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FOREWORD

The computer program described in this manusl was
developed under Contract Numbers NAS8-31101 and
NASB~-31624., These Contracts were monitored by C.
Bianca of the George C. Marshall Space Flight Center.
K. Roper performed all the computer program coding.

The author would like to acknowledge the informative
technical discussions held with J. E. Collipriest, Jr.,
R. M. Ehret, and A. F. Liu during the course of this

work.
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INTRODUCTION

In order to include the important consideration of structural
failure due to the presence of flaws end crack~-like defects in
aerospace hardware; 1t is necessary to have a computer program
capable of performing crack growth analysis that is easy to use
and generally applicable. The need for a computer progranm (as
opposed to simple hand calculations) arises from the complexity of
growth descriptions required for crack growth analysis of real
materials in complex structure under a8 variety of loading and
environmental conditions. The MSFC crack growth computer program

developed by Del West was designed to meet this need.

The MSFC crack growth computer program calculates crack growth
for part through cracks, through the thickness cracks and cracks
vhich are transitioning from part through cracks to through the
thickness cracks. The computer program has been written to be
flexible in its operation and to'be easily adapted and chenged
as fracture mechanics technology changes and/or the design usage

of the program changes.

The computer program is essentially an integration routine which
calculates crack growth from an initial defect size and terminates
calculation when the crack is sufficiently large for a critical
condition (instability or rapid growth) to be reached. The

initial defect size may be designated by the user or established
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by the computer program on the basis of proof test logic. 1In

vaddition, if a design life is not met for a particular structure,

the program has the capability of varying the thickness of the
structure or initial defect size so as to establish the geometry

which will meet the design requirements.

During the period when a crack is a part through crack, crack
growth in the depth and surface directions may be different due
to variations in sttess intensity factors and/or directional
dependence of material properties. The MSFC computer program
considers both of these effects and hence incorporates realistic
crack shape changes. During the period when a crack is transi-
tionirg from a part through crack to a through the thickness
crack, the crack lengths on the backside and the frontside are
different. The MSFC computer program tracks the growth of these
two dimensions separately; evaluating the stress intensity factors
ét each surface until these dimensions are the same and the crack

has completed its transition to a through the thickness crack.

The computer program allows two different methods of load input.
For each step in the loading block, the user specifies either:
(1) Maximum Stress, Minimum Stress, Number of Cycles or (2)
Maximum Stress, Stress Ratio, Number of Cycles. It should bde

noted that if crack growth mechanisms other than fatigue are
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being considered (e.g., static stress corrosion) the appropriate
rate variable can be used instead of cycles (e.g., time at load)
in conjunction with appropriate material constants as described

below to perform a wide range of phenomenological studies.

"The use of a 1limit load (a load which may be higher than any load

in the actual spectrum) to determine the end of design life is a
common practice. The MSFC computer program has therefore been
written to consider a separate limit load (apart from those in
the spectrum) and to determine when it causes failure. However,
after failure due to limit load occurs, the crack growth calcula-
tion continues. The limit load failure information is included

in the output.

The crack growth rate material properties may presently be input
into the program in any of four formats: (1) Paris equation with
upper and lower outoffs in stress intensity factor; (2) Forman
equation with upper and lower cutoffs in stress intensity factor;
(3) Collipriest-Ehret equation with additional upper and lower
cutoffs in stress intensity factor; (4) tabulated as a function
of stress intensity range and stress ratio. An important feature
of the material property description is that different material
properties (crack growth equations, fracture properties, yield
stress, etc.) may be designated for each step in the loading
spectrum. Thus varying temperatures and environments may be

considered.

bty
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The MSFC crack growth computer program has the capability of
utilizing any one of three crack growth retardation models. Of
course, the effects of retardation on crack growth will not be
considered 1f the user does not request it. The three models
presently available are: (1) Willenborg; (2) Wheeler; (3) Grumman

Closure Model.

The module which performs stress intensity calculations currently

includes stress intensity equations for the following geometries:

1) Crack in a finite width finite thickness plate - part through
crack, transition crack, through crack.

2) ASTM E399 compact specimen - through crack.

3) Single crack emanating from a hole - corner crack, internal
crack, transition crack, through crack.

4) Two cracks emanating from a hole - corner crack, internal
crack, transition crack, through crack.

5) Single crack emanating from & pin loaded lug - corner crack,
internal crack, transition crack, through crack.

6) Two cracks emanating from a pin loaded lug - cormer crack,
internal crack, transition crack, through crack.

7) Crack emanating from a notch - corner crack, internal
crack, transition crack, through crack.

8) Cracks emanating from double notches - corner crack, internal

crack, transition crack, through crack.
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9) Cracks emanating from shoulder radii ~ corner crack, internal

crack, transition crack, through crack.

As many runs (each with varying input conditions) as desired may
be stacked. As additional rums are made, only that section of
data which is changed (i.e., loads, material properties, or
geometry) need be reentered. Output format can include tabulated
and/or plotted data. Minimum tabulated output for each run con-
sists of information on input data and failure (crack lengths,
cycles, etc.) as well as crack lengths, stress intensity factors,
and crack growth rates for the first and last cycle of each stress
level in the first load block applied as a part through crack,
transitional crack or through crack., Additional information (crack
lengths, stress intensity factors, and crack growth rates) for
particular blocks and loading steps may be requested by the user.
The plotted output consists of plots of surface and crack depth
lengths plotted against the number of loading blocks and cycles.
The user may specify plotting increments or simply use increments

chosen by the computer program.

A flow chart showing all subroutines is presented in Figure 1,
and a description of each subroutines primary function is pre-

sented in Table I.
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Figure 1 - Subroutines
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| TABLE 1
| [
% SUBROUTINE FUNCTIONS
% SUBROUTINE FUNCTION
E MAIN Reads Input, Sequences Runs, Performs
t Design Iterations, Calls Proof Test
Module, Calls Appropriate Crack Growth
: Module.
PROOF Calculates initial flaw size based
on proof test logic.
PTCGRW Calculates crack growth for a part
through crack.
TRANS Calculates crack growth for a
transitional crack.
TCGROW Calculates crack growth for =&
through crack.
KANAL Evaluates all stress intensity
factors
DAMAGE Calculates crack growth rates
INTP Interpolates stress intensity or
crack growth rate tables.
RETARD Modifies input to damage to account

ST

B

for retardation effects.
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In addition to the basic crack growth analysis program, a
companion program which formats the crack growth data for
plotting on the SC4020 plotter is included in the program
package. The functional flow of the computer program package

is indicated in Figure 2.
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1)

2)

3

4)

5)

6)

7)

8)

TECHNICAL APPROACH

essence of the crack growth analysis procedure consists of:
Establishing an initial defect size: Either directly as
input or as a result of proof test logic, or as a rasult of
a design interation.
Considering each loading step in a load block in turm.
Evalutating stress intensity factors, using the stresses from
the‘step under consideration.
Using these stress intensity factors (and previous loading
history if retardation is considered) to calculate crack
growth rate.
Consider a small amount of growth ( 1% of current crack size)
and calculate the number of cycles it takes to grow that
amount. If that amount exceeds the number of cycles not yet
consumed in the step than only those remaining cycles are
used and a corresponding crack growth increment 1s calculated.
Crack lengths are incremented, cycle count is incremented.
This process is continued until all cycles in the step are
considered. The next step is then called. At the end of a
block the first step is called again.
The calculation ends when:
a) The critical stress intensity (either at the surface or
at the depth of a crack) is exceeded.

8 in.) for an entire block.

b) There is no crack growth (<10
¢) The crack growth rate goes to infinity (when using the

Forman equation for crack growth rate).
11
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d) The meximum number of blocks is exceeded.
9) All input and all output data are in units compatible with

Kips and inches. (e.g., Ksi, Ksi vYin. and in/cycle.)

SUBROUTINES

The subroutine operations are each described below. Since MAIN
serves primarily as a calling routine, it will be clearest if we

describe MAIN last.

The proof test module uses an iteration scheme of successive
bisections and inverse parsholic interpolation to solve the
nonlinear equations that arise in defining the crack size that
will cause an applied stress intensity factor due to the proof
load to equel the critical stress intensity factor. The critical
condition 48 checked at both the depth and surface of a part
through crack. The smallest crack size that produces criticality
is the result. The critical stress intensity factors used for
the proof test may be different than those used to predict the

end of service life.

12
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Thus, changes in environments and their concomitant changes in

material properties may be accounted for (e.g., a cryogenic proof
test). Either the crack depth (a), the surface length (¢) or the
shape (a/c) for a part through erack may be kept constant for the

proof test calculation.

PTCGRW, TRANS, TCGROW

The subroutines PTCGRW, TRANS, and TCGROW calculate the crack
growth increments, return to MAIN for information on the next
loading step, consider when to end the calculetion and transfer
to each other (PTCGRW + TRANS -+ TCGROW) as required. For a part
through crack PTCGRW performs these functions until TRANS 1is
cailed. TRANS is called when the crack depth equals the plate
thickness. TRANS performs these functions while the crack is
transitioning to a through crack and calls TCGROW when the back
surface length exceeds 957 of the front surface length. TCGROW
performs these functions when the crack is a through crack and
may be called by TRANS or in those cases when a through crack is

considered initially it is called from MAIN.
KANAL

KANAL is a subroutine which returns factors, which when multiplied
by the appropriate loading term yilelds stress intensity factors.
Thus the loading input must be compatible with the crack configura-

tion considered. For the configurations currently in the program

13




the corresponding name (KTYPO) and required load description are
given in Taeble II. The gReometrical arrangement of each configura-
tion is given in Tigure 3. Detailed descriptions of the stress

intensity factors are given in the Appendix.

DAMAGE _

The subroutine DAMAGE currently cpntains three equations and &

provision for tabulated data for calculating crack growth rate.
In all cases the independent variables are the effective stress
intensity factor, KE, and the effective stress ratio, RE. When
retardation is not used KE is simply the stress intensity range
(KMAX - KMIN) end RE is simply the stress ratio. When retarda-

tion is used, KE and RE are calculated in RETARD.

‘ne following equations all contain material property constants
designated by D(NC,I,J). NC indicates whether the surface (NC = 1)
or depth (NC = 2) is being considered. I distinguishes the
various constants in that equation and indicates the order of

the constant on the input cards. J is the material type number
which is also input with end loading step. 1In order to call out
the proper equation the corresponding egquation name (NEQ) nust

be specified during input. Note that each material type could

use a different NEQ.

14
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KTYPO(1)

1

i

——————d

TABLE II - Stress Intensity Factors in Kanal

KTYPO(2)
1

2

10

11

12

13

14

15

Configuration

PTC - center crack
None

Single corner crack
at hole

Double corner crack
at hole

Single internal
crack at hole

Double internal
crack at hole

General tabular
description

Single corner crack
pin loaded 1lug

Double cornmer crack
pin loaded 1lug

Single internal
crack pin loaded lug

Double internal
crack pin loaded lug

Corner crack at
single notch

Corner cracks at
double notch

Internal crack
at single notch

Internal cracks at
double notches

15

Load Description

Gross stress

Gross stress

Gross stress

Gross stress

Gross stress

As required by

tabular description

Pin load

Pin load

Pin load

Pin load

Gross stress

Gross stress

Gross stress

Gross stress




KTYPO (1)
1

KTYPO (2)

12

13

16

16

17

or

or

or

or

or

or

or

10

11

14

15

17

TABLE 11 - continued

Configuration

Corner crack at
shoulder

Internal crack
at shoulder

Appropriate transi-
tion crack corres-
ponding to through
crack case - see
KTYPO(1l)=3 List

Center through
Crack

Compact Specimen
(ASTM E399-74)

Single through
crack at hole

Double through
crack at hole

Genersal tabular
description

Single through
crack - pin loaded
lug

Double through crack
pin loaded 1lug

Through crack at
single notch

Through cracks at
double notches

Through cracks
at shoulder

16

Load Description

Gross stress

Gross stress

As described in
corresponding
KTYPO(1l)=3 List

Gross stress

Pin lo0ad

Gross stress

Gross stress

As required by

tebular description

Pin load

Pin load

Gross stress

Gross stress

Gross stress




s

]

%

t b b4 E

=4

TR

g
Center Crack

Single Crack at Hole

ERREE

l

3

|
|

i
i

O
Q.d

t

Compact Specimen

Doﬁble Crack at Hole

TYYITY

Figure 3(a) - Configuration

17

Planforms




AR T T TR T ETIRTe RS T

AN
|

General Tabular Description

Single Crack
Pin Loaded Lug ¢

bhetth

T_— w e e H/2

Figare 3(a) Cont.
18

Double Crack
Pin Loaded Lug ¢

PEEhy

s

R A I




e e

kit

oy s b i e e S =

g
SEREE. b
k3 ra
H H ht
—r~ bi—v- __,_1>L¢__
Yyroyoty

Single Crack

AR REEEEER,
———— W -
| fe | lel

A

- | i % i.
Py Vv
Cracks at Shoulder Radii

Figure 3(a) Cont.
19

+ | f |

i 71
Cracks at
Double Notches




~
‘q—c-» “- £ = L
c J
+a/
i th ] .._‘_P s
¥
b
Corner Crack Corner Crack in Through Crack
’ Transition
{
_ alele | < c»
t = \
th 2+a s R e e
+ -
—_ e
Embedded Crack Embedded Crack in Through Crack

Transition

Figure 3b - Configuration Crossecctions

20




NEQ

EQUATION
Collipriest-Ehret
Paris
Forman

Tabulated Data

The use of "J" allcws various loading steps to use different

crack growth rate equations and thus variations in environment

and crack growth phenomenon (fatigue or stress corrosion) can be

accounted for.

