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Crack Growth
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FRANC3D Crack Growth

« FRANCS3D is used to perform the following:
— Compute accurate SIFs
— Predict how crack(s) will grow

— Modify the FE mesh to incorporate the crack shape

 FRANCS3D supports three types of crack growth prediction:

-
.. —

— Subcritical Growih Iips

(¢ Subcritical crack growth (fatigue, SCC, creep, etc.)
_ Qu aSI_StatIC C Quasi-static crack growth

(" ¥

. Read growth parameters from file: Browsel
— User-defined
Cancel [ next |
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Crack Growth Prediction

« Computing crack growth is a three-step process:

— Compute the kink angle for each node on the crack front, which

glves dlreCtlon / local kink angle

e

original crack front

— Compute relative amount of local crack extension for each node on
the crack front

local
extension

SIFs are used to predict direction and relative growth.
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Crack Growth Prediction

— Smooth the computed new crack front

predicted front (blue)

local extension {

local kink angle

smoothed front (red)

e

original front

—

SIFs are used to predict direction and relative growth.
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Crack Turning or Kinking



Crack Propagation Kink Angle

FRANC3D Supports

— Following methods for
computing the kink angle:

» Maximum Tensile Stress

« Maximum Shear Stress

» Generalized Stress
 Strain Energy Release Rate
 Planar growth (6=0.0)

« User defined model

— Modifications for Anisotropic
Toughness

Kink angle model

Kink angle maodel

(+ Maxtensile stress (MTS)  max (K] ()

/ . 2 . 2
" Max shear stress (M33) max (1'#'1 (aj[[.'{['[iﬂﬂ + (aj[[[.‘{['[[tﬂ]] )

(" Generalized stress max (MT5, MS5)

. P d P 2 = 2
(" Strain energy release rate |t1+1x{f\[if-'] +(a;[[h[[it'1]] + (a;[[[h[[[iﬁﬂ )
" Planar =1
~

[ Kink angle limit

o

Mixed mode eta factors

]

Crack growth resistance

[ Anisotropictoughness |

Cancel Back | Mext
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Maximum Tensile Stress

Opo max theory:

 Crack kinks in direction normal to the maximum
circumferential (hoop) stress; ignore higher order terms
« Default algorithm in FRANC3D

Crack tip

O =
00 e -

1 COSQ{K| cos.zQ—§ Ky sin 6?}
2 2 2

or A9C=2tan1[1_\/1+8(K“/K')2j
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Crack Relative Extension

Part 9
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Crack Propagation Relative Extension

Simple quasi-static growth:

Extension at mid-side node-i = user-input-extension (or cycles) X

Mode I Stress Intensity Factor

o

1008

point i —

x /// current
—
crack

min K

front

0.800
0.0000 0.200 0.400 0,600 0.300 1,000
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median SIF

predicted
new crack

front

“~~4a, computed
i extension

/ ~Aa,, specified
extension
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Crack Front Smoothing



Crack Propagation Smoothing

Curve is
extrapolated
outside the
model surface.

Specify median
crack extension

Specifying extension
IS more stable than
specifying cycles.

-
Crack Growth

polynomial fit

Frop#Fiting Options

" KinkaAngle/Extension Poly Fit polynomial order:

{¥ Fixed Order Poly Through Points extra I
polate (%) k}

- ) )
Multiple Poly Through Points T DET T l_
" Hermitian Closed Paly

o smoothing

Save | Read

DRDa
SILL Set crack front
4' || fitting options

Box Zoom |
/
/

Use simplest

™ create .crk file wnte frtfile

" Cubic Spline ft th t k
¢ Moving Polynomial Display: Kmkﬁnglesl Extension I a- Wor S-
" Partial Smoothing/Extrapolation

Mo Smoothing or Extrapolation

S

W Mext [> | 13
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Crack Propagation Smoothing

 The fitting Is done for two reasons:

— To smooth out numerical noise in the new front point predictions

polynomial fit
e

~— ho smoothing

— Smoothing yields an analytical curve that be used to interpolate or extrapolate
to find the precise location where a crack front intersects a surface

fitting curve extrapolated
to a free surface
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Subcritical Crack Growth

Fatigue or time dependent crack growth situations

Stress intensity factors controlling crack growth are below the
critical value for the material (K < Kcrit)

Crack growth is caused by fluctuating load levels (AK)

Stress corrosion cracking and creep crack growth are examples of
time dependent crack growth
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Subcritical Crack Growth

Subcritical crack growth (crack extension) can be predicted

considering cyclic fatigue, time dependent crack growth, or a
combination.

I da
Aa:I —(AK,R,T)dn+I
mp AN 70

1da
— (K, T)d
dt( )dz

where:
AK =Kiay —Kmin R = Kmin / Kmax

Aa = Crack extension,
da/dN = Crack growth rate due to load cycles
da/dt = Crack growth rate due to time dependent mechanisms

1o, 1, = Load cycle counts at the beginning and end of the crack extension step
7, 7; = Time at the beginning and end of the step
T = Temperature at a location on the crack front
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Crack Growth Rate Models

Cyclic Load Models: Stress Ratio Models:
Paris Equation No Stress Ratio Effects
Bilinear Paris Equation Walker Equation
Hyperbolic Sine Equation Newman Closure Equation
Sigmoidal Equation Tabular Data

NASGRO Equation
Tabular Data

Time Dependent Models:

Power Law Equation
Terachi SCC Equationt
Tabular Data

Growth models can be temperature dependent or temperature
Independent

T T. Terachi, et. al. “SCC growth behaviors of austenitic stainless steels in simulated PWR
primary water,” Journal of Nuclear Materials 426 (2012) 59-70
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Fatigue Growth Rate Models

 All fatigue growth rate models are a function of stress intensity
factor range, AK. This is the difference between the maximum
stress intensity factor in a load cycle, denoted K., and the
minimum value, K. (thati1s, AK =K .. — K-

» The fatigue crack growth rate may also be a function of the
mean stress intensity factor, typically characterized by the
stress ratio, R, where R = Kmin / Kmax

 Fatigue crack growth rates can be specified to be temperature-
dependent or temperature-independent
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Time Dependent Growth Rate Models

» Time dependent crack growth rates, da/dt, are functions of
crack-front stresses, temperature, and possibly other material
properties

* Time dependent growth includes creep crack growtht, stress
corrosion cracking, and frequency dependent
environmentally assisted crack growth.

