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1. Introduction

This document is a supplentd¢n the Reference and Tutorial documeritdescribeshe
underlyingfeatures of the softwaand isintendel to helpmore eperienced users

2. FRANC3D Startup Initialization

When FRANC3D stast it reads a file to initializenternal data and preferences. The file can be
edited with any text editor.

For Linux, the file is:franc3d.rc
Itisint he us er @r.e. ihometusehamk/danc3d.)c

ForMS Windows the file is franc3d.ini
Itisint he us er 06 sie.JCaUsarsuserodmdfranc3d.(ni).

The content of the file consists of blocks of data associated with specific settings. For example,
the ANSYS analysis settings are identified by the taffad_ansys]
ANSYS specific settings followhe label

The settings should match what is in FERANC3D Preferences dialogrig 1.1;see Section 5.4
of the Referencdocument for a description of this dialog

Preferences

General 1] General 2] Window | 3DView | ANSYS | ABAQUS | NASTRAN| Meshing | Adiesh | Units |

Fallback Directory: |C:Ebruce Erowsel
Help File Directory: | Erowsel

™ Suppress directory box in file selection (speed access to network drives)

[ Double size graphics for high resolution screens

Available FE input: ¥ ANSYS ¥ ABAQUS ¥ MNASTRAN
Default FE input: " ANSYS {* ABAQUS {© MNASTRAN
FE Input Checks: I™ Turn on DoCheck option for FE import

FRAMC3D/RLM License: W Release license during FE analysis

MASGRO user defined XML material library

Library File: | Browse |

Some settings might not take effect until the program is restarted. Accept | Cancel |

Figure 1.1Preferences diag with General tab displayed.



For example, th&1S Windowsversion of the file might contain the following information:

[prog_defs]
help_dir="R\currend\\FRANC3D_Dots
def_dir="FR\tmp"

fe_input=ABAQUS
suppress_dir_box=false

[avail_codes]
codes=ANSYS|ABAQUS|NASTRAN

The dApragdd@é g acorfespond wettmgsunderthe Generaltalsin Fig 1.1.

[SETTINGS]
iconview=12582912
doublesize=false
selforecolor=#ffffff
forecolor=#000000
userheader=50
nameheader=200
width=810
directory="R\current\F3D_v7_modelsextra\Lug"
dateheader=150
sorting=0
normalfont=helvetica,90,bold
typeheader=100
backcolor=#ffffff
hilitecolor=#ffffff
itemspace=104
shadowcolor=#8b8984
bordercolor=#000000
basecolor=#d4d0c8
sizeheader=60
height=500
attrheader=60
dirwidth=300
selbackcolor=#0a246a

[open_gl]
version=1

[f3d_linewidth]
linewidth=1

[f3d_3d_color]



Background Color=#ffffff
3rd Highlight=#cccc00
Text Color=#000000
Polygon Color=#b2b2b2
Vector Color=#000000
2nd Highlight=#00cccc
1st Highlight=#cc0000
Marker Color=#000000

[f3d_3d_view_func]
Recenter=29
Zoom=4
Zoom/Spin=3
Group Select=49
Select=17
Rotate=1

Back Clip=20
Spin=4

Front Clip=18
Pan=2

[File Dialog]
style=12582912
width=500
height=300
showhidden=0

[f3d_startup_size]
width=1155
height=864

def width=900
def_height=675

Thefi s e totand mtgewptions aboveorrespond teettings inthe Window, 3DView and
Display tabsin Fig 1.1.

[Visited Directories]
0="F\\currend\F3D_v7_modelsextra\Lug"
1="F\\currenf\F3D_v7_models"
2="F\\current"

3="G\\"

visiting=0

[f3d_ansys]
executable€\\Program FilaSANSYS Ihw222\ansy$\bin\\win6A\ANSY&2.exe



db_mem=0

num_procs=1

license=ansys

solver=0

output_nset=1

total_mem=0

include_path=0

delete file_list=bcs,emat,esav
delete_files=1

[f3d_nastran]

executable=C\\Program Fila§Siemen® SimcenterNastran_220®bin\\Nastran.exe"
pyramids2

front_elems=0

include_path=0

delete_file_list=master,dball

delete_files=1

[f3d_abaqus]
executable="GtSIMULIACommand8 abg2®2.bat"
ask_delete=0

num_procs=2

output_nset=1

output_frequency=0

include_path=0

delete_file_listsid,com,stt

delete files=1

TheAf 3d oanB88d_nastranod and 0 ftdsettings lnthegespeaiveb | o ¢ k ¢
analysis code tahbn Fig 1.1

[f3d_meshing]

coarsen_crack _mouth=1
write_files_only=0
max_backtrack_restarts=4
local_surface_refinement=0
max_volume_elements=500000
volume_mesher=franc3d

[f3d_advanced_meshing]
surface_refinement_factor=1.2
volume_octree_refine_factor=2.6
volume_optimal_sphere_factor=0.75
volume_optimal_size_factor=1.375
surface_boundary_factor=0.3
uniform_refine=0



Thei f 3d_mimsnhdi Mg 3d_advanced_me®settinggidherespextv&k s c or
meshing tabs ifrig 1.1

Most datablocks lisedabove correspond witlabs in the Preferences dialogor some data
blocks, such af3d_3d_view_func]it is easierto change the settings using the FRANC3D GUI.

For some settings, it might be necessary to change the settings by edififgy thor example,
if FRANC3D does not | ist the wuserdés ANSYS I|lic
file.

Settings from older versions of FRANC3D will be ignored if they are no longer used.



3. FRANCS3D Files and Archiving Simulations

Manyfiles can be generated during a crack growth simulatiar.each step of crack growth,

FRANC3D will save a restart file along with the analysige elemen{FE) files. FRANC3D

automatically name@vith number$ thecrack growth step fileasingthe usersupplied base

name plus: STEP_### The number i ng tfgrpheioitmlclack framtt ar t s wi

The analysis codecreatemanyfiles that do not need to be retainedhere is a setting

(del ete_files=1) in the Af3d_ansys/ abaqus/ nas
FRANC3D to deletdmost o) the umeededanalysis files. FRANC3Dby defaultdoesnot

delete all the analysis files; for instance, ASYS .db and rst file are not deletedsahese can

be read into ANSYS tdisplaythe crack model and correspondnegults.

The various file types are described in Section $dction 3.2 gives options for archiving the
simulation while reducing disk storage requirements.

3.1 File Extensions
A list of thesimulationfile extensions is given here:

1. .fdb7 FRANCS3D restart file
a) stores crack geometry, growth modstess intensity factoS5(F) history,
b) reference other files described belgwvhich are read upon restart also

2. .cdb.inp/.nas i original uncracked FE model and cracked FE model:files
a) cdb is for NSYS,
b) inp is for ABAQUS
c) nas (or bdbr da) is for NASTRAN.

3. .dtp/.pchi results file with displacements, temperatures, contact pressures
a) ANSYS and ABAQUS results are indipfile,
b) NASTRAN results are in @chfile.

4. .crki crack(flaw) geometry
5. .log (.f3d) 7 GUI session log file contains FRANC3D commands
6. .sifi SIF data
a) for a single crack growth step, a single crack front, and a single load step

b) for SIF along a path
c) for SIFs for all crack growth steps for a crack front and load step

~

fcgi fatigue crack growth data (SIF history and crack growth model)

8. .cgpi crack growth parameters, including crack growth rate data and load schedule

1C



9. .db& .rstare the ANSYS-E analysis files that are not deleted by FRANC3D; these
files can be read into ANSYS to view resulifie ANSYS out file contains contour
integral results and is not deleted.

10..odbis theABAQUS FE analysis file that is not deleted by FRANC3D; this file can be
read into ABAQUS CAE to view result$he ABAQUS datfile contains contour
integral results and is not deleted

11..op2.fnoare NASTRAN FE results files that can be used to view results

12..pyi Python script

13..txtT severalASCII text files are created and some of these are important when

archiving a simulation. For instance, RETAINEDtext files created when importing a
FE model should be saved.

3.2 Archiving Files

Users might save all their simulation filedowever, even if the files are compressed, this easily

can lead to TB's worth of data. The notes below provide ideas for reducing the amount of data

that is archived.

You can retain the FRANC3D session log file along with the original uncracked FE inpuyt (.
.cdb, or nag file. If you havemultiple session log files for a simulation, you can combine these
into a single session.log3dis an alternate extension that can be used instead of the gleric .
extension.

If you are doing a local+global subdivision inside FRANC3D, you will have a
_RETAINED_ELEMS.txtAlso, youmighthave a RETAINED.txfile for themesh facets/nodes
that are retained. You should keep these taidiles along with the LOCAL and GLOBALinp
(or cdbor nag files.

You can save the initial crack ascek.file. Even though the initial crack might be described in
the session log, saving this file is recommended especially if yootdgave the initial crack
restartfdbfile (discussed below)Note thati you save the initial crack restart file, you can
extract thanitial crack geometry information from thielb file (see Section 2.10 of the base
Tutorial documers).

With the above files, you can repeat everythusgng the FRANC3D playback feature; note that
fatigue cyclentegration(andcorresponding display) cannot be replayeat there are
commands for integration.

The initial uncracked FE files and the FRANC3D session log represent the minimum for
archiving, but this will requiree-running all the crack growth steps.
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For biggerandmore complex mods that take significantuntime youcouldalsokeep the
initial and finalcrackstepfiles. This includes thddb, .inp (or cdbor nag, and dtpfiles.
Sometimes it is helpful tkeep a few intermediate steps as well.

The finalcrackstep fdbfile contains all the crack growth history data. With this, you can re
extract the SIF history or recompute cycles without having to rerun the entire simulation.

Another alternative is to keep all crack step files except for the FE analysis filE€ tmalysis
results fileq.rst, .odbor .0p2) are usually the largest. You coutsokeep the initiabnd final
crack steg-E files but compress them

Theanalysis results filesqdbfor ABAQUS or rst/.dbfor ANSYS or op2/.fnofor NASTRAN)

can be moved into a sidbder and savefand compressedintil you are finishedvith the

simulation. Those files gually take the most disk spabeitthey are useful for extracting results
such as color contours of displacement or stress for the full model, which might be required for
reports or presentations.

For example, consider the basic tutorial using ABAQUS files and using the local+global
extraction. The minimum archive consists of:

1) AbaqusCube.inp
2) AbaqusCube_RETAINED_ELEMS.tahd
3) session.log

The 06 RET A Ifilslg®mains the list bf elements in the local portion. The first command in
the session log will import and divide the model using this file. The rest of the simulation will
proceed without any additional filegdit thesession.lodile as needed, if you want to change

the initial crackfor example.
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4. Crack and Model Surface Geonatry

This chaptedescribes how FRANC3D manages the underlying geometry of the model and crack
surfaces.Crack insertion is based on geometric irget®ns of the crack surfacgrack front
template ananodel surface

The firstsection describes homodel surface geometry createdrom theimportedFE model.

4.1.Creating Model Geometry

Starting froman uncracke@D FEvolume meshthe exterior surface facets of the vakimesh
are determined, artie modebkurface geometrig approximated fronthis faceteesurface mesh.

Extracting a local submodel from a full model reduces and simplifies the tmggtometry

process. Fig4d s hows the full model of a simple fAtes
collection of elements that comprise the local model. The local submodel is converted to
FRANC3D geometry while the-irsedosti nofa tshddp afrualtie nfi
model file.

J
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Figure 41 Full 3D model with highlighted local submodel.

13



Converting the 3D volume elements to FRANC3D geometry follows these steps:

1) computeheweighted averagsurfacefacet normaht all FE nodes
2) defineone or twatriangular Bezier patches for each FE facet
3) identi fy fandgraup toggthecpatthes thatdognelegical faces

Fig 4.2 shows the local submodel surface triangular patches. Each quadrilateral facet of the
original brick mesh is split into twaapches. If the original mesk comprised of tetrahedral
elements, the surface mesh would consistiahgles,and these wad be usedlirectly. Fig 43
shows the underlying Bezier triangle geometry with 10 control points; planar and curved
surfaces can be represented.

