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Part 2: Introduction to Fracture Mechanics Analysis
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Part 4: FRANC3D User Interface
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Part 6: Crack Insertion
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Part 8: SIFs from FE Analysis
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Miscellaneous Topics

FRANC3D Files and Restarts
Reading Analysis Results

Python Interface

Crack Face Traction

Merging Cracks

Display Menu Options

Advanced Menu Options

Some Limitations and Potential Issues
Elasto-Plastic Material
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FRANC3D Files and Restarts

See Section 3 of the User’s Guide.

Restart from FRANC3D .fdb file:
— From FRANC3D menu, select File - Open.
— Choose .fdb* file and select Accept.

— FRANC3D automatically reads the results file** along with
the initial uncracked FE*** and the cracked FE model files

*The .fdb file 1s a plain text file with references to other files, the flaw geometry, mesh
template and crack growth parameters, and the crack growth history.

**The analysis provides nodal displacement and possibly nodal temperature and crack face
contact pressure results. These will be saved in the .dtp file for ANSYS and ABAQUS; the
.pch file for NASTRAN has only displacements.

*#*Cracks, whether initial or subsequent steps of growth, are always inserted into the

original uncracked (local) FE model.
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Reading Analysis Results

(if the analysis 1s run on a different computer)

- rF‘.E:suli:; File
B FRANC3D: Abaqus_Cube sub.fdb
@ B IDAnsys ~|
File Edit Cracks Loads Analysis Directories X | | Files in C:ATemplCube\insys
- [==Nox| I | [
Open' a Ctl-o # [ Autodesk D Ansys_Cube_crack.dtp
Set Work Directory # [ bruce D Ansys_Cube_sub_full dtp
® 1 cygwins4 (] Ansys_Cube_sub_STEP_004_full.dtp
Close ® 7 Jane [ Ansys_Cube_sub_STEP_002_full.dtp
# ] PerfLogs D Ansys_Cube_sub_STEP_003_full.dtp
SaveAs... 1 Program Files [ Ansys_Cube_sub_STEP_004_full.dtp
] | Program Files (x86) D Ansys_Cube_sub_STEP_005_full.dip
|Wp0r:- wr # ] Python27 D Ansys_Cube_sub_STEP_006_full.dtp
® ] RegBackup
Export"' ® (] sIMULIA o
| Read Results... S0Temp
1 AnisotropicThickPlateShear
PlaybaCk. . [ 1 AnisotropicThickPlateTension
#[21 Brueggert
th Ctl-Q 1 CenterThruCrackPlate
[ ] ComnerCrackHolePlate
=1 Cube
(1 Abaqus
Results are read somm
1 Cube_test_rings o
: [ Nastran d
automatlcally by File name: I File type: IAnsys Results(*.dtp,*. OTP * dsp,* DSP) j
FRANC3D when o

opening the .fdb file, if

the results file exists.
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FRANC3D PyF3D

See Commands and Python Reference
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FRANC3D Python Programming Interface

FRANC3D has a programming interface that 1s an extension to
the Python programming language.

Python 1s an open source, object oriented, scripting language,
which 1s popular 1n engineering and scientific computing
communities (e.g., it is used with ABAQUS).

The Python interface allows one to automate repetitive and
possibly error prone tasks.

It also provides a possible strategy for coupling FRANC3D with
other computational applications.

Use Fcl2Py executable to convert session logs to Python.
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A simple PyF3D Program

import PyF3D The session log can be converted to Python,
£3d = PyF3D.F3DApp() and modified to insert a list of cracks:
f3d.OpenMeshModel( # lists of crack size parameters to

model_type="ANSYS",

file_name='"cube_orig.cdb’, a_sizes = [0.0160, 0.0320, 0.0480,0.0640, 0.0787, 0.2362, 0.3937]

extra_files="cube_orig.s01',cube_orig.s02', b_sizes = [0.0160, 0.0787, 0.2362, 0.3937]

retained_nodes_file='cube_orig RETAINED.txt')
# loop through the crack size matrix

f3d.InsertFileFlaw(
file_name="test.crk’, for a in a_sizes:
radius=0.008) for b in b_sizes:
# create flaw, insert it, and run analysis......
f3d.RunAnalysis(

model_type="ANSYS",

file_name="test.fdb’,

flags["NO_CFACE_CNTCT"],

connection_type="MERGE",

command=""ANSYS252.exe" -b -p ansys -i "test.macro" -o "test.out"")

f3d.ComputeSif(

do_therm_terms=True,
ref temp=71.6)
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Crack Face Traction

