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Kick-off event for this pilot study, an ESRI Round Robin

Engneered Residual Stress | mplementation (ERSI)
Stress | ntensity Comparisons Round Rohin ,June 2022

Geometry:
For finite-width plate L = 3W
Material Properties:

E=10.4eb
v =0.3
Loading:

Uniform Tension Stress = 10ksi

Yi




Benchmark Report R Pilarczyk, June 2022.
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The Classical Finite Width Correction F,, Used.

Jim Newman'’s finite width correction function, for a single crack
at a straight shank hole (from 1986) reads,

1

1 1 2
Fw Newman = T '
! COS W o] e 2:-R+c ' a
R 2-W-=-2-c+/ t

This expression should ideally scale well K; (?,%,%,%) near both

vertices ‘a’ and ‘c’ In the large 4D parameter space.

The above benchmark example shows that the error might be as
large as 10% at vertex ‘a’ for a standard geometry, I.e. D/t=2,
a/c=1, a/t=0.2 and W/D=2.5.



The Present Pilot Study.

* No ingenious engineering judgement.
« Approach: pure mining in numerical K;-data, no mechanics
whatsoever.

 Start: Derive 86000 K;(¢)-solutions covering a large

D W a a

(?,3,;,2)-space. High accuracy in all computed data are of key

Importance In the present approach.
« Work+Luck: Identify accurate closed form E,,-expressions.

 \erification: The accuracy of all closed form F,,-equations are
determined in the entire (B,K,E,E)-space.
t Dt c



The 86000 highly accurate K;(¢)-solutions covering a large (g,%,%,f)—space.

Cc

D/2t=0.1, 0.111, 0.125, 0.1428, 0.1667, 0.2, 0.25, 0.333, 0.4, 0.4444,
0.5,0.5714,0.667, 0.75, 0.8,1.0,1.25,1.333,1.5, 1.75,
20, 225, 25, 30, 4050, 60, 7080 9.0,

10.0. (31 values)
alt=0.1,0.2,0.3,0.4,0.5, 0.6, 0.7, 0.8, 0.9 and 0.95.
a/c=0.100, 0.111, 0.125, 0.1428, 0.1667, 0.200, 0.250, 0.333, 0.500, (10 values)
0.667, 0.750, 0.800, 1.000, 1.250, 1.333, 1.500, 2.000, 3.000, 4.000,
5.000, 6.000, 7.000, 8.000, 9.000, 10.000. (25 values)
W/D=1.6,1.8,2.0,2.2,2.4,2.38,3.2,3.6,4.0, 4.6, (19 values)
5.2,5.8,6.4,7.0,8.0,10.0,12.0,15.0,100.0.
H/W=5.0

The Constraintg + 1.25 - ¢ < W /2 resulted in about 86000 accurate K;(¢)-

functions for tension, bending and pin loading.
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d) Two toruses with
circular crossections
enclosing hp-mesh at
crack front

Employing a hp-version of FEM as implemented in the STRIPE-code.
Mesh design:

b) Torus with quadratic crossection

\ enclosing elliptical crack front
i Vertex a /’ /

rack Front
= Vertexc

a) FE-mesh, b/h=025, at=0.1, ¢/a=10

¢) hp-mesh close to crack front
near vertex c



Accurate Calculation of K, (¢) atarbitrary ¢=¢ 0<¢ <¢

The displacements u at a point X5 on the crack front
can be written

u(r.0,x)= > K,(x3)r'’ ¥ ,(6)+smoother terms
a=1,11,1l

For smooth edges, the edge intensity functions K_(,)
are analytic on open intervals s, < x5 <s,,, . Hence, we
approximate the edge intensity functions with the

polynomials: Domain Q¢ used for calculation of
L P 2( X. —§ ) stress intensity factors
3 k
K, (X5) =D K,P(s)| s= -1
n=0 Sk~ Sk

Where Ean are unknown coefficients, p is the polynomial order of the finite
element trial functions, and P, the Legendre polynomials.