Figure 42 Triangular patches defined from the surface facets of 3D elements.

b, b b,
b, L" bgo_ 2 bs B— b,
P, 0 \b / P,
9
s=0 . 1-r-s=0

Figure 43 Triangular Bezier patctvith control points
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The angle between adjnt patches can be used to define the topological boundaries of

cdlections of patches. Fig4dt s hows t h e fofithecumade fromfrigZ Sextion

4. 4 describes how one imnpore theopdiagitaysurfateeforédme nk 6 a
models.The lower right corner of Fig 4.4 shows an extra edge; it is a display artifact that is

shown because the surface mesh facets, on the two adjacsutfages, have been retained.

Figure 44 Topological faces of the submodel.

I n FRANC3D, the | ocal s ub rRBrdodd aftér srackrimsertgoe d wi t h
and remeshing. The best method for merging @glteedthe nodes and element faces on the cut
surfaces. Consequently, the mesh facets on theucfsice armormallyretained, Fig 4, and

FRANC3D uses these facdts the surface mesh when remeshing.

Figure 45 Topological faces of the submodel with -cuirface mesh facets retained.
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4.2 Crack Insertion

The model shown in Fig 4.5 includes both geometry and topology information. A crack or flaw,
which has its own geometry and topology, is inserted into this model.

Flaw surfacesredefinedusing a collection oBezier patchesCrack front edges can be curves
(cubic splines) or straight lingand the flaw surfacean beplanar omon-planar Fig 4.6 shows
a pennyshaped crack consisting of a collection of triangular Bgragéches being inserted into
the local submodel; the triangular Bezier patchdsotifithe local modehnd crack surfacare
shown.

Figure 46 Flaw geometry inserted into model geometry.

Surfacesurface intersections are determined so that only the portion of the crack geometry that
falls inside the model is retained ®rbuilding the composite geometry fameshing.

It is noted here thatacksareextended by rénsertingthefi e x t e cradkgabmety into the
original uncracked model. FigZshows theriginal pennyshaped crack plusvo steps of
crack growth. The newxtendedyeometry is added to tipeevious geometry; theracksurface
is typically non-planar.
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crack extension

Figure 47 Extended flaw geometry.

4.2.1Crack Front Template

A crack normally haa template mesh along the crack front. The templatsed to place well
shaped @ments, @&ombination obrick and quartepointwedge elementsalong thecrack
fronts The template geortrg, Fig 48, is tied to the flaw surface geometry, and also must
intersect the model surface geognitr surfacebreaking cracks.

Theoriginal flaw surface patches are spiito as many pieces as needegroduce wateight
connections between all geometric patches on the flawhanegmplate, Fig 4.8.

Ny
Y

N

Typical template
crosssection

Figure 48 Template geometry tied to the flaw geometry.

Thecombinedflaw and template geometry is added to the model geometry. stirice
surface intersectiorerecomputed for all model and flaw patchd@atches are trimmedo that
only the geometry inside the model is retaireetjthenthesearecombined into composite
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objects. Thertmmed patchearedivided inb triangular suipatches to keetne model

watertight Fig 4.9 shows the trimmed perishaped crack inserted into the model, with patches

divided toproduce avatertight geometryNot e t hat in Fig 4.9, the te
inside of the template is paefined and does not need to be included at this stage.

Figure 49 Trimmed flaw geometry added to the model geometry.

The collection otriangularpatches into logical face®r this caner crackmodel,is shown in
Fig4.10

Figure 410 Topologicalfaces of the flawtemplate and model.
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4.2.2 Crackinsertion into Model Surfaces with Boundary Conditions

In Fig 4.5,the local modelvas displayedvith the cutsurface mesh facets retained. A crack
cannot be inserted (or propagated) into surfadesre the mesh is retaines the local model
should be large enough to allow for crack insertion and volume meshing aroundat.
submodel extraction is discussed further in Chapter 5.

If a model surface has boundary conditions attached to it, FRAN@®Ds the user to retain
the mesHacetson those surfacesHowever, a crack cannot be inserted into such a surface;
FRANC3D will giveaFLAW_IN_RETAINED ERR erromessage

If a crackis tobe inserted into enodé surface that has boundary conditions, then the surface
mesh must not be retained. In such a case, the boundary condition data is mapped (rather than
directly transferred) to the remeshed surfaérg 4.11 shows the Select Retained BC Surfaces
dialog the blue color indicates that a boundary condition is attached to the surface. If the user
elects to retain this siaice then the surface color is switched to red.

Select Retained BC Surfaces Select Retained BC Surfaces
Selectall Display Selectall Display
v
Unselect all ¥ Warkers Unselect all v Markers
¥ Vectors ¥ Vectors
[¥ Polygons ¥ Palygons
¥ Text [ Text
™ Wesh I~ Mesh
I™ Fronts I Fronts
(reset) (d) (reset) (d)
Save | Read Save | Read
(Bl sl Bl a
@ (@ o il LallsE
Show node sets m Show node sets U ETCRTE
w Recenter » Recenter
3
= Capture image Capture image
Read retainedfile L—‘,\|H|®‘ Read retained file ‘ E‘.g, e @
Shift+Click to select surfaces Cancel | Back | Next Shift+Click to select sufaces Cancel | Back | Next

Figure 4.11 Surfaces with boundary conditioreelected to be retained.

If one tries to insert an edgeack Fig 4.12, an error message is displayed and the crack
insertion is aborted. Note the the upper suface mesh facets are also retained as these are part of

the cutsurface. To getraedgecrack nserted atthis oc at i on, do not retai
Fig 4.11. The local model will appear as showthmleft panel oFig 4.13; the mesh facets on

the O6fronté surf acesuarrfeacneo tf arceettasi noend tbhuet 6tthoep 6
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FRANC3D Error

i Error:
Cannotinsert a flaw into a retained mesh

i
i
i

: e
s

=

et

Figure 4.8 Edge crack inserted and remeshed.

FRANC3D will insert the edgerack in this model and remesh (right panel of Fig 4.13), and
automatically map the boundary condition data from the original mesh to the remesheg] surfac
Fig 4.14.

Note that transfer of boundary condition data is simpler and more precise if the surface mesh can
be retained, but FRANC3D will automatically map the boundary condition data to the new mesh
regardless.This model corresponds with Chapter 5 of the Benchmark document, where
symmetry boundary conditions and plasteain constraints are required.
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Figure 4.14 Constraint boundary conditions mapped from the original mesh (left) to the cracked
remeshed model (right).

4.3 Meshing CrackedGeometry

Once the geometric intersectif the crack, template and model surface€pmplete and the
patchesare organized into logicaurfaces, neshing can be performed. Firstirface meshesre
generated for all logicaurfacesusing triangular facets (note that the template outer surface is
already meshed)The surfacanesh mustonform toany retained cusurface mesh, as well as

all unrretaned surface geometry. Figl® shows the surface mesh for the corner crack in the
model(see Fig 4.1Q)minus the template mesinds;Fig 4.16 shows additional views.
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Figure 415 Surface mesh on the flaw and model surfaces.

retained cut
Template mesh surface meshes
extracted as it i

already meshed

Figure 416 Surface mesh for a corner crack.

The surface mesh is the starting poortthe 3D volume meshing. u@drilateral faces will get a
pyramid element added first, which leaves astredhgular surface mesh for the subsequent
tetrahedral meshing. yRamid elementaregeneragd for compatibilitypbetween quadrilateral
facets on templater retained cusurface facetsas shown in Fig 47. It is noted that pyramid
elenmentswill have a finite volume (FRANC3D does nptoduceflat pyramids).

Addi tional information on meshing and the
Chapter 7.
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Figure 417 Pyramid elements attached to any quadrilateral mesh facet.

The crack front template volume mesh is-gedined and will be added to the final volume
mesh. The template mesh consists aigeeand brick elemesitFig 4.18 this is described in
Section 6.1.15 of the Reference document.

quarterpoint singular wedge
A‘ crackfront elements
tetrahedral elements\useé “

for most of volume mesh .

’ two or mor ﬂ r
brick elements

pyramids provide compatibility
between bricks and tetrahedra

Figure 4.18Crack front template elements.

4.4 Edge Wizard

The FRANC3DAdvancedmenu includestheE d g e s Wi ioptianr Thé edge extraction

dialog is often required for models with no clearly defined geometry boundaries. For example,
an airfal, Fig 4.19 typically requires that the user break the geometry into manageable pieces.
The leading (and trailing) edge of the airfoil and the transition to the platform naghave

edges thameetthe default kink angle threshold. The result is a large complex surface that is
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more difficult toremesh. Quite often, there are small pieces of surdas®ldangling edged-ig
4.20 that lead to meshing failurétypically the software will gestuck at surface meshing)

=

Figure 4.19Airfoil imported i prior to using edge extraction dialog.

By adjusting the ik angle threshold, Fig 4.2bne can create additional boundary edges that
break the surface intmoremanageable poes and remove dangling surfeesges. Note that

you will have to use the up/down arrow to get the angle threshold to change correctly. The only
guideline is that you should use an angle that does not create dangling surface edges; you might
have to carefully inspect the bounding eddyed are displayed.

Note thatyourarely need to use the Edge extraction dialog. If FRANC3D is having difficulty
creatingthe surface meskuring crack insertionthen you can try adjusting the angle threshold
(or you can send us thikebug.tsfile to examine).Section 17.3 describes potential error
messages that you might encounter in these cases.
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Figure 4.2(Red circle highlights a dangling edge on the surface.

Edge extraction
Kink Angle Edges Display
Angle Threshold: | 1633 :; :a' fers
Planar Seed Fill ¥ Polygons
[V Text
I™ do planar seed I Mesh
Planar Threshold: I 1'||"9_|;I el @
Minimum Facets: 53
Edge Lines
I j Save | Read
agd|  Edit|  Delete (el LalfE]
o Vel Lt
EETS o= R
View Options |
Recenter |
Capture |
O ||
Cancel | <] Back | Finish |

Figure 4.21Edge extraction kink amg adjusted to break the surface into multglefaces.
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5. Local Model Extraction

In Section 4.1, it \&s stated that a local submodel, whicbxsacted from the full FE model
simplifies the geometry reonstruction. It also simplifies the crack insertion process by limiting
the number of patches that must be checked for interse®ios, it speeds up remeshignd
simplifies the transfer/mapping of boundary condition data.

Unless you are working with a simple model (such as the tutorial cube model), then you should
always extract a local submodel for crack insertion.

5.1FE Model Import and Extraction

Crack insetion and growth is simplifiedy restricting the model size that is read into
FRANC3D. However, the locaubmodel should be largmough to capre the desired crack
growth (although you can choose a larger submodel later if the crack becomes too large).

There are three options for importing the original uncraékechodel: 1) import the complete
model, 2)import anddivide the model into local and global using FRANC3D tools, and 3)
import an already divided modélig 5.1.

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 | zack |[ Next |

Figure5.1 FRANC3D model import dialog.

If the model issimple and the craajgrowth will be large thenthe first optionmight be best We
use this option iutorials where we have large surface crack in a cubelowever for most
models, yowvill want a smaller local model.

The FRANC3D tools for extracting porti¢s) of the full mode] Fig 5.2, are described in Section
4.5.2 d the Reference document. TBg MaterialandBy Element Groumptionsrequire that
the user define sets (or componentsglefnents in the analysis code, tus is often the case
anyway.
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One thing to note is that FRANC3D will condense materials; if there are two (or more) materials
with different material IDs but identical properties, FRANC3D will condensedhassingle

material ID. Youcanalter the material property data slightly for one of the materials to prevent
condensing

Once an element set has been selected and cropped, the resulting local andwgiobsigpe
saved along with @ile with the base file name followed byRETAINED ELEMS.txtThis file
contains the element IDs for the local modeghis file can be used with tiiRetained From File
option, Fig 5.2, and it cabe reused durig playback of a session log.