The Collipriest-Ehret equsastion is:

where

da '
an Cl EXP C2

ln(KEz/(l

rang~!

-RE) D (NC,3,J) D (NC,AJJj

in (1-RE) D (NC,3,J)/D (NC,4,J)

2 = 1ln

D(NC, 4

C, = D(XC,1,J)

1

D(NC,1,J)

D(NC,2,J)

D(NC,3,J)

D(NC,4,J)

2

D (NC, 3 J)) D(XNC,2,J)

»J)

D(NC,2,J)
[D(NC,3,J) D (Nc,a,Jﬂ 2

Crack growth rate coefficient

Dimensi&nless coeffi;ient relating to
midrange slope.

Critical stress intensity (upper asymptote)
Threshold stress intensity range (lower

asymptote)

21
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The Paris equation is:

da D(NC,2,J)

a0 " D(NC,1,J) KE

The Forman equation is:

da _ p(nc,1,3) keP(NC:2,9)
an " (1-RE) D (NC,3,3)-KE

where
D(NC,1,J) Crack growth rate coefficient
D(NC,2,J) Crack growth rate expoment
D(NC,3,J) Critical ;:ress intensity (upper
asymptote)

Tabulated data is in input aes & function of stress intensity
range and stress ratio. If retardation is to be used, the
variables are effective stress intensity range and effective

stress ratio. The computer program performs linear interpolation

"4n stress ratio and logarithmic interpolation in stress intensity

range. This results in a "Paris Equetion" fit between consecutive
data points at a constant stress ratio. All stress ratios be~
tween the highest given in the Table and 1.0 use the crack growth
rate at the highest stress ratio date supplied. The lowvest

stress ratio required by the loading spectrum must be within

the range of the input data.

The format for crack growth data input is shown in Figure 4.

For this mode of crack growth description only three material

22
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types may be used. Thus, there is the possibility of
supplying 6 Tables (surface/depth direction for each mat~-
erial type)

RE(NT,1) RE(NT,2) . . . *+ RE(NT,m)
RE(NT,1) | $2(§T,1,D) 88,1, m) -
KE(NT,2) '
da i

KE(NT,R) (N, 2, m)

2 < 25 m< 25

NT goes from 1 to 6 and is set automatically by the computer

program and takes on values according to the following Table:

TAILE 111

Material Growth Direction
Type

Surface
Depth
Surface
Depth
Surface
Depth

W W NN = -
z
o WU B W N l -3

23
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RETARD

The subroutine RETARD currently contains three retardation
models. In each of these & crack tip plastic zone ry is cal-
culated according to the equation

r = 1 % K ' max
y (2n)P2 cys 2

where Pz is a constant depending on the degree of plane stress

versus plane strain. For plane stress Pz = 1, For plane strain

Pz = 3,

The following is the retardation equation number for each re-

tardation model.

NRET

1 Willenborg Model (Ref. 1)

2 Wheeler Model (Ref. 2)

3 Grumman Closure Model (Ref. 3 )

The Willenborg retardation model calls for no constants other
than Pz. The only material property input for this model is
therefore

CR(NC,1,J) = Pz
The "Wheeler" model in this computer program is actually-a var-
iation of the model originally presented by Wheeler. Wheeler
used a modification to the crack growth rate to produce a re-

tardation effect and we have used a modification to the dependent

24
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variable KE. 1If the Paris equation is used for crack growth
rate the "Wheeler" model in this computer program is identicsl
to the model presented in Ref. . The input material prop-

erties for this model are

CR(NC,1,J) = Pz
CR(NC,2,J) = m/n
wvhere m is identical to the "m" used in Ref. and n is the

exponent in the Paris equation (i.e., if the "Wheeler n" were

5 and the Paris "n" 4, the input value for CR(NC,2,J) is 1.25).

The details of the Grumman Closure model are too complex to be

described here. The input 1s described below

Input Quantity Name in Reference 3
CR(NC,1,J) Pz
CR(NC,2,J) Cf-l
CR(NC, 3,J) Cf
CR(NC, 4,J) i P
CR(NC,5,J) NSAT
CR(NC,6,J) vy
CR(NC,7,J) B

INTP

INTP is a subroutine which interpolates tabular data. It is
called from either KANAL or DAMAGE. When called from KANAL

it will use the .appropriate input Table and linearly inter-

25
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polate in both (&) and (c) for part through cracks and
linearly in (c) for through and transitiom cracks to obtain
values of stress intensity factors. When called from DAMAGE
it will use the appropriate input Table and interpolate lin-
early in stress ratio and logarithmically in stress intensity

to obtain crack growth rates.

MAIN

MAIN reads all input date; controls celling sequences of sub-
routines PROOF, PTCGRW, TRANS and TCGROW; performs iterations
on thickness or initial crack size to obtain desired crack

growth lives; and controls output. '

26
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INPUT

f There are 27 distinct data input card formats. These are described

below and illustrated on pages 36 and 37, Pages 38 and 39 show when

each card type is required. The superscript x designates fixed point

numbers.

CARD
TYPE

All

others are floating point.

FIELD NOMENCLATURE DESCRIPTION

1

S |

1-80 TITLE Any alphanumeric description
of group of runs.

1-4 NRUNS* Total number of runs (one run
corresponds to a unique set
of input data.)

5-10 NBLOZK™ Maximum number of blocks to be
considered. Crack growth cal-
culation ceases when the number
of blocks exceeds this number.

11-14 MBLOCK™ Block interval for which addi-
tional data will be printed
(e.g., 3 would imply that blocks
3,6,9,12....etc. would have
data printed out).

15-18 MSTEP™ Step interval for which addi-
tional data will be printed
(in the blocks called out
above).

1-10 CSTRS Constant multiplier for stress
inputs. Allows stress spectrum

to be varied by changing one
number only. (e.g., one run
with this constant 1.1, will
show the effect of varying
the stress 10%).

11-14 NSUP Constant for suppression of
retardation in crack growth
analysis. If zero, retarda-
tion is not considered. If
retardation is to be considered,

constant must be 1,

27
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CARD FIELD
TYPE

NOMENCLATURE

DESCRIPTION

3 15-18

3 19-22

3 23-26

3 27-30

3 31-34

NLOADY

NGEOM™

NMATX

ITERTP

x
ITER

28

Constant to indicate whether new
load data is to be input. If zero,
(or any number not equal to 1)

load data will not be read in and
load data from previous run will be
used. If 4t is 1, card types 4

and 5 must follow,

Constant to indicate whether new
geometry data is to be input. If
zero (or any number other tham 1)
geometry data will not be read in

and geometry data from previous run

will be used. I1f it is 1, card
types 6 and 7 must be read in.

Constant to indicate whether new
material data is to be input. If
zero (or any number other than 1)
material data will not be read in
and material dats from previous

run will be used. If it 4is 1, card
types &, 9, 10, and 11, 12, 13, if
needed must be read in,

Parameter that identifies variables
for iteration to find geometry theat
survives the desired life. 1f
ITERTP = 1, the thickness 1is varied.
If ITERTP = 2, the surface crack
length 1s varied and the crack depth
(1f a part through crack) is kept
constant. If ITERTP = 3, the crack
depth is varied and the surface
length is kept constant. If

ITERTP = 4, the crack shape is

kept constant and both the creack
depth and surface length are varied.
Field may be left blank if ITER

is zero (or blank).

Maximum number of iterations to
find thickness or crack size that
produces the desired life. May
not exceed 10, may be left blank.
Next two items on card three may
be left blank, if ITER equals zero
(or blank).
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35-44

45-54
55-58

59-62

63-72

PIT

BLIFE

X
NPROOF

IPLOT

PCYC(1)

NSTEP"

pd
IR

29

Parameter to control rate of con-
vergence on design iteration.
Usually set to exponential power
in Paris crack growth equation
for crack growth data. VWhen
other crack growth equation 1is
used, approximate value of a
"Paris exponent" will be suf-
ficient. Must always be greater
than 1.

Desired 1ife in blocks.

Parameter that identifies var-
iables in proof test logic. If
zero (or blank) no proof test
logic 1is performed. If 1, the
crack surface and depth of a part
through crack is varied and the
shape held constant; if 2 the
surface crack length of a through
,crack 1s varied; 1f 3 the crack
depth of a part through crack is
varied and the surface crack
length 1is held constant; if 4 the
surface crack length 1is varied
and the depth is held constant.

Parameter to indicate whether
output 1s to be plotted. 1If
zero (or blank) data is not
plotted. Any other value pro-
duces a plot of crack lengths
versus blocks and cycles.

Interval in cycles between
plotted data points. 1If zero,
plotted points will correspond
to tabular output.

Number of steps in load blocks.
Zero 1f input format includes

minimum stress, 1 if input
format includes stress ratio.
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DESCRIPTION

CARD .FIELD ' NOMENCLATURE
TYPE

4, 9-18 SIGLM Limit stress for additional end
of life determination, Fallure
due to limit load does not ter-
minate crack growth calculation.

5 1-10 SMAX Mgximum stress.

5 11-20 SMIN Minimum stress if IR = 0, stress
ratio of IR = 1,

5 21-30 UNIT Number of cycles or alternate
rate variable.

5 31-34 TYPEx Material property data type to
be used.

6 1-4 KTYPO(1)>  1Initial crack type; 1 corresponds
to a part through crack; 2 cor-
responds to a transition crack
and 3 corresponds to a through
crack.

6 5-8 KTYPO(Z)x Parameter which specifies geo-
metry (e.g., corner crack at
hole) See page 17 for geometry
descriptions.

7 1-10 w Plate width,

7 11-20 TH Plate thickness

7 21-30 o Initial half surface length for
part through crack or through
crack. Corresponds to initial
value of "C" in Figure 3.

7 30-40 AO Initial crack depth for a part
through crack. May be left zero
for through cracks.

7 41-50 H Configuration dimension as
described on pages 17 through 19.

30
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CARD FIELD NOMENCLATURE DESCRIPTION
TYPE
7 51-60 RAD Hole or notch radius or notch

height 2s described on pages 17
through 19.

Cards 8-14 are only used when KTYPO(2) is set equal to 7.

10

11

12

1-4

1-10

78-80

78-80

1-10
11-20
etc.

78-80

NKTMX

Cl1(NT,I1)

Al(XNT,J)

F1(NT,I,J)

C2(NT,I)

31

Number of sets of stress intensity
tables, For PTC there are 2 tables
per set. The first table of each
set is for surface stress intensity
factors. The second table is for
the stress intensity at the depth.
See Appencix for a description of
the tables. For through cracks
there is one table per set. Three
is the maximum number of sets
allowed.

Values of surface crack length
for table NT surface stress in-
tensity factor. Maximum number
of values is 25,

If letters "END" appear in this
field the value in field 1-10 is
the last entry in the list.

Values of crack depth for table
NT of surface stress intensity
factor. Maximum number of values
is 25. These are not read in if
crack is a through crack.

If letters "END" appear in this
field the value in field 1-10 is
the last entry in the 1list.

Table of surface stress intensity
factor coefficients at above crack
lengths. Each series of cards is
for a constant value of surface
crack length (e.g., 1f the config-
uration is a through crack each
card will contain one table value).

Values of surface crack length for
table NT depth stress intensity
factor. Maximum number of values
is 25.

If letters "END" appear in this
field the value in field 1-10 is
the last entry in the list.
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NOMENCLATURE

DESCRIPTION

13

14

15
16
16

16

16

16

16

16

78-80

1-10
11-20
etc.

1-10
11-14

15-18

19-22

23~32

33-42

43-52

A2(NT,J)

F2(NT,I,J)

NX

SIGYS

NEQ'

NRET

NDUP"

KCRC
KOC

KCRA

32

Values of crack depth for table
NT of depth stress intensity
factor. Maximum number of values
is 25. These are not read in if
crack is a through crack.

If letters "END" appear in this
field the value in field 1-10 is
the last entry in the list.

Table of depth stress intensity
factor coefficients at above
crack lengths. Each series of
cards is for a constant value of
depth crack length (e.g., if the
configuration is a through crack
each card will contain one table
value).

Number of material property types.
Yield stress.

Equation to be used for crack
growth, 1 = Collipriest-Ehret,
2 = Paris, 3 = Forman, 4 = table.

Model to be used for retardation
0 = none, 1 = Willenborg, 2 =
Wheeler, 3 = Grumman Closure
(not debugged).

Constant to indicate whether
crack growth properties are the
same in depth and surface dir-
ections, If constant = 1, they
are not and two sets of D's and
CR's (see cards 20, 21, 22, 24,
and 26) must be input.

Critical stress intensity in
surface direction (upper cutoff).

Threshold stress intensity in
surface direction (lower cutoff).

Critical stress intensity in depth
direction. Need not be input if
crack is a through crack.
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DESCRIPTION

16

17

18

19

20

21

53-62

1-10
11-20
etc.,

KOA

Threshold stress intensity in
depth direction. Need not be
input 1if crack is a through
crack

Cards 17 - 22 only used when NEQ = 4

KE(NT,I)

RE(NT,J)

DCDN(NT,I,J)

KE (NT, I)

RE(NT,J)

33

Values of stress intensity factor
range for table of crack growth
rates. Maximum number is 25.

If letters "END" appear in this
field, value in field 1-10 1is
last entry in list.

Values of stress ratios for crack
growth rate table. At least one is
required. Maximum number 1is 25.