T currently creep crack growth is K dependent only, C* is not yet implemented.
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FRANC3D Subcritical Crack Growth Procedure

F &

Growth Type

& Subcritical crack growth (fatigue, SCC, creep, etc.)
" Quasi-static crack growth
™ Userdefined crack growth

Read growth parameters from file: Elrowsel

| Mext |

Cancel

[ma]
¢

Kink angle model

Kink angle model

% Maxtensile stress (MTS)  max (K] (8))

& B,
" WMax shear stress (MSS) |11;\x(vlll[:1}[[}'{{[(ﬂ)] + (g K () )

" Generalized stress max (MTS, MSS)

2 2
" Strain energy release rate nmx(K[ (07 + (m K1 (8)) + (g K (6)) )
" Planar & =
r _E_ =l Tl-‘--.-:-
[™ Kink angle limit Waximum kink angle (deq): I 0

Mixed mode eta factors

w1 w1

Crack growth resistance

[ Anisotropictoughness settoughness para 'e".e-'zl

Cancel Back | Mext

Subcritical Growth Parameters

Units used in FE model

Change |

Istress:MPa length: mm temp: C time: sec

Crack Growth Load Schedule

Mew Schedule Fead From File Wizard View/Edit Save To File

Crack Growth Rate Model

New Model | ReadFromFile| View/Editda/dN| viewrdiidact| SaveToFile |

Mixed-mode equivalent K

'y Kﬂiui\' _ f{[ e K«il:i\' _ \/I{[-E""::'}"'[[I{[[)z+'::T[[[I{[[[:|2

‘e }-{(qui\' _ I{Fﬁ?&: -&[ I 0 "&n I

i & wom K5 C wom K © wom K C) always positive ays negative

Effective Delta K
* AKg = Ky — K O ARy = Ky — max(Ky,,0)

[ Use load interaction model & SetlEdit Farameterns |

Integration Options

¥ Accelerated counting [ Constant K for time integration

Dynamic Pairing Metric

(0 ,_fi,r{flﬁ'"" C dafdN O ACTOD

Cancel Back | Finish |
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Subcritical Crack Growth Parameters

Subcritical Growth Parameters

SchriticaI CraCk grOWth paramEterS Units used in FE model
[ Units used in FE mOdel |stress:MF’a length: mm temp: C time: sec M

* C raCk g rOWth I Oad SChed u Ie | Mew Schedule Fead From File Wizard View/Edit Save To File
° C raCk g rOWth rate m Odel Crack Growth Rate Model
° M IXed'mOde equ IVaIent K New Model | Read From File| view/Edit dadn| | saveToFile |

Mixed-mode equivalent K

* Effective delta K ¢ K - S SN s

bidn |

° Integratlon Optlons CORY % —

) f" f" f" i

« Dynamic Pairing Metric

& AKg = Koo — Koo C ARy = Ky — max(Ry;,,0)

[ Use load interaction model |

Integration Options

W Accelerated counting [T Constant K for ime integration

Dynamic Pairing Metric

G AR C da/dN -

Cancel Back | Finish

22
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Units Used in FE model

User must set the units used In the
FE model

Either SI or US units can be
chosen

FRANC3D needs to match the FE
units with crack growth rate units,
which can be different

FRANC3D does unit conversions
automatically

Part 9

Units —
Set Units:
* 3| units
Length:  mm  m © other
Stress: * MPa (" Pa ( other

Temperature: = C " K other

" S customary units

i (s
. . (=
i (s

Units of time:

Cancel | Accept
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Crack Growth Load Schedule

Fatigue Growth

Finite Element Results: .
Reguirements:

load step 1:

node displacements load cycle 1

(node temperatures) Kmax, Kmin, temp, period
load step 2: load cycle 2

node displacements > Kmax, Kmin, temp, period

(node temperatures) load cycle 3
O Kmax, Kmin, temp, period
load step n:

node displacements load cycle m

(node temperatures) Kmax, Kmin, temp, period

Part 9 24



Crack Growth Load Schedule

Finite Element Results:

load step 1:
node displacements
(node temperatures)
load step 2:
node displacements
(node temperatures)

—>

load step n:
node displacements
(node temperatures)

-~

-

_oad
Schedule

2N

v

Fatigue Growth
Requirements:

load cycle 1

Kmax, Kmin, temp, period
load cycle 2

Kmax, Kmin, temp, period
load cycle 3

Kmax, Kmin, temp, period

load cycle m
Kmax, Kmin, temp, period

The fatigue “load schedule” defines a mapping from FE results to a
sequence of fatigue load steps that are used to compute crack growth rates

Part 9
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Crack Growth Load Schedule

e Load Schedule
« Used define a sequence of load cycles and/or hold times that

will be applied to a finite element model for the purpose of
predicting subcritical crack growth
 User specified table of “load events”

LLoad Schedule:
Load Event 1
LLoad Event 2
Load Event 3

Load Event n

 Users in different industries specify different types of fatigue
load sequences, so load schedules are flexible (thus complex), but

a user is not likely to need all capabilities in a single analysis.
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Crack Growth Load Schedule

A load schedule can include one or many load steps

For a jet engine component, a user might define a set of load steps where
each step has a different temperature distribution and a different angular
velocity; each load step represents a different time point in a typical flight
(e.g., ground idle, takeoff/climb, cruse, maneuver, decent, reverse thrust)
In FRANC3D, a user constructs a ‘Load Sequence’ that describes a typical
mission or flight. For each event in the sequence, an optional load and
temperature multiplier can be applied, giving a sequence table such as:

Load Step Load Mult Temp Mult Comment

1 1.0 0.5 Ground idle (cold)
3 1.0 1.0 Climb

2 1.0 1.0 Initial cruse

4 0.8 1.0 Maneuver 1

2 1.1 1.0 Second cruse

4 1.2 11 Maneuver 2

2 1.0 1.0 Third cruse

5 1.0 1.0 Descent

1 1.0 1.0 Ground idle (hot)
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Crack Growth Load Schedule

Load Schedule

— Load Event

— Load Event

— Sub-Schedule

| oad Event
Sub-Schedule

— Load Event

— Load Event
Load Event

— Load Event

Part 9

A load schedule event is a
recursive definition of a (sub)
load schedule, which allows
load schedules to be defined
with a hierarchical tree-like
structure.

This, combined with repeat
counts for a sub-schedule, can
simplify defining and storing a
complex schedule.
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Crack Growth Load Schedule

 Select the New Schedule button | s e pusmees

to_ dISpIay the Load SChEdUIe Istress:MF‘a length: mm temp: C time: sec Change |
dialog

Crack Growth Load Schedule

Mew Schedule ) Read From File Wizard ViewlEdit Save To File

N
Crack Growth Rate Model

NewModel | ReadFromFile| ViewiEditdaran| viewediidat|  saveToFile |

Mixed-mode equivalent K

(O e [l e \/J{E+cjn,r“.r{”f +cjn,rm1{mf

O K™ = K i o, [ o

Sign: & wom By, C) kom Ky Cwom K € always positive ) always negative

Effective Delta K
& ARy = Ky — Ky C AKy = Ky —max(Ky;,,0)
I™ Use load interaction model &  Set/Edii Parameters |

Integration Options

¥ Accelerated counting [ Constant K for time integration

Dynamic Pairing Metric

& AR € dafdN € ACIOD

Cancel Back | Finish I
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Crack Growth Load Schedule

Load Schedule ‘ Load Schedule
Scl

. Schedule:

D T T (' | Y| glalels

| | other] R epeal t| ature] Time| static] other]

(load Steps| Repeat] Temperature| Time| Stztic] oter
- Load event repeat count

r Mo event selected
{* Repeat count: I 1

" Repeat FOREVER

Cancel |
Load schedule is comprised of a collection of load events

Load events are organized in a tree-like structure

Select the Add button to display the Event Type dialog
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Load Events

FRANCS3D supports the following

load event types:

« Simple Cyclic

« Non-Proportional Cyclic

e Transient

e Spectrum

* Hold - hold-time only with no
cyclic loads

« Dynamic Pairing — examines all
SIFs and dynamically creates

max-min pairs

Event type

Event Type:
" Simple Cyclic

" Transient
™ Spectrum
" Hold Event
(" Dynamic Pairing
" Schedule

Cancel Accept

e Schedule — a load “sub-schedule”