You cankeep just the origindfE model and theRETAINED_ELEMS.tkile to recreatehe
local and global model extractioas described in Section 312 archivea simulation

The thirdoptionin Fig 5.1can be usednce_LOCAL and _GLOBAL FE files are savédsing

the second optionpr it can be used if the FE model is deddusing other tools/softwardén the
lattercase, it is important to remember to collect the node sets (components) that defute the
surface between the local and global portions so that these can be selectetclatererging

the crackedemeshed local portion with the global portion

Cropping Options

¢ O c i

Retain if.  One Nodeln ¢ All Nodes In

w

Relative to a principal plane
XY ¢ ¥Z O ZX

Offset 0 Select

Plane normal and offset

-

| o] o] 0

0] Seect]

" Plane from three points

Ir = [

" Rubberband Box

g - J

Element-by-element | |

-
: [seiect
-
-

By Element Group
Retained From File

Crop| ‘ | Reference Point|

¥ Showelems [ Show outline
=

Figure5.2 FRANC3D model cropping dialog.
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The FRANC3D tools automatically create an AUTO_CUT_SUREF for the local portion and a
GLOBAL_CONNECT_SURHor the global portion. It is not necessary to use these same
names when dividing the model using other togds; shoulduse two distinct names for the
local and global, eveif the node IDs are the same.

The size of the local model should bedzhsn the extent of crack growth athé geometryf

the model. Also, it might badvantageous to adjust the local model basatdeboundary
conditionsi including contact, castraint, cyclic symmetryetc Keepingtheboundary condition
data in the global portion limits how much data needsetoansferedor mapped tdahe cracked
remeshed portion.

For ANSYS, the alreaddivided local and globatdbfiles should contain the same element

types, especially if there are surface effect or contact elements. Otherwise, there might be
conflicts when merging the remeshed cracked local model with the global portion.

5.2 Extracting a Larger Local Model

If the local model is too small to contain the crack growth that is needed, a larger local model can

be extractedand the current craatan bensertednto the larger portion This is described in
Section 2.10 of thbase Tutorial documents$n that tutoria) the larger submodel consisted of
the full cube. However, in practice, one would usually usépert and divideoption
discussed in the previous section to extract a larger local model.

One thing to note, when saving the new files associated with the larger locd| mgd&e3, do
not overwrite the initial locaglobal,and retained file names. You will have to edit the file
names in the dialog before selectigxt. The existing crack steps will refer to the original
local and global file names; you can edit g file to find this type of information:

ORIG_MODEL_NAMeést_Local.cdb
ORIG_MODEL_TYPE: ANSYS

X

STATICMETA

(

VERSION: 1

ANAL_TYPE: ANSYS

MESH_FILEest surf_crk_STEP_049.cdb
RSLT_FILtest surf_crk STEP_049 full.dtp
GLOBAL_FILtEst Global.cdb

)

The _Local and _Global are not necessary when reading the .fdb file back into FRANC3D if you

are only going to compute SIFs. However, if you are going to grow the crack or rerun the FE
analysis, then these files are required.
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Save the Files

Save the Global and Submodels

Directory: SetDiredor].rl

E‘\current sims\zane\Abagqus\Cube\F3D subdivide

Global File: IAbaqus-Cube_GLDBAL.inp

Local File: IAbaqus—Cube_LDCAL.inp

Retained File: IAbaqus—Cube_RETAINED_ELEMS.M

cancel |  Back |[ mext |

Figure 5.3: Local/Global model sad&log.

5.3 Extracting a Local Model that can be Remeshed

There are limitationfor volumemeshingthat should be considerahen extracting a local

model. Fig 5.4 shows a local portiaf a model that mightause the volume meshing to fdih

this case, the ctdurface quadrilateral facets are retained (on the top surface). Thus, pyramid
elements are pasted onto thgsadfacets. In the region circled in red, due to the size of the
guadrilateral facets and the thin volume to be meshed, adding a reasonable pyramid might fail. If
a pyramidis addedsuccessfullytheremainingregion surrounding the pyramid might not be
meslable.

Retained cut-
surface facet

Difficult to mesh thin volume
that has large quadrilateral
patches retained as there is no
room for well-shaped pyramid
and tetrahedral elements.

Figure 5.4A local submodel thaimightcause volume meshing to fail.

There are a couple of options in this cdgeextract a different local modedr 2) do not retain
the cutsurface facetsin the Select Retained dialog, click on tleow Node Setbutton to
display the node sets in the local model, Figa5.5his will include theAUTO_CUT_SURFset
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(assuming-RANC3D extracted the local portion). This node set can behaoked (it is
checked by default) and the mesh facets on these surfaces will not be rétmjriefb After
crack insertion and remeshing, the FE analysis will rediiee constraints between the local
and global portions as nodaeerging will not be possible. Tutorial #3 (in the Tutorial$42
document) describes local+global connection options.

Select all Display
Unselect all . ,lz tﬂart(ers
{ ectors
AUTO_CUT_SUR '  Polygons
[ Part-1-1_Set-2 ¥ Text
[ Set-3 ™ Mesh
[ all_nodes ™ Fronts
(reset) (d)
( Save | Read
A Bl Lalf2
: sl \ / RICLE
Show node sets y "\ / M
‘i Recenter
X :/ Capture image
Read retained file L_-‘_x |‘_'| @
Shift+Click to select surfaces Cancel | Back | Mext

Figure 5.2 AUTO_CUT_SURF node set.

The thin plate model in Fig 5.5 is difficult to remesh if the long narrow quadrilateral element

faces on the ctgurface are retained. FRANC3D attaches pyramid elements to these faces prior
to generating tetrahedral elements. The aspect ratio of tleeseléads to poorly shaped

pyramid elements and typically will result in volume meshing failliréhe cutsurface faces are

not retained, the surface will be meshed with triangles and then tetrahedral elements are attached
directly, and in most caseplume meshing is successful.
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Select Retained BC Surfaces

Select all | Display
Unselect all | ol
- v Vectors
[ AUTO _CUT_SUR / ¥ Polygons
[ Part-1-1_Set-2 ¥ Text
[] Set-3 ™ Mesh
[ all_nodes I Eronts
(reset) (d)
Save | Read
Al a
q - QEB®
I Show node sets MI
(] S S Recenter |
. Capture imagel
Read retained file | L_|_g| |“—"|| @l
Shift+Click to select surfaces Cancel | Back | Mext I

Figure 5.5b AUTO_CUT_SURF node setcimecked.

5.4 Potential Sources of Errorin FE Input

We have encountered cases where an issue with the original uncracked FE model causes errors
during crack insertion and remeshin@ne can turn on the FRANC3D internal checks by editing
the Preference&ig 56. TheTurn on DoCheckoption will enable an extra check box and

dialog in the FE Import dialodrig 5.7.

The user can choose which cheaksenablel by selecting th&€hoose Check$utton in Fg
5.7. The dialogm Fig 58 lists the available checkd he checks are briefly described in the
subsections below.
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Preferences

General 1| General 2| Window | 3D View | ansvs | ABaQUS | NASTRAN| Weshing | Adwaesh | units |

Browse |
Browse |

Fallback Directory: IC:\bruce

Help File Directory: I

[~ Suppress directory box in file selection (speed access to network drives)
[ Double size graphics for high resolution screens
Available FE input: ¥ ANSYS [ ABAQUS ¥ MASTRAN

Default FE input:  ANSYS % ABAQUS (T NASTRAN

FE Input Checks: W Turn on DoCheck option for FE import

FRAMC3D/RLM License: M Release license during FE analysis

NASGRO user defined XML material library

Library File: |

Browse |

Some settings might not take effect until the program is restarted.

Accept | Cancel |

Figure 56 Preference settings for turning on the FE import DoCheck option.

Select Input Mesh File

Mesh File Type
" ANSYS & ABAQUS  NASTRAN

¥ Do Checks on FE Input  Choose Checks |

Mesh File
@ = | rboit_ab ~|

Directaries X | | Files in D:Mmpirbolt_ab
1] bruce

I [
® [ PerfLogs

® [ Program Files
[ Program Files (x36)

rbolt_angle_bracketinp

Figure 57 FE import dialog with the DoCheck option enabled.

5.4.1 Duplicate Mesh

It is possible to create a 3D FE model with duplicate elements and nodes. For instance, ANSYS
cyclic symmetry models might be doubled when archived tacthisile; you use the

Acyclic,undoubl ed command prior to the fAcdwri

FRANC3D will import the doubled mesh, but crack insertion will fail, usually with an error
message that states that the crack does not fall inside the model region.
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Check Mesh Options

Check Mesh Qptions
W Check for doubled nodes and elements:
W Check for doubled elements (using same nodes):
¥ Check for bad aspect ratio on element faces:

¥ Check for dangling (isolated) elements:

Cancel Accept

Figure 58 Check mesh options

5.42 Bady ShapedElements

It is possible to create a 3D FE model with highly distorted or poorly shaped elements. If these
elements are part of the model surface in thd imcalel, they can causeack insertion and
remedingto fail. For example, we have encounteaeduncracked 3D FE mesh where one
element was distorted and penetrated adjaglentents. FRANC3D was not able to create a

valid watertight geometry of the model surface in this case.

A simple solution was to exclude the poor elementthaddjacent elements from the local
model. The poor element is then part of the global model and still might cause issues when
solving the combined cracked and remeshed model.

It is difficult to imagine or illustrate all the potential errors that such meshes can create. We have
tools to check the quality amdtegrity of the input meshlf you encounter errors when

importing or when inserting/remeshing a crack, you can send us the files to examine and debug.
Section 17.3 describes potential error messages that you might see in these cases.

5.4.3 Unreferenced Nodes Far from the Local Model

It is possible to create a 3D FE model with unreferenced riodedes that do not belong to any
elementd that are located far from the local elements. FRANC3D determines tolerances based
on the model s boundi ng b ofarframthk eléenectethe si zes .
bounding box dimensions and tolerances might be highly distorted; this can cause the crack
insertion to fail.

Any node that is not tied to an elemshbuld be automatically removedor to the crack

insertion and remeshing, which should prevent this error from occurring., theus is no
specific check for thisrror.
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5.4.4 Dangling or Isolated Elements

When creating the local submodel, users should try to make sure there are no dangling or
isolated elements, especially brick elements. An isolated element is a single element that is not
attached to angf the otherelements. A dangling element is an element that is caguhiect

other elements at a single nodeanedge. A dangling tetrahedi@et) element is usually not an
issue as a single tetement can be added during remeshing. A dangling brick element, however,
must be meshed with pyramid amdelements, which might not be possible.

5.5 Surface Mesh NOT Retained

As described in Section 4.2.2etsurface mesh facets do not have to be retaimdiole local
mode| and if a cracks inserted into a surface, then the surface mesh must not be retaitiet
surface In such a case, the boundary condition data is mapgeer than directly transferred)
to the remeshed surface.

In practice thetransfer of boundary condition data is simpler and more precise if the surface
meshis retained, busometimes this is not possibFERANC3D will automaticallytransfer or
map the boundary condition data to the new mesh regardless.

If a model has boundary conditions, contact, constretiiapplied to a surface and the crack

will be inserted into tis surface, it is best to haa® n a me d 6. Thelwrigiha sudace
informationi node IDs and associated element fatcetdl be saved as part of thmeamed

surface. Upon crack insertion and remeshing, the remeshed node IDs and associated element
facets a@ mapped to the namedrfa® todefinethe interpolated boundary conditions.