See Section 12 of the User’s Guide
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Crack Face Tractions

* Crack face traction loading can be used to include:
* Simple pressure on the crack faces
* Residual or 1nitial stress condition
* Replace full boundary conditions using the principle of
linear superposition
* Crack face traction applied in FE code as nodal forces; includes
normal and shear components.
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Linear Superposition

(a) (b) (c)

111t 111t
pm sl s RN

Fig 2.5.2 (a) Intemal crack in a solid loaded with an extemal stress o. (b) Crack closed by
the application of a distribution of surface tractions F. (c¢) Internal crack loaded with sur-
face tractions F, and Fj. _

: http://www.springer.com/978-0-387-681 87—0\

Introduction to Contact Mechanics
Fischer-Cripps, A.C.
2007, XXIl, 226 p., Hardcover
ISBN: 978-0-387-68187-0
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Crack Face Tractions

Cube model with normal tension
and shear load.

56401
+1061et01
+8.806e 00
$7.12de 00
+5.3810+00

cube under uniform tension cube urder uniform tension
ODB: Cracked_z_cube.odb  Abaqus/Standard JDEXPERIENCE R2016x - Wed Feb 08 13:15:59 Eastern Standard ODB: cracked_z_cube odb  Abaqus/Standard JDEXPERIENCE R2016x  Wed Fib 08 13:15:59 Eastem Standand Time 2017

1.000
Max, Principa)
Deformation Scale Factor: +1.500e+02

S, Max. Principa
Avg: 75%)

Crack on +z face
and on +x face.

cube under uniform tension
ODB: cracked_x_cube.odb  Abaqus/Standard ZDEXPERIENCE R2016x Wed Feb 08 13:20;21 Enstern Standard Time 2017
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Crack Face Tractions

M-integral DispCor Crack On —|—Z face
° 7% M 1 °1 0.1 0.4 0.5 0.6 0.9 1
" "o M-integral (crack face
T | “.,  traction term included)
—— tractions mode IIl 06 —— tractions mode IIl VCTSUS displacement
— L —— correlation SIFs.

Crack on +x face

ABAQUS and ANSYS

give essentially identical

results.
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Merging Cracks

See Section 8.4 of the User’s Guide
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Crack Front Growth and Merge

Crack Growth & Merge

Display
¥ Markers
¥ Vectors
¥ Polygons
¥ Text

™ Mesh

L

Crack Extension Front Fitting Options

& median extension: |—01 ¢ Cubic Spline

 number of cycles: IW & Moving Polynomial (order) l_g
apolate (%): [ =

Save Read

Sl el
DB

View Options |

(reset)
(crack)

Save | Read
Sl Ll
R afe

View Options |

Crack Growth & Merge

Display

¥ Markers
¥ Vectors
¥ Polygons
V Text

™ Mesh

Cancel

Cracks need to be
mostly co-planar

Recenter Recenter
] g L L0
" e " [t
Flaw Template
¥ use crack-front template
Template radius setas: (" absolute value % of crack increment
(] FRANC3D: AC_2crk_step_001.fdb
File Edit Cracks Loads Analysis Fatigue Fretting Advanced
ile
FRANC!
Version 7.1.0
Display
¥ Markers
IV Vectors.
¥ Polygons
7 Toxt Cancel <] Back | Next [>
¥ fesh

save | Read

Baba
RILYs

View Options
Recenter
Bl ®
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Crack Front Growth and Merge

Y 4 r ¥ . "4-“ .‘,'..l Ly '
oflaharer e
w. i ,‘.‘..--4' . ‘

J" S

5 mm

Two co-planar cracks (Manu, 1980)
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Crack Front Growth and Merge

r
Three co-planar cracks (e.g.
Liet al, 2003)
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Crack Front Growth and Merge

Multiple cracks in a keyway
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Display Menu Options

Display Advanced

View Response...
Create Animation...