By applying the Maxwell-Betti reciprocity theorem the accuracy of the calculated
K’s thus will depend only on a weighted average of the finite element solution

inside the extraction domain. This gives exponentially fast convergence, with
increasing p to the exact K-values.



19 out of 86000 K-
solutions (for tension
loading) where peak-
values Krpy_, and
K gy are marked
with blue disks.

Stress Intensity Function |K(¢)|for SINGLE crack
W/D= 1., ..., 15.0 ,100, D=20
ndom..a/c....a/t.....r/t....b/t e a....thickness

!
- 16 0.7500 0.1000 1.0000 1.0000 1.3333 1.0000 10.0000

Kyr= 742




Use of advanced mathematical vertex theory to find
accurate peak-values of K; near vertices ‘a’ and ‘c’, that
IS, with relative errors in K; of order 0.03%.

K_I(¢) has near the two crack front vertices the following asymptotic
expansion,

K(s) = Yr=g Yt Sip - s

Where §; ; are unknown constants, A; known constants and s(¢) the crack
front arc length measured from the actual vertex.
We here use only the four first terms, that is, in order of magnitude,

A, = 0.547841,
A, = 1.218267,
As = Ay + 1 = 1.547841,
A, = 1.681545.



The Figure exemplifies pointwise
values of K;near vertex 'a’
obtained from finite element
analysis and the analytic
expression, respectively.

Accurate peak values of K; are
calculated by applying Newtons
method to find the optimum of
the analytic function K(s). The
relative error in K;-peak at all
2x86000 vertices considered are
estimated to be < 0.03%.

We now have access to 2x86000

accurate peak-values of the K;

(Q,K,g,g)-function. As

t Dt c

W/D=100 corresponds to almost
infinite width the corresponding

F,,-values are easily obtained.
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Errors in J. Newman'’s 1986 F,, formula at vertex ‘a’ for R/t=1 and a/t=0.2.

(includes the above benchmark example R/t

1, a/t=0.2 and W/D=2.5).

The error is defined as,
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Table Error in % in Jim Newman'’s F, -formula (1986) for R/t
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Results from the 86000 FEM analyses might be summarized in 620 tables of the type shown.



Development of an almost exact Finite Width Correction

. D W a a
Function F,, (;,3,;,2).
Three Steps.
0.1 a/c 10.0
100\ . o
\ 1. Divide R
\ AF, =5% 2. Divide :
‘ < i fu

\ .. . :
W/D AR 10n . 3+ Divide with |
WL (1+AF,, /100) Challenge: Find i

|

|

|

|

\ w I

‘ / equation in (—,2) such :

D’c !

‘S that AF,,=const. !

1.6 * \ w :
= ~ R ~ . -~ __1:

W a
s

One table, out of 620, with K; (D ) for D/t and a/t fixed.



Development of an almost exact Finite Width Correction

Function F,, (2 v e a).

t'’D’t’c

Assumption 1: We know K; for infinite large plates (i.e. W/D=100 and plate
height/D=250).

Assumption 2: Assume that K; also is known for a/c=10 (i.e. the data in the right
column in tables of the type shown above). These data can be stored in very
compact form as exemplified below.

Assumption 3: The remaining error is given by a simple analytic function AF,,,.

The table below exemplifies the error obtained when adopting assumptions 1

and 2 for the case R/t=1.0 and a/t=0.5.
W/D / / G/C 9

wiu w.108 6.111 0.125 0.1428 0.1667 0.200 0.258 8.333 0.500 0.667 0.758 0.300 1.000 1.258 1.333 1.500 2.000 3.000 4.000 5.000 6.008 7.000 8.000 9.000 10.800

100.0 1.000 ﬁ@@& .000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 ‘9@2 1.000 1.000 1.000 1.000 1.000 Il.@@@ 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1 AR 1 A 1 Ana 1 A 1

15.0 | 1.006 1.005 W5 , 1.004 1.664 1.893 1 Aed LY ang 1,000 1.600 1.000 1.600 |1.900 1.000 1.686 1.000 1.000 1.860 1.000  1.060