Depending on the topological/geometrical features that define theldwguof the surface, the
mappedemeshed surface might be slightly different in terms of shape andrFsizexample,
Fig 59 shows he mesh facets and nodes faoatactsurface which is part of a larger flat
surface of the modgFig 5.9 shows the surface as being selected.

Without selecting the surface, anftea inserting the crack and resteng (Fig 5107 left image),
the mapped surfags different, as showin the right image oFig 510.

If we retairedthe outer ring of element facets of the initial surface, the magppimgre
constrained.For example, Fig 511(left imagg shows the model in FRANC3D where the outer
mesh facets that surround ttentactsurface are retained, which leads teesterreproduction of
the contact sdiace (right panel of Fig 51).
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Select Retained BC Surfaces

Selectall | Display

Unselect all | ; ::;kers
——— lors
] CONTACT_COUP [ Polygons
[ _bisPzEROUY ™ Text
[ _FRICSUX I Mesh
[] _FRICSUZ I Fronts
[ disp_5
[ disp_6 ‘ . (reset) (d)
[ disp_7 SIS,
surf154_nodes m‘:’:‘:“““
ST
S
..i."i“’ Save | Read
Q SR
J - Dan®

I Show node sets Y MI

Show surf sets | z w Recenter
SHow surfaces | Caplureimagel

Read retained file | D"‘kl ot | ) |

Shift+Click to select surfaces Cancel | Back | MNext I

Figure 59 A portion of a larger flat surface.

Figure 510 Mapped remeshed surface portion.



Figure 511 Mapped remeshed surface portion constrained by the retained surface mesh.

5.6 Edit Retained Nodes

This section describes how to edit the retained nodles.model, Fig 52, is a 10x5x5 plate,

and the boundary conditions consist of uniform traction and displacement constraints. The
elastic modulus is 3.0e7 and Poissonds ratio
have uniform unit tractionThere are constraints on the bottom surface to prevent rigid body

motion and the +z ana surfaces are constrainedaimduce plane strain Fig 5.13.

(&)

10

,_|‘_5 p—

Figure 5.12 Plate model.
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Figure 5.13 Traction and constraint applied.

Using the FRANC3D submodel dialog, we cut out the selection of elements shown in Fig 5.14
and save the Local and Global model files. FRANC3D imports the Local portion and displays
the surfaces/sets that can be retained, Fig 5.15. The +z tawks arselected to be retained,

Fig 5.15, and the ctdurface faces are automatically retained.
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Figure 5.14 Local selection.
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Select Retained BC Surfaces

Select Retained BC Surfaces
Select all Display Selectall Display
v

Unselectall HCEEs Unselect all ElEEe
¥ Vectors ¥ Vectors
¥ Polygons ¥ Polygons
[V Text [ Text
I Mesh " Mesh
I™ Fronts I Fronts
(reset) (d) (reset) (d)
Save | Read Save | Read
(ol e [BlE L=l
LRl I Lalse

View options

M Show node sets
x Recenter «
3
“ Capture image Capture image
Read retained file F\|H|®‘ Read retained file_| CL (el | Oy

Cancel | Back | Next Shift+Click to select surfaces Cancel | Back | Next

i

Recenter

d

Shift+Click to select surfaces

Figure 5.15 Surfaces with constraints; surfaces retained.

The resulis themodel shown irFig 5.16. A halpenny surface crack is inserted into tke
face, Fig 5.17. This crack is then propagated automatically for a number of steps. At the step
where the crack reaches the retainddces, the growth stops with an error message, Fig 5.18.

Figure 5.16 FRANC3D local model.
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L'y

. S . ..

n Status

i Error:

An error occurred while inserting or growing a flaw  btric intersections.

hing...
hing...
"ﬂ?‘%““ ] SN EEE
“‘gﬁﬁﬁﬁ Cancel
AR

i

Figure 5.18 Error when trying to grow the crack into the retained faces.

At this point, we use thEdit Retained Nodesoption in theAdvancedmenu, Fig 5.19, to
remove the nodes on thdaces from the retained nodes list. Fig 5.20 shows the original set of
retained nodes (left pangblick theUnselectall button to clear the selection (right panel).
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S Edges Wizard...
Display COD Data...
Write Template Data...
Create Growth History...
Export Crack Data...
Read User Extensions...
Initial Stress File...
Initial Strain File...
Plot CFT Stress File...
Edit Retained...

Figure 5.19 Advanced menu option to edit the retained faces.

Edit retained nodes Edit retained nodes

Selectall Display Select all Display
¥ Markers l Unseledt all ¥ Markers
Unselect all I Veclors J ™ Vectors
|~ Polygons ¥ Polygons
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Read retained file M Read retained file L_[g‘ | Oy
Cancel | B: | Finish Cancel | Bac | Finish

Figure 5.20 Original retained nodes cleared by the Unsaldmitton.

Next click on theShow Node Setdutton; the AUTO_CUT_SUREF is automatically checked, Fig
5.21. Do not select any other sets or surfaces, andrihcsh. The model in the FRANC3D

main window will be updated (see right panel of Fig 5.21).

Crack growth can now be continyédg 5.22, and the SIF history for all crack fronts can be
obtained, Fig 5.23FRANC3D transfers the boundary conditons directly from the original
uncracked mesh if the nodes are retained, Figi5l&ft panel. If the nodes are not retained,
then the boundary conditions are mapped to the remeshed surface4kigigti2 panel.

4C



Edit retained nodes

Selectall
Unselect all

AUTO_CUT_SURI
] PART-1-1_PICKE
[[] PART-1-1_Picke:
] all_cracks

[ all_nodes

[ all_template_node
[ disp_4

[ front_nodes_o
[ front_temp_nodes
] main_side_a

[ mate_side_a

a1 M
Show node sets
Read retained file

Cancel |

Display

W Warkers
[ vectors
¥ Polygons
W Text

[ Wesh

™ Fronts

(reset)
(crack)

Save | Read

View options
Recenter
Capture image

Sl .
e ]

®
z

N

Figure 5.21 Reselect only the AUTO_CUT_SURF nodes.

Figure 5.22 Further crack growth allowed after editing the retained nodes.
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Figure 5.23 Complete SIF history.

Figure 5.24 Constraints on retained mesh prior to editing, and constraints on the same surface
after editing and further crack growth.
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6. Defining Initial Crack Geometry

FRANC3D provides a set of parameterized crack shapes plus two options fdefised
cracks, Fig 6.1.The two usedefined crack types are discussed below

Flaw insertion

Crack Type

ang a

diz a2

@

— T .

Figure 6.1Crack shape library.

6.1 User-Points Crack

If you have glanar crack surface with an arbitrary front shape, you can ussdhgoints
crack. Fig 6.2 shows such a usefined crack shape.

Section 6.1.10 of the Reference document describes the boundary point data that must be entered
to define the crack. Once the boundary points are enteRANC3D triangulates the region

inside the boundary to create the Bezier surface geonmbtrguccessfully triangulate the

region, there are a coupdé thingsto note:

1) There should be a reasonable number of points on the boundary to create a reasonable
number of Bezier patches.

2) There should be enough némont points on the boundary to create a reasonable
transition from the front points so that triangular Bezier patches can be defined.
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Figure 6.2 A serdefined crack shape.

Fig 6.3 shows a casehere the number of points on the front boundary is excesbeesulting
triangulate region is shown in the bottehaft insetimage FRANC3D provides optionfor
smoothing and reducing the numbefroht points. If we reduce the front points to Jlibenthe
number of triangles and the shape of the triangles is reaspRap&4. The amount of time
required to insert the cracknsduced with fewer triangles becaudlse number of intersections
will be reduced.

One should use enough points to capture the shape of the front. The number of points along the
front might determinghe number ohon-front pointsthat are requiredFig 6.5 shows a case

where there are insufficient ndront boundary pints. The user should addditionalnonfront

points to create better triangles, Fig 6.6.

Flaw Insertion

™ Smooth Front Points

# of points 505

User Defined Crack Points

View/Edit Points
(

LS

Display

W Markers

W vectors

¥ Polygons
[~ Text

[~ Mesh

(reset) (d)

Save | Read

eaBa
==

Cancel | <] Back | Mext [»

Figure 6.3Excessive number of front points.
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Flaw Insertion

Figure 6.4Reasonable number of front points.

.
Figure 6.5Single norfront point.

45



User Defined Crack Points

View/Edit Points
Read From File

[~ Smooth Front Points

# of points 68

Figure 6.6Additional nonfront points produce a better triangulated swefac

For a surfacdreaking crack,hte nonfront boundary points shoufdll outside the model surface
to ensure that intersectiohstween the crack and modein becomputed, andhe first and last
front boundary poirgshould fall outside the model surfacesttsure that the crack front
template intersesthe model surface too.

6.2 UseeM eshCrack

If theinitial cracksurfaces nonplanar,theusermeshcrack is the only optionFRANC3D can
read a surface mesh and convet a crack. he surface mesh can be from ANSYS, ABAQUS
or NASTRAN. A genericstlfile can also be used, but it requires an etdxafile for the crack
front points.

Section 6.1.11 of the Referendecument describes the FRANC3D interfacaddthis crack

type to a model The surface mesh file should include a collection of surface elements and
nodes, an@node setdr component) that defines the crack front. The front node IDs should be
given in geometric order along the frgatthough FRANC3D should resolve the orderingpr

the stlfile, an extratxtfile is required that gives the Cartesian coordinates of the front points;
the mordinates should match thasethe stlfile.

An example ABAQLS suface mesh is shown in Fig 6.The element surface normal vectors
should all be oriented consistgntlOne can use standard 2BEplanar or shelsurface element
type; shell elements abest for norplanar surfaces.

The surface geometry and mesh must be contiguous andtigatethere should not be doubled
nodes along any boundaries.
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Figure 6.7ABAQUS surface mesh with elemembrmak shown

The mesh is read infBRANC3D, and the user selects the crack front node sets, which should be

defined in themesh file (inp for ABAQUS). The surfaceis displayedFig 6.8 and can then be
translated and rotated into position

User Defined Crack Mesh
1
user mesh

Figure 6.8ABAQUS surface mesh as a FRANC3D crack surfafrent edges colored green.

The surface mesh should be defined such that the crack geometry clearly intersects the model
surface geometry for a surfacebreaking crack.This might require that the usadd extra

elements and nodeisq, crackgeometry to thesurfacemesh If you get this error message in

the FRANC3D terminal/CMD windowbounding edge sorting failuy¢he surface mesh element
normals arénconsistent.
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6.2.1 NonManifold Crack

For a noamanifold crack, Fig 6.99ne must designate the front nodes explicitly for each crack
front. Fig 6.9 shows the FRONT _1 node set; there arecfagk fronts with four corresponding
node sets in the model.

odule: |2 Assembly | Model: | crack 4fit | Step: | Initial
MTEw VL

Ei Sets (5)
- FRONT
~ FRONT_2

FRONT_3

o Steps (1)
B2 Field Output Requests

Figure 6.9 Normmanifold ABAQUS surface mesh for a FRANC3D crack surface.

When importing the mesh surface into FRANC3D as a crack surface, the front node sets will be
listed, Fig 6.10, and the user should select the node sets that define the crackinerébould
see the front edges highlighted and templates along each of the crack fronts, Fig 6.11.
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Flaw Insertion
User Defined Crack Mesh Display
¥ Markers
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W Polygons
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™ Mesh
(reset) (d)
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Select Crack Front Group | B[
front_4 jons |
front_3
front_2 ﬂ
front_1 LI
[ FRONT
u [ all_nodes @l
r4 ®
Cancel Accept
Figure 6.10 Crack front node sets listed.
Crack Front Mesh Template

v use crack-front template

Template Radius: I 0.4 Eront: |1 vl
v Display Full Template
[~ Simple Template Intersections Only

Meshing Parameters|  Advanced Options|

Figure 6.11 Crack front templates along the four fronts.