Part 9
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Load Events

« Simple Cyclic Kmax
« Kmax from one FE load step or

the sum of a number of FE load
steps (with optional multipliers). Kmin

* Kmin = zero or R(Kmax), where
R is stress ratio

User can specify:
L Lonaon (and P
« Load step (and substep if there is stessraio R [ 0
more than One) a|0ng with load and Step Sub LoadMult TempMult Temp Offset
temperature multipliers S ] ] B o e

«  Temperature offset

time
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Load Events

Non-Proportional Cyclic:

* Cycles where Kmin and Kmax come from different FE load steps
«  User can specify for Kmin and Kmax:

Load step (and substep if there is more than one)

Load multipliers

Temperature multipliers

Temperature offset

Load STEDSI Repeat' Temperaturel Timel Staticl Dtherl

- Monproportional cyclic load event

K max load step:

Select Load Step

/1, No load step selected Selectalnadstepl

K min load step:

/1, Mo load step selected Selectalnadstepl

| Temperature Offset

Load Step:
Load Sub-Step:
Load Multiplier:

Temperature Multiplier:

1TE

Add Delete | Duplicate |
|

| Cancel Sum Multiple Steps | Accept

R and AK values are computed

Part 9

28]

Load Stepsl Repeat| Temperature| Time | Static| Other|
Menproportional cyclic load event
K max load step:

Step Sub  Load Mult  Temp Mult Temp Offset

[ 1= 1 1 0 Ed

K min load step:

Step Sub  Load Mult  Temp Mult Temp Offset

[ 2 = 1 1] 0 eai] || |

Cancel Accept
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Load Events

: A
Transient: _
applied
. FI_?ANC_SD looks t_hrough gll load steps temperature
(times) in the transient to find Kmax and

Kmin o

«  Different nodes on a crack front might Ko
get Kmax and Kmin from different times
*  The user must specify the load steps (and Py
substeps if more than one) along with Kmin
load and temperature multipliers and >
temperature offset load steps
o el Select Load Steps -
Load Stlepsl Repeat| Temperature| Time| static] otner| Load Step: IG
_ I:::;::}::}d::::; for Kmax and Kmin: Load Sub-Step: I? e |—3
/&, No load steps selected Select load steps | Load Multiplier: I 1 1 St:p | SUDALLl =il 1 L 1 s 0
Temperature Multiplier |—1 B 5 AL ; ; 0
Temperature Offset: I 0 E 3 ALL 1 1 0
Cancel Multiple Steps | Accept | | ﬂl ﬂl
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Load Events

Spectrum loading:

* For one load step, a load spectrum gives

sequence of (Smax, Smin) pairs that are S
multiplied by K for the one step to get
series of (Kmax, Kmin) pairs.

«  For multiple non-proportional load steps,
each load step has its own independent

time

spectrum and K values for each cycle are:

n

Kmax = Z Kr(r%x

=1

n
Kmin = Z Klgrlli)n
i=1

-
-

Part 9

@ g

max: ~min

)*(Kr(r}g\x’K(l)

min)

e Ston) = (K K

min min)

max'Sr(r?i)n) — (Kr(r?gx’ Kr(rﬂ)n)
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Load Events

Load STEDSI Repeat| Temperature| Time | Static| Other|

Spectrum load event:

«  User must specify the load steps (and S e |
substeps if more than one) along with a /A\ Noload step selected  Seloctaload tep |

load spectrum
«  Multiple spectra can be used

/1, No spectrum Select a load spectrum |

«  Multipliers and temperature offset can be

applied

Select Load Step Select Load Steps

-
Load Step: IG Mumber of steps: |—3

roadsub-sien [ sep | su | wwut | tmur | Tofset
Load Multiplier: [ 1 - y AL r r 0
Temperature Multiplier: |—1 E 2 ALL 1 1 0
Temperature Offset: Ii[] _3 3 ALL 1 1 0

Cancel Multiple Steps | Accept | ( ﬂl ﬂl
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Load Events

Spectrum load event:
«  Selecting load spectrum requires the
spectrum data to be read from a file

Select a spectrum file ‘ — I
a = [ Abaqus_cload_dload ]
Directories x Files in C:\brucelansys\Abaqus_cload_dload
= c = ) [
(1 Autodesk [ Abaqus-Cube_RETAINED txt
=3 bruce B
=1 ansys [ cod1 bt
# (1 Abaqus_applied_disp [ cod2 bt
(1 Abaqus_base [ cod3ot
EL& Abaqus_cload_dload [ junk bt
# 1 Abaqus_user_defined [ junk1.bd
=1 BMCB35 [ junk2.d
(1 gear [ junk3.od
(1 merge_cracks [ iunk_STEP_001.tt
(3 test_cube_wd [ junk_STEP_002.t¢t
] Toyota |3 junk_STEP_003.6¢
(1 hg3z [ junk_STEP_004.t
(3 nge4 (] junk_STEP_005.¢
1 Reprise [ junk_STEP_006.t¢
21 eyqwinga [ junk_STEP_007 £t
23 GARMIN
23 nviDia
(1 PerfLogs
& (1 Pragram Files
(1 Prooram Files (x86) |

File name: Iavgm

File type: ftextfile Files (“bt,".TXT)

I

Cancel Bar

Next

Data displayed in a

table but can also be

plotted in a graph.

—>

Load STEDSI Repeat| Temperature| Time | Static| Other|

- Spectrum load event

Load step and load spectrum:

Use Multiple Spectra |

/I Moload step selected  Select aload step |

/1, No spectrum

Select a load spectrum

-
Spectrum file delimiter

-

Define spectrum file columns

Delimiters Selectthe Max and Min columns
i+ Values separated by spaces or tabs Miﬂj i leﬂtj‘
" Walues separated by commas 01% 1 DDDDEJD 64500—
Data preview 0.575 1.000000 32350
I™ lgnore first line of data g%g 1333333 S%Eég
0.15 1.000000f6 4500/ 0.575 1.000000 20590
i i 0.15 1.000000 29280
0.15 |1.00000022610
I 0.15 [1.000000[21100 1 0.575 1.000000 15320
|| ||o.575[1. 00000020590 0.15 1000000 1868 0—
0.15 |1.000000(29280 ||
0.575 1.000000 9570
b0 525 D onnaoiasan 0.15 1.000000 13000
0.5751.000000/9570 | 0.5%5 1.000000 6600
0.15 |1.00000013000
0.575/1.0000006600 Dné%g %'gggggg gggg
0.15 |1.000000[(3350 | - :
0.G57E[1.000000(4850 0,15 1.000000 6600
| g.égsi.gggggggggg 0.575 1.000000 3600
: : 0.15 1.000000 5300
2-15 |t-Doboon>eo0 0.575 1.000000 3420
0.15 [1.000000[5580 0.15 1.000000 EEE0
|| ||o.575[1.000000/2950 0.575 1000000 295(
0.15 |1.000000/5460 ;I 0.15 1.000000 quuﬂ
Cancel I Back || Mext I
Cancel Back | Finish I

Part 9
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Load Events

Load SIEDSI Repeatl Temperaturel Timel Staticl Dtherl

Spectrum load event:

«  Once the spectrum has been read, Load step and load spectrum: _Use Multple Spectra |
the Load schedule dialog appears as Step Sub LoadMult TempMult Temp Offset
| 1 |- 1 1 uﬂ|

Spectrum: Edit ! Display ‘i
Load Spectrum l
':'!"r'\_ ‘ * * [~ Specify Range =iart I 1 End

1.100

0.900

0.700

load

0.500

Display button —>

0.300

[0 1)) S R ST R R S BT R
0.0000 1.000e+005 2.000e+005 3.000e+005 4.000e+005
cycle
I Dismiss |
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Load Events

Hold Event:

A hold event allows one to define a
hold time without any companion
load cycling

«  Simple cyclic, Non-proportional
cyclic, transient and spectrum loading

Event type

Event Type:
" Simple Cyclic
& Mon-Proportional Cyclic

" Transient
" Spectrum
" Hold Event
" Dynamic Pairing

events can include a hold (dwell) € Sehedut
tlme Cancel | Accept |
 |f the Hold Event is chosen the user
must specify the hold time and the (sadSiepe IRepeatlTemperamre Time|statc] 1 |
i ¥ Time dependent crack growth
Ioad Step * Holdtime: I &

" Hold FOREVER
Hold load steps:

/1 No load step selected  Select aload step

Part 9
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Load Events

« Dynamic Pairing:

Examines all SIFs and dynamically
creates max-min pairs

There are four event types:

Low Cycle Reversal — the load
step associated with a LCF event
IS specified

*  High Cycle Const Amp — the load
step associated with both a static
and a vibratory load step are
specified

*  Resonance Blossom

e Spectrum

Use the Add button to display
the Dynamic Pairing events.

Part 9

Load Schedule

Load STEDSI Repeat| Temperature | Time| Static| Other|

ynamic pairing event

D
No associated loads

) B TP
|

Load Schedule

Event type

Event Type:
" Simple Cyclic

" Mon-Proportional Cyclic

" Transient
" Spectrum

" Hold Event
¢ Dynamic Pairing
" Scheaule

Cancel |

Accept |

Load Slepsl

Event Type:

& Low Cycle Reversal
¢ High Cycle Const Amp
" Resonance Blossom
" Specirum

Qancell Accept amherl

Dynamic pairing event
P‘\IU associated loads

9] ss| ]

40



Load Events

Load Schedule

=l

Dynamic Pairing:
 Resonance Blossom — the load step

& Low Cycle Reversal

associated with a static load step and a PS———

" Resonance Blossom

vibratory load step are specified along [ 3 ||
with several parameters Loaa st _Cancet | _ccet | Em,.

Dynamic pairing event H

Mo associated loads

Add | Delete | Duplicate | llil!l!l

Load SteDSIRepeatl Temperaturel Timel Staticl Dtnerl

r Resonance crossing event

Frequency: I—U Hz

Radial Acceleration: I—U radians/sec"2
Engine Order: Iiﬂ

Critical Damping Ratio: I—U

Static load step

&No load step selected  Selecta load step |

Vibratory load step

&No load step selected  Selecta load step |
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Repeat Tab

E.";d:r:';l;yc“c: Kmax{lF}.min . * Loaq events Can be

oo app_l led for a set number
of times, or can be
repeated (FOREVER)

-l spectrum: Kmax=Smax*(1:F),Kmin=Smin*(1:F)

- Hold: time=10,Khold()
- schedule:

& 8] |=

Load Ste mperature' Time' Static' Dther'

| Deletel Duplica

" Load event repeat count
¥ Repeat count: 300
" Repeat FOREVER

Cancel | Accept | Part 9 42



Temperature Tab

Load Schedule ' ‘

=l sSchedule:
. MonPropCyclic: Kmax(),Kmin()

—::::| Deletel Duplicate

2| 8| o0 |

Load Steps | Repebt Temperature | Jime | Static| Other|

- W Temperature depen track growth:

Use temperature from:

" Interpolate between K. and K temps

Constant temperature: I 0

& Constant  K_. ¢ K ¢ Kpq ¢ Estemal

Eactor ({]
.:Ii.iil

Cancel |

Accept |

e

Part 9

For temperature dependent
growth rate models, the
temperature can be:

* Constant

« Temperature at K.,

* Temperature at K,

« Temperature at K,
 External — crack-front

temperatures are read from

an independent set of
analysis results

* Interpolated between K ...
and K.,

43



Time Tab

= schedule:
-l simpleCyclic: Kmax(1:F),Kmin=0

- Hold: time=10,Khold()
- schedule:

| Deletel Duplicatel

Load Step5| Repeat' Temperatu

8 InonPropCyclic: Kmax(1:F),Kmin(1:F)
Transient: Kmax=MAX(3:A),Kmin=MIN({3:A)
-l spectrum: Kmax=Smax*(1:F),Kmin=Smin*(1:F)

iR

| =

v tic| Dther'

¥ Time dependent crack growth

& Hold time: I 10

" Hold FOREVER
Hold load steps:

Step Sub LMult ThMult

TOffset

| 3| FINAL| 1

1

0 Edt

Cancel |

Accept | Part 9

« For hold (dwell) times, K; 4

can be computed from a
single FE load step (sub-
step), for from a
combination of steps.

Hold times can be for a
fixed duration or until K, 4
equals Ko (€.9. for stress
corrosion cracking).
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Static Tab

= schedule:
g | S|mpIeCycI|c Kmax{l F} Kmm D

Transient: Kmax—MAKB A} Kmm—MINB A)
- spectrum: Kmax=5Smax*(1:F),Kmin=Smin*(1:F)
- Hold: time=10,Khold()
I schedule:

- ¥ Static load step

Step Sub Liult TMult TOffset
BE = 1] 1] 0 Edit

Cancel | Accept | Part 9

Ketatic 1S added to both
Kmax and Kp,i, to model
residual stresses or other
types of non-cyclic loads.
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Other Tab

Load Schedule

EI- Schedule:
- MonPropCyclic: Kmax(), Kming)

/

Acd | Delete | Cruplicate | llil 4

Load Stepsl Repeatl Temperaturel Timel Statil; :

- Other crack growth options

FKnin > Knax® & SetAK=0  SwapK,_; andK___

Cancel |

Part 9

Define what happens if
Kmin > Kmax, which
might happen for a
transient event (for
example)
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Example: Simple Cyclic and Hold Load Events

This load schedule consists of three
load events

— Two events are cyclic load events and
they correspond to the stress intensity
factor ranges AK®@ and AK(®)

— Hold event, where the load is held
constant for a fixed length of time

« Linear finite element analysis was

performed with one load step (load
step 1 corresponds to K

 Other stress intensity factors can be
found as

K(Z) — ’ ’ ’

6 3 2 6

Part 9

5K(1) 2K(1) K(l) K(l)

KO L
K@ 1
KGO 1L
K® L

KO _

L )\

J
DK (@) DK ®) o (hold)

\ J .
time

stress intensity factor time history
for a simple load schedule
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Example: Simple Cyclic and Hold Load Events

For a proportional cyclic load event, the
minimum amount of information that
must be specified to define an event is

Load step number associated with the
maximum stress intensity factor, K.,

Scaling multiplier,
Stress ratio, R,

Repeat count.