12.0 | 1.010 1.009 1.6 1'w& 1.806 1.805 o/ . Iy 1.001 1.001 1.001 1.000 000

16.0 | 1.016 1.014 1.012 1.011 1.0Winy 1.007 E < 1/ th 1 Megp1  1.ee1  1.001 1.000 o/ . 000
)

0] 1,027 1.024 1.821 1.018  1.015  1701duyy rror o 1IN ISAarea : T ieieor 1o 101 Error < 0.1/0 N th|s corner ooe

1.029 1.024 1.020 1.016 2 1.002 10 1.001  1.001 000

1.030  1.025 1.820 1.015 T.0W 2.667 1.685 1.064 1.604 1.803 1.682 1.802 ¥1.g81 1.001 pi.vor L.owv  i.ouw  1.090  1.000  L.vou  l.oww 1,080

1.825 1.019 1.014 108y 1.006 1.665 1.804 1.003 1.602 1.802 1.0 001 §1.801 1.660 1.080 1.600 1.000 1.000 1.000  1.000

1.025 1.018 1.011 a7 .1.886 1.006 1.004 1.003 1.003 1.002 1.8\ 1.001 1.001 1.000 1.000 1.000 1.000 1.000 1.000

1.035 1.024 1.014 i.e10 1.0 1.008 1.006 1.004 1.004 1.003 1.002 1001 1.001 1.000 1.000 1.000 1.000 1.000 1.000

1.650 1.834 1.020 1.014 1.812 ’B& 1.008 1.086 1.085 1.004 1.002 1.99\1.991 1.000 1.000 1.800 1.000 1.000 1.000

D 1 h' f1.969 1.046 1.027 1.018 1.015 1.014 1!31[&1.88? 1.007 1.005 1.003 1.001 1.401 1.001 1.000 1.000 1.000 1.000 1.000
ata In t IS Corner O 1.865 1.837 1.825 1.821 1.01% 1.014 1.0a0 1.005 1.007 1.004 1.002 1.881\.881 1.000 1.000 1.000 1.000 1.000
1.856 1.837 1.831 1.029 1.821 1.015 ﬁﬂli 1.811 1.006 1.0083 1.e02 1.0f1 .BO8 1.800 1.000 1.000 1.000

1.061 1.0852 1.047 1.034 1.024 1.022 “Mwis 1.011 1.005 1.003 1.002 e 1¢] 1.000 1.000 1.000 1.000

the table Corresponds 1.064 1.046 1.033 1.025 1.824. L3 1.007 1.004 1.002 1.88% 01 1.000 1.000 1.000

1.048 1.043 1.036 1.022 1.y 1.0806 1.083 1.002 1.001 1.06808 1.000 1.000

1.036 1.018 f.@]& 1.006 1.004 1.002 Nl 1.000 1.000
D 2 | C > W/Z. 1.070 1.835 1.e20 1.me12 1.0087 1.004 1.003 1.001 1.000

HOE RN R W W R BN~ o
TR DNEONODONDLREDD

Next slide 14



Errors AF,, in % for case % = 1. 0,% =0.5a/c

W/D | 1/101/91/8 1/71/6 1/5 1/41/31/22/33/4 4/5 1 5/4 4/33/2 2
_________ |____________________________________________________________________________________________________

10.0| 1.6 1.4 1.2 1\1Q9 0.7 0.6 0.4 0.3 0.2 0.2 0.2%1 0.1 0.1 0.1 0.0[Error<0.1%
80| 27242118 15N.2090.704030.20.2 02~01 0.1 0.1 0.1]in this corner

7.0 | 29242016\130906040303020’2020101
6.4 | 3.0 2.5 2.0 1.5™1:1.0.7 0.5 0.4 0.4 0.3 0.2 02.0.1 0.1
5.8 | 2.5 1.9 1.4 0.8.0.6 0.5 0.4 Error < 1% o§~Q1
52| 25 1.8 1.1 0.% 0.6 0.6 040303 0.2 0.1

46| | e 3.5 2.4 1.4 1.0 0308 0.6 0.4 0.4 0.3 0.2

4.0 | 50 3.4 2.0 1.4 1.2 1.1°0:8 0.6 0.5 0.4 0.2
3.6 | 4.6 2.7 1.8 1.5 1.4 1.0 057, 0.7 0.5 0.3
3.2 | 6.5 3.7 2.5 2.1 1.9 1.4 1.0 0.9 0.7 0.4
2.8 | 5.6 3.7 3.1 2.9 2.1 1.5 1.3 1.10.6
4 | 6.1 5.2 4.7 3.4 2.4 2.2 1.8 1.15

* 0)
22 | Errors are up to 6-7% !

