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Class Agenda

AFGROW Fundamentals & New Capabilities

Jim Harter, Consultant, LexTech, Inc.
Break

AFGROW COM Automation

Alex Litvinoy, LexTech, Inc.

Example Problems

Jim Harter & Alex Litvinov
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AFGROW, Version 5.3

Fundamentals and New Capabilities
Topics

Changes in Version 5.3¢15.3.3

Basic LEFM Assumptions in AFGROW
AFGROW User Interface Features
Crack Growth Rate Modeling
Spectrum Generation/Management
Beta Correction Process

Residual Stress Analysis Capability
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Recent Changes to AFGROW

Version 5.3.1:

A 64 bit application

A Ability to use different growth rate data in two orthogonal directions

A Ability to use different growth rate data as a function of spectrum level
A Corrosion effects (exfoliation, intergranular, pitting)

A New XML spectrum format

A Ability to open read-only material data from a network or local folder
A More flexibility in out-of-plane bending solution for through cracks

A New K-solution for a corner crack at the base of a countersink

A Bearing and bending solutions for advanced through crack models

A New user-defined solution for two, interdependent cracks

A New edge crack solution for a finite height plate

A Gl obal A C o npdaherbandimg eroperty fonadvanced models88

New Spectrum Management Software Tool
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Recent Changes to AFGROW

Version 5.3.2 (Bug Fixes):

AThe fAiConstrainedo option for a classic

A Under certain conditions, a corner crack at the base of a C/S (knee) model
could go into an endless loop

A Spectrum title was missing in the *.pl2 file

A The H/W value was not being calculated/reported correctly in the Notification
frame for a "single edge crack in a finite height plate" model

Version 5.3.3 (Enhancements):
A Added the ability to use residual stresses for advanced models with crack(s) at
a hole

A Made significant improvements to the residual stress Gaussian integration
routine

A Added the ability for AFGROW to provide COM interface information at runtime
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E AFGROW =

Version 5.3.3 (Bug Fixes):

T o P> T> > T

o o Io Do Do Do

Resolved a crack Initiation issue for high cycle fatigue (interpolation error)

Ultimate Strength value for Tabular Lookup model may not be set through the COM
interface

Resolved an issue where AFGROW sometimes used the wrong NASGRO K* value
for Advanced and Plugin models

Added a block size variable to ConstAmplitudeSpectrum COM method

Delta K threshold and Yield Strength for the tabular lookup material model are no
displayed in the Tree Status view

Resolved an issue where the K* parameter for the NASGRO equation was not
recalculated correctly when any model without a hole was selected through the COM
interface

Resolved an issue with sub-spectra plotting in the spectrum view
AFGROW now displays the spectrum pass count on the status bar
Resolved an issue reading a saved Forman material model file

Resolved an issue with the 2-D Beta correction table becoming 1-D after through
crack transition

Resolved an issue where the option to output after each beta calculation was not
being saved in the input file

The filled, unloaded hole correction is now applied to the a-direction for part-through
cracks
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LEFM Fundamentals
and
Version 5.3 New Features
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LexTech Fracture Enerqy
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Crack Length/Grain Size Effects
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-etech Griffith Energy Balance

Stable Crack Growth Implies That There is a Balance Between tf
Potential Energy Loss and the Energy Required to Create New
Crack Surfaces as a Crack Extends

dEdeW
dAdAdA

=0

ET Total Energy
AT Crack Area

P 1 Potential Energy
Ws1 Energy Required to Create New Crack Surfaces
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Strain Energy Release

for
Perfectly Elastic Materials Under Plane Stress Conditions

Un-cracked Plate: 7Y . QT OT— - (unit volume)
C ¢ O
tt 1ttt +ro
j Energy Released in an Edge Cracked
Plate:
ma
L7 Y - D unit thickness
8 cO ( )
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Failure Criteria (Energy Based)

Consider a Crack of Length 2a in an Infinite Plate Under Remote Tension

A"
ey 2
— . | TOoOa
P4 Griffith/lrwin: G = -
t E
O 261
L il At Failure: G, = c* c
I" 23 -J E
/ Plane Stress: E* = E

¢ ‘ I I VPT Plane Strain: E*X=E (17 u?

Note: Gc is a material constant i Therefore, the Critical Values of
Siress and Crack Length are Interrelated,.



