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Overview 
 

FEACrackÊ is a 3D finite element crack analysis program with automatic mesh generation. Both 

elastic K and elastic-plastic J analysis options are available, and a fatigue module provides the 

ability to perform crack growth analyses.  The mesh generator can create ABAQUS, ANSYS, and 

WARP3D input files as well as PATRAN and FEMAP neutral files. 

 

You donôt need to be a finite element analysis (FEA) specialist to use FEACrack. An intuitive 

Windows® interface guides you step by step through the process of building the model, running 

the analysis, and viewing the results. 

 

Crack Geometry Library 

 

Building a 3D finite element model that contains a crack is significantly more complicated than 

generating a mesh for an un-cracked component.  FEACrack contains a pre-defined library of 

structural geometries and crack shapes.  Simply enter the relevant dimensions, and the finite 

element mesh is created automatically.  Unlike conventional 3D software mesh programs; there is 

no need to build a solid model of the structure.  The user-defined geometry option provides the 

ability to insert a crack into an arbitrarily-shaped 6-sided solid. 

 

The Version 3.0 release of FEACrack contains a greatly expanded geometry library relative to 

earlier versions.  The currently available cases include: 

 

 Surface, corner, through-wall, and buried cracks in plates. 

 Surface, corner, and through-wall cracks in plates with holes. 

 Surface, through-wall, and buried cracks in cylindrical shells. 

 Surface and through-wall cracks in spherical shells 

 Surface and through-wall crack in piping elbows. 

 Weld toe and weld center surface cracks in L- and T-fillet welds. 

 Weld toe cracks in lap welds. 

 Weld toe surface cracks at pressure vessel nozzles and piping tees. 

 Surface cracks at ring grooves in flanges and nozzles 

 Corner cracks and circumferential surface cracks in spherical heads with a hole. 

 Surface cracks in solid round bars. 

 Single-V seam welds in the flat plate, cylinder, sphere, and elbow geometries. 

 Surface cracks in arbitrary 6-sided solids using the user-defined geometry. 

 Custom surface and through-wall crack shapes defined by a tabular input. 

 

Other geometries and new features are in development. 

 

WARP3D Finite Element Program 

 

WARP3D is a research finite element code developed at the University of Illinois.  It was 

developed specifically for 3D fracture mechanics analysis, and includes built-in J integral post-

processing algorithms.  This program has been extensively tested and benchmarked, and is 
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currently being used by a number of universities as well as NASA and Oak Ridge National 

Laboratory. 

 

By including WARP3D with FEACrack, we provide you with a stand-alone package for crack 

analysis.  FEACrack also works seamlessly with the ABAQUS and ANSYS commercial finite 

element programs.  If you prefer a different finite element program, FEACrack can generate 

PATRAN and FEMAP neutral files, which can then be used to create input files for virtually any 

prominent finite element program. 

 

System Requirements 
 

FEACrack will obviously perform better on a computer with a fast processor, but the most 

important consideration is available memory.  3D crack meshes can contain 50,000 or more 

nodes, which require significant memory during the finite element analysis.  WARP3D uses a 

sparse storage scheme, which results in an efficient use of memory, but the storage requirements 

are still substantial.  Abaqus and Ansys have similar large memory requirements.   

 

If your PC has insufficient memory to run large problems, one option is to use FEACrack as a 

pre- and post-processor and run the finite element analysis on a UNIX workstation or mainframe 

computer.  WARP3D, ABAQUS and ANSYS are available in a wide range of software platforms, 

and the input file and results file syntax is platform independent.  Although the FEACrack mesh 

generator runs only on the Microsoft Windows® platform, its system requirements are much 

more modest than for the finite element solver. For information on obtaining WARP3D for non-

PC platforms, contact technical support at Quest Reliability, LLC. 

 

If you plan to run 3D finite element analyses on your PC with WARP3D, the following minimum 

system specifications should enable you to run models of up to approximately 30,000 nodes: 

 

 Windows 2000/XP/Vista recommended. 

 (Windows 95, 98, ME, or NT will run the software but are not recommended.) 

 1 GHz or faster processor recommended 

 512 MB or more RAM 

 500 MB or more free hard disk space 

 

When storage requirements exceed the available RAM, the WARP3D solver (Solversoft VSS) 

works out of core; that is, the solver reads and writes data to and from the hard disk.  This is 

considerably faster than using virtual memory. Even with the out-of-core solver; however, the 

execution speed slows considerably when storage requirements exceed the available RAM. 

 

For best results, you monitor resolution should be set to 1024 x 1280 pixels. 

 

Installation 
 

We recommend that you exit all Windows programs before installation. 

Insert the CD into the drive.  If ñautorunò is enabled on your system, a setup menu will appear.  

Choose ñInstall FEACrackò to begin installation.  If the setup menu does not appear, browse to 
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the CD and run ñFEACrack_setup.exeò.  Follow the prompts in the setup program to complete 

the installation.   