6.4 46 3.3 292415
2.0| The function, AF,, (3 —) to be developed 48 43 3.6 2.2
1.8 shall ideally remove this error! 3.6
1.6 | 7.0

_________ |______________________________________________________________________________________________________
W/D | 1/101/91/8 1/7 1/6 1/5 1/41/31/22/33/4 4/5 1 5/4 4/3 3/2 2

The function AFW(%,%) for R/t=1.0, a/t=0.5 in %. b



w
Calculate Contour Levels for AF,, (E’%) = constant

W/D | 1/101/91/8 1/7 1/6 1/5 1/41/31/22/33/4 4/5 1 5/4 4/33/2 2

""""" | T T T T T T T T T T T T T T T T T T - e . TTTTTTTTTTTTTTTTTTTTTTTTTTTT T
10.0| 1.6 1.4 1.2 1.1 0.9 0.7 0.6 0.470:3~0.2. 0.2 0.2 0.1 0.1 0.1 0.1 0.0
80| 2724211815 120907 0.4 030202 02 0.1 0.1 0.1 0.1

7.0 | 29242016 130906 040.3 0.3\0.{ 0.2 0.2 0.1 0.1

6.4 | 302520151107 050404030L0.20.10.1

5.8 | 25191408 0.6 0504 (ﬂ g) _ o

5.2 | 2.5 1.8 1.1 0.7 0.6 0.6 AF,, D’c) 0.3%.

4.6 | 3524141008 08060404 0.3\0.2

4.0 | 50342014 1.2 1108 0.6 0.50.4 0.2

3.6 | 6946 2.7 18 15 1.4 1.0 0.7 0.7 0.5 O.\S‘

3.2 | 6.5 3.725 2119 1.4 1.0 09 0.7 0.4\

2.8 | 56 373129211513 1.10.6 '\

2.4 | 6.1 5247 3424221811 .
: \

2.2 | Calculate accurate locations of 644633232415 3

2.0 | W a 4.8 4.3 3.6 2.2

1.8 | contour levels for AF,, (3,2) =0.1%, 0.3%, 0.5%... errors 3¢

1.6 | from the accurate data in the table. 7.0

_________ S -
W/D | 1/101/9 1/8 1/7 1/6 1/5 1/41/31/22/33/4 4/5 1 5/4 4/3 3/2 2
The function AFW(%,%) for R/t=1.0, a/t=0.5 in %.



Calculation of Contour Levels for

w
K, (3 , %) = constant.

All functions considered here, i.e.
D W aa D W aa

KI (_;_)_)_) ;AFW (_)_)_;_) are
t" D' t'c t D't c

smooth analytic functions which

can be accurately approximated by,

for example, polynomials.

Finding contour levels for K;, AE,,
etc. is then very straight forward
numerically.

The figure to right exemplifies how
well polynomials of order 6 in a/c
fits table data (the black dots) for
the case R/t=1, a/t=0.5.

K

Stress Intensity Function |K(¢)|/+/c for SINGLE crack

W/D= 16 ..
R/t=1, a/t=0.5

Polynomials of order 6.

./

W/D=1.6

W/D=2.8




W aa |Ki(a/t,a/c=2)|/\/c for a SINGLE crack
Smoothnesss of K| (3, - —) B

C L
- W/D= 1.6

The figure to right exemplify -
how well polynomials of order 6 —

in a/t fits table data (the black - oo 18
dots) for the case R/t=1, KI B
a/c=2.0. | W/D=20

W/D= 2.2

W/D= 2.4

W/D= 2.8
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Figure shows level
contours calculated by
polynomial 6.0
interpolationin

available table data.