If letters "END" appear in this
field, value in field 1-10 is 1last
entry in list,

Values of surface crack growth rate
corresponding to above stress in-
tensity values and stress ratios.
Each series of cards is for a
constant value of stress intensity
range (e.g., 1if &4 values of RE

were to be used, each card type

15 would have 4 entries).

Values of stress intensity factor
range for table of crack growth
rates. Maximum number 1s 25.

If letters "END" appear in this
field, value in field 1-10 1is
last entry in list.

e i

Values of stress ratios for crack i
growth rate table. At least one i
is required. Maximum number is 25.
1f letters "END" appear in this

field, value in field 1-10 is last i
entry in list.
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CARD FIELD
TYPE

.NOMENCLATURE

PR

DESCRIPTION

22 1-10
11-20
etcl

DADN(NT,1,J)

24 1-10

D(2,1,J)

78-80

25 1-10 CR(1,I1,J)

78-80
26 1-10

CR(2,I1,J)

78-80

Values of depth creck growth rate
corresponding to above stress in-
tensity values 8nd stress ratios.
Each series of cards 1is for a
constant value of egtress intensity
range (e.g., 1f 4 values of RE
were to be used, each card type

15 wauld have 4 entries).

Constants in crack growth equations-
surface direction. See text for
description of constants.

If letters "END" appear in this

‘field, value in field 1-10 is

last entry in 1list.

Constants in crack growth equation-
depth direction. If NDUP # 1, card
is not used. See text for descrip-
tion of constants.

If letters "END" appear in this
field, value in field 1-10 is

last entry in list.

Constants in retardation equation-
surface direction. See text for
description of constants.

If letters "END" appear im this
field, value in field 1-10 is

last entry in list.

Constants in retardation equation-
depth direction. 1If NDUP ¥ 1, card
ie not used. See text for descrip-
tion of constants.

If letters "END" appear in this
field, value in field 1-10 1is

last entry in list.

Card 27 is not used if NPROOF = O

27 1-10 FIXED

27 11-20 KCPRF

34

" Value of quantity which remains

constant during proof test
evaluation.

Value of critical surface stress
intensity factor for proof test.

< bt bt




et < A

S B dis et st bl

A

e

_.__,,v

CARD FIELD NOMENCLATURE DESCRIPTION
TYPE

27 21-30 KAPRF Value of critical stress intensity
at depth for proof test.

27 31-40 XLow Lower bound on variable in proof
test (smallest expected value on
crack size or shape).

27 41-50 XUP Upper bound on variable in proof
test (largest expected value on
crack size or shape).

27 51-60 PROOFX Proof stress (or load).

27 61-70 IEND "Number of iterations to find
crack size in proof test. If
zero or blank, default condition
sets number of iterations to 100.

35
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.CARD FIELD WHEN INPUT DATA REQUIRED
TYPE
1 1-80 Once for each session
2 1-16 Once for each session.
3 1-26 Once for each run.
3 27-54 Whenever an iteration on thickness
to meet design life is desired.
3 55-58 Whenever proof test logic is used.
3 59-72 Whenevgr plotted output is required.
4 1-18 Whenever NLOAD = 1,
5 1-34 NSTEP times when NLOAD = 1.
6 1-8 Whenever NGEOM = 1,
7 1-60 Whenever NGEOM = 1,
8 1-4 Whenever KTYPO(2) = 7.
9 1-10 *Whenever KTYPO(2) = 7,
10 1-10 *Whenever KTYPO(2) = 7 and
KTYPO(1l) = 1,
11 1-80 *Whenever KTYPO(2) = 7
12 1-10 *Whenever KTYPO(2) = 7 and } NRTMX Times
KTYPO(1) = 1.
13 1-10 *Whenever KTYPO(2) = 7 and
KTYPO(1l) = 1,
14 1-80 *Whenever KTYPO(2) = 7 and
: KTYPO(1l) = 1.
15 1-4 Whenever NMAT = 1,
38
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CARD FIELD WHEN INPUT DATA REQUIRED
TYPE

16 1-62 *Whenever NMAT = 1, A

17 1-10 *Whenever NEQ = 4,

18 1-10 *Whenever NEQ = 4,

19 1-80 *Whenever NEQ = 4,

20 1-10 *Whenever NEQ = 4 and
NDUP = 1,

21 1-10 *Whenever NEQ = 4 and
NDUP =. 1,

22 1-8 *Whenever NEQ = 4 2and
NDUP = 1. ? NJ Times

23 1-10 *Whenever NEQ ¥ 4 and
NMAT = 1,

24 1-10 *Whenever NEQ # 4 and
NDUP = 1 and NMAT = 1,

25 1-10 *Whenever NEQ # 4 and
NMAT = 1 and NRET # 0,

26 1-10 *Whenever NEQ # 4 and
NMAT = 1 and NRET ¢ o.J

27 1-70 Whenever NPROOF ¥ 0

* Indicates card types that may be repeated.
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CONTROL OF OUTPUT

In addition to information describing the input data and final
fracture, the computer program output consists of crack lengths,
stress intensity factors, crack growth rates. and cycle counts.
These are printed out for the first and last cycle in the step.
This data is always printed for each step of the first block
encountered in any of the growth modules (PTCGRW, TRANS or TCGROW).
This data may also be printed out for additional blocks and steps
as desired by the user. These additional blocks and steps are con-
trolled by specifying the increment for blocks and steps for which
print out will be made by MBLOCK and MSTEP respectively. Thus, 1if
every step in every other block is wanted, MBLOCK is set equal

to 2 and MSTEP is set equal to 1l.

Plotted output is supplied when IPLOT is a value not equal to one.
Typical plotted output is presented in the Appendix. The spacing

of each data point in the plot is set by the user through PCYC(1l).

i o v KA

PCYC(1l) is the increment in cycles between successive data points.
If PCYC(l) is zero, the plotted data points will correspond to
the tabulated data points as described above. Sample output is

shown in Figure 4.
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BLOCKS
co 0c 00 vo 0o ce a0 oc g0
e 1.0%1t0 2.0x10 3.0X10 $.0x10 5.0X10 R OKIC 7.0010 9.6X10 3.001C 1.0%0
1.00X10 L s s OSSN A " A s o
[RITICRL & AT DEFTH EXCFEDED
10 BLOCK 1 STEP 9.978€ 02 (YULE
TOVHL CYCLES = 1.)00t 08
o1 THICKNESS = 1.000t 00
9.00X!0 - %0 = 1.0%2t-0
€0 = 7.013E-02 :
SYMBOLS A = X
L = 0
-0
8.00X!0 -
-01
7.00X10 -
-01
6.00X10 -
-01
5.60X10 3
-0
£.0CX10 -
-01
3.00x10 -
-0
2.00X10 +
SULTES T e
1.00X10
0 + + + + + + + ! +
03 03 03 03 04 04 04 04 ot YD
0 2.0x10 L0010 6.0X10 8.0X10 1.0X10 1.2x10 1.4110 1.6X10 1.8X10 2.0x%10

CYCLES

CHECK ON PART-THRU CRACK INTERPOLATION

Figure 4 - Sample Plotted Output
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INPUT FOR ADDITIONAL RUNS

A full set of input data is not necessary for each additional run,
The use of a stress multiplier constant (CSTRS) allows all the stress
to be varied bg a constant percentage without inputting any addi-
tional input cards other than card type 3., If the stresses are to

be used directly as they are on card type 5, CSTRS is input as 1.

The input constant NSUP allows retardation to be suppressed on sub-
sequent runs. That is if a run is made that considers retardation,

the following run will perform the same analysis without retardation if
NSUP = 0. When retardation is considered NSUP must be set equal to 1.
Obviously the order of running the cases must be retarded, followed

by unretarded,

In order to control whether loading data, geometry data, or material
properties are to be read in for a particular run, the constants NLOAD,
NGEOM, NMAT must be input. If data is to be read in, the appropriate
constant must be 1, it it is not to be read in, the appropriate con-
stant is €. If data is not read in, data from the previous run is
used. Obviously, for the first run NLOAD, NGEOM AND NMAT nmust all

be 1.
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ITERATION ON THICKNESS AND INITIAL CRACK SIZE

For a given design life (in blocks) the computer program will
search for the thickness or initial crack size which will meet
that life requirement. The number of iterations attempted is
input by the user. The maximum that this may be is ten. This
computer program ceases its search when the allowed number of
iterations is exceeded or the computed life lies between 100% and
105% of the design life, Life is arbitrarily defined as the
number of blocks completed plus the number of steps completed/
total number of steps + cycles completed in the current step/total

number of cycles in the step.

In addition to inputting the number of iterations and the design
life, an exponent which will control the rate of convergence to
the correct thickness or initial crack size must be inserted.

When the Paris equation is used with zero threshold for a through
the thickness crack, the use of the exponent of the Paris equation
for the convergence ﬁarameter should result in a convergence to
the correct solution in a single cycle. Any constant equal to

or greater than the "Paris coefficient"” should insure convergence.
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PROOF TEST LOGIC

For given values of the fracture toughness and applied proof
test load, the computer program will find the largest crack

size that will not fail due to the proof load. Since the
applied stress intensity factor for a part through crack depends
on two geometric variables, the crack depth and surface crack
length; one variable must be fixed by the user and the computer
program will find the critical value for the other variable.
Fither the crack depth, surface crack length or crack shape

(a/c) may be fixed.
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The following data for use in the Collipriest/Ehret equation

(NEQ = 1) is typical data for the materials listed.

CRACK GROWTH RATE DATA

——r

—— e g

The data

is included for example purposes only and caution is advised with

regard to design implications of the data presented.

The crack

growth rate is in in/cycle and the stress intensity factor is in

Ksi /in.

Material

2024-T851
2124-T851

22193T87
(70°°F)

2219-187
(-320°F)

7075-T6

7075-T76
7075-T73
Ti-6A1-4VSTA

Ti-6AL=4V
Annealed

Inconnel 718
(STA)

D 6AC"

D(NC,1,J)
Coefficient

1.6 x 10
3.3 x 10

2.2 x 10

8.9 x 10

4.4 x 1078

6.3 x 10™°

1.07 x 10°8

6.8 x 1010

5.7 x 10°1°

2.0 x 10710

7.5 x 10710

D(NC,2,J)

Relates to

Midrange
Slope
3.45
4.0

3.3

4.82

2.53

3.0
2,67
3.3

3.18

D(NC,3,J)
Upper
Asymptote

38.0
31.0

40,0

50.0

33.0

30.0
40.0
50.0

84.0

1 l 500 H

90.0

D(NC,4,J)
Lower
Asymptote

5.5

5.5

3.0

3.5

7.0

15,0

6.0

e




e e iy

APPENDIX B

CRACK GROWTH ANALYSIS EXAMPLES

A series of five computer sessions are presented below. The
flexibility and generality of the MSFC crack growth program
make it impractical to present all possible variations here.
However, the following examples which include many multiple

run sessions cover a broad spectrum of the program's capability.

In addition to showing the card images for each example input,

we have included the card type represented by each line in the

input data.

Example 1 - 2219 Al 70 deg 'and =320 deg part-thru and center
crack.

Sample input data for a series of two runs is given on page B-6.

The first run is a part through crack subjected to a series of

two loads of 1000 cycles each. The material properties associated

with each load level are different so as to model the effect of

temperature variations. The second run is the same except that

the initial crack configuration is a through the thickness center

cracked panel. No output beyond the normally supplied out is re-

quested for these runs. The output is shown on pages B-7 through

B-loo

e venn




I

T e ey e~ T Te s e

:
|
1
i
i
i
|
i
e g

Example 2 - D6AC - Retard/No Retard/with DaDt

A second example consisting of a series of three runs is presented
on pages B-1l2through B-21 Page B-1ll is the input for these

three runs. For these runs dats on every other block is ne-
quested and the output was rather extensive. All the information
was not needed here and therefore only the first and last page

of output of those runs discussed are reproduced. Note that

only the third run requires 2 material property types, but that

both sets of material data &e read in the first run. This simp-

lifies the data input by making it unnecessary to input any material

property data for run 3.

The first run has two loading steps, calls for a retardation
model (Willenborg) and requests a maximum of three iterations

to find & thickness compatable with the design life. A rather
low (compared to the "Paris exponent'") convergence exponent

of 2 was used. The output for the first iteration is shown on
pages B-13through B-1l4 and the report on the iteration is shown
on page B-15 Due to the use of the excessively low value of the
convergence exponent, the thickness has not converged to the
appropriate value. Note, however, that the information is still
quite useful and that a simple hand plot of the result will show

the correct thickness.

In the second run retardation was suppressed and no iteration

was requested. Note that the life for a thickness of .5 inches

D et ot ol ek k3 S
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goes from 194 blocks with retardation to 114 blocks without

retardation.

In the third run a step which simulated a 480 second hold at

a constant load with a resulting sustained load crack growth

was included. The crack growth model was assumed to follow a
"Paris" format (NEQ = 2) with an exponent of 1 and &n appropriate
constant was assumed. As can be seen by the results, the life

was reduced further under these assumptions.

Example 3 - D6AC Iteration on Crack Size/Proof Test.

In this two run example, a part through crack under a single

level of loading was considered. The output requested was for
every tenth block. 1In the first run a design iteration in

crack size in which the crack shape remains constant was called
for. 1In this case the convergence parameter chosen was appropriate
and the design conditions were met in the first iteration. The
output for the initial run, the first iteration and the iteration

report are given on pages B-23 through B-26.
In the second run a proof loading was considered. The output
for this is given on pages B-27 and B-28.