See Section 11 of the Reference

Part 11
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View Response

Allows one to view the deformed shape of the cracked mesh portion

B ' Response _ - -
Display - Mesh Overlay
M Markers ¥ Display Mesh Overlay
¥ Vectors '
¥ Polygons ™ Show Mesh Node Id's
F Text Mesh Color: & Black ¢ White
I Mesh Center on node} |

(reset) -/De‘rcﬁd Geometry
(crack) (' Display On Deformed Geometry

Deformation Magnification Factor:

Save | Read /
DR ® <« || Digpfayed Regions

Q@®D [LA Al Regions « Material ID: | -1
View Opiafis|| 2 show Original Solid
enter ||~ show Original Outline

-—k.l |“'|| @l ™ Show Region Colors

> 4

v

The deformed shape can be displayed by turning on the Display on Deformed
Geometry option and entering a non-zero magnification factor
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Create Animation

Creates an animation of the crack growth sequence and save to an .avi
file.
Allows one to select a set of FRANC3D restart (.fdb) files to create an

animation of the crack growth
User must orient the model into a camera position that shows all the crack

growth steps before clicking the avi file button
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Create Animation

B " Create Animation

File )Settings

avifile

L5t

next b |

— O X
Display
¥ Markers
¥ Vectors
¥ Polygons
Select .fdb file(s) T —
I R——
@& B |[:| Abaqus_base j New Directory e
Directories X | | Files in Ci\bruce\ansys\Abaqus_base
= =
21 Autodesk [ Abaqus-Cube-2cracks fdb
=121 bruce
=11 ansys

[Z1 Abaqus_applied_disp

21 Abaqus_cload_dload
1 Abaqus_user_defined
1 ansys_with_temp_mat
(1 BMCB35
1 gear
Z1 merge_cracks
] test_cube_wb L
21 Toyota
1 hg32
1 hgBa
1 Reprise
21 cygwingd
21 GARMIN
21 NVIDIA
1 PerfLogs
("1 Proaram Files =

BEDBEEE

File name: IJh fdb,Abaqus-Cube-sub_STEP_001.fdb Abaqus-Cube-sub_STEP_002 fdb,

File type: [FRANC3D Files Files (*.fdb,".FDB} =

| Cancel |

Accept |

Part 11

22



Animation of Crack Growth from a Hole in a Wheel
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Advanced Menu Options

Advanced
! Edges Wizard.__.
Display COD Data...
Write Template Data._.

Export Crack Data...
Read User Extensions...
Plot CFT Stress File...
Edit Retained Modes...
Contour Integral Data. ..

See Section 14 of the Reference

Part 11
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Kink Angle Edges

* Needed for models with no clearly defined geometry boundaries
* Allows one to control the surface geometry/topology, which might
be required for crack insertion and remeshing in some models
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Kink Angle Edges

Before using edge After using edge
extraction dialog extraction dialog

/ Edge extraction
Kink Angle Edges Display

s |6
§1% |5 @
”;‘—;—|@

5 |8

A ¥ Markers
Angle Threshold: I 1!333v
L =i ¥ Vectors
Planar Seed Fil W Polygons
V Text
I~ do planar seed I Mesh
Planar Thresfiold: | 179_,%l
(reset) (d)
Minimum Facets: 53
> Edge Lines
| j Save | Read
Add Edi|  Delste alE | @l@
Print Curvatures | /N&
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Create Growth History

Displays the crack growth data.
Allows one to save this data to a

= CrackGrowthData £

fcg file that can be used with

- Extension Type: < DIST = . b
- Sif Comp Method: < M_INTEGRAL > the fatlgue dlalog.
= CrackFront_1