KO L
K@ 1
KGO 1L
K® L

KO _

L

L

)
DK@

DK (®)

e (hold)

J .
time

stress intensity factor time history
for a simple load schedule

Event | Load Step Multiplier R =Kmin/ Repeat Hold
Kmax Count Time
1 1 5/6 3/5 5 N/A
2 1 1 1/6 6 N/A
3 1 2/3 N/A N/A t
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Crack Growth Rate Models
For
Subcritical Crack Growth



Crack Growth Rate Model

Subcritical Growth Parameters
dialog requires the definition of
Crack Growth Rate Model

Select New Model button

Subcritical Growth Parameters

Units used in FE model

Istress:MPa length: mm temp: C time: sec

Change |

Crack Growth Load Schedule

00 = wom JG C) om Ky

New Schedulel Read From File Wizard View/Edit Save To File
Crack Growth Rate Model
mReadmeFilel View/Edit daidN|  view/dit daiit|  Save ToFile |
Mwalenﬂ(
€ K™ - K e K = K+ (Kl + OK)”
C K" = Kpss U |70 ot |7

C wom Ky ©al

Effective Delta K

g ’—‘.”-{c'l[ = ‘r{m.'ux_r{min

[ Use load interaction model &

e ’—}”-{c'[l = I{nmx_“u"x'::‘r{m.in‘ﬂ:]

Tl
o

Integration Options

¥ Accelerated counting

[ Constant K for time integration

Dynamic Pairing Metric

(: ﬂj—{-((l?illl\'

C dafdN O ACTOD

Back | Finish |

Cancel

Part 9
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Crack Growth Rate Model

« Cyclic loading and time Reasshhlode) Tvees
dependentgrOWth rate mOdEIS ¥ Create a cyclic loading growth rate model
can be defl ned ¥ Create atime dependent growth rate model

 User can select cyclic loading Cancel | _ becr ([ Nen

or time dependent or both

« Click on the Next button to
select the crack growth model

Part 9
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Cyclic Loading Growth Model

Select the cyclic loading growth
model and the R-ratio function

For the Paris crack growth rate
model, for example, with no
stress ratio effects, the next
dialog allows you specify either
a temperature dependent or
Independent model

— For a temperature independent
model, only one set of growth rate
parameters (C and m for the Paris
model) are required

— For a temperature dependent
model, growth model parameters
are specified for each temperature

Part 9

Cyclic loading growth model

' Paired growth rate and R-ratio functions
Growth rate model:| | Stress ratio model:
{* Paris {+ Mone
" Bilinear Paris " Walker equation
" Sigmoidal " Newman closure
" Hyperbolic sine | [T Table lookup
" Table lookup

" NASGRO version 4 equation

e

- Setect] Sronee|

" NASGRO version 3 equation
" Modified Hartman-Schijve model
e

Cancel Back Mext )

Cyclic Loading Growth Model

* Temperature independent model

" Temperature dependent model

Cancel Back | Mext
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Paris Growth Rate Model
« Paris growth rate model da/dN = C(AKeﬁf)n

The parameters < and » must be specified along with values for AK,,osn010 200 K yiticalr
If AK 5 < AK resnotar da/dN 1S set to zero

If AK jr > (11— R)K ,;1icqp UnStable crack growth is assumed and da/dN is infinite

For temperature independent model

Growth Rate Model

For temperature dependent model

Cyclic Loading Growth Model
Pari wih del
Paris growth model: Plot e 4
" da/dN=C AK"
da/ dN=0C AK
Model Label (Optional): |
Model Label (Optional): | Description (Optional) =
Description (Optional): = =
J | Units: |stress: unset length: unset temp: unset time: unset /_l\ Change
units® |stress: MPa length: mm temp: C time: min Change Number of temperatures: 5  File ¢ Interpolate ¢ Closest ¢ Mext highest
c DKth Kc Temperature ‘ c | DKth Kc ‘
1
1] 4e-11 3 1 1e+004 2]
3|
4
Cancel Accept ?
. . . . Gancel | Back |
Units must be specified; if the units - -

are different than FE Model units,

> : :
Options are available for interpolating
conversions are done automatically

between tem peratu res
Part 9
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Paris Growth Rate Model

 Paris growth rate model with

Walker Stress Ratio model

The parameters M+ and M— must be specified

For temperature independent model with

Walker stress ratio model

lic Loading Growth Model

da/dN = C(AK )"

AK oir =(1—RY" ' AK

{m+ R>0
m =
m— R<O

For temperature dependent model with
Walker stress ratio model

wal m P
Paris growth model: 1 —I
a AK = AK(1-R)™® " for R>0
da/ dN = C (AK ) _—
AK = AK(1-R) for R<0
el Label (Optional): |
(Optionaly =
=
Units: |stress: unset length: unset temp: unset time: unset Ay Change
c | DKin K m [ oo |
Il
cancal | « | ]

Units must be specified

Wi stress r Flo
wih mi —I
AK ge= AK(1 - R
da/dN=C(AKg" o o
K gr= AK(1 - R
(Optional). [
( ) = |
=
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee /A Change
mi | 5 File o 8 o
I [ n mopos | I
il
12]
12]
14
El
aaaaa K | Hext
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Paris Growth Rate Model

 Paris growth rate model with dél/ dN =C (AK eﬁ)n
Table lookup stress ratio model

Ry, (C,n, AKnreshold: Keritical1
R, (C,n, AKthresholds Keritical) 2
R3, (C,n, AKhreshold: Keritical)3

&Kgﬁ = (l — R )K criticeal

For temperature independent model with Table-lookup stress ratio model

Cyclic Loading Growth Model

FETE R Stress ratio modal: Flot |
da/dN=C (AKeEE)n Table lookup for growth parameters
Model Label (Optional): |
Description (Optional): ;l
|
- . gmm
Units must be Spec|f|ed e = I R |
Mumb fRIes:I 5 FI|
[ o |
11!
12]
£l
4]
15|
Cal | Back | INext I




Paris Growth Rate Model

 Paris growth rate model with
Table lookup stress ratio model

Ry, (C,n, AKnreshold: Keritical1
R, (C,n, AKthresholds Keritical) 2
R3, (C,n, AKhreshold: Keritical)3

da/dN = C(AK of7)"

5K{gﬁ” =(1-R)X critical

For temperature dependent model with Table-lookup stress ratio model

Cyclic Loading Growth Model

Paris growth model Stress ratio model:

da/ dN=C(AK )" Table lookup for growth parameters

Model Label (Optional): |

Description (Optional):

units: |stress: unset length: unset temp: unset time: unset

MNumber of temperatures: I 5

table data

[o]eJwn ]

El

gancell Back | Next I

Units must be specified

Part 9

;I/

se & Change =
C Interpolate ¢ Closest ¢ Nexthighest
Temperature | data |
70 able data

table data
table data |

Enter/Edit data

Mumber of R values: I 5 File |

R | c | n DKith

o | [olelulw]s
w
a
[x]
|2

Enter/Edit data

Mumber of R values: I 5 File |

R | 3 | n DKih

[o]eJwlmw]s




Time Dependent Growth Model

« FRANC3D supports the following Tme dependent mode
time-dependent growth models: Growth rate model
& Power law
— Power Law ¢ Terachi SCC model
™ Zencrack COMET model
— Terachi SCC " Table lookup
" User mode
— Zencrack COMET
Cancel Back Mext )