Example 4 - D6AC Pin Loaded Lug with Plotting.
In this single run session a pin loaded lug with two internal

cracks was considered. Plotted output every 500 (nominal)

B-3
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cycles was requested. Tabulated data every 10 blocks was
also requested. Note that the input loading 1s 50 Kips

(not 50 Ksi). As can be seen by the data output the cracks
transition to through cracks halfway through their crack
growth lives. The data to be plotted is shown on page B-34

n,.n

The first column is "a", the second "c" and the third is the

number of cycles.

Example 5 - Tebular Input Examples

In this example; three runs, each requiring tabular input data
of different types is shown. In the first run a part through
crack using the solutions for the stress intensity factor
which are in the program was considered. However, the crack
growth rate data was input as a table. Three values of stress

ratio and eight values of stress intensity range were used.

In the second run, the same material properties as in the first

run were considered but the geometry was changed to a through

crack that required a tabular input. The tabular input chosen

was picked to simulate the consideration of two factors (e.g.,

the effect of a stiffener and the effect of a finite width) the
first tablie decreases and then increases, the second table in-
creases monotonically. Note that the number of tables input (2)

is determined by the numerical value on the type 8 card and the

R A - i n 4 et e et i s
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and the fact that this is a through crack.

In the last example, the geometry is changed once again. This
time we have a part through crack that requires tabular input.
Note that although the type 8 card value of NKTMX is 1, two

tables are required since this is & part through crack.
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117219 aL 7u DEG &AND =320 DEG PART-THRU CRACK AND CENTER CRACK ;
: 2 271007100 T » |
: 3l 1. 0 1 1 1 3
: 5 2 U 0.
5t 20. De 1000, 1 §
f T30, U. 1000, Z
i 6 1 ,
799 T. Y <3
15 2 .
: ~I67 SU0. T 0 U &0. 3.5 %0, 37S
1 23 2.28-0¢ Run 1 ;
: 7 33 )
: 73 35 —END™ |
f 16} 7C. 1 0 050, 5o6 50. 5.5 ;
) BL9E=12 |
23 “,o32 ' 1
23 Sl
23 5¢% J ENDY 1
3 lc- Y] 1J 1 1) ]
6 2 ! Run 2
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QUN 1 OF 2 RUNS 2219 AL 70 UEG AND =320 DEG  PART-THRU CRACK AND CENTER CRACK T
LCAD INPI'T DATA
STPFRS FACTON 1.000F 00 - T -
LIMIT STRFESS 32,0008 01
STEP  MAX ITFESS  MIN LTRESS  UMITSICYCLES)  MATERIAL 1YPE
1 32.000F 03 0.0 e QOOE P~~~ T T T s e e - e - -
z 3.000F 0) 0.0 1.000E 03 2
TCICMETRY TNPUT DATA ~~ — _— — "“
- CRBCK TYPF PIC =77 1 vt mmmemems o e s - e .
. WIDTH a_.900F 01
LOLITICHAL DIAENSIT® Qz0 -~ = == s e - - - e — - s - -
RADNINIC /NNTEH DEPTY 0.0
“T  CTAICKRNESS T T TV OOUE o0 - -
CRACK DEPTH 3.000%-01
T HALF CRACK LENGTP - 20000y~ T T T T o smmmT T ToTTt T e e - - -
MATIRIAL IMPUT DATA
CRITICAL THRESHOLD CRITICAL THRE SHOLD
"." warEnyat YIELD GRANTH  ~ RETARDAT ION "STRESS INTENSITY - STRESS INTENSITY STRESS INTENSITY —STRESS  INVENSITY- - -- |
< TYPE STRENEGTH FQUAT 10N MODEL {SUPEACF) { SIRFACE) (DEPTH) {DEPTH) .
1 5.000F 01 1 © 4,000 01 3.500E 09 4.000€ 01 3.500F 00 ‘
- 2 7.000F O1- ~— 1 Tt ST TSR0 O T TS 5008 99— 93,0008 01— ——— — 859098 00 - - — -~~~ - -——
::-;:_;:z'...:::;gml“vlm CU"S‘[ ‘"TSSS_-;—“_-‘.-:;;;;’-Sé — - i}’
CLMSTANT  MATERIAL CRACX GROWTH RATE RETARDATION MODEL {
NUMBER 1ypPE SURFACE DEPTH "~ " SURFACE - DEPTH i
1 1 2.,200€-0° 2.200E-09 0.0 ’ 0.0
- 2 1~ " 3,300€ CO 333000 00— 050020 — e e —
2 1 4.000F 01 &.000r 01 0.0 0.0
4 1 3.500F 00 333008 00 ~ 0.0 -~ " "0:;0 - - - - R
1 2 8.900E-12  8.900E-12 0.0 0.0 N 5 ]
- 2 2 - K:820F 00 A:820F 00 — 0.0 - Q@ v me msm e e - e 53’”
1 2 5.000E 01 %.000¢ 01 O.¢ 0.0 05 ;
—— 2 " SCOE 00— 3:300F 00— 030" 00 Q = R
; !
- S e e e e e e e~y i
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e e R e - - R . t% s I _
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a8
e _ — & i
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RUN 1 ZZI?IAL T0 DEG AND =320 DEG PART-THRU CRACK AND CENTER CRACK

CRACK IS A PART THPU CRACK

HALF SURFACE

o T BLGCR STEP  © TUTUYCUES 7 77 CRACK LENGYH — TRATK DEPTH ™ ~KMAX=SURFACE  ~ "KMAX-DEPTH™ "~ GROWTH RATE

(IN)

SURFACE DEPTH

(KS1 ROOT-IN)

"7 GROWTH RATE
(IN/CYCLEY (IN/CYCLE)

u.o Z.000E-UT
1.000F 03 2. 637F~01

1.000€ 03 2.954E-01

I 3. 000e-0T Z.051TE U1

1 3.269F-01 2.224F 01
T2 T T LT T T T 2083TESD] 3LTE9E-0T T T T ZL23TE O T 1 BATE O T2.958E=05

2 3.395E-01 2.304€ 01 1.932€ 01 3.448E-05

T821E U1 530 TE-US ZZTIRE-DS
1.829E 01 T<6T2E-05 3.440E-05

LIn1T LOAD FRACTURE QCCURS IN THE 3 BLNEx 1 STEP AFTER

6.179F 02 CYCLES

7 11328505
L. 414E-05

CRITIZAL K AT DEPYH MAS BREEN EXCEEDED IN THE 3 BLOCK AND THE 1 STEP AFTER

@.139E 02 CYCLES

~
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RUII 2 0F 7 R'INS 2219 2L 70 DEG AND =320 DEC  PART-THRU CPACK ANC CENTER CRACK
Lr A INPUT NPATA B ——
STREFSY FRCTOR 1.00C" no -
LIMIT 5THESS 3.000¢ 01
] STEP  MAX STPESS %I SYRESS  UNJTSICYCLES)  MATERTAL TYPE
1 . 2.00068 M .0 C1.000E 03T T oy o -
g 2 3.C00¢ 0] 0.0 1.000€ €3 2
; - . . St L AN
TETXTTRY [NPUT DATA ~~ -
5 CRACK TYPE T =~ | S T - T
WInYs 6. 000€ 00
ADPITIONAL DIFENSION ~ 0.0 - = - === - e - —e - -
RADIUS/NITCH OFPTH (VY ]
" THICXNFTS =~ — - 5 O00E=0T
MALF CRACK LFNGTHM 2.500£-01 ;
T’ . S ) ] - e |
© WATEITAL INPUT DATA e - S s :
: e e o e e —— CRITICAL: ————THRESHOLD —ERITICAL——————THRESHOLD — ———————
: MATERTAL YIELD CROWTH RET/ARDATION STRESS INTENSITY STRESS INTENSITY STRESS INTENSEVTY STRESS INTENSITY §
; TYoE 'STRENGTH FOUATION - MODEL -~~~ - ~ (SURFACE} - ~~ (SURFACE) - - - ~ (DEPTH) - ———— - (DEPTM) -  — s ]
: 1 5.000€ 01 - o - %.000F o1 - * 3:500F 00 45000E 01 -~ - 3,500F 00 - - ;
r 2 7.000¢ Ot 1 0 S.000F 01 5.500€ 00 5.000€ 01 5.500€ 00 R
e e e e e e e e e - —— o ——— =+ = e et e e et 2 e 5= s e e ——e §
mmem e e~ FOUATI(N CONSTANF§=m e e
" CCNSTANT  PATFRIAL  CRACX CROWTH RATE RETARDATICN MPDEL
NUMBER 1YPE SURFECE DEPTH SUREACE CEPTH
1 1 2.200€=09 2.200-09 0.0 0.0 :
2 1 3.3002 00 3.300E 00 0.0 0.0 :
A —o T ;000 01~ 430006 01—~ 0:0—— ——-050 - - - ~
4 1 2.500f 00  3.500F 00 0.0 0.0 o
’ 2 #.900€<12 R.900E-12 0.0 © 050 - T - ey - i
2 2 «.820E 00  4.820E 00 0.0 0.0 . &
a2 2 S.000Ff O ~S.000€£ Of 0.0 ~ - ~0:0 S S e ——7§?sai_4——-»"~—~-
. 2 5.500% 00 5.500E 00 0.0 0.0 S &
- - - e e —_— I et e [ —_ e T A
e e e - e e o _ I N . ———":\
.. " 4d
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RN 2 2219 AL 70 DEC BAND “320 DTG PART-THRU CRACK AND CENTER CRACK
_ L ) CRACK 1S A THROUGH CRACK )
HALF CRACK
- LncrR - STrP CVCLES - CRACK LERETH 777 RFAX " GROWYR RATE ™
(BLA) (KST RODNT~-IN) (IN/CYCLL)
R R i (L)) ZSUNE=0T T Z.677E 01 T99LF=U&% -
. ———e e
LIMIT LOAD FRACTPT NCCURS TM THFE - T ALOEK 1 STFP AFTER © "3.59IFE 0Z TYCLES b
CRITICAL R AT SURFALY HAS LIEN UXTEFDED IN THE 71T BLOCK AND THF 1 STEP AFTER ~ ~ 3_.891F 02 CTYCLES
S L |
. e » N . ——_ _— - e _ - ——T
~——

-
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C111111111122722222223232333333444444kb440NFEESEEEEEL666666666TTTTTITITTTS
12345678C0123456 766012 345 €TF90123456TRO0123456TR901234567890123456 7890123456 7890

1| CAAC-RETARD / NO PE1ARC / WITH DADT 3
2 O
3|l 1. ¥ & 3 % -5 _ B & 200,
4 2 0 180,
5 150, 0., L, L
5 100. 0. LGO 1
1 1 S
"?‘ %o, .5 .CTE .05 s e
- s
16] 1°0. I 1 O %, 6e 90. 6.
T.56=10
R
25 9%,
23 :. END
= . T END
124 190. 2 0 0 90. 00 90. 0.
29 4 ,0F=00 k-
23 : 1. 7 & . S San 3 END
T e i )
5 TSO. 0. “a l
__s] 100. Co 20. 1 Run 3
: s ]_0_00 O. “'00 2

I TI1TT12232222222333333333 3444 Lbkb b4iEE5555555566666666667TT1TTTTTTE
123456786017 3656 TPGL 173456 789C 123456 TPO0123454 7800123456 7890123456 7890123456 7890

e ~Card Type Column Number




PIIN 1 "F 3 PUNS DAAC-RETARD 7/ NN RETARL 7/ WiTH DADY o ~
LNAD INPUT DATA . P
STRERS FACTOR 1l.000F 06—~ —~ T T )
LIMIT STRESS 1.800F 02 o L e ) .
CTFP MAX STRFSS Min STRESS UNITSECYCLES) MATERIAL TYPE
1 1.500F 0z~ TN T JO00E U0 ) § - T T -
2 1.000F 0;,", o0 2.000F 01 _ »l..ﬂ-m e
TEURFETRY INFUT TATA -
T CRACK TYPE TTTUTTTTITTRYCUTSET T T - ° T T T T T T e - T
wWIDTH Q. 900E 01}
T ADDYTYUNAL DIRFRSITIN T 0.CT o T T T T TToTT oo rTeT T
RADPTUS/NCTCH DEPTH 0.0
TRICRNESS % DUOF-0T
CRACK DTPTH 5 000E~02
T PALF CRACK LENCTYH ~ 7 "7 500F=02 - I T T s
MATFRIAL INPUT DATA
7 CRITICAL THRESHOLD. TMRESHOLD
o MATEIAL CYITLD T TTTRRUONYA T T RETARDATION — STRESS TIRTENSITY "STRESS INTENSTIVY " STRESS INTVENSITY "STRESS INTENSITY — " = °
(84 TYPF STRENGTH FOUATION MODEL (SURFACL) { SURFACE? (DEP TN
1 1.9007 02 1 1 9.000¢ 01 & . 000 00 6.000E 00
r4 1900 D7 Zz U ¥.000F U1 LU 4 U0
T S B EOUATION CORSTARY S=———r—m—— >~ - - -
CONSTANT MATERIAL CRACK GROWTH RATE RETARDATION MODEL
STURIMBERTT C CTYPE T T TRURFACE T T TDRPYR T SIRFACE T T DEPTHT T T - o -
1 1 7.5006-10 T.500€E~10 1.000€ 00 1.000E 00
27T 1 2°TR0TF 00 2. 780F 0O 0.0 0.0
3 1 @,000fr O1 °,.000€ 01 0.0 0.0
Y - 1T T600UE U BLO000UE U0 T UL.0T 0o T T R "‘ T
1 2 4. 000F-09 4 ,000F-09 0.0 0.0
- 2T T T T-000E 00 T-000E 00 0.0 0.0
ITERATION PARAMF TERS
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- R | 7:500F=10 ~~T:300F=10——"15000F 0013000 00— ——————~ - -
2 1 2.740E OC  2.740€ 00 0.0 0.0
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LIVIT LOAD FRACTURT OCCU2S IN THE 7 "SS"BLOCK ™77 7 STEP AFTER — 0.0 - CYCLES - oo -

TRITICAL K 3T TFPTH HAS REFN TXCCFOFU TN THE —T0% BLOCK AND THF T STEP AFTER —Z:TT9F DO CYCLES - - ;

'
e




-

€2¢3233333333444046bL50~00000558855C56L0666666667TTTTITTITE
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1|CAAC ITEFRTINN ON CPACK SIZE / PROOF TEST ]
2 Z 1000 10 )
3| 1. 0 1 1 Y e 10 4. 200,
4 1 0 1RC.
5] 120, 0, i8, 1
6 5 -9
7] f9. . e®  e018  _eiS
15 1 ) Run 1
16] 1¢0. 1€ 0 90, 6o Q0. b
23 7.56=10
-23 2.7&
23 €0.
23|  ee END}
3| 1. 6 ¢ ¢ ¢ 1}! 2
27 .232  C._ €0, 0. .S 120, E S
4 11111100107 20002822273232223332 3hbbbbbbbbdSEEEEEEESRLE0066 66666TTITTTTTITE

12354567900 1234656 TRE N1 23650 TESOIZ 2w 6 TEGO123456TPO01234E6TE9012345678901234567860

_ Card Type . __ Column Number oL inanlly LOEE
- i R S e e S R I S "‘—5:22‘ R
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RUN 1 oF 2 RUNS DO6AC  ITERATION ON CRACK SIZE / PROOF TEST

LOAT INPUT DATA

T STRESS FACYORT T T T Y.O00F OO0 - T
LIMIT STRESS 1.800F 02

STeP MAX STRESS MIN STRESS UNITSICYCLES) MATERLIAL TYPEF

T T Y T T¥R200E 0T T 0L0TT T T T ZIS00E OF

.