6.3 Multiple Cracks

When inserting multiple cracks with significant differesgecracksize Fig 612, you should
make sure the geometry patclfggngles)are similar in sizéor all cracks You will need to
use theAdvanced Geometryoption when defining the cracksee Section 6.1.2 of the
Reference document.
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Figure 612 Multiple cracks of diffeing size inserted into &-shapanodel.

Fig 6.13 shows the geometric boundary for a peshgped crack with radius of 0.1 units; the
triangulation algorithm fills the interior space wibmparable siz&iangles. We will not use
the Refine option here as this is the smaller crackiRefne button increases the number of
points on the boundary, which will increase the number of triangles created inside.

Fig 6.14 shows the original geometry triangles for an edgek with a length of 3 units. The
triangles are an order of magnitude bigger than the triangles for the-plespgd crack in Fig
6.13. TheRefine button in theAdvanced Geometrglialog should be used to divide the triangles
into smaller triangles, Fig 661

FRANC3D should automatically refine the crack geometry to ercsumgparable siz&iangles,
but the usecancheck to make surhe refinement is sufficient.
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Flaw Definition
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Figure 6.8 Boundary geometry for penrshaped crack with radius of 0.1 units.
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Figure 6.8 Geometry for an edge (through) crack with length of 3 units.



Flaw insertion
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Figure 6.5 Refined geometry for an edge (through) crack with length of 3 units.

6.4 Potential Problems for Crack Insertion

Potential problemsluringcrack insertion are discussed in this section.

6.41 Crack at a Kink in the Model Surface Geometry

Cracks can be inserted at kinks in the model surface geometry 1Bjdp6t one right need to

turn on fAsimple inter secFig6dhshows thedemplatehradiusc r a ¢ k
reduced by half and tH&imple Template Intersections Ordption checked. It usually helps to

reduce the templatadiusin this case so that you get more elements along the crack front and

thus more nodes closer to the model surface. E@gshows the resulting surface mesh oa t

crack, whereghe template is pudld back from the model surface.
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Figure 616 Crack inserted at a kink in the model surfaagack (left) and template (right).

Figure 617 Template simple intersections turned on and template radius reduced.
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Figure 618 Crack inserted and meshed with template simple intersections turned on.

The crack insertion library should limit the need for simple intersections and should turn on
simple intersections automatically when needed. The option to manually turn this feature on is
still there, however.

6.42 CracksEmbedded in Interfaces

FE models might contain interior surfaces; this caualtdrom material boundaries oan be the
product of separate parts that are meshegemtdentlyandthenconstrainedThere is an

optional setting for embedding a crack into a material interfaige619. Fig 6.2 shows a
pennyshape crack inserted into a material interface between two halves of a cube. The resulting
crack surface mesh is shown in Figahd the deformed shape after the FE analysis is shown

in Fig 6.2.

This only works for interfaces with a single surface
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Figure 619 Flaw insertion wizard with bimaterial interface option checked.

Flaw Insertion

I i i Y B B e

Figure 6.2 Crack inserted in a material interface.

55



v
e
V:%'#A% i i
Sttt

/

Response — O =
S A G Ly Mesh Overla
i K] KRPEAATL .
" ‘Eggggigﬁ%?gg | ‘ ; :::;;:er: ¥ Display Mesh Overlay
| AL AT R AR .
vfw?Wﬁ%{%’%{#’%‘ﬁﬂ!ﬂﬂuﬁﬁ%ﬁ%“ e . I Show Mesh Node Id's
DAava AT e b v AVa g v ¥ g VAN - & Black O Whi
vmﬁmﬁ'é'#"%'ﬂﬂWEEF'Ahﬂ##'\‘ﬁ“EﬁNV ¥ Text Mesh Color: & Black ¢ White
RO AR KE KR RTORR. e s
y A i !
‘ 4 ‘uﬁ"‘b (resel) (d) Deformed Geometry

(crack)
¥ Display On Deformed Geometry

Deformation Magnification Factor: 2100

Save | Read Use load case: |1 hd

a @ m @ Displayed Regions
& E E @ * AllRegions ¢ Material ID: -1

View Options
[ Show Original Solid
m [ Show Original Qutline
Capture I~ Show Region Colors

N
LR

AV A ' _
O R Sy it drarsT AR vy il
KDt LBk

1
¥, vt by
SRR LS

AR,

Figure 6.2 Deformed shape afrackembeddedn amaterialinterface

6.43 Cracks Crossing Interfaces

Using the same bnaterial cube model from the previous section, a pestiaype crack is

defined, Fig &3, such that it crosses the material interface é&-degreeangle). The resulting
crack surface mesh is shown in Fig$and the deformed shape after the FE analysis is shown
in Fig 625. The deformed shape shows a difference in crack opening for the two materials.

This only works for interfaces with a single surfafoe a doubled interface see Chapter 15.
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Figure 624 Surface mesh for a crack crossing a material interface.
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Figure 625 Deformed shape for aack crossinga material interface.

6.5Local Coordinate System for Positioning a Crack

FRANC3D uses three coordinate systems when orienting a flaw. There is theQgldiealan
system, a local usatefinable coordinate system, and an intrinsic crack system that is attached to
the flaw. The intrinsic crack system is shown when the parametdteflaw are defined. This

consists othe x,y, and z axe shown in Fig @6.
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Figure6.26 Flaw insertion dialog
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6.5.1 Crack Translations and Rotations

Fig 6.27 shows the crack oriented with model. The crack can be translated and rotated into the
correct position by manually editing the data in the dialog.

1. There are two types of translations, global and local. Global translations translate the origin of
the local coordinate system relative to the global Cartesian system. By default, FRANC3D
creates a local coordinate system and translates it so ttitvihets just in front of the model.

Local translations will translate the flaw relative to the local coordinate system.

2. There are three rotation options; these rotations can be about the global Cartesian axes or
about the local coordinate system.

3. There is a button to define the local coordinate system.

4. There are additional display options to turn on/off node numbers, the local (single prime)
coordinate system axes, and the crack (double prime) coordinate system axes.

Flaw Insertion
Flaw translation DISDIEY
global local :: LEIEE
v Vectors
1. b I 5 X I 0 ¥ Polygons
Y | 5 Y- | 0 IV Text
z| 10 || Z] 0 .
[~ Node Num
¥ Local Axes
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A5 X C Yy CZ & Global
Angle (deq) 0 ¢ Local
2nd Rotation Save | Read
Mis  Cx &y 7z & Global all Pl
Angie (deg) 0 CLocal SEB®
View Options
3rd Rotation
Axis C X CY & Z + Global v Capture |
Angle (deq) 0 ¢ Local z_x
L2 | ool | O
3' Define Local Axes )
Cancel | <] Back | Next [» I

Figure6.27 Flaw placement dialog.

6.5.2Define Local Axes

Selecting théefine Local Axesbuttonin Fig 627 will bring up thedialog box inFig 6.28,
where here are options to define the local coordinate system. Samewill orient the crack
sothat it is normal to the model surface, but it might require additional rotations to get the
correct orientation. Each optios described below.
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For the first option, the user just specifies a node number on the model slfrtaedNlormal to
Surfaceoption is used, bcal coordinate system is defined where thaxis of the flaw is
oriented along the direction of the local normal tortteelelsurface at the nod@ne can also
specify the local xand yaxes of the crack plane.

The second option igke the first, but you specify the coordinates of a point on the model
surface. FRANC3D finds the point on the surfatthe model closest to the specifipdint and
orients the flaw normal to the locslirface normal at this point.

The third option defines a local coordinate system by giving three node numbers. The
coordinates of the first node become the origin of the local system. The coordinates of the
second node define a point on the local x axis, and the coordinates ofd¢hmtle define a
point that lies in the local-x plane.

Define Local Coerdinate System
& Anchor atnode
Mode Mumber: 702 | Local x-axis: Local y-axis:
™ Mormal to Surface X I ol || x I 207
v:| o IN¥] 707
7 I 1 i I 0
r € Anchor at point normal to surface
X coord: I p Y coord: I 0 Zcoord: I 0
r " Define by three nodes
node at onigin: I 0
node on X axis: I 0
node in X plane: I 0
- Define by three points
origin X a¥is point XY plane point
e I 4 X | 0 | 0
T | 0 Y: | 1 T | 0
Fis I 0 7= I 0 Fis I 9
- Define by angles
origin st rotation 2nd rotation 2rd rotation
Z-.:I ) Axis: @ H C¥ C 2 fyis: C XY O Z T i A il
y: I 0 Angle: I 0 Angle: I ] Angle: I ]
¥ I 0
Cancel | Accept |

Figure 628 Define local coordinate system dialog.
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The fourth option idike the previous theenode option, but the user msgtecify the atual
coordinates of the thrgmints.

The fifth option usethe location of an origin and three rotations. The rotation axes can be
specified in any order, and the rotations are defined about the global axes.

The flaw fromFig 6.27, oriented in a local coordinate system normal to the suafaaaode, is
shown in Fg 6.29.

The local y axis is now oriented into the body. The directions of the local x and z axis are
definedso that the x is parallel to one of the xy-z, or zx planes, whichever gives the most
numerically stable axis rotations.

Notice that the global translations have been reset to zero. Any changes to these will move the
origin of the local coordinate system relative to the coordinates of the specified surface point.

Flaw Insertion
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Figure 629 Crack oriented in a local coordinate system.

To orient the flaw normal to the local maximum principal tensile stress, one can define a local
rotation about the y axis, Fig&8. The intrinsic crack axes (double primes) have been turned on
to illustrate the relationships among the coordinate systems. J#igl®wshow a translation in

the local y direction can be used to modify the portion of the flaw that is inserted into the body.
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Flaw Insertion
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Figure 630 Crack oriented in a local coordinate system and rotated about the-axal y
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Figure 631 Crack oriented in a local coordinate system and rotated about the-axial gnd
translated along the localaxis.
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7.  Meshing

This chapter discusses fiadvancedo settings fo
the default settings are sufficient, but in some gdbkesuser might want to study the effects of

mesh density on SIFs. The advanced settings allow moreoseol.

7.1 Surface andVolume Mesh Settings

The AdvancedMeshingtab in the FRANC3D Preferences dialégg 7.1, allows the user to alter
the default advanced meshing parameters.

Meshing is done in two phaseSurfaces are meshed first, and the firgt parameters in the

dialog 6roughlydéd control the surface mesh ref
volume i s meshed. Note that the volume can b
front algorithm, or it can be meshed using either AR/ or ANSYS volume meshing
capabilities. The | ast three parameters in

t
refinement when using FRANC3DO6s volume meshin

Preferences

Units

General 1] General 2| window | 3Dview | ansys | aBaaus | nasTRAN| Meshing

Surface Max Internal Element Ratio: 0 Ratio of the maximum element size allowed in the interior of

a surface mesh to the maximum element size on the boundary.

-

Surface Density Decay Ratio: 5 Mominally the maximum size ratio between two adjacent
elements in a suface mesh.

Surface Curvature Refinement Factor: 0523 Ifristhe local minimum principal radius of curvature,
then the local maximum ideal element size will be

r* SurfCurvatureRefineFactor, or this is the maximum
secant angle an element will span for this r

I

Surface Curvature Refinement Limit: 0.25 The maximum ratio between the nominal local element size
and a reduced size set due to local surface curvature

Surface Crack Front Decay Ratio: 2 The ratio at which adjacent element sizes can increase
as one moves from a crack front to a nearby surface.

Wolume Optimal Sphere Factor: 5 Controls the size of the spherical region that the volume
mesher uses to look for existing nodes on the advancing front

Volume Optimal Size Factor: 1375 Factor applied to the background oct-tree cell size to
determine the local optimal element size.

ol

Volume Octree Refinement Factor: f Factor applied to control local oct-tree refinement.