- StartPoint: < 2.9593, 5.00669, 10 >

Crack growth data can be

FitFront Points: .
FitOldFront Points: mb d
FitFront Extensions: CO lne ¢
FitParameters

=l FrontPointData

£l FrontPoint_1

E Ezrmalized Coord: < 0.00549507 = See Tutorial # 1 5

LoadCase 0: < 18.6472, 0.0683234, -0.0372598 =

# Js

#Ts

- Coordinate: < 2 96173, 5 00669, 9 96684 =

# Local Axes

- Kink Angle (deg): < -0.419852 =

- Extension: < 0.22444 >

- Node ID: « 38954 =

# FrontPoint 2 =

Cancel Save
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Read User Extensions (Python)

Open File
@ ID Abaqus_py j
Directories X | | Files in EX\F3D_test_suite\Tutorials\Session Python Tutorials 8 and 9\Abaqus_py
[_1 AbaqusTests B

[Z1 AnsysTests

# ] BenchMarks

& ] Extras

# [ FatigueTests

® [(] NastranTests

=21 Tutorials
1 Crack Interface Tutorial 13
(21 Cube Load Cases Tutorial 2
21 Cube Tutorial 1
[Z1 Cubes Glued Tutorial 3
&[] Dent Tutorial 10
@ 1 Disk Tutorial 4

& 1 Dynamic Pair Tutorial 14 _|
(21 Fretting Tutorial 7

(21 Manu Tutorial 6

(1 Plate Tutorial &

(21 SCC Tutorial 11

=] Session Python Tutorials § ar

[ run.py
[ run_user_python_py
[ run_user_python3 py

[ UserUpdate. py

Chose the .py file with
the user extensions for
crack growth.

Python File Options

User Python File:

File name: Iuser_WhonS,w

Cancel |

bSession Python Tutonials 8 and NAbaqus_py\user_python3.py
ri| M Use the initialization (on_initialize) function

W Use the new point (on_new_point) function

¥ Use the kink angle (on_kink_angle) function

I= Use the cycles growth rate (on_cycles

See the
Commands
and Python

growth_rate) munction

Select the functions
that will be used
from those defined
in the .py file.

ca tha fime amwth rate fan fime arawth ratel) finetion
I- Use the time ;;I',..lln rate (on_ume ;;I;..lln [ELe JIuneon

¥ Use the start step (on_start_step) function

ca the end 2ten (o end =tan) finctinn
= Use the end step lon_end_step)uncoon

Cancel |

Accept |

Part 11
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Plot CFT (section 14.9 of the Reference)

Contour crack face tractions based on mesh-based stress imput

# " Response

Troction Mogritude

12.
. 11

oo

.60
11.

21

A

g’
A

i

S
11
%

259

i
'ﬂaﬂ
s
i
AX
]

i

Pt
]

Display r Traction Component
IV Markers .

¥ Vectors X Traction Ty
[¥ Polygons " Y Traction (T )
¥V Text

™ Mesh i Z Traction (T )
(reset) & JT%+12+1§
(crack) o

View Options |

Recenter

Capture |
L[|

r Mesh Owerlay

[V Display Mesh Overlay

[~ Show Mesh Node Id's

Mesh Color: & Black ¢ White

[~ Show Original Qutline

Centeron node| Node (DX I 0

r Contour Levels

™ Custom Contour Level Thresholds

[ower: I 8.41147 upper

11.6043
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Edit Retained Nodes (section 5.6 of the User’s Guide)

Edit retained nodes Edit retained nodes

Select all | Display Select all |
Unselect all | ¥ Markers | Unselect all | W Warkers
. ors | ™ Vectors

retained node

Show node sets | U
Show surf sets QX
z

Show surfaces
Read retained file |

Allows one to change the retained facets 1f crack growth
reaches a retained surface and further growth 1s desired.
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Some Limitations and Potential Issues

See Section &, 9 and 17 of the User’s Guide
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Triangulating New Crack Growth Geometry

Users must make sure that crack fronts do not overlap when
fitting and extrapolating.

