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1.0 Introduction

This tutorialintroduces the fracture simulation capabilitiesf FRANC3D Version8 and
SIERRA FRANC3Dis introduced bynalyzing asinglesurface crackn aSIERRAfinite

element (FE)nodel of acube.

Subsequent tutoria(seethe FRANC3D Tutorials#2-14 document)puild 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, butyeinee to experiment and consult the other

reference documentation whenever necessary.

FRANC3D rrenu and dialogputton selectionare indicated by bold text, suchkige menu
Window regionsalong withdialog options, fields and labedseunderlined Model names and

file namesareindicated byitalic text

The FRANC3D main window is shown in Fig 1.When you start theutorial, the first thing to

do is set the working directory using thike andWork Directory menu optionFig 1.1

Before or #ier amodelis imported you canset theFE model units Fig 1.2 Theselectedunits
are applied to plots and figures that FRANQ3ht display andare used during crack growth

in combination with fatigue crack growth rate data, whitdohas units

You canalso set your preferengasis helpfulto set the path to tfeIERRAexecutable. You
can view the preferences using tait andPreferencesmenu option. The Preferences dialog is
described in Section 5.4 of the FRANC3D Referesmeument
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Figurel.1 FRANC3D main window Work Directory menu option
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Figurel.2 FRANC3DFE model mit conversionmenu optiorand dialog



2.0 Tutorial 1: Crack Insertion and Growth in a Cube

In thistutorial, asinglesurface crack in a cube under-faald tensionis modeled It is assumed
that the user is familiar with a pprocessor foSIERRA Once thd-E model is created, the
FRANC3D séps to 1) read thanodel 2) insert a crack3) perform the £RRA analysis, and)
compute stress intensity factpase all described.

2.1 Step 1: Create theSIERRA FE Model

First, you mustcreate a cube modesing any preprocessor folSIERRA We outline the steps
to create thé&E modelwith boundary conditions to ensure tlyau have a model that cde
usal with FRANC3D.

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

2. Subdivide the edges foneshingusing 10 to 20 subdivisions.

3. Define the element type as quadratise brick or tetrahedral elememtsmesh the
volume.

4. Define the material propertieslastic modulugg)is 10000a nd Poi sis@nh d6s r at i
units for E are MPa.

5. Boundary conditions consist of displacement constrainta@bottom surface and
uniformtraction (a negative pressure) on the top surface. The bottom surface is
constrained in the-direction, the bottom left edge is also constrained in tgection,
and the point at the origin is also constrained in td&ection. The top surface traction
is 10 MPa.

6. Write thefiles (Sierra_Cube.j Sierra_Cube.e Sierra_Cube.g.

The resulting modas shownin Fig 2.1.
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Figure 2.1 SIERRAcubemeshed with briclelements.

2.2 Step 2: ReadingSIERRA FE Model into FRANC3D

Once theéSIERRAFE model is created and the film®saved, we can proceed with importing
the FE model into FRANC3DWe usethe Sierra_Cube.ifile thatwascreatedn the previous
step

You can choose to do eith®tep 2 or Step IéeSection 23).

Step2.1: Importing CompleteSIERRA FE Model

Fromthe FRANC3Dmenu(seeFig 1.1) selectFile Y Import, Fig 2.2. In thedialogshown in
Fig 23, choosecComplete Mode&nd selecNext.




File Edit Cracks
Open... Ct-0
Work Directory...
Close
Savehs...
Export...

Read Results. .
Playback...
Quit Ctl-Q

Figure2.2 File Import menu option.

Select Type of Import

Model Import Type

¥ Import a complete model.

Import and divide into global and local models.
(highly recommended for large andior complex models)

¢ Import an already divided maodel.

Cancel | Back | Mext

Figure 23 Model Import Typedialog.

SwitchtheMesh File Typeadio buttonn theSelect Import Mesh Filerindow, Fig 2.4, to

SIERRAand select the file name for the modgikerra Cube.j and then slectNext.