Challenge: w/D
Develop an analytic
function that fit all
red-blue-black dots
with high accuracy. 10
Does points with

AF,, = const. fita

function of type%

well?

. Ralative Frear in B (adfe TI7/BY frr 2 QINCIT R fracls

o1.5%"
| ™ e 0 . ¢
[ ‘_"r{ * 1?{'-
. - L‘}t}{. N .
. -'lt}{'. . o .
. '-Gt%" L] [}
® >

Case R_ 1.0,2= 0.5
t t

W a
AF (— —)= .5%.
~] Note2%!
o Accuracy in
0.3% be _
. K;calculation
0.5% L
is important.
| [ L
1.50 2.00
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A simple and very accurate equation in the variable AF,,.

a
Z — Cl(AFw) N+ CZ(AFW) (1)
W c3(AE,)
D=5 tea(bR) (2)
Eliminating n from (1) and (2) gives the following
w a
dependence between r and )
w c;(AF,)
- = c1(ARy) - g—————+ c4(AF,)(3)
E — C (AFW)

Replace ¢, (AE,) - ¢3(AE,) with cs(AF,,) and we get,

m . cs(AFy)
b= Teyan, TR | @

Equation (4) is, of reasons unknown to us, an equation that fits extremely

well with all numerical data investigated so far (i.e. 12000 out of 86000

solutions).
20



The red-blue-black dots
are errors obtained from
the very accurate FEM
solutions.

The red curves are the
equation,

w Cs (AFW)

- = + Cy (AFW)

a
b Z=c(aR,)

The three coefficients
c;(AF,,) are

determined by a least
square fit to red-blue-
black data points (weight-
function=1.0).
Agreement is excellent for
0.1% < AE,, < 7%.

W/D

7.0—

6.0

5.0

4.0

3.0

2.0

1.6

. " Levels AFy(a/c, W/R) = constant

B a
, : ==0.5
t
- . \ 0.1%
- * 0:2%
- * 0.3%
: . 0.5% .
B ‘ 1.5% ‘e <
B * 3% 2% ) 1 . .
: B 4'},{ . .
055%_ . .
B 6% . . .
B Tr/{ . - L] : ]

B 3
L L Lo I Lo
0.10 0.50 1.00 1.50 2.00
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Graphs valid for
a/t=0.4 showing
AF,, = constant.
Coefficients {¢;, i =
5,4,2} are obtained
from a least square
fit to data (contour
level curves) in the
table of accurate
AF,,-values.

6.0

W/D

1.6

— ’ Relative Error in F(a/c, W/R) for a SINGLE crack
— a/t= 0.4

— All E'l.:ii['l{w' have a/t = 0.4 —_ = O 4-
. . \ 0.3%
i 0.5%
N . 1.0%
— 1.5% b
- o 2%
N 3% e "
__ L lr"/: [] S 2 ' *
[ R R N B [ B [ |
0.10 0.50 1.00 1.50 2.00




Graphs valid for
a/t=0.6 showing
AF,, = constant.
Coefficients {c¢;,i =
5,4,2} are obtained
from a least square
fit to data (contour
level curves) in the
table of accurate
AF,,-values.

—_—
—

6.0

W/D

Relative Error in F (a/e, H!.,x"fa’.jl for a SINGLE crack

— a/t=106 a
~ All cracks have a/t =06 * —=0.6
i t
- ) . 0.3%
- N\ 0:5%
i} k | 1.0% .
i 3% 2% e
— % N,
B 5% . L%
| I I [T |
0.10 (.50 1.00 1.50 2.00




Graphs valid for
a/t=0.8 showing
AFW = constant.
Coefficients {c;, i =
5,4,2} are obtained
from a least square
fit to data (contour
level curves) in the
table of accurate
AF,,-values.