T Cracking Modes

Mode 1 Mode II Mode III
(Opening) (In-Plane Shecear) (Out-of-Planc Shear)
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Failure Criteria (K Based)

Consider a Crack of Length 2ain an Infinite Plate Under Remote Tension

KI:J\/H

At Failure: K = ./ma,

(for a given stress state)

Note: Because of Similitude, K, is a Constant T Therefore, the

Critical Values of Stress and Crack Length are Interrelated
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=] Crack Tip Stress
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Assumption of Similitude
(As Applied to Failure Criteria)

Similitude:; Fracture Toughness (or Critical Strain Energ
release Rate3c)) is INDEPENDENT ™ of the
size and geometry of the cracked body

* Assuming a given stress state
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Crack Growth Under Cyclic Loading

Paul Paris (1950s) Noted That Crack Growth Per Load Cycle
(da/dN) May Be Represented as Follows:

ﬁ _ C(M)H (Straight line in log-log scale)
dN

Crack Growth Life, In Terms of Cycles (Time), May Be Calculated By
Numerical Integration:

Crack Length

Cycles
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Lextech — Crack Growth Rate Da!a

Fracture

I III

dN

Threshold

\/

AKth Kc
LOG AK

da/dN i Crack Extension Per Load Cycle (Smax i Smin)
DK i Stress Intensity Range for a Given Load Cycle (Smax i Smin)
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Assumption of Similitude
(As Applied to Growth Rate Data)

Similitude: Crack growth rate data for a given material are
INDEPENDENT of the size and geometry of the
cracked body

There is a unigue relationship between growth rate, Kmax, & Kmin

For a given material, this is a critical assumption that allows us to predict the

crack growth life of any structure
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Lextech  Crack Growth Rate™Pate

Short Crack

Ridiculous Crack

Ludicrous Crack

LoG da_
dN

AKth Ke
LOG AK
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A
m \- Fracture

I

/— Threshold| 1

Crack growth is not always continuous as a function of applied cyclic loading
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Material Properties and LEFM

Linear Elastic Fracture Mechanics Principles Are Generally
Applicable for Isotropic and Linearly Elastic Materials

Additional Requirements/Assumptions:

Plastic deformation is small relative to the crack length

Crack length is large relative to the material grain structure

Crack Growth is continuous wrt applied cyclic loading

Similitude must be demonstrated
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James A. Harter
Alexander V. Litvinov
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Crack Growth Rate Data

=1

File Input Edit View Predict Tools Repair Initiation Window Help
i POBIL [y UL - WP PR NEE S REAX O E PN e

Internal Through Crack

Crack Growth Rate Data

01 1 10 100
AK

Mote: For R < 0.0, Kmax is used instead of Delta K

=Status I Crack Lengt... B Crack Grow.. ﬂ“-'Re}:ra\r & Cyclic Stres...

Output

This space for comments
it

E (olliiohid MNotification List

AFGROW LayouRsliililll }

Menu/Toolbars g

[ Animation Frame ]

Output Frame

P o) Statuis Barecon,

i Fnglish
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Resizing the Layout
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h Main Frame
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1e-001

1e-002

1e-003

1e-004

1e-005

dal’dN

1e-006

1e-007

1e-008

1e-009

1e-010

= Status Pl Crack Lengt...

Crack Growth Rate Data

01 1 10
AK

—FR= 0.00

Mote: For R < 0.0, Kmax is used instead of Delta K

ﬂ’ Repair a# Cyclic Stres...

Views Include:
A Status
A Crack Length vs. Cycles
A Crack Growth Rate Dat:
A Initiation Plots

019, LexTech, Inc
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Status View

Status

EEE. Internal Through Crack - Standard Solution

=& Load

------ [S Crack length (C) =0.15
------ & Width (W)=4

------ & Thickness (T)=0.09

...... B Rlo =-0.2

------ E Rhi =08

------ #= Plain Strain Fracture Toughness =31
------ & Yield Stress =47

...... & Young's Modulus =10500

------ & Poisson's Ratio =0.33

------ & Coef. of Therm. Exp. =1.25e-005
= | Crack Growth Rate Data

-5 Stress State

o #= Determine Stress State automatically
...... Meed Spectrum

------ k] No Spectrum Filters

------ i Mo Retardation

------ [& No K-Solution Filters

------ & No Residual Stresses

© Copyright 2019, LexTech, Inc
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=& 2024 T-3 Bare Sheet LONG CRACK DATA (Harter T-method)
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Crack Length vs Life
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Crack Length vs. Cycles
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10016

— Single Corner Crack at a Semi-c...

=X Crack Grow... ;*F Repair & Cyclic Stres...