Note thatlhe mesh file type can be set in the Preferences if you alwaylsaisame analysis
code



Select Input Mesh File
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 ANSYS ¢ ABAQUS — N
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Mesh File

e

@ = [Ztmp
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X | | Files in /home/bruce/tmp

=/

[
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=] home
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= ] Desktop
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=
=[] lib
=[] lib64
= ] media
= [ mnt
&[] opt
® ] proc
=[] root
=[] run
=[] shin
= (] sv
=[] sys
&[] tmp o
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File name: |Sierra_Cube.i

File type: |Sierra(’.fi:‘.FI:’.i:’.IJ ﬂ

Cancel | Back | Next |

Figure 24 Select Input Meskile dialog box

Step 2.2 Select the Retained Items in the FE Model

The nextdialog Fig 25, allows you to choose thaesh surface facets that aestained Surfaces
with boundary conditions appear as blue, F& a@nd turn red when selected, Fig.2You can
rotate the model to view all surfaces. We retain the surfaceduoadthdary conditiongop and
bottom of the cube) by choosigglect All. Theboundary conditions will be transferred

automaticallyto the new meshnceacrack is inserted.

SelectNext to proceedThe Units dialog will be displayed; if you have already set the units

using theEdit menu, just seledtinish.



Select Retained BC Surfaces

Select all |
Unselect all |

Show node sets |
Showsursets |
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Read retained file |
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¥ Markers
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Capture image |
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Cancel |
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Figure2.5 SelectRetainedBC Surfaces wizard panel.

Select Retained BC Surfaces

Select all |
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Figure2.6 SIERRAModelretain BC Surfaces wizaghnel- Unselected Surface
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Select Retained BC Surfaces
Select all Display
v
Unselect all I Markers
v Vectors
¥ Paolygons
v Text
™ Mesh
™ Fronts
(reset) (d)
Save | Read
ohBa
T L)
Show node sets View options
Recenter
Show surfaces Capture image
Read retained file L—'l-& = @
Shift+Click to select surfaces cancel | pack || new |

Figure2.7 SIERRAModelretain BC Surfaces wizagghneli Selectedsurface

Surface MesiNOT Retained

The surface mesh facets do not have to be retained, and if asoresgeted into a surface that
has boundary conditions, then the surface mesh must not be retained. In such a case, the
boundary condition data mappedo the remeshed surface. In practice, transfer of boundary
condition data is simpler and more precise if the surface mestained, but sometimes this is
not possibleFRANC3D will automaticallytransferthe boundary condition data to the new mesh

in either case

Step 2.3 Displaying the FE Model

The models displayed in th&RANC3D modeling window Fig 28. You can turn on the

surface meshor manipulate thenodelview by rotating,etc Fig 2.8 showstheretainedmeshon

the topsurface fetained bottom surfaget visible) where thdractionboundary conditions are

applied See Section 2 of the Reference document for a description of the view manipulation.
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Figure 28 SIERRAmModelimported intoFRANC3D with retained facets otihetop surface

If you have not set a working directory (using File Y Work Directory menu option),
FRANC3D might present the dialog shown in Fi§ Rrior to displaying the model. Seletes
to set thewvork directoryasthe foldercontainingthe SIERRAfiles. Many files arecreated

during a crack growth simulation, and itiestto keep thentogether inronefolder.

Working Directory

The current working directory is:
\‘I?) CiATemp
‘Would you like to change itto:

Cibruce\ansys\F3D_v7_models\Tutorials\Cube Tutorial 1\Abaqus

Figure 29 Set Working Directory dialog.
2.3 Step 3: Importing and Subdividing the Model

If you chose to do Stepdbove eithea skip this step, or close tmeodel using thé&ile Y Close

menuoptionbefore starting this step
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TheSIERRAmModel can be split into smaller parts before inserting the crack. Bteto

Y Import and choose thienport and divide into global and localodelsradio buttonFig 210.
SelectNext, andthenchoosehe Sierra_Cube.imodel,Fig 2.11. Remember to set thidesh File
Typeradio button t6SIERRA

Select Type of Import

Model Import Type
" Import a complete model.