W/D

Relative Error in F,(a/c, Vie/ R) for a SINGLE [.'1'21['1{

L .- } a |
a/t=10.8 _ N
| —\LJ_J. ['l'EH'J.\C'\' ljgjl,'ll Eil,-"lT ”\ ? - 0. 8
_ . | . 0.3%
! ’ 0.5%
- \ 1.0%
i |l W N
] '.)/(. lr/{ 2/{ 1 ri/u,
] R ¥ . -
| I I Lo |
0.10 (.50 1.00 1.50 200




Graphs valid for a/t=0.95
showing AF,, = constant.
Coefficients {c;, i =

5,4,2} are obtained from

a least square fit to data
(contour level curves) in
the table of accurate
AF,,-values. W/D

%4 c=(AF,
— 5( w) +C4(AFW)

a
D E_ CZ(AFW)

Agreement is

excellent for
0.1% < AE, < 15%.

7.0

6.0

5.0

4.0

3.0

1.6

L . T = 0.95 ., W/R) = constant
B . * . 0.3
I S
- . .
— \ 0.5%
¢ 1.0% .
: @ . 2'/{ 1. '
B r)r’,{ 0 L * ) @
- 6% “": .
L o 3% . ‘ *
{70 . .
i Sr,,,{ - . . .
L 10% . . ., b
- T A ———— '
" Limiting case, S S :
D ! :
VL mte=W/2 i
2
L [ [ N | Lo
0.10 0.50 1.00 1.50 2.00
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Calculation of AFW(E’?’Z) with high accuracy.

W a a

For fixed (%,%,%) T~

calculate AF,, from, o\zv
\

K L =, cs(AF,;)

D %—CZ (AF,) + C4(AFW)

and data in the 10 %

tables for a/t=0.1, \

0.2,..., 0.95.

a/t=0.95



: D W
The almost exact Function F,, (— — = E) .

t’' D't’c
We exemplify the high accuracy of F,, by regenerating all tables with
K; (%,%)-data using the F, -function. An entry in the table is obtained as

sketched below.

0.1 a/c 10.0

100 T K,

K

%74
K; - f - (1+ AF, (5,2,2)/100)

1.6

W/D < ”:fw
No data i

AFGROW/NASGRO The scheme above can be used for compact storage
of huge data bases for distribution to users .
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) for the case
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Accuracy of AF,, (
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W a R a
Accuracy of AF,, (—,— ) forthecase — = 1.0,— = 0.95.
WAD’¢c/ t t
C : " 0.3}/
I
6.0— | O i
- . 0.5%
A second example. | - L% .
5.0/— ) ", )
W/D [ o\ N 2R 15&
- 6% M, R - .
4.0 707 . 3% . * .
i 896 N .
| 1(]2/( .' . . . -
3.0 . " ’
] N . :
- Limiting case, N7 S :
D } :
2'0_ E +c=W/2 l
1.61
L L I R A R RN N B Lo
0.10 0.50 1.00 1.50 2.00
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=0.95.

Another example of the high accuracy of AF,, for the case a/t
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[ ] w ’ ’ [ ) [ )
Calculation of AFW(E,%,%) at vertex 'c’ with high accuracy.
The equation, N
D
w AF,, —
S=moml o (AR,)

D %_CZ (AF,) 7.0

approximates data in all tables
very well.

Data for vertex ‘c’ for a/t=0.5

All gracks have a/t = 0.8 ’

Vertex ‘c

w/D ¢




We don’t need functions AF, (

t'’D’t’c

) with an error of order 0.1%?

D W a a

Accurate F,, (— — —,—)-calculation.

t'’D’t’c
CS(AFW)

— 4= C4(AFW)

=—c2(AF,)

|

w/D

D w . .
F, ( = E)-calculatlon with

t'D’t’c

prescribed and known accuracy.

Step 1: Approximate K; ( = oo)
with simple analytic function(s).

w
D

| a/c

e

Step 2: Approximate f, (g =10

c

with simple analytic function(s).
W a a

Step 3: Simplified AF, (5,7,2) =
calculation.
Total approximation error is product

between the 3 errors and known!
32

N——




Step 3: More useful but slightly less accurate AF,, -calculation.

Summary: accurate AF,, -calculation

Cy

\

W c(AF. e Y
Y- 5l + ¢4 (AF,) + B
D E—CZ(AFW)

- AF,

A drawback in fatigue crack propagation
analysis is that AF,, is not explicitly given in
the equation above.