Crack front geometry overlap

Intersection of new and old front segments
Mew front point 7 intersects old front
Intersection of new and old front segments
clearing crack front ids

Failed triangulating new crack growth surface
Failed to propagate crack front B
Failed triangulating new crack growth surface
Failed to propagate crack front 1
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Crack Front Oscillations

DDDDDDD

2.8 g|avas
ieldrss
q73q

Display
¥ Markers
WV Vectors
W Polygons
v Text
Speed
rotations
translations
Options
I Axes
FIB Colors
i

—|r_
A,
@Frs Mo
AE
ER

smaII crack steps (stable crack-front shapes)

I RN If you see this type
Iarge crack steps (unstable crack-front shapes) Of gI'OWth, you

)()0\)” L) ) ) 1) )()[) ) should take smaller
steps or simplify the

crack front fitting,
i.e. use a lower
order polynomial.
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What to do when something goes wrong
during crack insertion or growth

If the program crashes before you see the “Flaw Insertion Status” window:

« Use the “Advanced -> Flaw to File Wizard” option to create a .crk
file that describes the flaw you are trying to insert.

* Send the .crk file along with the mesh file (.inp or .cdb) to us.

If the program crashes during flaw insertion or the program reports that it cannot
insert the flaw:

* Check to make sure that no part of the flaw or crack-front template 1s in
the retained (cut surface) portion of the sub-model.

* Check the Command/Terminal window for messages.

* Look for a file called “debug.tst” in your working directory and send it

to us.
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Elasto-Plastic Material

Part 11
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Example Simulation

2000 . ‘ !
' - = damage mechanics
e e cohesive zone
— experimental lower bound
15001 - experimental upper bound | |
[r
o
-~ :
5 1000 L g N
o
o
|
500 I e N R
0 i ‘ ; ‘
0 100 200 300 400 500

Predict fracture path and load vs COD COD (mils)
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Example Simulation: LEFM

S, Max. Principal

{Avg:

E

75%)
+2.281e+086
+2.500e+05
+2.288e+05
+2.075e+05
+1.862e+05
+1.650e+05
+1.438e+05
+1.225e+05
+1.012e+05
+8.000e+04
+5.875e+04
+3.750e+04
+1.625e+04
-5.000e+03
-1.919e+04
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Linear Elastic — Singular Wedges

Configure template

MNumber of radial rings: Display

i i ¥ Markers
Number of elements circumferentially: ¥ Vectors
Radial progression ratio: W Polygons *Materlal, Name:Cube
Max axial/radial aspect ratio: I Text *ELASTIC’
™ Mesh

@ Brick (and wedge) elements (K's and J's) [ \Eronts TYPE:ISOTROPIC

W Use guarter-point elements

@ Wedge elements at the crack front: (reset) (d) 1 .0€+04, 3 06—01 5

" Collapsed brick elements at the crack front

L

r

" Tetrahedral elements (J-integral only) Save | Read

LBl L]l
S Lals

™ Simple template intersections only

File Data Axes

—— Display Analysis Load Step l__| Sub Step ’__| Crack Front l__| Crack Growth Step l__|
W Markers
e i ~
o Vet i | Eu | Ku | Fint | T-str | Table | Export]
W Polygons Mode I Stress Intensity Factor
Cancel ¥ Text 14,700
™ Mesh
™ Fronts 14,400
(reset) (d) .
(crack) g 14,100 |
A 3 z
[, 13800 F
Save | Read | [ =
LEFM SIFs Computed CRB @l | )
. . R=AT L] i
with M-integral —
13,200
Recenter
Capture image 12.900 ! ! 1 1
i z 0.0 02 04 0.6 0.8 10
L [ ol | By A B
normalized distance along front
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Elasto-Plastic — Collapsed Bricks with MidSides