Some settings might not take effect until the program is restarted. Accept | Cancel |

Figure7.1 Advanced Meshing tabf FRANC3D Preferences dialog.

Surface meshing is most easily explained by mapping a 3D surface to a 2D plane. The 2D
surface mesh is based on a quadtree structure that divides the region. Internal nodes are
generated within the boundary of the region on the 2D plane. This is doleedoyposing the

region using a quadtree recursive spatial decomposition (RSD) procedure. RSD algorithms act

63



upon a region of space and subdivide the region into smaller regions of a similar shape. The
process is repeated an arbitrary number of times for each of the smaller regions.

Fig 7.2 shows two examples of RSD procedures. In the first, a triangular region is subdivided
into four similar triangular regions recursively. In the second, a rectangular region is subdivided
into four similar rectangular regions recursively. RSD procedongy work for a small number

of region shapes, in twdimensions these include triangles, rectangles, and hexagons. For a
rectangular region, every subregion is either undivided or divided into four similar regions. This
information can be storezbnveniently in a tree data structure, where each node in the tree has
exactly zero or four children. Such a data structure is caliphdiree

Fig 7.3 shows a simple example of a divided region and its corresponding quadtree. The
undivided regions, which correspond to leaf nodes in the tree, are called terminal quadrants. The
size of a terminal quadrant can be determined from its level in the tree.

SN AN Lo

Figure7.2 A triangular and a rectangular recursive subdivision procedure.

(a) (b)

Figure7.3 A decomposed region and the corresponding quadtree.
Terminal quadrants are labeled in (a).
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In the meshing algorithm, the level of decomposition is a function of the nodal spacing on the
nearby boundaries. The surface refinement factor then controls how quickly the level of
decomposition transitions towards the interior of the region. A reénéfactor of one indicates
that the decomposition can only change by one level for adjacent quadtree cells. The surface
boundary factor controls the placement of internal points near the boundaries. A small value
allows points to be placed close to tmundary. Internal nodes can be generated either at the
center or the corners of the terminal quadtree cells if the location is sufficiently far from the
boundaryFig 7 4.

A mesh comprised of triangles is generated using a boundary contraction S€lgente A list

of all the boundary edges is created. Starting with the first edge in the list, all the internal and
boundary nodes agssessetb determine which node produces the largest included angle when
edges are extended from the two ends of the edge to the node. The best vertex is then used to
create a triangular element. The list of boundary edges is updated, removing the edge that was
started from and adding themedges if they are not part of an existing element. The region,
therefore, contracts by extracting elements one at a time.

The mesh is smoothed by repositioning each internal node to lie at the centroid of its surrounding
polygon. The smoothing uses an iterative approach in which each internal node is repositioned
based on the current nodal positions of its surrounding polygbis process is repeated until

there is no change of nodal positions between iterations. .

In FRANC3D, the surface meshing algorithm allows a face of arbitrary shape to be meshed using
all triangular elements. There are many subtle aspects of surface meshing that must be
considered to produce a good mesh for volume meshing. For examplefdle survature is
considered in this paper:

Surface mesh regeneration considering curvatures

Miranda et al.,Engineering with Computers (2009) 25:2@19

Q
Q
Q
O

o,

Q Q f'e)

Figure7.4 Generated interior points using a quadtree procedure.
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o, O O

Figure7.5 Generated triangular element mesh using a boundary contraction procedure.

We will discuss additional FRANC3D settings below in relation to cracks and accurate stress
intensity factors (SIFs).

The basis for the 3D volume meshing algorithm in FRANC3D is described in journal articles.
For example:
An Algorithm for Threddimensional Mesh Generation for Arbitrary Regions with Cracks,
Cavalcante et al., Engineering with Computers (2001) 1¥915

The 2D quadtree data structure is replaced with a 3D octree. The triangular surface mesh facets
created during surface meshing comprise the boundary of the 3D region. The octree is defined
such that it encompasses the region volume and octree cellgxéofaemation about the

bounding triangles. The advancing front algorithm uses up the boundary triangles to form
tetrahedral elements, and the front is updated by removing used and adding any new triangular
faces.

Thevolume octree refinement factor (see Fif)) is similar to the quadtree surface refinement
factor. It controls how quickly the octree cell subdivision occurs when moving from the

boundary to the interior. The optimal size and sphere factors (s@elJ-aye described in
Cavalcanteet al, Fig 7.6, which is extracted from the paper, shows a sphere in relation to the
current triangular boundary face being examined. If the optimal size is decreased, this allows for
smaller elements and slower transigdo larger elements. The factors do not allow for real
fine-tuning of the mesh density, however.

In some cases, the advancing front algorithm castgek,and the algorithm must backtrack.
FRANC3D allows the user to control the number of backtracking attempts as well as the
maximum number of volume elements allowed, Fify The backtracking process is described
in:

A backtracking procedure for optimization of simplex meshes

Cavalcante et alCommun. Numer. Meth. Engng005; 21:711722
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Figure7.6 Generating optimal tetrahedral element using a boundary contraction procedure.

General 1| General 2| Window | 3D View | ANSYs | ABAQUS |NASTRAN Meshing | agesh |  Units

Max volume elements: I 1000000
Max backirack restarts: I 4

¥ Do coarsen crack mouth
¥ Do crack proximity refinement

[~ Do not coarsen more than uncracked mesh

Volume mesh using: & FRANC3D & ANSYS ¢ ABAQUS

AMSBYS or ABAQUS volume meshing: [ write files only

Some settings might nottake effect until the program is restarted. Accept | cancel |

Figure7.7 Meshing talmf FRANC3D Preferences dialog.

Fig 7.7 shows the option for choosing FRANC3D or ABAQUS or ANSYS volume meshing.

TheMax volume elementandMax backtrack eventsnly apply to the FRANC3D volume
meshing.

Fig 7.7 also shows three additional user options:

1) Do coarsen crack mouth
2) Do crack proximityrefinement
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3) Do not coarsen more than the uncracked mesh

These options are discussed in Section 6.1.15 of the Reference document. We will repeat some
of thatinformationherewith additional images and details.

TheDo coarsercracke o pti on al [6aws gohtiohtheswface mdshodensity on

the crack surface. Note that this option sometimes gets overruled by the underlying geometry
and the advancing front algorithm. In general, the default is to coarsen the crack surface mesh as
it transitions from the taplate radius (crack front) towards the crack mouth (intersection of the
model free surface). This reduces the overall number of elements while not significantly

affecting the SIF accuracy in masises. Fig.8 shows the same crack with the option on (left)

and off (right).

Figure7.8 Do coarsercracké option: oni left image and off right image.

This option can be important for shallow edge cracks in thin plates7.F&hows a shallow

surface crack in a thin plate. To produce enough elements through the thickness of the plate and
along the crack front, to compute accurate (SIFs), the template radius must be relatively small.
The meshing parameters can be set whénidg the crack front template, Fig10. Fig7.11

(top image) shows the crack surface mesh wittDiheoarse craclé turned on. The bottom

image in Fig7.11 shows the crack gace mesh when this option is turned off.

Figure7.9 Shallow surface crack in a thin plate.
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Meshing parameters/options

Maximum generated elements: 1000000
Maximum volume mesh restarts: 9

W Do coarsen crack mouth mesh
I Do crack proximity refinement
™ Do not coarsen more than uncracked mesh !

Volume mesh using: & FRAMC3D ¢ ANSYS  ABAQUS

lwinxB4\ANSYS222 exe

| ansys

h\Commands\abaqus_bat

For ANSYS or ABAQUS: [ write files only

Figure7.10 Meshing parameters dialog.

0 P v o

Figure7.11 Surface mesh on shallow surface crack \Rithcoarsercracke turnedon (top) and
turnedoff (bottom).

TheDo crack proximity¢ option is useful when a crack front is approaching a model surface
that is not intersected by the crack. Fifj2 shows a surface crack front that is approaching the
back surface of the platéf the Do crack proximity iof§ the resulting surface mesh on the
back surface of the plate is shown in Fi§j3. Fig7.14 shows the same model with the crack
proximityé t u rnn €he sudaceneshnear the crack front is refined. In some cases, this is

the only way a volume mesh can be created in theedpetoveen therackfront and the plate
surface.
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. Plate baclsurface.

L.

Figure7.12 Surface crack front approaching back surface.

Figure7.13 Surface mesh on back surface of plate \Rithcrack proximityé

of

f.
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Figure7.14 Surface mesh on back surface of plate \Rithcrack proximity¢ o n .

The Do not coarsen more than the uncracked na@sis to retain the original uncracked mesh
density when inserting a crack and remeshing. 7Hi§ shows the same model and crack with

the option off (left image) and on; Figl6 shows the original uncracked mesh. Note that the
original mesh is composed of bricks with quadrilateral facets on the surface. The crack requires
mesh refinement, but the extra option produces a surface mesh that lkentre original

density away from the crack. Turning thistion on willusually createnore volume elemest
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Figure7.16 Original uncracked mesh.

7.2 Crack Front Template

Crack front template options are described in Section 6.1.15 of the Reference document. We
will repeat some of that information here with additional images and dethies Advanced
Options for the template, Fig 7.17, has default values that are based on studies from:

Methods for calculating stress intensity factors in anisotropic materials:
Part [0 Arbitrary geometryBanksSills et al, EFM 74, 1293307.

The options are depicted in Fig 7.18. In the Benchmark document, the default template settings
were modified to study the accuracy of the SIFs; those studies were limited to one or two
modifications, changing the number of rings from 3 to 5 for exampigas shown that the

default settings generally produce SIFs within abeR¥%dof the analytical or handbook values.
However, modifying the template (as well as the mesh settings) could give us SIFs that are even
more accuraté at the expense of signiéiatly more elements and longer FE solution times.
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Configure template

Display

Mumber of radial rings: I 3
: : ¥ Markers
Mumber of elements circumferentially: I g o lvecons
Radial progression ratio: I 1 ¥ Polygons
Max axialiradial aspect ratio: I 2 W Text
™ Mesh
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¥ Use quarter-point elements
(reset) (d)
* Wedge elements at the crack front
" Collapsed brick elements atthe crack front
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& Tetrahedral elements (J-integral only) Save | Read
[~ Simple template intersections only ﬁ @ Uﬁ@
R Lol
View options |
Recenter |
Capture imagel
L || 1)
Cancel | Accept |

Figure 7.17 Template advance options.

template radius

num rings =3
num circumferentialelems= 8

progression raton a/b = 0

first ring
second ring

third ring

Figure 7.18 Template options.

The number of circumferential elements defaults to 8. This is sufficient for a crack in a single
(elastic) material and provides accurate SIFs. For epdastic Jintegral computations, adding
circumferential elementgenerallyimproves accuracyAlso, for cracks embedded in-material
interfaces, additional circumferential elements might be helpful.

The aspect ratio is not showninFig7.18t contr ol s the Al engtho of

front in relation to the circumferential/radial dimension. Fig 7.19 shows three different aspect
ratios with the other template settings held constant; the left is the default, the middle image has
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an aspect ratio of 1, and the right image has an aspect ratio of 4. For a curved crack front, the
aspect ratio should not be more than 2.

Figure 7.19 Template aspect ratio.
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8. Potential Difficulties with Crack Growth

Crack growth in FRANC3D involves adding new crack surface geometry to the existing crack
geometry and rnserting the combined crack geometry into the urk@ddlocal) model. As

the growth continues, the craskght encounter geometric features in thedel geometry that
causegrowth to fail or stop with an error/information messagection 5.8 of the Tutorials 22
doaument describes steps for transitioning through geometrysimple plate model.

A couplemore examplaituations are described below along with descriptions of how to
continue the crack growth if it stops.