T e e e

GENMETRY INPUT DATA

CRACK TYPE PYC - 1
WIOTR — 7~ 9.900E 01 T T T
ADDITJONAL DIMENSICH 0.0
TTTTTRADIVSZANNTCH CEPTH 0 0 T T T T s s s e e
THICKNF SS 5.000£-01
LURALKN UEPTH 2. 0UUF=0U2
HALF CRACK LENATH 7.500F-02
PITERIAL TKPUY DAYR - — - -~ — = ) TTToroTTinm T s
CRITICAL —— ———THRESHOLD — -
MATERIAL VIELD GROWTH RETARDATINN  STRESS INVENSITY STRESS INTENSITY
ot TYPE STRENHGTH TQUAT ION T MODEL tSURFACE) (SURFACE)
- o 1.9CCE 02 - 1 0 © e,000F 01 6 .000F 00
———— e == sssssm======EQUATION" CONST ANT §=======s=====a
CONSTANT  MATERIAL CRACK AROWTH RATE RETARDATION MOOEL
T NUMREFR TYPE SURFICE DEPTH SURFACE DEPTH
1 1 7.500€-10 T.S00E-10 0.0 C.N
2 1 2.T740t 00 2.740F 00 0.0 0.0
3 1 9.(00E 01 9.000¢ 01} 0.0 0.0
- s - t 6 .O0NCE 00 8:000F 00 00 ~— 00 -
ITEQAT ION PARAMETERS
NPESIGN LIFF <.0008 02

- CONVERGPINCE EYPOMENT 3,000 OO -~ — - — =

FTERPAT I NUHRER t
ITFRATICN TYPF & ; o

TR e ey
L3 L3
Y
——
|
- CRITICAL - THRESHOLD
STRESS INTENSITY STRESS INTENSITY
{DEPTH) (PEPIH)
9.000€ 01 6.000F 00 —_— ]
—i
: A




RUN 1 ALY 18 JTcRATION UN CRACK S12F 7 PRCOF YEST
CRACK IS & PART THRU CRACK
HALF SURFACE SURFACY OEPTH
sinNCK Tre CYCLES CRACK LENGTH CRATUK DNEPTH RKMAX- SUIRF ACE KMAX-DEPTH GROWTH FATF GROWTH RATE
tIN) (IND X<y ROGT-IN) (XS T ROOT-IN) (IN/CYCLE) (IN/CYCLE)
o TTTTTYT T TTTTTUOLOT T T TTYLROUF =02 S O000F=07 " TTXILITE U1 T L JOUTE OV T T 129705 T Z.020E-0%
1 1 2.5008 01 T.5326~-02 %.051F-02 3.498F 01 & ,016F 01 1.321F-05 2.036E-05
10 1 0.C T.R15C-02 5.459F-02 3.672F¥ 01 &4 .093F 01 1.532€-05 2.18687E~-05
16 ] 2.5008 O T.853g-02 Se523F-02 2.672F 01 4.093F 01 1.522E-05 2.167E~-05
To | 0.0 - R.231E-02 &.0331-02 3.891E 01 & .209E 01 1.838E-0S ?.3B1E-0%
2 1 2.500L 01 U2TTF-02 k. 092€-02 3.891F Ot 4 .209E 01 1.83RE-05 2.381E-05
i . 30 T T TR, T T T TRIT3IES0Y T T UBIRSIY =02 T T RLITEU U T A3NIF UL T T 24 212E-0% 7T T ZARBBESDS T T
20 1 2.900F 01 8. TR6E-Q2 6. T725E—02 4,141C 01 4 .366F 01 2.255e-05% 2. TO0E-05
L0 1 (198 ¢] T T 9,334E-02 T TL362F=02 &.351t 01 £.497F 01 2.667°€-0% 3.001€-03%
40 1 2.500L 01 Y. 401E~-D2 T&ATFE-02 L,ATSF 01 4.513F 01 2.T720€-05 3.037€-05
o] =0 M a.n T "Y1 JO06E-DY’ " 8. 15BF=02 §.596F 01 % .682E 01 3.246E-05% 3.423E-09
' =0 1 2.500r 0Ot 1.014E-01 R.243F-02 & .620F 01Y 4.679E 01 3.310E-05 3. 4T0E-0S
2i'*”"“ TTTROTTTTTY T GTY I.096E=0Y 9. UISY-07 T T T RLBRIF O T RLASTE O T T LI OI?ESOS TR JON0E=US
60 1 2.500€ 01 1.106€E-01 Q. 175F-02 4.8R6E 01 4.876F 01 4 .095E--05 4.063€~-05
TO0 1 0.0 : ’ T 1.20BE-OL 7 C 1.01GE=0U1 " 5.155€E 01 ‘5.092E O1I' -7 S.O0RRE-US K .836E-05
70 1 2.500E O1 1.220€-01 1.029r-01 5.182¢ 01} 5.115€ 01 5« 198F-05 ~e923E-0%
[ B | N, T 1.A%2FD1 T 7T 1.151E-O1 S5<%94F 01 $<386€ 01 6. T29E-05 6.146€E-0%
’0 1 2.5001 01 1.369E-01 1.167F-01 5.522F 01 5.411E 01 6.880E£-05 6.2TSE-0S
Tt T T wg 1 113 T.5STE=OT To3296=01 S.91ov o1 SeTT0E 01 9609 E=0% T BISOSE=0% —
90 1 2.500F O1 1.575¢-01 1.351€-01 5.939F 01 5.798E 01 9.865€-05 B.-T1TE-0S
100 H WO T T T . BSBESUL T T 1.596E-01 5479 O1 ° 6.330€ 01 " 1e633E-C& T 1.813E-04
100 1 2.500C 01 1.898€-N1 1. 5372E-0)L 6.544E 01 6.395€ 01 le 743E~0a 1.505€6-04
110 i TR T T T T 2.8 BIESQOV T T T Z2A221ES0UY T T T TWBALE 01 TS5&9E 01 5. TABE=0R 5 .850E=04%
110 1 2.500%E 01 2.T91E-01 2.404E-01 T.913€ 01 T.044F 01 1.080€-03 9.4 9BE-04 .
LIMLIY LCAD FRACTURL OCCURS IN THE 91 BLOCK 1 STEP AFTER 1.526F 0! CYCLES

CRITICAL X AT DEPTH HAS BEEN EXCEEDED IN THE 111 BLOCK AND THE L STEP AFTEPR 2.168F 01 CYCLES

e

A, N




gc-¢€

Rt 1 DEAC

lTERlTl(‘J (N "RACK ~llE /7 PROOF TESY

CRACK 1F A PART THRU CRACK

HALF SYRFACE SURFACE DEPTH
ALOCR  ST¢€P CYCLES © " "CRACK LENGYH " TRATK DEPTH ~ RMAX-SURFACE RMAX-DEPTH GRUOWVTH RATE CROWTH RATE
{IN) (lNl (XSI ROOT—IN) (KS] ROOT-IND ({IN/CYCLE) CIN/CYCLED
TTTTYTTTTI 0.0 L. ISFE=-UZ 2. TT2¥F=02 ZRROE UL ZJ9T9F O S5.58BF=0F ~ — W .26TE-08
N t 2.500F 01 4o1ThE-02 219202 2.5A9F 01 2.979€¢ 01 5.58R8E-06 A 26TE-06
10 1 6.0 ” L.290E=02 T T 2.TB7E-02 T 0 T Z.R9SE OY 7T 3.028E 01 T T U BLZABES06 T BL.ESI9E=06
1¢C 1 2.5CoF o1 &, 305€E -02 2. 9M3IE-02 2.695C 01 3.02RE 01 6.243E-06 8.659E-06
20 1 T0.G - LASKF=DZ T J.18IT-02 7777 Z2.BIAE U1 TUTTTTROBSE 01 T T T TLO0KIESOE T T T 91356506
. 2¢ 1 2.500F 01 houT2€~-02 3.200E-02 2.814€ 01 3.085€E 01 T.041E-06 9.135€E-06
I 1 ¢ A T U.U LoBRUE=TZ7 X RITE=U07 7 Z.93728 O J.ASBE O T.908E=06 V. T6E-08
a0 i 2.5007 01 b, 660E-02 344X -02 2.922¢ 01 3.158E O1 To904€-06 9. T66E~06
) T 777 00 T T T T R,BRBESDZT T T 3L.ETIFE0Z T T 30538 01 00 TUIZIBE OL T T BL.869E-06 T 1.,04BE-05
-0 1 2.500€ 01 4.BTIF-02 3. 69TE-02 3.053€ 01 3.236E 01 8.869€-06 1 .04 BE~0S5
" 5¢ 7 T TOL0 T T T T T TS5, 08ZES07 TT T BLIRTESNZ T UTIATIF U1 T T T IAATE 0L T T 9 L,982€E08 T T 1.127€E505
S0 1 2.5CCC 91 5.107c-02 3.970£-02 3.177F 01 3.317€ 01 9.942E-06 L.127€-05
Tttt o BT T 0.0 Se 343602 —QWWJMMWS’—TZIW
&0 1 ?2.500C ot 5.3T1E-02 4.263F-02 3.301E 01 «397€ O1 1.111E-05% 1.210€-0%
£ R | V0 T 7 T B.R33F02 T L.S5SE-027 T T 3.428F O1 T B;tHSE”UI 1028365057 T RG306ES05 T T
T0 1 2.500F 01 S5.66TE-02 Lo S TRF~02 A-2.8F 01 3.485E 01 1<243E-0S 1.306E-05
- Ao TY T TTTRLO T T T T T S5,983E=02 7 T R.PBRAF-0Z2 3.561F 01 7 77 3 SBIE O1T 7 139 E=05 "~ ~ 1.3186-05
Ap 1 2.507fF €1 5,998E-02 4,919[-02 3.561F 01 3.581€ 01} 1. 394E~-05 1.418E-05
I 0 1 U.U . 3IIE=07 .zssmmr———rmsror——rsmr—rﬁms—
90 1 2.500F 01 6.370F-02 Se?291F~02 3.699¢ 01) 3.685¢ 01 1.56TE-05 1.549€-0%
- IR0 | S + PN ¢ R Py £ Y 01 A TY 1Y £ £ 1 P A 3 BRRE O 3.800EOr 1. 76BE=US 1. 7TOSE=0S — ~ -
t1co0 1 2.500E 01 A.T8BE-02 5 o H99F-02 3.844F 01 3.800€ O1 1. 7T68E-05 1.T05€-0%
110~ -~ 1777 00T T TLZIZEFN2Z T T B 103F=02 T 7T TT3.998E 010 T 39258 01 77 T 2.006ES05 T T1SB92ES0S T
110 1 2.500F 0! T.262E-02 6.151€-02 3.998E 01} 3.926E O1 2.006E-05 1.892€-05
T T TZ2OTTT T T 0T T T T TTISTRRESUZ7T T BLSBUIES0Z7 T AUTRYIE UT T H.UBSE U1 Z.291ES0S T 21200
120 1 2.500¢t 01 7.802€-02 6654102 4.161E 01 4 JOBLE 01 2.291E-05 2.120€E~-05%
- TR0 Ty T T 0G0 T T UTTTTBLISSENZ T T T TL181ES02 T T R.338E 01 T BL.221E O 77 TTTZJBAUESOS T T T 2.505€E-0% T
130 1 2.500€E 01 8.421€E-02 T.222e-02 4.338€ 01 4,221E 01 2.640E-05 2+405€E-05
- 140 T TTTOL.0 T T T T TG L08Z2E=-02 T T T L.BO2E=0Z T T UUR.530F O T T RU39TE O T T T 3L0VIESDS T T 2. TEBESOS T
1«0 1 2.500E 01 9.139€-0¢ T.87T1E-02 «.530¢t 01 4.397¢€ 01 3.079€-05 2.T768E-08
T TTTTTTTTYSO T TR U0 JoBYIE-07  B.SERAESU2  RLIG2E O T ASSYSE Ul AL GRIESOS T T 3.283E0%S
150 1 2.500F Ol 9.984E-02 B.625€E-02 &4.742F 01 & ,595€ 01 3.649E-05 3.243E-05
T 150 YT TS0 T T T UTTTILOBIES0E T T T 9 AZIF=0Z2 T T T RGIBIE 01 T T TR.B2TIE Ol T T TR 21 ES0S T T T 3 BBTES0S
' 160 1 2.500F 01} 1.1006-01 9.520E-02 5.006E 01 4 .845E 01 4.510€-05% 3.962€6-05
- A 4 AREmaiah SR ¢ PN« Bt P92 § § o) Cantiy I 1 50 ) $:25TE O S .08TF 01— 3.930FE=0% " %;0819F=0% ——
170 1 2.500€ 01 1.225€-01 1.061€-01 %.2B84F 01 S.113€ 01 5.650€-05 4£.915E-05
I 14 O LY T-3GRE-O0T T+ IBSE=UT 5.58TE 01 SAITE 01 T 2TRE=0S -
180 1 2 . S00E O} 1.386E-01 1.201€E-01 5.61%¢ Ol 5.438F 01 T.44TE~-O0S5 6.420€E-09
- T 156 R 0.0 T~ 1.S82E=01 T TJ3TOE=UT  ~ 60056 01T~ 9,828 O1 1. 086E=0% B MBE=O0S
190 1 2.500F O1 1.609E-01 1. 392¢-01 6.035¢ 01 5.859€ 01 1.075€-04 9.187E-05
I 200 TR T TOLOTT T T TG 9ZIESOY TESESBESOYI T T 7T TRLBO0SE 01 T B IRA3E O T RIS ET08 T RIS TTESOS -
200 1 2.500€ 01 1.969€E-01 1. 690€~-01 6.6T1F 01 6.312€ 01 1.986E-04 1.688€-04
i {\ At S n.oo XL 028E=0T 261801 829 TF 0l T 8.2863F 01 T T Z.820E=03 T T Z.38SE=03