One (of several possible) useful approach is to replace table data with closed
form analytic approximations of cg, ¢, and c,, respectively.
It was found that table data can be accurately approximated with the
following functions (see example next slide).
L8 L% L8
cs(AE,) = AT, + b, c,(AE,) = AL, + b, and c4(AF,) = AL, + b,.
Where a; and b; are six constants for fixed a/t (or smooth functions of a/t).



Cont. more useful but slightly less accurate AF ,,-calculation.

After inserting,

a a a
¢ (AE,) = —— + be, ¢,(AF,) = —— + b, and ¢,(AE,) = — + b,.

AF, AF, AF,
Into,
W CS(AFW)
— = AF,
D Z-c;(AFy) + ¢4 (AF,)
We get, 5
. + . +r=20
AR ) TU\aR, )T T
Where, W a
q=(—a, D T3 +ay-by+by-a)/(ay - ay)

a %4 a
r=((5=ba)- 5= ba- "= b5+ by bi)/(az - as)

With the closed form solution,

2
ARy =1/(~5 - J{% - r})




Graphs showing w0
AF,, = constant
obtained from table o
data of {¢;,i = 5,4,2}
(red curves) and the
closed form analytic 5

approximation
PProx| W/D
using six
coefficients 10

{Cli, bi,i = 5,4,2}
(black curves).

Coefficients {a;, b;}
were obtained from 2
a least square fit.

Table data
Analytic with,

a
ci(ARy) = 5~
w

+ b;




Cont. more useful but slightly less accurate AF, -calculation.

3/4 475

273

1718 179

W/D

R R R R el e R - R iR

8.1
a.2
a.3
6.1

6

T T T - e e N . ]
[ R e o e - S R P DO DD DO oD DD DD D
S A R i e s
, [ a a a a a a a
PN DR D PRRPRE@ASANM R e e e e e R e e e
A M N R R N T
, [ a a a a a a a a
PRI RO IAMNANT T DD ED 000 @D DD (o)
o
i 4
B e bR R R e T D@ R AN D D@ @ M m
. L a a a a a a a
PR PRRRPERPRAANMT Ml DO DEOODD DD DD DD O D Pl
—-
B T A o @AM @@ o@D D w
. = a a a a a a a a
PR D PDDPPRD@ AN MT looooooooooo @@ @@ @ \.)
L ]
! c X SO
T T e (@] A AN DO@@@E N T DT -
! - a 4 a4 @ a4 a4 a @ a @a a & a @ a a
PR DR DR AAANTY ] o PP RRPIDDDD D W_D
_ o—i— > N—
B e T md.BIIEEEEEBBIE_ﬁd 2
T, 1 a a a @a a a a a a a a
PR RRRE AN m_..._.BEBEEBBBBBBBEE <3
_ bt <
B T A \I_/_..._.EIIE_..._BEBBIIE_...__..._ (]
R, a a a & a a a a a
L i alal S| OM ' DT DD DDDDDDE D DD >
o
' = wfd
LALLM LL LA L L 2Qu jermmmeeesnmumns &
C a & a & a a a a a a a
PR DD D@EEERNAM N~ OO ODR DD DD @D m
* m—
! 2 x
B T A Ry o ernmeceam oo m
[ a a a a a a a
PRI AN M T [ R o
| Q Q.
aNg e nnanng £ 7 enasandNNma ©
L a a a a a a a
R LT O ococooocoooooo (<))
Mb O N o
i )
V@ e DDA emm LM DD D @D v P P Q
_....LL_}“_}“ y.rrr. a & a a a e e g
rE@o@ —_ L === == === = = == O c c
o o > S
! X o v 2>
[ = - Y= R F R _/ a....u..uu..l_..l_..l_z_...__..._ o 17 —
....... S 1 a & a a
DD DD e ) - R D@D @ @@ O/k w
(o} v M O .
| N a/o ©
=IO ] m O ~ @ O ¢ o .
....... T 1 a a a a a a a
@D @m e e e ._Iel.BBEEBBB | CA_” Q
o - )
S o) O un Y=
@ WMo o /O_H_._H__IEEJ.E_ O. U c ©
...... S 1 a a & & a a
oD@ o O W oooooo O mb% NS
© = - O o e
[ m S T @ o LA © () — o=
..... [ a & a & a
oD D o) O~ ooooo NV = v =
o S ! + o
e - ' o o -
0o L Wz onm = nru = r_r._
oo e @@ D w =
[ = e R R L S VY e Y SV O - o e = Y S @D @M@ @ T 00 M D WD P 00T D 0O WD
................... Sy } 4 &4 a4 @4 &4 a4 & &4 4 4 @4 & a4 a a a a a a
[ R R S T I T S - RN R R - RO i R e e R R
oo VD o o
ol