8.1 Crack Growth at Geometric Corners

This sectiondescribes crack growth around and througle@ametriccorner. A simple Ishaped
ABAQUS model is shown in Fig B. The model is constrained on the baek gide,and a fixed
displacement is applied to the front (+z) side. The dimensions, properties and displacement
values are not important dsg example is intended only to give guidelinexack growth
procedures.

Figure8.1 T-shape model.

The ABAQUS model is imported into FRANC3D and divided into local and global poitions
the local pation is highlighted in Fig &. An initial pennyshape crackFig 83, is inserted into
the model to create an initial corner quaxicular crack. The cracked and remeshed local
portion is recombined with the global portion and analyzed in ABAQUS. The resMitdg |
SIF is shown in Fig & (the values and units are not important).
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To simplify the crack growth process, planar crack growth is used with asjatisigrowth rule

with a median crack growth step of 0.1. Automatic crack growth is then started, specifying 40
additional steps of growth. The default crack front fittingjansi fixed 39 order poynomiali

are used throughou.,he aut omati c growth stops at step #2

Define a Local Submodel
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Retain i: & One NodeIn  All Nodes In g"emori
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X Y Z
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" Plane from three points g E %%
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€ By Material setect]
€ By Element Group &l
& Retained FromFile  Browse:
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Capture
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cancel | Back || Next

Figure8.2 T-shape modelith local FRANC3D portion highlighted
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Figure8.3 Initial corner crack.
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Figure8.4 Mode | SIFs for the initial corner crack.

The crack fronat step #21 is shown in Fig3. Note that the default fitting options require
excessive extrapolation at this stage to ensure that the curve intersects the model surface. If the
fitting option fails to produce a good fit during automatic crack grawghowth will stop,and a
message will be displayed inding that the fitting failed.

To improve the fit, we switch toraoving polynomialwith order=1 and cutiown the
extrapolationFig 86. The moving polynomial is a useful optjdnut it should be used with care

as it will tend to capturenore of thenumerical noise in the SIFs (predidtpoints) and can lead

to everincreasing oscillations in the predicted fronts.

The crack is manually propagated to step #22 and analyzed. One more step of manual crack
growth is performed at this stage to revisefitilag options again; Fig 8. shows the front fitted

with a 29 order polynomial with just enough extrapolation to ensure that the ends of the curve

are outside of the model.

Not e

t hat

the shall

ow

ntersect.i

on

aencrptk e

requ

front templateFig 88. To ensure that there are enough predicted new front points near the ends
of the crack front, the template rad&lsouldbe reasonably smalfig 89.

The combination of numerical noise in the SIFs and simple intersections can cause problems

with predicting goodndpoints for the next crack front. To prevent additional numerical noise,

the fitting options can be simplified to produce reasonable crack front shapes as the crack grows.
Automatic crack growth using a fixed polynomial 8f @rder is set for an additional 20 steps
with a median increment of 0.125.
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Crack Growth
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Figure8.5 Crack growth at step #21.
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Figure8.6 Crack growth at step #21 with revised fitting options.
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Figure8.7 Crack growth at step #22 with &@rder poly.
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Figure8.8 Crack growth at step #22 showing crack front template with simple intersections
turned on.
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Figure8.9 Crack front mesh at step #23imple intersections turned on.

The automatic crack growth continues from step #23 to #29. It fails to grow further because step

#29 is notvalid; the crack front reaches therner of the Ishag, Fig 810, but it does not break

through the cornesorrectly FRANC3D needs to ensure that the crack surface geometry, the
crack front template geometry, and itghhet omordeegli ©
that can be meshed. Step #29 leads to subsequent errorserttiiep of growth due to

current limitations whebreakingthe crack surface geometry to get two crack fronts instead of

one front.

To continue crack growth, step #28 is read FIRANC3D,and the crack is rgrown with a
larger median increment (0.25 instead of 0.125). Thisymeslthe crack shown in Figl8.

The crack front has cldgrbroken through the corner, arftete is enough geometry outside of
the model corner to allow FRANC3D to ciaseparate thawo crack fronts.

From step #29, automatic crack growth can be continued using the prior increment of 0.125 and
a 2% order polynomial fit. The automatic growth will continue until the crack front reaches the
top of the T shape. Depending on the increment the growth stmhor it might cut through

the topcompletelyi so that there is opla single front agairFig 812. Crack growth might stop

prior to cutting through the top of the T if the model cannot be meshed because the template is
too close to the top surface. If it stops, restart from the previous step and take a bigger step of
growth.
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Figure8.10 Crack front at step #29.

Figure8.11 Revised crack front at step #29.
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Figure8.12 Crack shape at step #36.

Thecrack should always ceteanlythrough the model The FRANC3D Display- View

Responsenenu option/dialogFig 813, can be used to quickly verify thiédtte deformedhapeis
valid.

B Response — O b4
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Save | Read Use load case: |1 w

g E % g Displayed Regions
« Al i " Material ID: 1
View Options -

Recenter || - Show Original Outiine

m [~ Show Region Colors

.

Figure8.13 Crack shape at step #36.

Fig 8.14 shows a case where the crack did not cleanly cut through the model; there is a node that
is shared by both sides of the crack surfd@@ANC3D triesto prevent this from happening, but

it is possible You canperiodically inspect the deformed shape, which can be done using the

View Responseélialog
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Figure8.14Crack shape at step #36.

8.1.1Crack Growtharound Two Corners

The same model can be used to illustrate potential problems when growing a crack front around
two corners, Fig 8.15. Starting from a small peshgpe crack at the top of thebfacket, the

crack propagates dowtransitions around the two @l&gree corners at the tgmdthen
eventuallytransitiors around the two fillet corners. If the growth is similar at both corners, the
transition should be straigftrward, as seen in Fig 8.15.

Figure8.15Crack front approaching model surface.
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|l f the growth is not similar at both corners,
of crack growh to get the crack front to transition properiyo illustrate this,temodel

boundary conditions were altered to produce more tension on the right side compared to the left
side, Fig 8.16.This produces slightly different crack extension on the left and right ends of the

crack front Fig 8.17

Figure8.16Deformed shape for initial teprack model.

Figure8.17Crack fronts as the crack grows down from the top to the fillets.
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The crack transition around the left and right fillets is only slightly different in this Eage

8.18 but it still might require useantervention/assistance to make sure the curve fit is reasonable
and that it intersects the model surface. The relative extension along the front is governed by the
crack growth rate for the computed SIFs; in this casedlative extension is not significantly

different.

If we change the crack growth model slightly (changing the dKth), we can get crack extension as
seen in the left panel of Fig 8.19. In this case, we icaply ignore a fewpoints at the one end

and fit apolynomialcurve through the remaining points. This ignores the fact that the crack

front should not advance at that énblased orK < dKth; however, it will albw the simulation

to continue Partial extension of a crack front is possible, but with just one or two end points,
partial extension might nde valid anyway. Partial extension is discussed in Section 9.5.
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Figure8.19Ignoring end pointsan assist with growth.

8.1.2Corner Left Uncracked

A simple cube model is uséd show how one can end up with an uncracked segi®eat-ig
8.14)as the cractransitions around a corner. The left panel in Fig 8.20 shows a series of crack
fronts starting from a halpenny surface crackPropagation from step #7 to step #8 is shown in
the rightpanel. While the (blue) curvé through the front points exteaautside the model

surfae, it does not extenfdr (highlighted by the red circle)
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| =

Figure8.20Ignoring end points can assist with growth.
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FRANC3D defins new crack surface that is limited by the ends of the curve fit. The resulting
crack surface is shown in Fig 8.21. The region highlighted by theined in the lefiside panel
is not cracked. The deformed shape for the resulting FE model is shown in theidégbanel.

One can easily avoid this situation by decreasing the crack growth step and/or increasing the
amount of extrapolation for the curve fit. The end of the (blue) curve should extend beyond the
+Z model surface to connect with the previous crack front cuir¢anid crack geometry).

FRANC3D tries to avoid creating these geometric issues, but it is important that users check
their results in such cases; showing the deformed shapsriaightforward wajo do this.

‘»"ﬂ:m

n':'

Figure8.21Ignoring end points can assist with growth.

8.2 Crack Growth Through Surfaces

Another common situation that can cause crack gréatibreis shown in Fig 8.2, where the

crack front is approaching a model surfaBgrorsusually occurs because the template cannot be
added correctly or the volume between the template and the back model surface cannot be
meshed
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Figure8.22 Crack front approaching model surface.

If the newcrackfrontis close to the back surfgdég 8.23, we can bange the growthkettings to
get the front closwhile keeping the template mesh inside. We can also decrease the template
radiusandadjust themeshing parameterBig 8.24, to ensure that we getvalume mesh.

In the Meshing Parameters dialog (accessed by clickingléshing Parametersbutton in Fig
8.24), we turn orDo crack proximityrefinement This ensures that the back model surface gets
a more refined mesh, which hslpith the volume meshing between the template and the back
surface. The resulting mesh on the crack surface, near the back saréaosyn inFig 8.25.
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Figure8.23 Crackextensiordecreased anitting adjusted to keep the template inside

88



Display

¥ Markers
¥ Vectors

¥ Paolygons
v Text

[~ Mesh

(reset)
(crack)
view_1

Save | Read

Meshing parameters

Meshing parameters/options

Maximum generated elements: 1000000
Maximum volume mesh restarts: 9

M Do coarsen crack mouth mesh

e e

W Do crack proximity refinement
I~ Do not coarsen more than uncracked mesh
x
Volume mesh using: & FRANC3D " ANSYS ¢ ABAQUS
ansys192.exe

Flaw Template ansys
¥ use crack-front template abaqus bat

Template radius setas:  absolutevalue % of crackinc For ANSYS or ABAQUS: [~ write files only

Template Radius: 0.0015
" Simple Intersections Only [ Display Full Template
Cancel Accept

Meshing Parameters| Advanced Dpt\ons| |

Figure8.24 Template radiuslecreasedand meshing parameters adjusted.

Once this crack growth step is analyzed, the crack front can be propagated through the model
back surface. We can increase the extension and adjust faiageters if needed, Fig 8.2It

is important to check that the front fitting options push the cfinmitside the model surface,

Fig 8.Z7. Template radius and meshing parameters might need to beeddjgsin, Fig 82

Figure8.25 Crack surface mesh near the model back surface.
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Figure8.26 Crack growth through the model back surface.

Figure8.27 Crackfront fit outside the back surface

Fig 8.28 shows th&imple Intersectionare turned on. While FRANC3D will automatically
turn on simple intersections (see Section 6.1.15 of the Reference document), we can turn this on
to ensure that the template ends are pulled back from the model surface.

The template radius is kept smafie Do coarsercrackeé is turned offandwe increase the
maximum number of volume elemerfépplicable for FRANC3D volume meshing only). The
resulting surface mesh on the crack is relatively dense, Fig 8.29, but we need the smaller
elements to fill the volume with tetrahedral elements.
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Figure8.28 Meshing parameters adjusted for the frbréaking the back surface
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Figure8.29 Crack surface mesh near the model back surface.

Once this step of crack growth has been analyzed, we can continue to grow the crack, but there
will now be two crack fronts, Fig 80. Each front will have its own set of fitting parameters.

We can discard end points to simplify the fit. The ends of the front shositde&thed ouas

the fronts continue to advance.
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Simple intersections might produce questionable results antlebutare needed to get a valid
mesh. Once the fronts have advahégg 8.31, you can turn off simple intersections to get the
template to extend to the model surface.
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Figure8.30Two crack fronts exist after breaking through the back surface.
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Figure8.31Two crack frontsontinue to advance
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8.3 Crack Growth with Twisting/Turning

FRANC3D allows for oubf-plane crackurning and twisting. A sketch of a model and crack is

shown in Fig 8.32 The initial crack will turn/twist to align with the principal stress caused by

the loading and constraint. FRANC3D can simulateitliiee actual factoryoof crack growth is
Asmoot hedo, but the final crack shape resembl

LN

z

i1 20 LY
50 M T ox

a3

Figure 8.32 Model with a slanted crack;
from Maitireyimu et al, Journal of Solid Mech and Mat Engng, Vol 3, 2009.