Configure template

MNumber of radial rings: 5 Display

M Markers
MNumber of elements circumferentially: 1q ¥ Vectors
Radial progression ratio: 1 ¥ Polygons
Max axialfradial aspect ratio: 2 ¥ Text

I Mesh Turn on ABAQUS J-
I Fronts : .
integral computation

(reset) (d)
ABAQUS Options

ABAQUS run time:
ABAQUS Execttable: |abaqus bat Browse

Python Executable: |py1hon Browse

Pyt

ABAQUS Local Madel Output Browse

¢ ABAQUS Local Model Output

* Brick (and wedge) elements (K's and J's)
™ Use quarter-point elements

" Wedge elements at the crack front

* Collapsed brick elements at the crack front

I Allow crack-front blunting

Static analysis

" Tetrahedral elements (J-integral only)

™ Simple template intersections only

Output results: & last frame  every frame

Glot Extract results: " full model & cracked model ¢ template nodes |
m ™ Write template section # template rings: 5

W_( template material: | J :M‘
*Material, Name=Cube Boul  contour integrals (requires collapsed bricks): I
*ELASTIC, T/ @ aBAQUS *contourintegral type: M0 C K T
TYPE=ISOTROPIC AB K
1.0e+04, 3.0e-01 _Vvij _ Cancel Accept
*PLASTIC

6.6e+01, 0.0e+00

6.78e+01, 2.623e-03

6.85e+01, 1.3623e-02

6.99¢+01, 9.3623e-02

7.05e+01, 1.33623e-01 o dgsck |[Neap |
7.10e+01, 1.73623e-01 Part 11

7.11e+01, 1.93623e-01




FRANC3D Elasto-Plastic J-Integral

File Edit | Cracks Loads Analysis

T MNewFlaw Wizard._..
Flaw From Files ...
Multiple Flaw Insert...
Compute SIFs. ..
Grow Crack...
Read Crack Growth...
Grow/Merge Cracks...

™ Linear elastic stresses computed from displacements

+ Monlinear stresses read from results file

I Finite strains

Cancel Accept

Edit Crack Geometry...

FRANC3D computes J-integral at mid-side nodes

B J-integral by Element Rings = [m] X
File Data Axes
Display Analysis Load Step Sub Step Crack Front Crack Growth Step
W Markers ; .
& Along Front ¢ By Ring Ring [4 *
‘ W Vectors - g
v“ W Palygons J-int l Table ]EXPOV‘:]
‘ MV Text J-Tntegral Variation for Ring 4
| M Mesh 430
A .‘1 I™ Fronts
" (reset) (d)
(crack)
view_sifs
< ) 300
<N Save | Read
‘ o ba
‘} REB®
<> View options | | 150 |
4‘ Recenter
‘ Capture image
AN, s O ®y
/ X 0 PR U R S S S N S SRS R S T R S
0.0 02 04 06 08 10
z B
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FRANC3D Elasto-Plastic J-Integral

Advanced
! Edges Wizard...
Display COD Data...
Write Template Data...

Export Crack Data. ..
Read User Extensions...
Plot CFT Stress File. ..
Edit Retained Modes. ..
Contour Integral Data. ..

reads the ABAQUS
.dat file to get the
contour integral data

ABAQUS computes J-integral at both mid-side and corner nodes

B " Contour Integral

File Data Axes

= a X

Part 11

Display

¥ Markers
¥ Vectars
¥ Polygons
¥ Text

" Mesh

™ Fronts

(reset) (d)
(crack)
view_sifs

Save | Read

(ShE Lallz]
@R

View options

Recenter

Capture image

O |jet|

il

Analysis Load Step I Vl Sub Step I Vl Crack Front I Vl

Crack Growth Step I ) Vl

@ Along Front " By Ring Ring [4 ¥ :':".3:3'.:'|IEIIVI
int | Table | Export]
Contour Integral for Ring 4
500
400
300
200
100
D -
-100 1 1 L L L 1 1 L L L
0.0 02 04 0.6 0.8 1.0
A B



End Part 11
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