— Table Lookup

« Some of these growth models can

Time Dependent Model

be temperature dependent or
|ndependent * Temperature independent model

" Temperature dependent model

Cancel Back ‘D
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Power Law Growth Model

« Power law growth model  da/dt= AK™

 For time dependent rates, the threshold (K,) is an actual K value
rather than a AK value

Temperature independent, time- Temperature dependent, time-
dependent power law data dependent Power law data

Growth Rate Madel

Time Dependent Growth Model
Growth rate model: Plot Growth rate model:
da/dt=AK™ da/di=A K"
Model Label (Optional): | Model Labe! (Optional) |
Description (Optional): B EEEI AT El
] =l
) Units: |stress:unset length: unset temp: unset time: unset & Change
Units: |stress MPa length: mm temp: C time: min Chang
Number of temperatures: 5 File " Interpolate " Closest " Next highest
A m Kih Ke Temperature | A | m Kih Ke |
l 5e-018 5 1 1e+004 1
12|
| 3
Cancel Accept j
— B
U - b _f_ d Cancel Back |
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Mixed-mode equivalent K

* The equivalent K or AK can
be defined using only Mode |
(K,) or using all three Modes

 The sign for K&V can be set
based on the sign of K, K,
or K,,; or can be set as always
positive or always negative.

Subcritical Growth Parameters

A, Units used in FE model

|stress:unset length: unset temp: unset time: unset

Change

/1, Crack Growth Load Schedule

Mew Schedule Read From File Wizard
1+, Crack Growth Rate Model
_Dlewiocel | Read From Fie | |
Mixed-mode equivalent K
& Rquv_ equiv 2 2
K =K C R = K + K+ )
0 0
v i i -
Effective Delta K
9 ‘ﬁKeﬁ:Kmax'ijn . lli-“Keﬁ’=Km.zi.x'’11"'H“:Kfnj.tr-O'}

Integration Options

¥ Accelerated counting

™ Constant K for time integration

Part 9

Cance

Back |
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Effective AK

Subcritical Growth Parameters

e AK Computations: g
* Normally it is computed as AK = K ;x — Ky | Aensss:
« If the minimum loading at the crack frontis o men — — |
compressive and contact elements are not i | o | |
used at the crack faces to prevent crack i Sl
overlap L i
= computed K_;, and corresponding stress ratio UMKMKM R g i)
(R) will be negative
= crack face overlap is physically unrealistic oot | _geex ]

» negative values can be accepted if the
appropriate parameters are used to predict
the crack growth
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Effective AK

e FRANC3D can compute a more physically realistic AK that only
considers portions of a load cycle where the K’s are positive

AK — Kimax — Kmin ?f Kmin >0

e One option is for FRANC3D to check for a closed crack for the
complete cycle and to set the stress intensity factor range and R
to zero:

equivalent
equivalent _{ 0 Kmqax <0

AKeﬁ”ecz‘ive - : Kequivalent Kglqat)t(ivalent >0

Requivalent _ 0 Kﬁlqa’;‘(’mlem <0
4 = . :

effective Requzvalent Krenqab)t(zvalent >0
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Effective AK

e FRANCS3D allows the option to truncate the stress intensity
factor range to eliminate the negative (closed) portion of the
cycle. In this case, the expressions are:

0 KIenqaL)t(ivalent <0

AK;%Zé\t/g}leent _ AKequivalent Klenqhbiivalent >0
\ KrenqaL;(ivalent Krenqiﬁivalent <0

| O Krer?at)t(l:valent <0
stgngﬁ}leent _ Requzvalent Kﬁqqizlvalent >0

0 Krenqiﬁlvalent <0

Part 9



Integration Options

Subcritical Growth Parameters

¢ CraCk grOWth- inte-grations are IL:;:SS'::S:;: :;i;:::drilm temp: C time: sec Change |
performed USIng elther: Crack Growth Load Schedule

Mew Schedule| ReadFrom File Wizard View/Edit Save To File

— Accelerated counting (for cycling loading)

Crack Growth Rate Model

o _ |
« Ifitis selected (the default), FRANC3D will try NewModel | ReadFromFile| ViewEditdardh| viewEdiidai|  Save ToFile |

to use an accelerated cycle counting algorithm =
based on Runga-Kutta integration ( might be

Mixed-maode equivalent K

! ) R - K K = KR (y K)o+ (v K
slightly less accurate but is much faster) o A e
C K™ = Kgss g 0 dine I—U
« Ifitis not selected, FRANC3D will perform 0T @ kom Ky € wom Ky © wom Ky © always positive © always negative
cycle-by-cycle counting (more accurate but can Effective Defta K
be time consuming) & ARy = Kpax — Ko € ARy = Ko — max(Kyp, 0)
™ Use load interaction model & efEditParameters |
— Constant K for time integration QQ _ S
7 lerated counting [ Constant K for time integration
. . . Dynamic Pairing Metric
« SIF will be function of time & AR ¢ dafdN et
t
Aa = j A- KhOld (T)m dr Cancel Back | Finish |
0

« |If the crack growth is very small over the hold _A.kM .
time, the above equation can be simplified to Aa=A Kh0|d t
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Simulation of Crack Growth

z_z
predicted crack fronts (steps)
Crack steps are a sequence of

finite element models used to
simulate crack growth
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Quasli-Static Crack Growth
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Quasi-static Crack Growth

Stress intensity factor of one or more of the points on the crack
front is equal to a critical value

It is assumed that stress intensity factors can never be greater than
a critical value

Used for situations where the rate of change of the stress intensity
factors with respect to crack growth is negative, and we need to
Increase the applied load to keep a crack growing

Quasi-static growth can be used if fatigue data/model is not
available
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FRANC3D Quasi-Static Crack Growth Procedure

Growth Type

° Select QuaSi—StatiC CraCk grOWth ¢ Subcritical crack growth (fatigue, SCC, creep, etc.)

& ‘Quasi-static crack growth:

° CI'Ck Next o B ——

Read growth parameters from file: Elrowsel

Cancel Bac (r

>l
N

ext

Kink angle model

Kink angle model

& Maxtensile stress (MTS)  max (K] (8))

2 2
" Max shear stress (MS5) max (‘v/lll[:ﬂ“f{{[(ﬁ)) -+ (1}[[[1{{“{3)] )

" Generalized stress max (MTS, MS5)

 Select kink angle model (st energy eease ate msx (K701 + (m50)’ + (my@)’)

¢ CI iCk NEXt :: Plaimr-- madel T
™ Kink angle limit Waximum kinkanale (deg): I 0

Mixed mode eta factors

w1 w1

Crack growth resistance

[ Anisotropic toughness settoughness pararm e".e"zl

Cancel Back (ﬂex‘t

67
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FRANC3D Quasi-Static Crack Growth Procedure

« Specifying quasi-static growth
parameters: o
* Power (n) for the growth model "=

: e e
° Kequ v i | 0 i ¢
from Krr £ always positive £ always negative

SN ) from By € f

 Load step(s)

