model retain BC Surfaces wizard panel - Unselected Surface 
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Figure 2.7  SIERRA Model retain BC Surfaces wizard panel ï Selected Surface 

 

Surface Mesh NOT Retained  

 

The surface mesh facets do not have to be retained, and if a crack is inserted into a surface that 

has boundary conditions, then the surface mesh must not be retained.  In such a case, the 

boundary condition data is mapped to the remeshed surface.  In practice, transfer of boundary 

condition data is simpler and more precise if the surface mesh is retained, but sometimes this is 

not possible. FRANC3D will automatically transfer the boundary condition data to the new mesh 

in either case. 

 

Step 2.3: Displaying the FE Model 

 

The model is displayed in the FRANC3D modeling window, Fig 2.8.  You can turn on the 

surface mesh, or manipulate the model view by rotating, etc.  Fig 2.8 shows the retained mesh on 

the top surface (retained bottom surface not visible) where the traction boundary conditions are 

applied.  See Section 2 of the Reference document for a description of the view manipulation. 
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Figure 2.8  SIERRA model imported into FRANC3D with retained facets on the top surface. 

 

If you have not set a working directory (using the File ŸWork Directory  menu option), 

FRANC3D might present the dialog shown in Fig 2.9 prior to displaying the model.  Select Yes 

to set the work directory as the folder containing the SIERRA files.  Many files are created 

during a crack growth simulation, and it is best to keep them together in one folder. 

 

 

Figure 2.9  Set Working Directory dialog. 

 

2.3 Step 3: Importing and Subdividing the Model 

 

If you chose to do Step 2 above, either skip this step, or close the model using the File ŸClose 

menu option before starting this step.  
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The SIERRA model can be split into smaller parts before inserting the crack. Go to File 

ŸImport  and choose the Import and divide into global and local models radio button, Fig 2.10. 

Select Next, and then choose the Sierra_Cube.i model, Fig 2.11.  Remember to set the Mesh File 

Type radio button to SIERRA. 

 

 

Figure 2.10  Model Import Type dialog with Import and divide selected. 

 

 

 

Figure 2.11  Select Input Mesh File selection. 
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Instead of the Retain BC Surfaces dialog (see Fig 2.5), the Define a Local Submodel window, 

Fig 2.12, appears. Figs 2.13 and 2.14 show two of the submodel selection tools. Using the 

options on the left, a submodel is selected; elements to be retained in the submodel appear red, 

and the selection is confirmed using the Crop button.  See Section 4.5 of the Reference 

document for a more complete description of the submodeling tools. 

 

For this tutorial, the rectangular Rubberband Box is used to create a smaller portion of the cube, 

Fig 2.15, which has an exposed face for crack insertion. 

 

 

 

Figure 2.12  Define a Local Submodel Window 
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Figure 2.13  Plane Cutting tool ï red elements will be retained by Crop. 

 

 

  

Figure 2.14  Element-by-Element cropping by selecting elements to remove. 

 

 

We are inserting a surface crack that is normal to the y-axis (loading direction) and located on 

the +z surface, and the selection in Fig 2.15 is designed for this.  Use the Rectangular option of 

the Rubberband Box to select and Crop a small portion of the model. 
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Figure 2.15  Rectangular Rubberband Box tool used to select a submodel. 

 

 

Once the elements have been selected and cropped, select Next.  The Save Files dialog appears, 

Fig 2.16.  Choose the names of the local and global models and their location; we use the default 

file names and the working directory that was set earlier. Select Next. 

 

 

Figure 2.16  Local/Global model save dialog. 
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If  the local cropped model has a surface with boundary conditions, then the Select Retained BC 

Surfaces window (see Fig 2.5) appears. Otherwise, the local model appears in the FRANC3D 

main window, with retained mesh surfaces wherever the local and global models connect (the cut 

surfaces).   

 

In this case, the cropped selection in Fig 2.15 avoids all surfaces with boundary conditions.  