a

ai(®) T
c;(AE,) = —t + bi(g), see Table. ot | b
Data in each column can be approximated . —
accurately with, \N
a\) . :
~ = B :
ai"'zaij'( ) bizzﬁij'(_) 0.90 [~ |
J=0 ; . J=0 ; . h\\
14 a\’/ a S
q:(_H.Zazj.(?) _Ez :
J=0 J=0
_ W [ a z (a)j a
" (D C 4 Paj t C
J=0
W a a q(...) q(...)z
AFW(H;?;E;aij;,Bij) = 1/(—7—\/{ 2 —7r())
S

~ 20 coefficients

i~

Verification: Average error in AF,, is 0.2% in 4400 control points (R/t=1).

Next step: Determination of ;; (?

R) and f3; (%) :



A few remarks on how to (perhaps) use the finite width
correction function above in AFGROW, NASGRO, FASTRAN.



AFGROW usage: AF,, for one domain with fixed W /D
We had,

. 2+ L ) r=0
AR ) TU\aR, )T T

For W/D fixed (one specimen) we get,

q=(—a, '%_aél '%—as +ay by +by-ay)/(a;-ay)
a w a
r=((S=by) 5= ber T = b5+ by b/ (e - )
Where Q; and R; are constants dependent on W/D and R/t.
a=0:-=+0
r =R, 2 + R,

C

2
M@=1m—§—J¥%—rb




AFGROW usage, continued.

D W

Accurate F,, (— —,2,2)-calculatlon
t D't c

w cs(AF,)

1% T~_]
o \
Sdim e 10 tables for
R | various aft.
\ | i
7.0% 11
8.0% \\ |

N ——c2(AFy) t (AR _— ci(8F,) = AFW

e 11y, = 1/(—%— {q—z—r

t'D’t’
prescribed and known accuracy.

F, (D wa E)-calculatlon with

a/t 1 table
Initial }& Q,
flaw }\§\1}
size | . [Pt S

=
Il
Q
(SN
I
_|_
Q
Ny
=
I
~J
(SN
alQ
_|_
=
N

4

w
\—/

SN

0




Are significant improvements possible?

7.0
We have,

W a a
AEy (50702 @ijp Bij) = 1/ (=45

Challenge: 5.0
. . a

Find function G(?, Ci) W/D

which is in close

agreement with all data 0
points for all fixed a/c-
values so the «;;, f;- 3.0
dependence can be
reduced/removed.
2.0
1.6

T s T Y O Y O B Y O B

0Fy(a/t, W/R) for a SINGLE crack
W a
— = G(-,ci(ARy))
a/c=2.0

i
N N I N O Y B

|

|

]

,0.2%

/0.3%

« 0.5%

« 1.0%

e« 1.5%
o 2%
. 3%
"oy
¢ 6%
. 9%

L1 |

0.10 0.30 0.50

a/t

0.80 0.95




Concluding remarks

1. Higly accurate AF,-calculation

K_ CS(AFW)
> = Tary T 4 F) -

2. Aclosed form expression for AF,,

— 11
AF,, =1/(=3 {
3. A general closed form expression for AF,, for D/t fixed.

Waa e aC) [faC)?
AFW(F»?»Z»“U»IBU) = 1/(—7—\/{ 2 —T("')})

4. The general closed form expression for AF,,

D W aa oo
A\ e Gty ) =77 i
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