& Mo load step selected  Selectaload step
* Click Finish

Qancell Back | Finish I

Quasi-static Growth Parameters

Power Law Growth Parameter

83= Bomeian® Kmeiar) = I

Mixed-mode equivalent K

& g equiv _ v 2 2
K= =K O gt fK%+(mKH) + (rrm)

i | 0 Vi | o

SION: {8 from By, ¢ from Koy ) aliways positive ©) aliays negative

FEM Load Steps

Step Sub  Load Mult Temp Mult Temp Offset

BT ] R

68
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FRANC3D Quasi-Static Crack Growth Model

» After the crack growth model has
been defined, FRANC3D will Aa; = Aam(
display the computed crack growth:

AK

n
[
AK,,

* Crack extension can be adjusted if — co

needed

« Ascale node of 0.5 corresponds to " o
the median mo

(resei)(d)

(crack)

- LBl Ll
predicted new u mﬁg
y .. / CraCk front View Options

Recenter
Capture

L_‘|._.|®

ensmn Front Fitting Options

pOInt I - \Aa Computed (‘ex'tensmn 0’12 595”9” € . " KinkAngle/Extension Paly Fit polynomial order;

O - & Fixed Order Poly Through Points extrapolate (%); ’_ ’_

’—
eXtenS I 0 n S — " Multiple Poly Through Points e ’— ’—

I

H .
' Edit Growth P Show SIF 5
i it Gro arams| oW s| ¢ Cubic Spline
'
] Estimated Increments " Moving Polynomial ’75
H
! =" " No Smoothing W Allow fit adjustment
:'. 0 0
3 0

Aa,, specified — s D] o
eXtenSion Marker size: © big & med ¢ small . Mﬂ

point with the
median K value

current
—
crack front

™ Save frtand .crkfiles

_’,"" Cancel | Mext [» |

69
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FRANC3D Quasi-Static Crack Growth Model

Computed new crack front points are —
smoothed and extrapolated; interior cracks do
not require extrapolation el
Front fitting options include: =
 Polynomial and spline curve fits
* Polynomial order (default is 3) @ cats
- . e L e
» Fields for extrapolating the ends of the i ptns |
fitted curves, and the option to discard o
. . O, kol )
crack front points at either end —
. . & extension: [ o412 scalenode: [ 05 | ¢ Kinkangle/Extension Poly Fit polynomial order: 3
Save .frt and .crk files option allows the user - e |
' ,i ’70 " Multiple Poly Through Points ignore n end points: ,70 ,70

to save the new front points and the new
crack geometry to a file before inserting it

into the model
» frt file can be read using Read Crack

Growth wizard
» .crkfile can be read using Read Flaw

From Files option

Part 9

Edit Growth Params| Show SIFs|

-
" Cubic Spline

Estimated Increments

Il
1l

" Moving Polynomial
" No Smoaothing

Marker size: " big & med ¢ small

12

¥ Allow fit adjustment

Kink Angle: Display| Save
Extension: Display| Save

[~ Save frtand crkfiles

l9]
&

|_merp |




User-defined Crack Growth

« FRANC3D allows Python functions to define crack growth:

— User-defined kink angle

— User-defined crack growth model

« User-defined crack growth is activated if the user has pre-defined Python
extensions enabled via the Advanced menu

Part 9
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Crack Growth Stopping Criteria

Automatic crack growth stops when the first of the following is
satisfied: N>N, . Koo 2Ke  AK <AKgpresnolg  Step = max step

These criteria require that FRANC3D maintain a running count
of the applied cycles.

712
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Fatigue Crack Growth:

A Brief Summary of Options
to Grow a Crack in Fatigue

Part 9
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FRANC3D Fatigue Crack Growth Procedure

Subcritical Growth Parameters

Units used in FE maodel

stress: MPa length: mm temp: C time: sec Change |

Crack Growth Load Schedule I
| Load Schedule

T
MNew Schedule ead From File Wizard View/Edit Save To File |

Crack Growth Rate Model

New Model | ReadFrom File| View/Edit da/dn| dit daict| | Save ToFile |

Mixed-mode equivalent K

. Event type
&R _ R _ K[Z+(')f”K[[)2+{'Y[[[ff[[[)2
- |
C O g Yt I—U Yo I—U | BEvent Type:
SIOn: & wom KGO Eom Ky e Ky O always positive € always negative " Simple Cyclic
Effective Delta K & MNon-Proportional Cyclic
& ARy = K — K O ARy = Koy — max (K 1) Add | Derete | " Transient
I~ Use load interaction model /&  SeUEdit Parameters =l Spectrum
Integration Options Load Steps Repea " Hold Event
¥ Accelerated counting [~ Constant K for time integration .
Load eventrepeal| ¢~ genadule
Dynamic Pairing Metric i Repeat count;
& ARG € dafdN  ACTON
" Repeat FORE\ Cancel Accept

Cancel Back | Finish

| cancel |

Part 9

Select Load Step

Load Step: m
Load Sub-Step: |_1,

Load Multiplier: |—1
Temperature Multiplier: |71

| Temperature Offset I—[]

Load SChEdLI

TC| Cancel Sum Multiple Steps | Accept | [—

MonFrapls

! Add | Delete | Duplicate | 1'!'2'2'

Load SleDSIRepeaﬂ Temperature' Time| Slatic' Dtherl

r Monproportional cyclic load event

K max load step:

|
& Mo load step selected  Select a load step |

K min load step:

/T Noload step selected  Select a load step |

Cancel |
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FRANC3D Fatigue Crack Growth Procedure

Subcritical Growth Parameters

Cyclic Loading Growth Mod=t

-

Cyclic Loading Growth Model

& Temperature independent model

i Temperature dependent model

Cancel Back | Mext

Unit din FE model ) :
fits usedin = mode (' Pared growth rate and R-ratio functions
Istress‘MPa length: mm temp: C time: sec Change |
Growth rate model:| | Stress ratio model:
Crack Growth Load Schedule
| & Paris {* Mone
MNew Schedule | Read From File| Wizard View/Edit Save To File i~ Bilinear Paris  Walker Equation
Crack Growth Rate Model " Sigmoidal ¢ Newman Closure ll‘
[ R
. " Hyperbolic Sine| |~ Table Lookup
newModel | MeadFromFile| viewEditgaian|  viewedidai|  saveToFile |
" Table Lookup
T EE e e SqTalent K -
- - MASGRO version 4 equation
T T N e o ,
. * Keyin
CORTY R W | 0 : ¥
sian: & wom K C Wom K C wom K © always positive € always negative " NASGRO user XML mat file
Effective Delta K I_
& ARy = Koy — Kyin C ARy = Ky — max(Ky, 0)
I |Use load interaction model & = Selidi Paraeiers " NASGRO version 3 equation
Integration Options " User defined mode!
¥ Accelerated counting I™ Constant K for time integration
Dynamic Pairing Metric Cancel Back | Next I
& AR « dofdN  ACTOD
Growth Rate Model
Paris growth model: Plot |
n
da/dN=C AK
Model Label (Optional):
Description (Optional): =
|
Units: [stress: MPa length: mm temp: C time: min Change | .
Cc n DKth Ke |
1) 4e-11 1 1e+004 |
[ Cancel | Accept |

Part 9
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Variable Amplitude Loads

Load

Load Sequence

cruise

Variable amplitude:
e Spectrum
e Sequence
« Transient

takeoff

land

Time

v

Part 9

‘Variable load spectrum

2
2
P I
cycle
Dismiss |
Y A

Transient Load
changes with time




Demo/Hands On (Homework):
Crack Growth



FRANC3D Tutorial 1 — Manual Crack Growth

From FRANC3D menu, select
Cracks - Grow Crack

B 7 FRANC3D: Abaqus_Cube_step_000.fdb =g
File Edit | Cracks Loads Analysis Fatigue Fretting Display Advanced Help
New Flaw Wizard... FRANC3D
Flaw From Files.. Version 7.1.1
Multiple Flaw Insert. Display
Compute SIFs. ¥ Markers
¥ Vectors
Read Crack Growth ™ Polygons
¥ Text

Grow/Merge Cracks

=)

L.