LIRIY LOAD FRAUTURE OCCURS IR THE  ~ 189 BLUOCK 77" T STEP AFTER "~ T.STOE 01 CYCLES  ~— 777 77 7 7imm i mmmoms o s m s o mms s o

TRITICAL K AT OFPTH RES BEEN EXCEFDED TR TRE — 210 BLOCK ARD TRE ~ "1 STEP AFTER ~ §.89%E 00 CYCLES — ~ — 7 -7 mmw—=r = mms o oo o

e
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i
|
|

—— e




TTEQRATEIMN 2-5UL TS
PERCENT COF

TYRITKRESS 7 7T A R TTFF REQUIRED LIFF T s o

S.0C0E-D1 S.00Cr-02 T.500€6-02 1.109F 02 55.43

R, N0F-01 2.772€E-02 T L,ISBC-C2 2.703E 02 TICAET T
o™ L 3
]
(%)
o o -

Ll
. - - h T T Tt T oT Tt T Tt TTTTT o T T ToToTE

e
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TV J0Ng

T s e

(-4

T o

RUN 2 OF 2 DUNS DGAC  1TIFRATION (N CRACK SIZE /7 PROOF TEST
LOAD INVUT DATR o
STRESS FACTOR 1.000% 00 ) CoTT o TTrm T TTm T e e o -
LIMITY STILSS 1.200% 02
STEP MAX STRESS min STRESS UMITSICYCLES) MATERIAL TYPE
1 1.200f 02 0.0 " ° RSWE DY T T YT T T T CoemTmmT T T T T -
GECMFTRY INFUT DATA
CRACX TYPF PIC - 1
WIDTH T IR -1 1] 0 ¢ ) (e T T T e T N -
ADDITICNAL DIMENSINN c.0
RADIVUS/NCTCH DFPTH — 0.0 - T T T - T T T i Tt T e - - -
THICKNESS 5. 0007 -01
T TCRACKTTDETTH T TT2¥F =002
HALF CRACK LFNGTH 4.158F-02

MATERTAL INPUT DATA

MATERTAL
T TYPE

YIELD GRUOMWTH

o T TTOIe9n0oT o2 T T UTTOY T T

UYL OU0E O T T T T 600000 T

CRITICAU  — — THRRESHOLD — —  CRITICAL " THRE
RETARDATICN STRFSS INVFNSITY STRESS INTENSITY  STRESS INTENSITY STRESS ¥
TOTTETRENGTYH T EQUATION T T TUMODEL T T T TUSURFACEY T T TTU(SURFACEY T T

SHOLD

NTENSITY
TTTTADEPTHY T T TTT T (DEPINY o7

9Q00E OF T T TRJOO0EVOT T T T T

CONSTANT  MATERIAL

-------------- CQUATICN CONSTANT S==—=—===m=ras=
CRACK GROMTM RATE RETARDATION MODTL

TTNURRER T TYPE T T U SURFACE TT TTTUDEPTYHT T CSORFACE T T TCORPTVTR T T T T T T T T mm e e e e e e s m e e o
1 1 T7.500E-10 T7.500E-10 0.0 0.0
2 TTYT T TTZLGTR0F U0 T ZL.TROE U0 T U0 AU TTrmTTTm T T s T T TooTTTeTTE T o
3 1 °.000¢ O1 9.000¢ 01 0.0 0.0
R B . 000 U0 5. 0000 U0 VeV VU
PRPOF INPYT DATA
PROOF TYYPE 1 LOWER A 0.0
TTTTPRONE S T T TTLEO0F 0 UPPER K S.UOUESDT
XC PRNOOF 7.000F 01 AzC 3.330£-01
T KKTPROCE T T 9,000E 01T T YVERKTION CINT T 100 - - T e
S :

Bk e 00 A e comaiRaSE o b o

e

iy




8c-g

Ty TR R TR T e o n s o S S o o Y ST o T T e

RUM 2 U6AC  ITERATINN PM CRACK SIZE / FRNOF TEST

CRACK IS A PART THRU CRACK
HALF SURFACE SURFACE DEPTH
aLeeK STEP CYCLES © CRACK LENGYH CPACK DEPTH KHAX=-SUPFACE KMAX-DEPTH GROWTH RATL GROWTH RATE
(IN) (K51 ROUT-IN)  EKS 1 RODT-IN? tIN/CYCLE)D (INJCYCLE)

e e .G 2 IT9E=UT T.0STE=02 33758 01 6.009t 01 I8 TE=0S I 0&9E=0&% .
1 2.500E 01 2.122€-01 T.325¢8-02 3.461E O1 6.751E 01 1280E-05 1.100E-06
1 0.0 YT T U 2,I81ES0T T T T 1R 01TES0L T U RLBOSE 010 7 T6I8B8AF 01 T 2.994E-0n T 1.819€=08
10 1 2.5C0F C1 2.169E-01 1. 064801 4.641E 01 6.636E O} 3. 34LE-O05 1.915€6-04
1 .U T 250332601 T T YLB3IEST0Y T TUBL3&6E 010 T UTL133F -0 ST RSRISE=04 0 R.B43E=Os
1 2.900E N1 2.3T7T1E-01 1.719F-01 6.549F 01 T.204FE 01 1. Y52E-04 3.649E-04

LImIT LOAD FRACTURE QCCU'RS TN THF 1 ALNCK 1 STFEP AFTER 0.0 CYCLES

CPITILAL K Al DFPTH HAS BTFEN FXCFLODED IN THE 26 BLOCK AND THE 1 STEP AFTER 1.289€ 01 CYCLES

rnp

e e e T e el e e P S Y L L

[V




11111111112322222222222332323323444444444455555555

356666666666TTTITTTTTIE
12345676°01234567F001224567P901234567890123456T890123456769012345676901234567€90

[PEAC  PIN LOADED LUG WITH PLOTTING
1 1600 1C 1
- 1. o__1 1 1 1 300,
1 o 75.
5} £0. 0. 1000, 1
3 13
s €. o8 ol ol 30, 5
1 1
e : _1°°o C 0 9C. 6. 990 (XY
2 7.5!’10
= 2.74
2 .00
6.

AL SE TR0 1234 6 TPOL12345€TROC125456TR90123456 TR00123456 7690123456 1890123456T690

1111111 11122222222223332332333 2444444484045 55858585880664666666TTTTTTTITITTE
tl

.@‘_:T\and_xznn==; __Column Number

— e ———— - —— ——

LR




-
B |
w

TTNUMNER T TYPE T T CURFACE

RUtM 1 0f 1 RUNS A DAAC PIN LOADED e NIYH Pl"YYVNG

LUAD INPUT DATA

STRESS FACTOR ~ 1.00CE TO - - e e e
LIMIT STRESS 7.500F o

wnpmestr Tt T e e A 0 "t o D S - s

STEP MAX STRISS "IN STRESS INLITSICYCLES) BATERIAL TYPE

T 17 S.000F 0T C0.0T T TTTTS000F O3 . R ' ST e

GINYMETRY INPUT DAn

CRACK TVYPE PTC - 11
T TUTRIoYR T T T T TS O00E 0D T TT T R
ADPITICNAL DIMENSICN 3.000¢ 01

T 7T RANDTUSZNOTCH CTEPTR—— " STO00F=01" - ) T - TTTITTTT T T e e -

THICKNESS 3.00M€-01

T CRACKTDEPYR T T T TTCOUES01
HALF CRICK I.HICYN 1.000€-01

o PATTRIAL TRPUT DATA - ~~ 77 e e T T T - R

- : CRITICAL —————*

MRESHOLD—————CRITICAt ————THRESHOLD
MATERIAL YIELD GROWYM  RETARDATION STRESS INTENSITY STRESS INTENSITY STRESS INTENSITY SYRESS INVENSIVY
T TYPE  STRENGTH T EOUATION - —MODEL—— —— —{ SURFACE)-— ————{ SURFACE)

ST 1T T T15900T 02 T TR T T T —95000f 01— — — ~63000E 00 - - -——$30008 01 ~— ~ 83000k 00 —— -~~~ -

m e s e EQUATTON CONSTANTS
CONSTANT  MATERT AL CRACK GRNWTH RATE REVARDATION MDDEL
COPPTH ——SURFACE —— " DEPTN ~—— == oo sis oo e e

= ADEPYH)——————~ tDEPTM— ———— ——— - -

1 1 T.500E-10 - 7.500£-10 0.0 0.0

T2 T T T 23TA0E 00 2ETROE B0 S 030 ~ = @0 < omoo oo en s e el
3 : 9.000¢ 01 9.000¢ 01 0.0 0.0
b d " . o * .

-

e

—— iy o ————d




g00d d0
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ALrIvad
§1/39
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RN 1 FP6AC  PIN LPADED LUG WITH PLOTTING

CRACK IS A PARY THRU (RACK

HALF SURFACE SURFACE OEPTH

BLOCR  STFP CVELEST 7T TCRACK LENGYH — CRACK TWPTH™ " "RMAX=SURFACE ~ "KMAX-OEPTH ~~ GROWTH RATE GROWTH RATE
(R L] (IN) . (XSI ROOT-IN) (KS1 ROOV-IN) (IN/CYCLE) (IN/CYCLEY

i
t
i
3
t

e
1

-

1.000E 03 1.102€-01 1.1586-01 3.207F 01 3.727€ o1 1.021€-05

1.605€-05

0.0 T.000E=0X 1.mml—ms T-555E=05 -

’

e . 5 70l o TN S Smn bk s LD e 3 ik s mteh s ks e

————————

—— o
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RUN 1 neAC PIN LOADED LG WITH PLOTTING

CRACK IS A CRACK IN TRANSITION

HALF FRONT HALF RACK FRONT BACK
nngR sTre TCOYCLYS T CRACKLYHGTH "~ CRACK LENGTH ~  EMAX=FRORYT = ~"KMEX=RACK ~~ GROWTR RATE +CROWTH RATE
L 1] tIN) (XSl ROOT~-1IN) (KST ROOT-IND (IN/CYCLE) (IN/CYCLE)

A D T.OK6F 02 LWBSTF=0T 76901 52332¢ 01 B854 T 01 G 9CEE=05 SSTSSE=D2

- fore
—— e - -~ e — - - o e o e e e e e [ . e e ——— e e e s~ e - s e —




Ry 1 ~ F6AC  PIN LOADTD LUG WITH PLOTT ING

R o CRACK 1S A THROUGH CRACK i
HALF CRACK

TOCVCLES " TTTCRACK LENGTH — 7 T RKMAXTTTTTTTT GRUHTH RATE )
{IN) {KST RUOT-INY (IN/CYCLE)

BLMCKR * 5TFP

J. I 02 1. 96301 S.543E 1Y T.OOEE=US
1.000F 03 2.091€-01 5.545€ 01 7.020E-05

TR0 T T 200910 T T T USISASE 01T T TTTL 020805 T T T T e e
1.000F 03 2.79TE-01 5.559F 01 T.1056-05

1
1
10 1
1
T 7 7700 T T T T 1G22TETO0T T RLGISSE 01 T2 T0TE-OA T T T T T

TIRTTUNED FYACTORE DCCTMY IR TRE T RLOCK I STEP AFVER W UBSYF 0Z CYCLES
TRITICAL K AT SURFACE HAS BEEN EXCEEDED IN THE ZUBUOCK AND THF T STEP AFTYR ™~ " 7.2&41E OZ CYCLES =~ =~~~ 777w - =

