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1:007 3:00 AFGROW Fundamentals & New Capabilities

Alex Litvinov, LexTech, Inc.
Jim Harter, Consultant, LexTech, Inc.

3:007 3:10 Break
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] AFGROW, Version 5.3.4 I AFGROW %
LexTech N
New Capabilities & Features

Topics

New Classic K-Solutions

Residual Stress Capability for Advanced Models *

Bearing & Bending Loading for Continuing Damage Models
New Tabular Crack Growth Rate Capabilities **

Damage Tagging

Environmental Tagging

Spectrum Management/Generation

Future Development Plans

* |ntroduced in Version 5.3.3
** Introduced in Version 5.3.1



LexTech New Classic Models

-

A Internal Axial Crack in Pipe

-

A External Axial Crack in Pipe

A Interdependent Through Crack:m_

A Single Edge Through Crack in a Finite Height Pl; =

A Constant K Specimen

A Axial Through Crack in Pipe ™



Lelx_%ch Recent Improvements to the AFGROW . AFGROW I

Residual Stress Capability

Issues Resolved in AFGROW Release 5.3.3.23 (October 19, 2019)

A A Newton Interpolation error was found in the Gaussian integration routine
A Large residual stress distribution slope change at through crack transition
A The parithrough crack correction was not being applied properly

A This capability was not available for use with Advanced Models *

* The Classic NewmaRaju K-solution for a corner cracked hole was determined to be ~10 to
15% lower than the Fawaz/Andersson Advanced Moesblkition. The updated residual stress

capability was subsequently used with the ERSI raobth residual stress data and the Advanced

Model Interface. The results were compared to the roobith test results. 5
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LexTech  AFGROW 2-D Gaussian Integration Method

.NET

Residual Stresses >
@ AFGROW offers the option to model the effect of rezsidual strezzes on

fHE ?égg‘ihgﬁti;efl?%‘%é”ﬁiﬂgF{%EEEJi’fi;ii:&il”?‘ii‘é?ﬁ* For part-through Cracks, the
Integration is now performed twice:

Integration is performed first for r <= thickness.
Sy - walue of a stresz in £ axiz direction; ThIS reSUItS In a reSIdual K table fOr the Corner

1 - diztance from the center point of the crack along o™ axis;

Select type of Data CraCk
{* Shess " Residual £
Enter stress and Generate SIF table using Integration is performed again for all integration
R = | points with S(0,r) (airection) set to 0.0
= g:@;@é@:g AR - (equivalent to a-D crack case). This is the
2 | oot | -4 | 465 o residual K table used after transition to a through
3 002 | -43.42 | -50.5 —_—
4 | o003 | a2 | -4 - crack.
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LexTech  AFGROW 2-D Gaussian Integration Method

Residual Stresses

Select type of Data
{* Shess

Enter strezs and '

Mumber of Sets: |75 El:

S - walue of a stress in £ axiz direction;
r - digtance from the center point of the crack along = o asis;

" Residual K,
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Generate SIF table using

crack length than AFGROW uzes theze values to generates a table
of 'Residual Stress Intensity Factors' [SIF).

o
~
File

Open

Save

Mo Stresses

) 4

AFGROW offers the option to model the effect of residual streszes on
crack growth by reading in a table of residual strezzes as a function of

Important Note:

Two integration points are needed beyond the
longest crack expected for each integration process.
The Gaussian integration method uses a Newton
polynomial interpolation method that requires two
points ahead of each integration point for valid
results.



LexTech  Modeling Two Points along the Crack Front

Two Points on the Crack Front are Currently Used for
the Advanced Model Residual Stress Implementation

Az2C A=<C

A - Dimension
[——
A - Dimension
e
-

C - Dimension C - Dimension

When performing analyses for the ERSI round robin effort, the best correlation was obtained when
mapping the D residual stress field approximately 5 degrees from either free surface.
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LexTech  Modeling Two Points along the Crack Front

AFGROW p=

Residual Stress (Ksi)

5 Degrees Inside Free Surface
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] ] ] . Arﬂnow NET
LexTech Life Prediction Demonstration

: AFGROW - [C\Users\harterja\Documents\AFGROW Related\Workshop 2017\RoundRobin\Case02b.dax:1] - O x
PRLLD »U A-2-lum® -2 2R D tREXS BTN
fa] FILE INPUT EDIT VIEW PREDICT TOOLS REPAIR INITIATION WINDOW HELP _ 8 X
ISpecimen '}
o= &l
Crack Growth Rate Data
16+000 T # Appearance _ =
16-001 ’ (l?lame) 1 Specimen
1002 / R 000 ’ ‘:::;h 0 4007000
t :
1e-003 !
10004 / Thickness 0 0251500
% / Constrained 2 True
= 1e-005
© / 4 Load
T 1e-006 [ [ & |
/ Axial I 1.000000
1e-007 ;
/ Bending 2 0.000000
1e-008 )
/ Bearing I 0.000000 -
1e-009
16-010 Remove All
0.1 1 10 100
AEK
Note: For R < 0.0, Kmax is used instead of Delta K

E Crack Gr... [ Cyclic Str.

Ml Crack Le..

= Status

Toolsor

QOutput

Crack #1

Clength= 011543 Beta Tension= 1.6117 Beta Compression=1.6117 Rik)= 01000 Rfinalj=0.1000 Delta k=1.04812+001 D(/DMN=9.8053=-006
ALength = 016845 Beta Tension= 1.5688 Beta Compression=1.5688 Rilk)= 01000 Rfinalj=0.1000 Delta k=1.2325e+001 D{)/DMN=1.5066=-005
a/t= 0.6698 a/c=1.4594

Max stress  12.000, r= 010, 19469 Cycles, Subspectra: 0. Pass: 3

Terminate - runtime : 0 hour(s) 0 minute(s) 10 second(s)

E Qutput

For Help, press F1

MNotification List

W Fnglish



() Bearing & Bending Loading for . AFGROW I
LexTech . :
Continuing Damage Models

A Bearing Load Solution is Curve Fit Using FEM results and the
Newman-Raju Format

A Corner Crack Parameter, G2, Based on the Through Crack Infinite
Plate Solution

A Parameters G4 & G5 Modified as Necessary
A Parameters G6 & G7 Added to Minimize Curve Fit Errors

A Transverse Through Crack Bending Solution Employs the (1/3 1
2/3) User-Defined Fraction of the Axial Solution




Bearing & Bending Loading for
Continuing Damage Models

AFGROW p=

& AFGROW - [Predict Data1:1]

Doy A -y WM-EAE DS Y RBXS BTN
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LexTech  New Tabular Growth Rate Capabilities

Multiple Growth Directions
Independent Tabular Rate Data for Two, Orthogonal Directions
Abllity to Interpolate for Multiple Point Modeling

Environmental Growth Rate Data
Default Tabular Material Data Set
Additional Data Sets for Alternate Environmental Rate Data
Uses Spectrum Tags Utilize Appropriate Rate Data
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LexTech

Crack Growth Rate Data for
L-S, TS, and & Orientations
are Very Difficult to Find