By default, FEACrack will install to your system drive under the ñProgram Files\Quest 

Reliability\FEACrackò folder.  You can specify a different location if you wish. 

NOTE: if you are replacing FEACrack Version 2.x or earlier, do NOT install into the existing 

directory.  We recommend that you uninstall the previous version after you install FEACrack 

version 3.0. 

You may need to restart your computer in order to complete the installation process.  The install 

program will tell you if this is necessary. 

 

Once the program has been installed, copy the ñclient.licò license file into the installation 

directory that you choose in step 3. 

 

Licensing 

 

FEACrack is offered as a single-seat and multi-user floating network license. If you have 

purchased the network licensing option, additional steps will be required to install and configure 

the network license server.  Please refer to the instructions that were provided at the time of 

purchase or contact support@questreliability.com. 

 

The FEACrack license agreement makes it easy to take advantage of future enhancements. The 

initial purchase price entitles you to 12 months of updates and technical support.  After the first 

year, you can continue to receive updates and technical support for a nominal maintenance fee.   

 

Getting Started 
 

FEACrack is launched like any other Windows program. Simply select the FEACrack shortcut 

from the Start Ą All Programs ĄQuest Reliability menu.   Optionally, a shortcut may have also 

been added to your desktop.  This can be used to launch FEACrack. 

 

When the program is first opened, the Home window appears, as shown below.  On the home 

form, the unit system is selected from the ñUnitsò pull-down menu.  The crack mesh type is 

selected from the ñAnalysis Typeò menu; choose between the standard focused crack mesh or a 

cell-type crack mesh.  A brief name can be entered in the ñAnalysis Nameò text box, and 

descriptive notes can be entered in the ñNotesò text box.  Both of these text boxes can be left 

blank.  The right-arrow labeled ñContinueò proceeds to the next form to begin entering the model 

data.   

 

mailto:support@questreliability.com
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Figure 1 FEACrack home form; select the units and analysis type 

 

Navigation 

 

Forward and reverse arrows are provided on each input window to take the user to the next and 

previous step, respectively.  The tool bar along the top of the main window also includes forward 

and reverse arrows that have the same functionality as the arrows on the input windows. 

 

A navigation bar is provided along the left side of the main window, as illustrated below.  This 

bar contains several icons. Clicking one of these icons will perform an operation (for example, 

build the mesh) or take the user to the desired place in the program (for example, open the 

geometry form or open the material properties form).  In some cases, a sub-navigation bar will 

appear next to the main bar.  For example, when ñGeometryò is selected, as it is below, a sub-

navigation bar with several buttons appears to the right of the main bar. 
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Figure 2 navigation bar 

 

Creating, Opening and Saving Files 

 

FEACrack interacts with three types of files: 

 

User Input Model Data Files.  These are small text files that contain the basic model data that the 

user inputs such as geometry, dimensions, boundary conditions, and material properties.  These 

files have an .elt extension.  Results of a fatigue analysis, if applicable, are also stored in the *.elt 

file. Version 1.x input data files, which have a .fec extension, can be imported by selecting ñFile 

Ą Openò. 

Finite Element Input Files.  These files are created by the mesh generator and include all of the 

element and nodal data, as well as boundary conditions and material properties.  Input files can be 

created in ABAQUS, ANSYS, and WARP3D format.  In addition, mesh data can be saved in 

PATRAN or FEMAP neutral file format.  To specify the type(s) of files to be created, select 

ñProgram Options/Analysis Optionsò from the ñToolsò menu.  Select the file type and output 

using the check box options on that form.   

Finite Element Results Files.  When a finite element analysis is performed, a results file is created 

by the finite element analysis program.  FEACrack can then read these files so that the user can 
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view the results as color maps on the mesh picture and x-y plots of J and K results.  Currently, 

only ABAQUS, ANSYS and WARP3D results file formats are supported. 

 

Note that when the user selects ñSaveò or ñSave Asò from the File menu, only the *.elt files are 

saved.  These files are opened by selecting ñFile Ą Openò.  The corresponding mesh file will be 

open if one has been created. The finite element results files are opened by clicking on ñFEA 

Resultsò in the main navigation bar. 

 

The disk and folder icons in the tool bar along the top of the main window have the same 

functionality as the ñFile Ą Saveò and ñFile Ą Openò commands, respectively. 

 

Defining the Geometry 

 

Click on the forward arrow in the ñHomeò window or the ñGeometryò icon in the navigation bar 

to display a series of input windows for specifying geometry and dimensions of the structure of 

interest. 

 

Configuration 

 

At the ñConfigurationò window, select the overall type of component (for example, flat plate, 

fillet weld, nozzle on shell, etc.).   