™ Mesh

(reset)
(crack)

B

Save | Read

(Sl el
RICLak

View Options

Recenter

il

Capture

o

Grow crack by increment

| S

Choose quasi-static crack growth

and use MTS kink angle rule.

Part 9

Growth Type

¢ Subcritical crack growth (fatigue, SCC, creep, etc.)

& ‘Duasi-static crack growth:
' User defined crack growth
Read growth parameters from file: Elrowsel

Cancel Bac | Mext |

Kink angle model

Kink angle model

& Maxtensile stress (MTS) max ( Ky (0))

b B
€ Max shear stress (MSS) |11e1x(v'lll[:1}[[}'{{[{5)) + (g K (8)) )
" Generalized stress max (MTS MSS)

2 2
" Sfrain energy release rate max (K{{ﬂ)z + (g K (8)) + (g K (6) )

¢ Planar g =10

™ Kink angle limit Naximum kinkangle (deg I 0

Mixed mode eta factors

U e N

Crack growth resistance

I~ Anisotropictoughness settoughness paramete |

Cancel Back | Mext
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FRANC3D Tutorial 1 — Manual Crack Growth

Specify Growth Rate parameters

-

Quasi-static Growth Parameters

Specify median extension
and fitting parameters

Power Law Growth Parameter

8% = Mo ian®; Kmedian) = I

Mixed-mode equivalent K

T equiv _ i 2 2
S St <! 2 et J K+ (k) + O mEKm

Y- | 0 i - | 0

FEM Load Steps
Step Sub  Load Mult  Temp Mult Temp Offset

R 1] 1] 0 Edit|
cancel | Back |[ Finisn |

Crack Growth

Crack Extension

&+ extension | 0.12 scale node: | 0.5
T cles I — ctartcycle: I 0
£ I —— | starbiime: I 0

Eait Growth Params| Show SIFs|

Estimated Increments

Marker size: ¢ big @ med ¢ small

Front Fitting Options

" KinkAngle/Extension Paly Fit

& Fixed Order Poly Through Points
¢ Multiple Poly Through Points

€ Hermitian Glosed Pol

€ Cubic Spline

 Moving Polynomial

¢ No Smoothing

polynomial order;

extrapolate (%):

ignore n end points: l_g I—g
ratio: l—s

= s

¥ Allow fit adjustment

Kink Angle: D|sp\ay|ﬂ|
Extension  Display ﬂl

multif

(reset) (d)
(crack)

Display

™ Markers
¥ Vectors
W Polygons
¥ Text

™ Mesh

™ Crk Geom

Save | Read |
Lol halfe
LT
View Options
Recenter
Capture

C || &y

—
E{E

™ save fitand crkfiles
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FRANC3D Tutorial 1 — Manual Crack Growth

Specify Template Mesh

ack Growth
Display | 2
Resulting remeshed model
¥ Vectors
¥ Polygons - -
Is ready for analysis.
™ Mesh
(reset ) File Edit Cracks Loads | Apalysis Fatigue Fretting Display Advanced
(crack) Static Crack Analysis...
R
Save | Read
|l P
L L SN
View Options |
Recenter |
Capture: |
. C el Oy
L.
Flaw Template
¥ use crack-front template
Template radius setas:  absolutevalue ¢ % of crack increment
Template Radius: 1
[~ simple Intersections Only [~ Display Full Template
Meshing Parame{elsl Advanced Options |
cancel | 4 Back | b
5]
<
4
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Demo/Hands On (Homework):
Automated Crack Growth



FRANC3D Tutorial 1 — Automatic Crack Growth

From FRANC3D menu, select Analysis -
Crack Growth Analysis

Re-specify fitting and template.

B FRANC3D: Abaqus_Cube_step_000.fdb

File Edit Cracks Loads | Analysis Fatigue Fretting Display Advanced
Static Cra alysis..
Crack G alysis

20

5

D

N
VO

\Inmate crack growth analysis.

Fitting & Template Parameters

Front Fitting Options

™ Kink&ngle/Extension Poly Fit

% Fixed Order Poly Through Paints
" Multiple Poly Through Paints

" Hermitian Closed Paly

" Cubic Spline

 Moving Polynomial

" Mo Smoothing

polynomial order: |_3
extrapolate (%) |_2 |_2
ignore n end points: I—u I_U
multiple poly ratio: |—5
maoving poly range: |_5

v Allow fit adjustment

Flaw Template

¥ use crack-front template

Template radius setas: @ absolute value ¢ % of crack increment

[~ Simple Intersections Only

Template Radius: I 0.1 Eront: |1 vl [~ Set All Fronts

Meshing Parametersl Advanced Dptionsl

Extension

* distance extension scale node:

| cycles extension

" time extension

s

Cancel

| <]| Back | Mext [»

The crack growth rules and parameters set previously are used; this assumes static

crack growth was done previously.
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FRANC3D Tutorial 1 — Automatic Crack Growth

Specify number of growth steps.

-

Growth Plan

Specified Median Crack Growth Steps
Mumber of Crack Growth Steps = EI

& Constant Median Crack Growth Increments

Median Crack Growth Step Size = I 0.15

{" Linearly Increasing/Decreasing Crack Growth Increments

]
=

Eirst Crack G

Change in Step Size at Each Step =

" User Defined Crack Growth Steps

Crack Growth Analysis

Abaqus Options

Abaqus run time:

Abaqus Executable: [abaqus.bat Browse
Python Executable: Ipymun Browse

Browse

Python script (will run before Abagus). I

Local model output:

Edit Defaults | [ap Ceformation State |

Global model

Browse

[¥ Connect to global model  filename: IAhaquS-Cuhe,GLDEAme

Boundary conditions:

™ Apply crack face tractions [~ Define crack face contact  Coniact

Abaqus command:

ew/El

Re-specify the analysis settings.

Crack Growth Analysis

Read Erom Filel &

Define Steps

| Back | Mext [»

Cancel |

-

Automatic Crack Growth Status (M.

Crack Growth Step 2 of 6
Doing FEM Analysis. ..

Coing Growth/Bemesh...

Cancel |

Wait for the growth steps to be completed.

Abaqus local/global model connection

& Merge nodes (" Tie constraint ¢ Contact conditions Cop=iraint| contact| P Global = Masier

Local node setisurface(s) to merge/constrain:

AUTO_CUT_SURF [ Part-Cube-1_Set-Cube

Global node set/surface(s) to merge/constrain

GLOBAL_CONNECT_SURF [ Part-Cube-1_Set-Cube [ set-BC-X [ setBCY
[ setBC-Z [ surt-Top [ all_nodes
Additional connections;
<none defined=
Add Canned\onl Delete Connection
Abaqus command:
[ View/Edit Command
Cancel | { Back | Einish

=3
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