15024

20032
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Crack Length vs. Cycles



Crack Growth Rate Data

Crack Growth Rate Data

Crack Growth Rate Data
1e-001
1e-002 —R= 0.60
I —R= 0.00
1e-003 / —R=0.30
19'004 ///
1e-005 /
g / 4
E /

1e-006 ///
1e-007

1e-008

1e-0089
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AK

Mote: For R < 0.0, Kmax is used instead of Delta K

= Status M@ Crack Lengt... %Crack Grow... ﬂ"';' Repair & Cyclic Stres...
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Bonded Repair Plot

Repair » 0 X
Patch Beta Correction Factors
0.9
0.675 \ .
=
=
O
@
5 0.45
m
T
o
0.225
]
0.5 1 1.5 2

= Status

4 Crack Len gth vs Life

Crack length

[—— Line number one

-E_- Crack Growth Rate Data

b Cyclic Stress Strain Curve
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Crack Initiation Plots

Cyclic Stress-Strain Curve Strain-Life curve

130 1
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~——— Stress-Strain Eq. —— Strain-Life Eq.
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Animation Frame

Classic or Weight Advanced
Function Geometries
Geometries

¥ ] v
Internal Through Crack - Standard Solution ¥ Specimen I_ X
. [=| Objects

Hole
Countersunk Hole
Through Crack

Part-Through Crack

=1 1 T

Slot
. - || e —
Specimen v

o |24

= Appearance
(Name) [ Specimen
= Size
Width L 4000000
Thickne.. & 0.250000
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Resizing the Animation View

A Drag a window on the animation frame

A Use the Magnifying tools
I Zoom Out

i Zoom I ® B 08

I No Zoom



LexTech Refres h

A Resets the animation frame to initial crack

length
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.NET
redech  Model Identification

A Title of Model Geometry being Analyzed

Internal Through Crack - Standard Solution

A Coordinate System

11/26/2018 © Copyright 2019, LexTech, Inc



LexTech Dimensions *

A Allows you to toggle the dimensioning on/off
within the animation frame

A Found in the View Menu




extech  Running a Prediction

A Pause

A Start 120 2
A Stop

A Also found in the Predict Menu

w2 AFGROW - [Predict Datal]

(2] File Input Edit View l Predict!“TcA)olsA Repair Initiatic

N | & v’ By~ Preferences o
B3 Status | Run

E‘EJ Example Problem Stop
2.0 Internal Thronah Crack - Standard Golition

b

11

11/26/2018 © Copyright 2019, LexTech, Inc



K AFGROW &=

]
Lextech Output Frame

0.07 Beta=0.9236 R(k)= 0.0000 Rffinal)=0.0000 Delta k=6.0637+000 D()/DN=1.7345e-007

C Crack size=
0.05 Beta=1.6402 R(k)=0.0000 R(final)=0.0000 Delta k=9.1009e+000 D()/DN=1.8190e-006

A Crack size=
At ratio= 0.2 A/Cratio= 0.71429

Max stress = 14.000 r= 0.00 0 Cycles Constant amp.: 1 Pass 1

C Crack size= 0.072005 Beta=1.1502 R(k)= 0.0000 Rffinal}= 0.0000 Delta k=7.6583e+000 D()/DN=3.7730e-007
& Crack size= 0.070034 Beta=1.5343 R(k)= 0.0000 R(final)= 0.0000 Delta k=1.0076e+001 D()/DN=2.9380e-006

At ratio= 0.28014 A/Cratio= 0.97263

14.000 r= 0.00 8400 Cycles Constant amp.: 85 Pass: 85

Max stress =

C Crack size= 0.07632 Beta=1.2785 R(k])=0.0000 R(final)= 0.0000 Delta k=8.7988e+000 D()/DN=1.3534e-006
A Crack size= 0.0900738 Beta=1.3383 R(k)=0.0000 R(final)=0.0000 Delta k=1.0414e+001 D()/DN=3.4722e-006

At ratio= 0.36031 A/Cratio= 1.1711
Max stress = 14.000 r= 0.00 14500 Cycles Constant amp.: 146 Pass: 146

C Crack size= 0.087393 Beta=1.2925 R(k]= 0.0000 Rffinall= 0.0000 Delta k=9.4814e+000 D()/DN=2.2871e-006
& Crack size= 011044 Beta=1.2950 R(k])=0.0000 R(final}=0.0000 Delta k=1.0679e+001 D()/DN=3.8837e-006