: Import and divide into global and local models.
(highly recommended for large and/or complex models)

¢ Import an already divided model.

Cancel | Back | Mext

Figure2.10 Model Import Type dialog witttmport and divideselected.

Select Input Mesh File

Mesh File Type

¢ ANSYS ¢ ABAQUS ¢ NASTRAN & SIERRA [0/ Bxtrauload files
Mesh File

& & [ 3

Directories % | [ Files in home/brucemp |
=2/ = s
] bin
7 boot
] dev
] stc
=[] home
=] bruce

] Desktop

O] fad

Hia
1 lib
2] lib64
] media
] mnt
21 opt
[Z1 proc
] root
7 run
] sbin
] srv
3 sys
21 tmp o
=] usr |

File name: |S\erra70ube.\ File type: [Sierra ("fi,"FL"i.") ~]

Gancel | Back | Next |

Figure 2.1 Select Input Meskile selection.
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Instead of the Btain BCSurfacesdialog (see Fig 2.5), theefine a Local Submod&indow,

Fig 2.12, appearsFigs 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 Gwp button. See Section 4.5 of the Reference

document for a more complete description of the submodeling tools.

For this tutorial, the rectangulRubberband Bojis used to create a smaller portion of the cube,

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

Cropping Options Display
& O Com I™ Markers
Retainif: & OneMNodeln ¢ All Nodes In Hiteszs
¥ Polygons
{* Relative to a principal plane =T ):g
&
CXY & ¥Z O X ™ Mesh
Offset 0 Select [ Fronts
" Plane normal and offset (reset) (d)
0 0 0
0
J Save | Read
" Plane from three points
Ll Ra| )
o S [ L
" Rubberband Box = c
lew options
L o
J Recenter
" Element-by-element
Capture image
-
L |+ | Oy
" By Element Group
" Retained From File
Crop Reference Point
¥ sShow elems [~ Show outline
- ]
z__ x

Qan:el| Back | Mext

Figure 2.2 Define a Local Submodel Window
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Define a Local Submodel

Cropping Options Display
& [0 c i I~ Markers
Retain if:  One NodeIn ¢ All Nodes In o e
" Relative to a principal plana ,’;:KQOHS
COY @Yz €7 ™ Mesh
Offset 0 | Select ™ Fronts
@ Plane normal and offset (reset) (d)
X Y z
Normal: | 1] o] 0
Offset | MI Save Read
 Plane from three points -
Point: [Seleat| | 2 Seleat] T 3 Selex| EE%%
" Rubberband Box View options
& Rectangular ) Gircular ﬂl o
" Element-by-element  Scieci | Upselec Capture image
& By Material S i o
o L L

¢ ByElementGroup  “elect
¢ Retained From File  Browse

ml M ZI Reference Point

¥ Show elems I~ Show outline

I™ | Show beam and shell elements for reference

Qan:ell Back | Mext

Figure 2.B Plane Cutting toadl red elements will be retained &Brop.

= = = =
T = -‘-'-‘;,%'u',% T .-:-:'-:;-'-'-'-'-':‘;l,%'ﬂ.%
— ez < = ceZeme Tz A o
e e — missan CR ) T
o S gty sucl > g > e e Sans
L | ' “‘""‘| L - ‘=’-' “i“"" ==
St st [Sae_unasac] “"“"4 e i ’...‘"“’u‘ —
- | g : = i —
e oty e Als B
© RetineafiomFle 1| ' “‘“ © RetineafiomFle 1| ‘ y
| Pl e EEEE—=
: { : &
cancn o | ] cancn x| ]

Figure 2.8 Elementby-Elementcropping by selecting elements to remove.

We are inserting a surface crablat isnormal to the yaxis (loading direction) and located on
the +z surface, and the selection in Fighb2sldesigned for thisse theRectangulaoption of

the Rubberband Boio select andCrop a small portion of the model.
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Figure 2.5 Rectangular Rbberband Box toalsed to select a submodel.

