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Overview

FEACrackE is a 3D finite element crack alysis program with automatic mesh generation. Both
elastic K and elastiplastic J analysis options are available, and a fatigue module provides the
ability to perform crack growth analyses. The mesh generator can ABa@US ANSY Sand
WARP3Dinput files as well a®ATRANandFEMAP neutral files.

You dondét need to be a finit EEAErack Amdntuitiveanal ysi s (
Windows® interface guides you step by step through the process of building the model, running
the analysis, andewing 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-aracked component-EACrackcontains a prelefined library of

structural geometries drcrack 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-defned geometry option providehe

ability to insert a crack into an arbitrarighaped &ided solid.

The Version 3.0 release BEACrackcontains a greatly expanded geometry library relative to
earlier versions. The currently available cases include:

Surface, corner, throughall, and buried cracks in plates.

Surface, corner, and througlall cracks in plates with holes.

Surface, througtwall, and buried cracks in cylindrical shells.

Surface and througWall cracks in spherical shells

Surface and througvall crack in piping elbow.

Weld toe and weld center surface cracks-mand Tillet 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 circumferentialrface cracks in spherical heads with a hole.
Surface cracks in solid round bars.

SingleV seam welds in the flat plate, cylinder, sphere, and elbow geometries.
Surface cracks in arbitrarygided solids using the usdefined geometry.
Custom surface arttiroughwall crack shapes defined by a tabular input.

Other geometries and new features are in development.

WARP3D Finite Element Program

WARP3Dis a research finite element code developed at the University of lllinois. It was
developed specifically fa3D fracture mechanics analysis, and includes-builtintegral post
processing algorithms. This program has been extensively tested and benchmarked, and is



currently being used by a number of universities as well as NASA and Oak Ridge National
Laborabry.

By includingWARP3Dwith FEACrack we provide you with a starelone package for crack
analysis. FEACrackalso works seamlessly with tABAQUSandANSY ommercial finite
element programs. If you prefer a different finite element progr&ACrackcan generate
PATRANandFEMAP neutral files, which can then be used to create input files for virtually any
prominent finite element program.

System Requirements

FEACrackwill 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 anaWgdP3Duses a
sparse storage scheme, which results in an efficient use of memory, botdlye sequirements
are still substantial. Abaqus and Ansys have similar large memory requirements.

If your PC has insufficient memory to run large problems, one option is teEAs€rackas a

pre- and posfprocessor and run the finite element analgsis UNIX workstation or mainframe
computer. WARP3DABAQUSandANSY Sre available in a wide range of software platforms,
and the input file and results file syntax is platform independent. AlthoudgtEAErackmesh
generator runs only on the Microsdfindows® platform, its system requirements are much
more modest than for the finite element solver. For information on obtaligP3Dfor non

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

If you plan to run 3D finite element anagson your PC witlWWARP3D the following minimum
system specifications should enable you to run models of up to approximately 30,000 nodes:

Windows 2000/XPVistarecommended.

(Windows 95, 98, MEorNT will run the software but are not recommended.)
1 GHz or faster processor recommended

512MB or more RAM

500 MB or more free hard disk space

When storage requirements exceed the available RAMV#&IRP3Dsolver(Solversoft VSS)
works out of core; that is, the solver reads and writes data to and fromdhdidkar This is
considerably faster than using virtual memory. Even with th@baobre solver; however, the
execution speed slows considerably when storage requirements exceed the available RAM.

For best results, you monitor resolution should be sEd24 x 1280 pixels.

Installation

We recommend that you exit all Windows programs before installation.

Insert the CD into the drive. I f Aautoruno i s e
Ch o o s e FAElAnCsr t &adlddia installation. Ithe setup menu does not appear, browse to



the CD and run AFEACrack_setup.exeo. Foll ow t he
the installation.

By default,FEACrackw i | | install to your sy¥uestm dri ve unde.]
ReliabiltA\FEACrac k 6 f ol der . You can specify a different

NOTE: if you are replacinGEACrackVersion 2.x or earlier, do NOT install into the existing
directory. We recommend that you uninstall the previous version after you iséellrack
version3.0.