Aft ratio= 0.44174 A/Cratio= 1.2637

14.000 r= 0.00 20100 Cycles Constant amp.: 202 Pass: 202

Max stress =
C Crack size= 0.090211 Beta=1.2883 R(k)=0.0000 R[final)=0.0000 Delta k=9.6064e+000 D()/DN=2.4244e-006
A Crack size= 011512 Beta=1.2728 R(k)=0.0000 Rffinal)= 0.0000 Delta k=1.0716e+001 D[)/DN=3.9438e-006

At ratio= 046046 A/Cratio= 1.2761

14.000 r= 0.00 21300 Cycles Constant amp.: 214 Pass: 214

Max stress =
£ English

Finished Predict
11/26/2018
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LexTech Notification List™

Motification List

Condition Description -
.-’i’-. 1030 0.2<=afc==20 0 afcratio [ 8 ] is outside of the valid range =
A 1030 0.2 <=afc<= 2.0 100 afcratio [ 8 ] is outside of the valid range B
.-’i’-. 1030 0.2<=afc==20 200 afcratio [ 8 ] is outside of the valid range
A 1030 0.2 <=afc<= 2.0 300 afcratio [ 8 ] is outside of the valid range
.-’i’-. 1030 0.2<=afc==20 400 afcratio [ 8 ] is outside of the valid range
A 1030 0.2 <=afc<= 2.0 500 afcratio [ 8 ] is outside of the valid range
.-’i’-. 1030 0.2<=afc==20 600 afcratio [ 8 ] is outside of the valid range
A 1030 0.2 <=afc<= 2.0 700 afcratio [ 8 ] is outside of the valid range
.-’i’-. 1030 0.2<=afc==20 a800 afcratio [ 8 ] is outside of the valid range
A 1030 0.2 <=afc<= 2.0 00 afcratio [ 8 ] is outside of the valid range
.-’i’-. 1030 0.2<=afc==20 1000 afcratio [ 8 ] is outside of the valid range
A 1030 0.2 <=afc<= 2.0 1100 afcratio [ 8 ] is outside of the valid range
.-’i’-. 1030 0.2<=afc==20 1200 afcratio [ 8 ] is outside of the valid range

— JoI=Il Notification List

For Help, press F1

W Fnglish
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Lexlech  Menu and Toolbars

‘=] File Input Edit View Predict Tools Repair Initiation Window Help

@ O Ttk Ctrl+| ,mﬁqwm,g,ﬁ.m'gg
Material » * O X

Model b 1 Classic Models Ctrl+M
: Advanced Models

Crack Leng

m Spectrum Ctrl+P
Spectrum Filters » Plug-In Models

Retardation 2 /

M Stress State

User-Defined Beta

o)

Environment

Beta Correction

Residual Stresses M

| 15024 20032
K-Solution Filters | i
1 I I

DIy A -nuee W - R NSH YRREXLS BeN
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Status Bar

Stress State in the 'C' direction [PSC): 2.64261 | @ English
Fracture has occurred- run time: 0 hour(s] 0 minute(s) 0 second(s) Metric =
Finished Predict & English
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Units
A On the Status Bag bottom right hand side of
screen
A Choices
I English
I Metric
Al 2YOSNEA2Ya | NBE R2YS
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A English

| Stress (ksi)

I Length (inch)

I Force (Kip)

| Temperature (Degrees Fahrenheit)
A Metric

| Stress (MPa)

I Length (meter)

I Force (MNewton)

I Temperature (Degrees Kelvin)




LERiECh File Menu

A Open

A Close

A Save j EFH
A Save As

A Mail

A Recent File

A Exit

11/26/2018 © Copyright 2019, LexTech, Inc
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Toggling Toolbars or Views

View | Predict Tools Initiation

Toolbars 4

Repair

+ Status Bar

Status

Crack Plot
da/dN Plot
Repair Plot
Initiation Plots

Show Output View

COL S L] S8 K

Show Motifications

Ctri+Alt+5
Ctri+Alt+E
Ctri+Alt+D

Spectrum Plot
Exceedance Plots
Dimensions

Refresh
Zoom 4

Preview Plug-in

Window Help
v Predict Toolbar
v Standard Toolbar

v Zoom Toolbar

Specimen Design Bar

Quick Menu Bar

Reset Menu and Toolbars

© Copyright 2019, LexTech, Inc
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Copy / Paste / Freeze / Erase All

A Copy
A Copy Data
A Copy Image

A Paste

A Paste Data

A Freeze Ly 2
A Erase All 3
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LexTech Window Tools

A Window Menu
T Tile
I Cascade
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