Once the elements have been selected and cropped NteciTheSave Fileslialogappears,
Fig 2.16. Choosethe names of the local and global retsdand their locatigrwe use the default

file namesand the working directorthat wasset earlierSelectNext.

Save the Files

Save the Global and Submodels

Directory: Set Directoryl
/home/brucetmp

Global File: |Sierra_Cub-e_GLOBAL_i

Local File: |Sierra_Cube_LOCAL_i

Retained File: |Sierra_Cube_RI:—I'AINED_ELEMS_m

Cancel |  Back |[ Next

Figure 2.5 Local/Global model saveialog.
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If the localcroppedmodel ha a surface with boundary conditions, then Select RtairedBC
Surfaceswindow (seeFig 25) appeas. Otherwise, the local modappeas in theFRANC3D
main window, withretainedmeshsurfaces wherever thhecal andglobal modelsonnect (the cut

surfaces).

In this case, the cropped selection in Figoatoids all sufaces with boundary conditions.

However, if there ar8IERRANode sets or surfaces in the local model, theis#iectRetaired

BC Surfaceswindow might still be displayedFig2.17. Just glectNext to proceed.

The model units, Fig 281 must beset 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.

Select Retained BC Surfaces
Select all | Display
Unselect all | ™ Markers
—— ¥ Vectors
AUTO_CUT_SURI ¥ Polygons
[[] Part-Cube-1_Set- W Text
[] all_nodes I Mesh
[~ Fronts
(reset) (d)
Save | Read
Gl Rall=)
J - DEE®
[ shownode sets I IETETE
R Recenter |
o T et Capture imagel
Read retained file | L [ ot | O
Shift+Click to select surfaces Cancel | pack |[ et |

Figure 2.7 SelectRetained BC Surfaces wizard panedhowing named node sets.
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Specify the units used in FEM model

FEM model units

& Slunits
Length: & mm T m ¢ other
Stress: & MPa C Pa  other

Temperature: & C K other

S customary units

[ength: € inch (= other

Siress:  psii O ksi & other

Temperature; 1 F (% other
Units of time:

& sec C min ¢ hour ¢ day O year ¢ other

cancel | Back |[ Finisn ]

Figure 2.B FE Model units

SelectFinish 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 219 Local model with retained mesh facetstbacutsurface
18



24 Step4: Insert a Crack

We now insert a halpenny surface crack into the modethe local submodel fror8ection2.3is
used as opposed to the full modebm 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 yowcamot insert a crack into a cracked mod#lyou want to try both types of crack
insertion, you will have to ramport the uncracked model to insert a crack from aifigerting a
crackfrom a filewill be used in subsequestieps and other tutorials

Step 4.1: Define a new Cradkom FRANC3D Menu
From theFRANC3Dmenu, selecCracks Y New Flaw Wizard, Fig 220. Thefirst panel of the

wizard, Fig 2.21, allows you to select the flaw typacrack with zero volumes the default We

select thesave to file and add flavadio buttorso that thecrk file is saved for subsequent

tutorials.

File Edit | Cracks Loads Analysis Fatigue Frefing Display SingleCrystal Advanced
B e Flaw Wizard.
Flaw From Files...
Multiple Flaw Insert

Figure 220 New Flaw Wizard menu item selected.
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Note that the&Symmetry surface craaption is only displayed if symmetry cracks are turned on
in the Preferences (see Section 5.2 in the Reference).

SelectNext. The second panel, Fig 2.22, lets you choose the crack shape; the default is the
ellipse, which is what we want. Sel@ext.

Flaw insertion

Flaw Type

& Crack (zero volume flaw)
 Void (finite volume flaw)

Flaw To File

Do not save tofile

¢ Save to file only

™ Crack embedded in bi-material interface

™ Symmetry surface crack

Cancel | <

|| mext b |

Figure 221 New Flaw Wizard first panél Crack (zero volume flangelected
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Flaw Insertion

user points

Cancel |

Figure 222 New Flaw Wizardsecond panél choose ellipsshape.