You may need to restart your computer in order to complete the installation process. The install
program will tell you if this is necessary.

=24
~

Once the program has been installed, copy the
directory thatyou choose in step 3.

Licensing

FEACrackis offered as a singlseat and muliuser floating network license. If you have

purchased the network licensing option, additional steps will be required to install and configure
the network license server. B refer to the instructions that were provided at the time of
purchase or contastipport@questreliability.com

TheFEACracklicense 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

FEACrackis launched like any other Winds program. Simply select tiid=ACrackshortcut
from the Star®y All ProgramsA Quest Reliability menu Optionally, a shortcut may have also
been added to your desktop. This can be used to |&E®&Grack.

When the program is first opened, the Home wim@ppears, as shown below. On the home
form, the unit system -dosnmenu €he trackimebhrtypais t he A UNI t

selected from the AAnalysis Typeo menu; choose
cell-type crack mesh. A briellnme can be entered in the AAnal ysis
descriptive notes can be entered in the ANoteso
blank. Therighar r ow | abel ed AConti nued proceeds to the
data.


mailto:support@questreliability.com

Units:

It - in - psi ~|

Analysis Type:

Continue

»

|F|:|:u35d Crack Me=h For J-Integral Anahyziz (Standard)

Analysizs Hame:

HNotes:

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 tbalr 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 contais 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 casespaagdtion bar will

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

appear next to the main

For

exampl e,

when



kain

Geametry

Home

. .
=
Geometry

|

Boundary
Conditions

—

hiaterial
Properties

IRt

Build Mesh

we

Fun FEA

m

Fatigue Analysis

&

FEA Results

o

Configuration

=>

Crack

=

Dimensions

Figure 2 navigation bar

Creating, Opening and Saving Files

FEACrackinteracts with three types of files:

User Input Model Data FilesThese are small text files that contain the basic model data that the
user inputs such as geometry, dimensions, boundary conditions, and material propersies. The

files have aneltextension. Results of a fatigue analysis, if applicable, are also stored ielthe

file. Version 1.x input data files, which havefece x t ensi on, can

A Openo

Finite Element Input FilesThese fies 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

be i mported

created iMBAQUS ANSY SandWARP3Dformat. In addition, mesh data can be saved in

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

AProgram Options/ Anal ysi s

using the check box options on that form.

Optionso

from

t

he

Finite Element Results FiledVhen a fiite element analysis is performed, a results file is created

by the finite element analysis prografEACrackcan then read these files so that the user can

1C

NTooc



view the results as color maps on the mesh picture graots of J and K results. Currently,
only ABAQUS ANSY SandWARP3Dresults file formats are supported.

Note that when the user sel ects nfnSekflesare or fiSave
i

saved. These files MOrpemPpeneldhdedyc srerd eelsepg 0 mdyi mdg i
open if one has been created. The finite el ement
Resultsodo in the main navigation bar.

The disk and folder icons in the tool bar along the top of the main window have the same
functi onal iAtSw eads atnKHl© fifFEmidlee o mmands, respectively.

Defining the Geometry

Click on the forward arrow in the AHomeodo window
to display a series of input windows for specifying geometry and dimensions of the stoficture
interest.

Configuration

At the AConfigurationd window, select the over al
fillet weld, nozzle on shell, etc.).

Geometry Configuration

Select Geometry |

Nozzle Type:

|Set on nozzle without pad ﬂ

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 mordgfieed 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 neither be oriented as shown below, where there is a
symmetry plane at x = 0, or it can be centered

there is a symmetry plane at z = 0.

Configuration | Dimensions

Crack Locatioh and Orientation:

rack At Toe Of Wel

External Axial Flaw vl

[The Model is 1/2 Symmetric |

- »

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 locan 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 daé a single crack size, or he/she may specify a series of crack dimensions
as illustrated below.