[« - - - - - —— - ————— — e e ‘
1 |
w o L ~ _ e
w — — o e e et e e e e < e o o et e e e e . e St - 1o,
|
f
. ) e e e e, e .‘
¢ J
—
e e , e — - N :
!
4
—— - — e —_— - B
H
- _ — —— e e et  m + e oo e et e e o ————"
* y
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TITL NeAC PIN LDADEND LUG WITH PLOTTING 1. 000E 03

TEAYTA 1.060F-07 1.000E=07 0.0 ’ oo T o

AT 1.094€-01 1.M617-01 5.285F 02

TATA " 1L ISPESDT LI TOZE=01 1.00G% 03 e R
DATA 1.254t-01 1.143:~01 1.516L O3

CATA 1.321¢-01 1.20.F¥-01 2.000F 03 - T T T T e e e : -

DATA 1., 420€-01 1.?Tr1E~-OL 2.573¢ 03

TETA 1.ZBRF=0V ~ 1.308F=01 ~S.000E U3 = T T T T e e e - S e e e

DATA 1.595F-C1 1.371€-01 3.536F 03 ’

TETEAT TIRESE-UT 1. <09ENT &, 000F 73

AT A 1.779e~-01 lenT9E-C} 4.588F 03

TETS 1.932E-Nn1 T1eSTIES0T " SeO000F U3 7777 7T T S ST s e smm s o s e e e C— — -
. DATA 1.946E-01 1.57568-01 5.530E 03
i TRTZE  2.0VIE=01 7~ 1. 8131~ 6.000E 03~ T D G TTTTTTTT T o e s T s T e T
‘ DATa 2.134F-~01 l.4633€-C1 &A.ST3E 02

DAY 2 I90E=0T 1. 71 E=DT 7. 000F 03

DATA 2.3245-C1 1.70*E-01 T.617¢ ON

TATX 7.3T1E=01T"" "1.BYSE=0O1 ~~ B.,000€ 03— o T o : i Co s e e -

DATA 2.492E-0) 1.681C-01 8,%527F 03

CATA™  2782SE<NY ~2;091F=37 -~ 9.000F 03 - T Tt T T T T T e T S e s s s e e -
t DATA 2.525F-01 2e4T6E-01 9.%13F 03

DETRE 2752501 ~ 2. T9T7F=007 1. 000 0%
CATA 2.525E-01 3.215£-01 1.CS«E O
TATX " 2252 SF=01" " X, VISF=01 —1.100€ 0% T e T T T T T
DATA 2.525¢-01 3.920E-01 1.150€ Os

TATE  "2:52SC=01 ~ £;252F=01 " "T:200€ N&— e - T s s e s s e e

DrTIA £.525F-C1 4.697€-01 1.252F O«

TATA 23525 E=01 ST 028 =01 — 15300V 0%
OATA 2.525€-01 % 4DAE-0O1 1.352€ 04

DETZ = 235250=01 ~ SIBERE=0T 14400 0~~~ T s oo e T TTTTo o e e

DAIA  2.525E-01  6.391E~01 1.456E 04 )
PATA " 2.82SE=01" 65 T32E=01"""13800% O& = ~-wioms mesisioe e ool e e
DATA  2.525F-01 7.209E-C1  1.551E 04

LORYA T 208230 — TS T1I9E=01 IS600C 0%

DATA 2.525€-01 8. 3S5VE-01 2.651E 04 .

PATA " 2:5256=01 7 BIB8SRES01 ~ 1TTOOE Of =« —7" =" Tmoemmmm o co—s s e T s T T e s e s e
DATA 2.525€~-01 9.68RE-0O1 1. 755¢ 0«4

DATA ~2:525E=01" ""13027E 00" ~ "13800F Q& —~ — = oo e oo TRt e s eeiom e e e e

DATA 2.525€-01 1.134€ 00 1.85«E 04

DATA — ~23823€=01""""1322TE 00 13900 On
DATA 2.525€-01 1.+25€ 00 1.951€ 04

DATS -~ 25523E=01 "~ 13TIOE Q0 ~ Ro9T2E OF ~ 7T T s e e s e - = = -

HORS .

MORY ~ - CRETICAL K “AT SURFACE EXCEEDEQ) -~ i~ s oo miies b e -
HDR 2 20 BLNCK 1 STEP T7.241€ 02 CYCLE

"Ry TOTAL CYLLFS = 1972 0%
HD%
ore . e e et e e e e e —_— ——
HDR 6
|4

T ey

——— e =
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1 N N 5 3
AUN 1 OF _3 RUNS TABUL AR _INPUY EXAMPLES I o o
LDAD INPUT DATA - R
STRESS FACTOR 1.000€ 00 T T ’ T
—__LIMIV STRESS _ 1.800€ 02 e -
STEP  MA¥ STRESS  MIN STRESS  UNITSICYCLES)  WAYERIAL TYPE
1 1.200€ 02 0.0 2.500E 01 1 o T T o i
SEOMETRY INPUT DATA -
CRACK TYPE PIC - 1 - S .
WIDTH 9,900€ 01
ADDITIONAL DIMENSION 0.0 e
RADIUS/NOTCH DEPTH 0.0
THICKNESS $ . 000€-01 L
CRACK DEPTH $ .000E-02
MALF CRACK L ENGTH V.500E-02 e N
WATERTAL INPUT DATA — T T o e T
CRITICAL THRESHOLD CRITICAL TYNRESWOLD
_MATERIAL  YIELD ~_GROWTH __ REVARDATION STRESS INTENSITY STRESS INTENSITY STRESS INTENSITY STRESS INTENSITY
TYPE STRENGTH " EQUATION MODEL {SURFACE) {SURFACE? {DEPTHI (DEPTH)
I O TT1.9060F 02 0 &~ T777TTo T 5.D00F Oi 6.000€ 00 9,000 O 6.000¢ 00
T MATERTAL TYPE 1 TABLE 7 i} ToTTr T T T
T T REx 0.0 T "3.0006-01 7 5.000&-01 1.c00€e 00
DKE: 6,000FE 00 1.000E-13 3.000E-13 4.0005—13“ 4.000E-13
OXE= 8.000E 00 1.000E-09 ~ 3.,000E-09 4 .000E~09 4 .000E-09
OKE= 1.000E 01  1.000E-08 _ 3.000E-08 __4.000€-08 4.0006-08
DKE* 1.200F 01 1.000€-07 3.000€E-07 “4.000€E-07 4.000E-07
DKE= 1.600€ O1 2.400£-06 _ _ 7.200€-06__ __ 1.000E-05 1.000E-05
DKE= 3.000E O1 9.000E-06 2. T00E~05 4 .000E~-05 4.000E-05
OKE= 8.400E 01 5.000€-0% 1.500F-04  2.000€E-04 2.000E-04
OXKE= 9.000F ol 1.000E~02 3.000€-02 4.000€-02 4. 000E-02
MATERTAL TYPE 1 " TABLE & T T T T oo -
N ‘RE=x 3.0 3,000E-01 '5.000&-01 = 1.0G0F 00
DKE= 6.000E 00 1.000E-13 3.000E-13 _ 4.000E-13 4,000€-13
DKE= 8.000€ 00 1.000€-09 3.000€-09 4.000€-09 4.000€-09
DKE= 1.000E 01 1.000E-08 3.000E-08 ~£.oooeooa 4.0_995;00
O¥E= 1.200€ 01 1.000€-07 3.0006-07 %.000€-07 4.000E-D7 - oo -
DKE= 1.600€ O1 2 .400E-06 7.200E-06 1.000E-05°  1.000€-05
OKE= 3.000€ 01 9 ,000E-C6 2.700€-95 4.000E-0% 4.000€-05
DKE= B.400E 01 5 .000E-05 1.500E-04 _2.000€-04  2,000E-04&
DKE= 9.00CE O1 1.000€~02 3.000€-02 4.000E-02 &.000E-02
}

)

T T T T e rT e g




perTTT

6¢ -4

RUN 1

$rmemm o

¥ \ 1 ) ) ’
A i
TARULAR_ INPUT EXAMPLES -
e - . CEACK IS A PARYT THRU CRACK _ o i
, . HALF SURFACF - SURFACE DEPTH
BLOCK STIP CYCLES CRACK LENGTH  CRACKX DEPTH KMAX-SURFACE KMAX-DEPTH GROWTH RATE GROWTH RATE
{IN) _UIN) (KS] RODVI-IN)} {(KSI ROOT-IN) (IN/CYCLE) (IN/CYCLE)
1 1 0.0 7.500€-02 5 .000€-02 3.4T7TE 01 4.007€ 01 1.151E-0% 1.45TE~0S
1 1 2.500€ O1 . T7.529E-02. .. 5.036§-02. 3.47T7€ 01 __4.007E 01 1.151€-05 1.457E-0S
10 1 0.0 T T66E-Q2 S.332¢-02 3.612€ 01 4 .,080E 01 1.226€E-05% 1.502€~0%
10 1 2.500€ 01 TT9TE-02_ ... 5«3TOE-N2 _3.612€ 01 _ 4.080F 01 1.226E-05% 1.502€-05%
20 ] 0.0 8.002E-02 5.713€6-02 3.761F 01 4.162€ O1 1.312¢-0% 1.553¢6-0%
F{ S 2.500F 01 B8.115E-02 Se7525-02 ~ 3.761E OL  4,162E Q1 = 1.,312E-05 = 1.553€-05
30 1 0.0 8.420£-02 6.10BE-02 3.908€ 01 4.253€ 01 1.398E-05 1.6106~05
30 1 2.500¢€ 0} 0.455E-02 6.148F-02 ___ 3.908t O1 5-2535 01 _ 1.398E-65 1.610E-05
A0 1 0.0 A.T79E-02 6.51TE~02 4.054E 01 4,353 O1 1.486€-05 1.6736-05
40 1 2.500FE Ol _ B.817e-02 6.559E-02  4.054F O1 _ 4.353E 01 _ 1.486E~05 1.673E-05
50 ] 0.0 9.161E-02 6.943F-02 4.200F 01 & 4SSE 01 1.576€-08% 1. 73905
.5 .. 1 2.500F €1 9.200€E~02 6.9B6E-02 4.200€ 01 4.,455E 01 1.576E-05 1.739E-03%
60 1 0.0 9.565€E-02 7.385€-02 4.346F 01 4,558 01 1.669E-0S 1.806E-08
60 | 2.500F 01  9.607TE=02  T.430E-02  4&.346E 01 4.558E 01  1.669E-0% 1.006E-05
70 1 0.0 9.993E-02 T .RG3E-02 4 .48RE 01 4.656E 01 1.761E-05 1.871E-05
70 1 2.800F Ol 1.004E=0L _ _ T.8906-02  4.488E Ol  4.656€ 01 = 1.T61E-05 __ 1.871E-05
80 1 0.0 1.044E-01 8.319€-02 4.631€ 01 4 756E 01 1.855E-05 1.939E-03
80 1 2.500€ 01 1.049E-01 8.36TE-02 4.631F 01 4. 756E 01 1.855€-0% 1.939E-0%
ap 1 0.0 1.092€-01 8.R11E-02 4.7T4E 01 4.859€ 01 1.951E-03 2.009€-05
90 1 2.500E 01 1.097E-C1___ _ 8.861E-C2 4.774€ 01 . .%.85%E 01 = 1.951€-03 _2.009E-05 =
100 1 0.0 1. 142€-01 9.322€6-02 4.917 Ot 4.965E 01 2.050E-03 2.083€-03
100 1 2.500F 01 1.14TE-01  9.3T74E-02 = 4.91TE Ol _ 4.96%E 01 -  2.05GE-05 _ 2.083E-05
110 1 0.0 1.194E-01 9.851€-02 5.062E 01 5.074E 01 2.151E-05 ~ ~ 2.180E-05%
_1:0. | S 2.500F 0] 1.199€-0} 9.905€-02 5.062€ 01 5 074E 01 2.151€-08 2.1 60€E-05%
120 1 0.0 1.249€-01 1.040E-01 $.207€ O1 5.186€ 01 2.255€-05 Z2.239€-08
120 1 2.500E 01  1.255E-01_  _1.066F-01  $.207t 01 m_g 186E O 2,255E-05_ 2.239-05
130 1 £.0 1.307E-01 1.097e-01 5.353€ 01 $.301E O1 2.361€-05% 2.323E-05
130 1 2.500%_ 01  1,312€E-01 1.103E-01  S.353€ 0L 5.301E 01 _2.361E-05 2.323£-0% ~
140 1 0.0 1.367E-01 1.156F-01 $.501E o1 5 A419E 01 2.470E-08% 2.410E-0%
140 1 2.500€E 01 1.373e-01 1.162E-01 5.501F 01 5.419€ 01 2.AT0E-0% 2.410E-0%
150 1 0.0 1.4306-01 1.217E-01 S.650E 01 S.S40E 01 Z.5893¢€-05 2.5008-05
150 1 2.500E O1 _ 1.436E-01  1.223E-01 5.650E 01 _ S5.540E 01  2.583E-05  2.500€-05
160 1 0.0 1.496E-01 1.281E-01 $.800€ 01 5.665E 01 2.598E~-0% 2.594E~05 T
160 1 2.500E_01 __ 1.5026-01 ___ _ 1.287¢-01 _5.800E 01 = S5.665E OL = 2.698E-05 == 2,394E-0%
170 1 0.0 1.564E-01 1.3476-01 T5.951E ol 5 .T94€ 01 2.8146€-0% 2.695E~05
170 ] 2.500E 0} 1.5TiE~01 1.353€-01 $.951E 01 5. 7T96E 01 2.816E-0S 2.895E-0S
180 1 0.0 1.636E-01 1.415E~-01 6.104E 01 $.929E 01 2.938E-0% 2.799€E-0S
180 _ 1 2.%500¢ Ol Lo 644E-01 1.422E-01 913955 01 5.929E 01 2.938E-05 2. 79908
190 1 0.0 1.711€-01 1.486E-01 6.259€ 01 6.066€ 01 3.063E-05 " 2.900E-08 -
190 1 _. 2.300E 01 B.TIGE-O1 = 1.494E-01 = 6.259E Ol “9-0§6§-0L-, _3.063E-05 2.908E-05
200 1 0.0 1.789€-01 1.560€-01 6.416€ of 8.207€ ol TT3.192E-08 T3.021E-05
200 _ 1 _ 2.500F ot 1. 797€-01 1.568E-01 6.416F O1 6.207€ 01 3, 192€-0% 3.021E-08
210 1 0.0 1.8TOE-01 1.637E-01 6€.57T5€ 01 6.3351E o1 3,335E-0% 3. 138€-05
210 D 2.500€ O1 ___ 1.879€E-01 1.645E-01 6.57S5E 01  6.351E 01 3.325€-05 _3.138€-03
220 1 0.0 1.955E-01 1.717€-01 6.T36F 01 6 A99F 01 3.462E-05 3.261E-0%
_ 220 1 2.%00E O 1,964E-01 _ 1.72%€-01_ _ 6.TI6E 01_ __ _6.499E O1  3.4626-05  D.261E-05
230 1 0.0 2.043€E-01 T 1.B00E-01 6.900€ 01 6 .650E 01 3.603E~—3 3.389€-0%
230 _ 1 _2.500F 01 2.052€-01 1.808E-01 6.900E 01 6 .6%0F 01 2.6C3E-03 3.389E~-05
240 1 0.0 2.135e-01 1.886€-01 7.065E 01 6.806€ 01 3. T48€-0% 3.322-05
240 1 _2.500FE 01 2.144E-01____ 1.895E-01 _ 7.065E 01 6.806E Ol  3,748€-05 3.522€-05
250 ? 0.0 2.230E-01 1.9T6E~ o1 T.234E 061 6.966€ 01 3.898€E~05 368105 T T T
250 1 _ _2.500E 01 2.240E-01 __1.908%€-01" _Ta234E 01 .9665 01 3.090€-0%5 = 3.601E-05
260 1 0.0 2.329€-01 T 2.069€-01 7.405€ 01 -131E 01 | 8,053§-08 3.006E-03
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LIMIT LOAD FRACTHRE DCCURS IN_THE