Thecrackis circl e with radi us =(%z)face, and paealleetatheex;n t h e
plane(normal to y) The third wizard panel lets you skedimensiondor the ellipse, Fig 2.2

seta=1 andb=1. SelectNext.

Flaw insertion

Display

I~ Markers
¥ Veclors
¥ Polygons
IV Text

™ Mesh

¥ ™ Fronts

’reset d
kd«ancedGeumetryl ( ) (d)

Save | Read |
DRD@
P L ez

View options

Recenter

Capture image

PA|H|®

Ellipse Crack Parameters
a | 1
b: I q

=

Cancel | <] Back | Next [» |

Figure 2.3 New Flaw Wizard third panél set ellipse dimensions.
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The fourth panel lets you set the crack location and orientation, Fig /2 place the crack at
the center of the front face at edmates (5,5,10) anatate the crack 90 degrees about the

Globalx-axis. SelectNext.

The final panel allows you to set the crack front mesh template parameters S-igs2.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. Selsbt

Flaw insertion
Flaw translation Display
global local F EiEE
v Vectors
z I 5 = I 0 ¥ Polygons
\d 5| (e 0 ¥ Text
™ Mesh
‘ I 1 = I ’ ™ Fronts
™ Node Num
Flaw rotations I Localies
‘1st Rotation ™ Crack Axes
A @ x C Y Z # clopal resen ()
Angle (deg) o ¢ Local
2nd Rotation
As ¢ x @y Z & Clopal Save Re’i
Ll a2
Angle (deg) 0 € Local
]
3rd Rotation View options |
Al C X CY &z & clobal Recenter |
Angle (deg) 0 Local Capture |mage|
|
Redefine Local Axes | Reset JJ@'
Cancel | <] Back | DNext [» I

Figure 2.2 New Flaw Wizard fourth panélset crack location and orientation.
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Flaw insertion

Crack front mesh template Display
¥ use crack-front template I~ Markers
- Vectors

Template radius 0.1/ Frant: |1+ i
¥ Polygons

I Display full template ¥ Text

™ Simple template intersections only ™ Wesh

Meshing parametersl Advanced nptinnsl ™ Fronts
(reset) (d)
Save | Read
Ll LallE)
T Lafes

View options
Recenter
Capture image

o il =

Cancel | <] Back | Finish |

Figure 2.5 New Flaw Wizard final panédl set template mesh parameters.

At this point, you will be asked to specify tleek file name, Fig 2.8; we call it
Cube_Crack.crk SelectAccept

Save File As
@& P |[:| abaqus j Mew Directory
Directories x | Files in Z\Deskiop\shareditmp\singlecubelabaqus
T residual =
(3 rlink

1 RollsRoyce

21 Rostock

21 sain

1 sam

(21 sandia

21 siemens

# ] sikorsky_aug_19_2015

(2 sitvia

21 simple_dovetail

&[] simple_spin_disk

21 sneddon

[Z1 souRcE

20 swri

1 test_suite_v6

1 tied_weld

Bl tmp |
= 1 doublecube |
1 save

=1 singlecube |

|

- FEEE -

File name: [Cube_Crack crk File type: [Flaw Definition Files (*.crk," CRK) =

Cancel | Accept |

Figure 2.5 New Flaw Wizard final panél save file as



The crack is inserted into the model and remeshing occuEavAlnsertion Statuswindow is
displayed during this process, Fig 2.2There are four stages: geometric intersection of the
crack with the model, surface meshing, volume meshing, and smoothingvofuhemesh
Theresuling modelis displayedn the main FRANC3D window, Fig 282the surfacemeshis

turned on in this image.

Flaw Extension Status (Mot Respon...

Doing geometric intersections...
Surface meshing...
Volume meshing...

Final mesh smoothing

Cancel

Figure 2.Z Flaw Insertion Status window.

Figure 2.8 Remeshed cracked local moeaeth surface mesh turned on.
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