12
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Cracks

configuration | Dimensions

Crack Shape:

Crack Length (2c):

[ 4

Surface Crack

Ewvaluate:
& Single Crack Size

" Bange of Crack Sizes

=l
Crack Type:
& Elliptical

" Constant Depth

Crack Depth (a):

[ o

Figure 5 enter the crack dimensions

Configuration | Dimensions

G

Crack Shape:

Length {2c¢), in |Depth (a), in

Surface Crack

Ewvaluate:
" Single Crack Size

* Bange of Crack Sizes

L.

1 1

2 2

3 4

4 38
5
6
¥
8
= 9
10
Crack Type: 11
 Elliptical 12
" Constant Cepth 13

0.25
0.4
05
0.5

1

3

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

Entering Dimensions

Click on

weld profiles.

In the nozzle/shell example sk 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,

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

13
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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.

Nozzle | Positive X Side | Megative X Side

Nozzle Length (L N):
g in

Nozzle Interior Diameter (ID_N): 'y
4 in

Nozzle Thickness (T_N):
1 in L ¢ )
N

Height of Weld (H_W): W
1 in

I
I
I
1
1
Width of Weld (W_W): | T
i : £
1
1
1
I
I

Figure 7 enter the model dimensions

Dimensions "

_' Nozzle Positive X Side I Negative X Side

Inside Radius (IR_C):
& in
Shell Thickness (T C):
1 in
12 Shell Length (L C): , L N
12 in N ¢ 7

Figure 8 enter additional model dimensions
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Navigate Menu

The navigate mmau 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 rectangaldaio
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.

Selected Nodes: —Node Coordinates:
. . . Select Nodes *
X: Y: Zz
| 18.75 |—58.3E|15 |2|3.52121 Show Data
Remove MNode 7345 Update Data

31797 [ Add Node | | Close

Figure 9 select nodes to get nodaksult values in the data table

Custom Through-Wall Crack

A general throughhickness crack front profile is availableREACrackby usi ng t he MAUser
Defined crack I ength tabled, shown in the figur e
several paits 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 laregth Qalrrently 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 tleeused and PRO crack meshes.

The first depth position is expected to beat 8.0 at the top of the throudhickness crack, and

the last depth position is expected to be equal to the thickness at the bottom of the erdck, a

In the figure belowhere 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 rowxdraple, in the

figure below row 3 and row 7 have the same length position value.
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Configuration Dimensions Cell Mesh Advanced bMash
Mumber of Cracks: Crack must be defined using an odd
I—1 numbet of points
Depth Pos (a), in [Length Pos (c), in
1 0 05
2 0125 06
3 0.25 0.635
4 0,375 0725
Crack Shape: b} 05 0.75
Through-\all Crack j 6 0.E25 0725
Crack Type: 7 0.75 0685
Evaluate: £ Elintical 8 0.875 0.6
¢ Single Crack Size  Constart Depth 9 1 05
" Range of Crack Sizes % Lzer Defined ]9

- »

Figure 10 General through-thickness crack profile table

Several examples of the general throutickness crack front profile are shown ir tiigures
below. A thumbnail shape through crack is just one example of the general crack front profile.

e
e e
R
BT
R

24!

16



Figure 11 A custom thumbnail shape through crack

Figure 12 An S-shape through crack based oithe 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 wsred crack length table. Using an
increasing thumbnail depth for the through craektdgral 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 fronogition and depth values were computed IIEXCEL

spreadsheet and copied to the tablEEACrack The thumbnail through crack is in a flat plate
geometry with an imposed membrane displacement in-lieeZtion to give a uniform

membrane tension stresBhe analysis is elastic with a single step. Taegral results from

the cell and focused crack meshes generally compare very well along the crack front. As the
thumbnail becomes deeper (more curved), titegral value increases at the top antidio

free surfaces compared to the throtigickness 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 theddm#iom 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.

VYonMises Stress

40,000

35,556
311
26,667
’ | 22,222
17,778
13,333
8,889

4,444

0
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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.
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