Twisting/turning of the crack fromhightrequire a bit of manual intervention to get the crack to
grow from its initial configuration. Fig 8.33 shows the FRANC3D defaultitvepassing

through the predicted new front poirfidue curve and green pointsfhe FRANC3D default for

the curvdit is a 3 order polynomial. This fits the points but also produces a difficult geometry
for the template mesh (see Sections 4.2 and 4.3). The user can simplify the geometry for this
step of growth by switching to & brder polynomial fit Fig 8.34.

Figure 8.33 First step of predicted crack growth from the initial slanted crack.
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Figure 8.34 First step of growth with atbrder polynomial fit.

This simplified curvefit allows FRANC3D to create a template mesh at the crack front with
well-shaped elementbig 8.35. The template should not encompass large kinks in the geometry
surface. In this case, the template radius is less than the amount of growth so the teseplate

only the new crack surface geoemtry. If the template is larger, it will generate template elements
that are highly distortedrig 8.36, and potentially might not allow for a FE solution.
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Figure 8.35 Template mesh for the first step of growth.

‘ il
|' {’ ‘! 1}!&“%&1{

R
T
it
gniitl i

4‘ T

')'. ||I“‘“‘|lll‘}ﬂlI'Fhuﬁ'*'ﬁﬁmﬂ-iﬂfr Wé
S e e g ssl il

Wi e WM»%

! Nt g

‘ ) ﬂ(} i

Figure 8.36 Crack template for a relatively large template radius that spans the old and new
crack surface geometry.
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After the first few steps of growth, the shape of the crack surface and the new surface growth do
not include any large kinks, and the defatfiio8der polynomial can be used to simulate the rest
of the growth steps. Fig 8.37 shows the crack at 33 mm of growth.
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Figure 8.37 Crack after 33 mm of growth

8.4 Crack Front Merging

It is possible to merge serooplanar crack fronts in FRANC3Ehe grow/merge wizard is
described in Section 6.7 of the Reference documEmere are limitationso this capability The
first is that the crack surfaces shouldnbestly coplanar. Otherlimitations will be described in
more déail here

8.4.1 Cannot Merge Initial Cracks

If a user starts by inserting two persiyaped coplanar surface cradkig 8.38, these cannot be
mergedmmediately

£ (D
N

=

Figure 8.38 Two pennghape library flaws inserted as hp#nny surface cracks.
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Once the two cracks shown in Fig 8.38 are inserted, meshed and analyzed, user might be tempted
to use the Grow/Merge option to merge the fronts into a single f@untrently, his is not

possible FRANC3D will display the warning shown in Fig 8.39. Even though the cracks in the
mesh are seen as hakénny cracks, the underlying geoemtrasshown in Fig 8.38, where the
crack fronts are fAclosedo.

Grow & Merge Limitation

-
\11) Cannot grow and merge when prior frontis closed!

Figure 8.39 Grow/Merge limitation warning.

To get these two crack fronts to merge, one must first grow the cracks at least one step. This will
produce an A openda7wichasokiwd stepsmftgrowtrsaeded tétheg

original crack geometry). Fig 8.40 shows the geometry for these two cracks after one step of
growth, and Fig 8. #shows the merged crack front curve for the specified amount of crack
extension.

Figure 8.40 Two pennghape library flaws after one step of growth.

Figure 8.41 Two pennghape library flaws after one step of growth.
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8.4.2 Cannot Grow One Crack While Merging Other Cracks

If a user hasnultiple cracks in a model, Fig 8.42, and two of the cracks will be merged, the
process of growing and merging currently requires a couple of steps.

\g /

D {

Figure 8.42 Four cracks with two cracks about to merge.

The first step is to use the Grow/Merge dialog to grow and merge the crack fronts for the two
cracks that are merging, Fig 8.43. The growth is turned off for crack fronts43 amile the

fronts for 1 and 2 are being mergethis configuration is analyzed, and then crack fronts 3 and
4 are propagated while the merged crack front is held.

Once the merged crack step is analyzed, one can use the regular Crack Growth dialog to grow
the other two crack fronts while turning off growth of the merged front, Fig 8.44. This will

allow the noamerged crack fronts to catch up. Once this configuras@nalyzed, all crack

fronts can be propagated normally, Fig 8.45.

This process is not ideal, but it should produce reasonable results for reasonable crack growth

increments.Regulargrowmth plusmerging in onestep is possible for a single nemerging crack
front.
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Crack growth & merge
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Figure 8.8 Crackfronts 1 and Aremergel.
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Figure 8.4 Growth for merged crack front turned off.
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Figure 8.45 Normal growth of all crack fronts.

8.4.3 Merging the Ends of a Single Crack Front

If a crack starts from the surface of a void (or cylindrical hole), the crack might wrap around the
void such that the ends of the crack front meet on the opposite side ciftkdrontends are

mostly coplanar, the ends can be merged. This requires sorrmooset in the GUI, which is
described here.

An interior void is first inserted into a cubiéig 8.46; this is the Tutorial #1 ABAQUS cube

model. We import the full cube model into FRANC3D for simplicity and retain all the boundary
conditions. The void idefined as a sphere, with a diameter of 0.5 units, and is located at
coordinates (5,5,9)Once the void is inserted, the files are saved, which provides an ABAQUS
Inp file that can then be fienported into FRANC3D.

Thevoid.inpfile can be imported and divided in FRANC3D that we do not have to remesh the
full cube while inserting and growing the crack. A crack is inserted into the surface of the void,
Fig 8.47. Acircular crack with diameter of 0.2 units is inserted at coordinates (5,5,9.25). The
resulting mesls shown in Fig 8.48.
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Flaw Insertion

Flaw translation

global local

X | 5 X | 0
v 5[] v 0
z | 9 (| Z| 0

Flaw rotations

r 1st Rotation

Axis &KX C Y Z & Global

Angle (deg]l 0 Local

r 2nd Rotation
Axis CH &Y Z & Global

Angle {deg) 0 ¢ Local

r 3rd Rotation

Axis C XY & Z & Global

[~ Crack Axes

Display

¥ Markers
¥ Vectors

v Polygons
v Text

[~ Mesh

[~ Node Num
¥ Local Axes

Save | Read

View Options
__ Recenter_|
__ Cepture_|

Angle (deg) I 0 ¢ Local
e L
Redefine Local Axes I Reset
Figure 8.46Interior void inserted into a cube
Flaw Insertion
Flaw translation Display
global local I Markers
¥ Vectors
X | 5 X | 0 ¥ Polygons
¥ | 5 - | 0 IV Text
I™ Mesh
zZ Z
I 220 I g ™ Mode Num
¥ Local Axes

Flaw rotations

r st Rotation

Ao FXCYCZ & Global

Angle(deg]l 90 ¢ Local

r 2nd Rotation

Axis CX &Y Z & Global

Angle (deg)l 0 ¢ Local

r 3rd Rotation

Axis C X O Y & Z & Global

Angle(deg}l 0  Local

Redefine Local Axes | Reset

™ Crack Axes

(reset)

Save | Read

View Options
__Recemer_|

PR

Figure 8.47 Surface penny crack inserted into a void.
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Figure 8.8 Surfacemesh for gpenny crack inserted into a void.

The crack propagates around the void, staying approximately péantiue cube is subjected to

uniform tension. When the ends of the crack front approach each other on the opposite side of

the void, Fig 8.49, the user must use Brew/Merge Cracks menu optim to merge the front

ends together. Fig 8.50 shows the Grow/Merge dialog as the ends are;metgéddat a

relatively large growth step is used to prevefiteah ar po ki nk itemplatehe mer ged
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Figure 8.49 Ends of the crack front are ready to merge.
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Crack Growth & Merge
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Figure 8.50 Grow/Merge dialog.

Once the front has been merdadd remesheduccessfully, imightb e c o me a

i,c |

osedo

usuallywith a concave portion that can lead to overlaping new front points for the subsequent
step of growth, Fig 856 Thissubsequendtep of growth is done using the standardw

Crack menu option.Fig 8.51 shows the fitting options that will discard the overlapping new
front points. The resultinfyont is less concavd=ig 8.52 but could still lead to overlapping new

front points, so another manual step of growth might be required to control thétfirogt
Once the front has reached a futignvex shape, automated growth should be possible.
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8.5 Edit Crack Geometry

TheEdit Crack Geometrglialog allows you to edit the crack geometry. The edited geometry
can be saved to erkfile, or you can replace the current model crack geometry with the edited
geometry. The latter option allows you fix issues in the geometry prior to growing the crack.

For example, @ropagatedurfacepennycrack in a cube (Tutorial #1) is shown in the Edit
Crack dialog, Fig 8.53. The crack front is identified bylihes curve; this is turned on by
checking thdrontsbox at the bottom left undé&eaturedisplay. The crack surfaceormals
should be oriented consistently, and there should not bgagsyor. TheDisplaycheck boxes
allow you tocheckfor these conditions.

Edit crack geometry
File
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Figure 8.53 Edit Crack Geometry dialog.

The dialog allows you to adat deletea geometry patch to the crack. deletea triangle from

the boundary of the crack, cliékck Face and then pick a point onface Fig 8.54a. Click the
Deletebutton to finish removing the triangle, F8gb4h You can select multiple faces anouy
can repeat this process as many times as needed to remove overlapping (or badly oriented)
triangles.
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Edit crack geometry
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Delete faces Pick Far Delete
Split edges Pick Edge S

Split

Pick Face | Split
Add front Pick Edge | Add
Pull boundary  Pick Point | Bull

Split faces

Extend Preview | Do Extend
Duplicates Show | Verge
Map Crack Preview | IV
Smooth Preview | o5

Reset Original Crack Geometry

Feature display:
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[ crack faces [~ face ids
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™ face kinks

kink angle I 0 deg
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Replace crack with edited version ..

Figure8.54 Facsaredeleted.
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The Add faceallows you to pick points that already existreate a new triangle. For example,
Fig 8.55a shows pointthat can bgicked after clicking th&ick Pointsbutton. Pick one, or
possibly two, of these points to define a new face, Fig 8.55b, andlitliethe Add button to
finish adding the faceThe new face useexisting edge geometry amloriented with a normal
direction that is consistent with the rest of the crack surface.

Once the crack has been edited,Replace crack with edited versiorbutton can be used to
replace the crack geometry in the current modéle new geometris used when creating the

propagated crack geometry.

Edit crack geometry

File
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¥ Text
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Add face

Delete faces PICKT=ace
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Capture imag
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Feature display:
V¥ crack edges [ vertex ids
[ crackfaces I faceids
W crack fronts [~ normals
™ boundary [ gaps
™ face kinks

@
@
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@
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Replace crack with edited version...

Figure8.55a Pick points to define a ndace

For cases where crack growth is failing, you can use this dialog to view the geometry to look for
bad kinks between faces, or gaps at the model surface / crack bouRdagaps, use the
Extendoption to pull boundary points outwards. For kinks between faces, you might use the
Smoothoption, or a combination &dd, DeleteandSplit.




Figure8.5% Face is addealy clicking Add.

9. Crack Front Fitting

FRANC3D has options for fitting the predicted new crack front ppKits9.1 There are two
reasons to fit a curve through the new front points: 1) smooth out numerical noise and 2)
extrapolate the ends outside of the model surface.

The defaulfit is a 3rdorder polynomial with extrapolation set2e8%. This gives a reasonable

fit in many cases, but it is not always appropriate. Seétib:d.2 of the Reference document
describes each fitting optiorAdditional examples and guidelinage providedere.
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