However, if there are SIERRA node sets or surfaces in the local model, then the Select Retained 

BC Surfaces window might still be displayed, Fig 2.17.  Just select Next to proceed. 

 

The model units, Fig 2.18, must be set.  As defined in Step 1, the units for length are mm and the 

units for stress are MPa.  The temperature and time units are not needed for this tutorial. 

 

 

 

Figure 2.17  Select Retained BC Surfaces wizard panel ï showing named node sets. 
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Figure 2.18  FE Model units 

 

 

Select Finish and the local model is displayed in the main FRANC3D window, Fig 2.19.  The 

cut-surface mesh facets are retained, while the front surface, where the crack will be inserted, 

does not have retained facets.  

 

 

Figure 2.19  Local model with retained mesh facets on the cut-surface. 
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2.4 Step 4: Insert a Crack 

 

We now insert a half-penny surface crack into the model. The local submodel from Section 2.3 is 

used, as opposed to the full model from Section 2.2.  In Step 4.1, we describe how to define a 

new crack, and in Step 4.2, we describe how to insert a flaw from a file.   

 

Note that you cannot insert a crack into a cracked model.  If you want to try both types of crack 

insertion, you will have to re-import the uncracked model to insert a crack from a file; inserting a 

crack from a file will be used in subsequent steps and other tutorials. 

 

Step 4.1: Define a new Crack from FRANC3D Menu 

 

From the FRANC3D menu, select Cracks ŸNew Flaw Wizard, Fig 2.20.  The first panel of the 

wizard, Fig 2.21, allows you to select the flaw type; a crack with zero volume is the default.  We 

select the Save to file and add flaw radio button so that the .crk file is saved for subsequent 

tutorials.  

 

 

Figure 2.20  New Flaw Wizard menu item selected. 
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Note that the Symmetry surface crack option is only displayed if symmetry cracks are turned on 

in the Preferences (see Section 5.2 in the Reference).  

 

Select Next.  The second panel, Fig 2.22, lets you choose the crack shape; the default is the 

ellipse, which is what we want.  Select Next. 

 

 

 

Figure 2.21  New Flaw Wizard first panel ï Crack (zero volume flaw) selected. 
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Figure 2.22  New Flaw Wizard second panel ï choose ellipse shape. 

 

 

The crack is a circle with radius=1, centered on the cubeôs front (+z) face, and parallel to the xz-

plane (normal to y).  The third wizard panel lets you set the dimensions for the ellipse, Fig 2.23; 

set a=1 and b=1.  Select Next. 

 

 

Figure 2.23  New Flaw Wizard third panel ï set ellipse dimensions. 
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The fourth panel lets you set the crack location and orientation, Fig 2.24.  We place the crack at 

the center of the front face at coordinates (5,5,10) and rotate the crack 90 degrees about the 

Global x-axis.  Select Next. 

 

The final panel allows you to set the crack front mesh template parameters, Fig 2.25; use the 

defaults.  In practice, the default template radius is based on the crack dimensions and might 

need to be adjusted depending on the model and crack.  Select Finish.   

 

 

 

Figure 2.24  New Flaw Wizard fourth panel ï set crack location and orientation. 
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Figure 2.25  New Flaw Wizard final panel ï set template mesh parameters. 

 

 

At this point, you will be asked to specify the .crk file name, Fig 2.26; we call it 

Cube_Crack.crk.  Select Accept. 

 

 

Figure 2.26  New Flaw Wizard final panel ï save file as. 
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The crack is inserted into the model and remeshing occurs.  A Flaw Insertion Status window is 

displayed during this process, Fig 2.27.  There are four stages:  geometric intersection of the 

crack with the model, surface meshing, volume meshing, and smoothing of the volume mesh.  

The resulting model is displayed in the main FRANC3D window, Fig 2.28; the surface mesh is 

turned on in this image. 

 

 

Figure 2.27  Flaw Insertion Status window. 

 

 

Figure 2.28  Remeshed cracked local model with surface mesh turned on. 

 




















































