 

 
Figure 3 Geometry form, select the geometry model 
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Crack Location and Dimensions 

 

For each geometry in the library, there are one or more pre-defined locations and orientations for 

the crack.  For the nozzle/shell example shown below, the only location currently supported is at 

the toe of the nozzle weld.  The crack may either be oriented as shown below, where there is a 

symmetry plane at x = 0, or it can be centered about the 12 oôclock position of the shell, such that 

there is a symmetry plane at z = 0. 

 

 
Figure 4 Configuration form to select the crack location and model symmetry 

 

In some cases, more than one symmetry option is available.  For example, it is possible to create a 

full -symmetric model of a surface crack in a flat plate.  In this particular instance, the crack 

orientation and location in the plate is arbitrary.  Beveled cracks (i.e., not perpendicular to the free 

surface) are available in several other configurations. 

 

The available crack shapes varies with component geometry.  When entering crack dimensions, 

the user may either define a single crack size, or he/she may specify a series of crack dimensions 

as illustrated below. 
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Figure 5 enter the crack dimensions 

 
Figure 6 enter a list of crack sizes to generate multiple cracks 

 

Entering Dimensions 

 

Click on the ñDimensionsò icon or the forward arrow in the crack dimensions window.  Enter the 

appropriate component dimensions as prompted.  Note that the required dimensions include many 

weld profiles. 

 

In the nozzle/shell example shown below, there are dimension inputs for both the positive and 

negative x portions of the shell, which correspond to the right and left side of the model, 
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respectively.  Depending on the crack location, there may be a symmetry plane at x = 0 (defined 

at the center of the nozzle); in which case dimensions for the negative x side will be ignored. 

 

 
Figure 7 enter the model dimensions 

 
Figure 8 enter additional model dimensions 
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Navigate Menu 

 

The navigate menu has the same functionality as the navigation bar, described above. 

 

Select Menu 

 

The Select menu includes commands to Select Nodes and Select Elements.  The mouse is 

dragged over the model to select the desired nodes or elements.  Either a rectangular or circular 

selection area can be specified.  Once a group of nodes (or elements) is selected, the node ID 

numbers, coordinates, and results can be displayed in both graphical and tabular form. 

 

 
Figure 9 select nodes to get nodal result values in the data table 

 

Custom Through-Wall Crack 

 

A general through-thickness crack front profile is available in FEACrack by using the ñUser 

Defined crack length tableò, shown in the figure below.  Pairs of depth and length values at 

several points along the crack front are given for the desired through crack shape. For example, in 

the ASTM E 1820 "Standard Test Method for Measurement of Fracture Toughness", nine equally 

spaced points through the thickness are used to measure the crack length values.  Currently an 

odd number of points are needed for the mesh transformation.  Any number of odd points can be 

used to define the crack front profile, and the points can be arbitrarily spaced.  The general 

through crack profile is available for both the focused and PRO crack meshes. 

 

The first depth position is expected to be at a1 = 0.0 at the top of the through-thickness crack, and 

the last depth position is expected to be equal to the thickness at the bottom of the crack, aN = T.  

In the figure below there are N=9 values in the table, and the depth position increases from 0 (at 

the top of the crack) in the first row to 1 (the thickness) in the last row.  For a thumbnail shape 

crack the length position values are symmetric about the middle data row.  For example, in the 

figure below row 3 and row 7 have the same length position value.   
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Figure 10 General through-thickness crack profile table 

 

Several examples of the general through- thickness crack front profile are shown in the figures 

below.  A thumbnail shape through crack is just one example of the general crack front profile.   
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Figure 11 A custom thumbnail shape through crack 

 
Figure 12 An S-shape through crack based on the fu 1 

 
Figure 13 A jagged shape front through crack. 1 
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A flat plate geometry is used as an example for the user defined crack length table.  Using an 

increasing thumbnail depth for the through crack, J-integral results are compared in the plot 

below for the cell meshes using the remote domain and focused crack meshes using the crack 

front contours.  The crack front position and depth values were computed in an EXCEL 

spreadsheet and copied to the table in FEACrack.  The thumbnail through crack is in a flat plate 

geometry with an imposed membrane displacement in the Z-direction to give a uniform 

membrane tension stress.  The analysis is elastic with a single step.  The J-integral results from 

the cell and focused crack meshes generally compare very well along the crack front.  As the 

thumbnail becomes deeper (more curved), the J-integral value increases at the top and bottom 

free surfaces compared to the through-thickness J values.  The cell crack meshes have a very 

abrupt drop in the J value at the top and bottom crack front node; the J value is even negative for 

the deeper thumbnail cases.  When the J value at the top and bottom crack node drops sharply, the 

contour path dependence is very high; the other crack nodes have low contour path dependence.  

The focused crack meshes do not have the abrupt drop in the J value at the top and bottom crack 

nodes.   
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Figure 14 Von Mises stress results for a cell through crack mesh with a thumbnail shape. 

 
Figure 15 Von Mises stress results for a focused through crack mesh with a thumbnail shape. 

 