CRITICAL X AY DEPTH

260
270
270
220
2e0
290
290
300

390

310
3o
320
320

1 A ™ i v

| 2.500F O1 2.339E-01 2.078E-01 7.405E 01
1 0.0 2.432E-01 2.166E-01 7.578€ 01
1 . 2.500E Ot | 2.4%43E-0)  2.176E-0L _  T.S78E Q1
1 0.0 2.540E-01 2.266E-01 T.755E 01
1 2.500F 01 2.551E-01 2.2TIE-01 T.755€ 01
1 0.0 2.651€~01 2.371E-01 7.934F 01
| 2.500€ ot 2.662€-01 2.382€-01 7.934E 01
1 0.0 2.767E-01 2.480€-01 R.11TE O1
1 _ 2.580E_ 0L 2.7T8E-01 2.491E-01 8.117E 01 -
1 0.0 2.887F-01 2.594€-01 #.303€ 01
r 2.500F 01} 2.899-01 2.605€-01 8.303F 01
1 0.0 3.0365-01 2.712F-01 8.4B4E 01
1 2.500¢ O1 3.063€-01 2.724¥-01 B.484t 01

_THE. 173 8LOCK L STEP AFTFR 0.0 __ CYCLES

HAS REEN EXCEEDED IN THF

326 BLOCK AND THE

1 STEP AFTER

7.131€ 01
T.301€ 01
_ 1.301€ 01
T.&4TSE 01
T.47SE 0}
T 656 01
7.656E 01
T.842E 0}
L __T.8426 O}
8.035€¢ 01
8.035€ 01
B8.276€ 01
B.27E 0O}

1.233E 01 CYCLES

4.053E-05
4.212€-05
. %e212E-03
4.377E-05
43T7E-0%
4.547€-05
4.54TE-0S
4.723€-05
_4.T23€-05
4.504 E-05
4.904E-0%
1.076€-04
1.076£-04

3.806E-05
3.950¢-05%
3.950€-05
4.117€-05
4,11 TE-OS
AL2BAE~0S
% .2860E-05
§,46598-05
4-459E-05
4,004 E-OS
o644 E-05
&4.,8T7TB8E-05
4,80TBE-OS
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RUN 2 CF 3 RUNS

LCAD_INPUT _DATA e e

STRESS FACTOR 1.000¢ OC
LIMIT STRESS 1.PO0E 02

- TARULAR INPUT EXAMPLES

~

- STEP MAX STRESS . MIN. STPESS_ __ UNITSICYCLES) __ MATERIAL YYPE _ .. . _

| 1.260€ 02 V.

GEOMSTRY INPUT DATX

CRACK TYPE

HIPTH

ADDITIONAL DIMEMSION
RADIUS/NOTCH DEPTH

e

2.500€ 01

THICKNESS .
HALF CRACK LFNGTH

TABLF 1% BETA C

A= 0.0
0.0

=00 __ ____ __
C=

1.000€ 00
C= 1.200€ 00
C= 1.500E 00
C= 1.700€ 00
C= 1.800E 00
€= 2.000€ 00 __ _

C= 3.000€ 00
Cx 1.000€ 02

TABLE 2t BETA A

—_— . . A= C.0
C= 0.0 0.0
TABLE 3T BETA C

A= 0.0

L= 0.0 __

C= 1.000E 00
C= 1.200€ 00
C= 1.500F 00 2.000¢ 00
C= 1.T700E 00 3.000E 00
C= 1.800¢ 00 1.000F 01
C= 2.000€E 00 ____ 1.000F 15

C= 3.000€ 00 " 1.000F 15

C= 1.000€ 02 1.000F 15

TABLE 41 BEIA A

A= 0.0

C= 0.0 0.0

MATERIAL INPUT DATA

TC_ - 7.
9.900F 01
0.0 _ ~ B ~
0.0
5 .000E-01 e e —_—
7.5000-02
1.000€ 00 T T - B
_ 1.000€_00 1.000E 00
1.000F OO 1 .000E 00
9.000E-01 9.000E-01 L
7.000€-01 7.000€-01 ) o B ) ) T
6.500E=-0] 6.500¢-01 o .
7.000E-01 7.000€-01 - h B T
8.0005--01 8.000E~01
1.100€ 00 1.1006E 00
1.100€ 00 ___1.100F 0O _ _ e
1 .000F 00 - TotTm T B - Tt
__1.000E_00 1.000E 00
1.000€ 00 1.000¢€ 00
_1.2G0E 00_____ }.200E_00 e
2.000E 00 T T T o
— .. 3.0006 00___ e —— - e
1.000€ 01 T T T T e
1.000€ 15
1.000¢ 15
1.000E 15 o ~ o _

o ot

e e e



-t

. , 3 3 )
. _CRITICAL _ __ THRESHOLD ~ CRITICAL THRE SHOLD
MATERIAL YIELD GROWTH RETARDATICN STRESS INTENSTITY STRESS INTENSITY STRESS INTENSITY STRESS INTENSITY
. TYPF STRENCTH  FQUATION _ __ MODEL { SURFACE) _(SURFACE) ___ ___ (DEPTH) __ _ (DEPTH) .
1 1.900F 02 « 9,000 01 _ 6.000F 00 9.000€ 01 6.000¢% 00
MATERIAL Tyer 1 TASLE 7 )
e _ _RE2: 0.0, . _____ ___3.000E-01 5.000E-01 1.000€ 00 s e
DKE= 6.000E 00 1.000F~-13 3.,000€6-13 4 .000E-12 4. 0060E~-13
DXE= 8.000E 00 1.000€-09 3.000€-09 4 .000€-09 %<000E~09
DKF= 1.000€ Ol 1:000E-08 3.000£-08 «.000E~03 4.000E-08
DKE= 1.200€ 01 1.000E-07 3.000E-07 _  &.0C0K-07 _4.000E-07 __ __
DKE= 1.400E 01 2.4007-06 7.200€-06 1.000¢-05 1.000€-05
DXE= 3.000€ O} 9.0006~06 _ 2.700E-05 4 .000E-05 4. 000E~0S e
DrE= 8.400F 01 5.000E-05 1.500E~04 2+.000€E-04 2+000E-04
OKE= 9.000¢ O1 1.000F-02 3.000E-02 _4.000€-02 _4.000€-02 B
MATERIAL TYPr 1} ABLE B i o N . )
. _mEx 0.0 3.000£-01 $.000€-01 1.000E 00 . o
OXKE= 6.000F 00 1.000E-13 3.000E-13 4.000€-13 «.000E-13 -
DRE= 8.000E 00 1.000E-09  3.000E-0° 4.0006-09  _ 4.000E-09
XE= 1.000t 01 1.000F-08 3.000€-08 «.000£-08 4. 000E-08
DRE= 1.200€ O1 1.000F-07 3.000E-07 ©o000E-07 4.000E-07
DKE= 1.600€ O1 2 .500E-06 7.200€-06 1.000€-05 '1.000£-05
DKE= 3.000F 01 9.0006-06 ____ 2.T00€-0% 4 .000€~-0% 4.000€-05 .
DKE= B8.400€ Ol %.0006-05 1.500€-04 7.000€-04 2.000E-04&
DXE= 9.000E 01 1.0006-02 3.000€-02  4.000E-02  4.000£-02 S o
!
o e s e . im0 Pk NPT 0 i




CRITICAL K AT SURFACE HAS ATEN EXCEEDED IN THE

90 BLOCK AND THE

1 STEP AFTER

5.45BE 00 CYCLES

~ 1 *
RUN 2 TABULAR INPUT EXAMPLES
- e eeeo CRACK 1S A THROUGH CRACK .
HALF CRACK
ALOCK  STEP CYCLES CRACK LENGTH v.Max GROWTH RATE
o~ () (XST ROOT-IN) ({IN/CYCLF)
o
53
w G2 1 1 n.0 7.500E-02 %.439F 01 2.729€-05
2 1 1 2.500€ 01 7.56H4E-02 5.839E 01  _ 2.729€-05
5 g: 10 1 n.0 8.133E-02 6.081E 01 2.919e-05
) 10 1 2.500¢ 01 6.206E-02 5.081F 01 2.919€-0%
£ vy 2c 1 0.0 8.887€E-02 6.357€ 01 3.143€-05
[ e . 20 | 2.5006 01 __ _ 8.966E-02 643575 _C1 3,143E-05 _ B} -
o : 30 1 n.o 9.699€-02 6.641F Ol 3.380€-05
Cs 30 1 2.500F 01 9. TBLE-OZ 6.641EF 01 _ 3.3B0E-05
= 40 1 0.0 1.05 TE-01 6.9233€ o1 3,63 2E-05
o 40 1 2.500F 01 1.066F-01 6.933F 01 3.6320-05
50 1 c.0 1.151€-01 7.234€ 01 3.R9BE-05
- 0 I ¢ 2.300E 01 _1.1613E-01 __ 7,234E C1 _ 3,R98t-05 __ _ O —
60 1 n.0 1.252€-01 7.5¢3F 01 4.180E-05
50 1 2.500€ 01 1.262€-01 T.543E 01 4.1B0E-05
7C 1 0.0 1.359F-01 7.862E 01 4.,4T8F-0S
70 1 2.500f 01 _ 1.371€-01 7.862€ 01 . 4.478E-05
80 1 0.0 1.475€-01 B.1R9F 01 4.792E-05
. eo .1 2.500E 01 = 1.487€-01 8.1R91 01 4, T792€-05 S
- °90 1 0.0 1.674E-01 R.724€ O1 9.142E-04
L]
£ LIMIT LOAD FRACTURE OCCINS IN THE 7 BLocK 1 STEP AFTER 0.0 CYCLES

.

——— s ———
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RN 3 OF 3 RUNS TARULAR INPUT EXAMPLES
LOAD INFUT DATA ) o B / ]
STRESS FACTOR 1.000F 00
LIMET STRESS 1.200€ 02
STEP  MAX STRESS  MIM SYRESS  UNITSICYCRLES)  MATERIAL _TYPE e e s e e -
. —_—v
1 1.200F 02 0.0 2.500€ 01 1
GEOMFTRY INPUT DAtA e _ 3 e
R ACK TYPE pIC - 4
WIDTH 9.900F 01
ADUITICNELL DIFENSION 0.0 B —
RADIUS/NOTCH DEPTH 0.0
. THICKNESS . %.000%-01 —_ R e e e e a
CRACK DFPTH 5 .000€E -02
MALF CRACK LENGTH 7.500E-02
TARLE 1¢ BETA C
. A= 0.0 o __3.000E-01 2 .000E-01 3.000E-01 4.000€-01 __ %.800€-01 S .000E-01 i , T
= 0.0 1.000€ 00 1.000€ 00 1.100€ 00 1.200€ 00 1.300E 00 2.000F 00 1.600F 62~ —~——~ — 777
€= 1,000€-01 1.000€E 00 1,000 00 1.200€ OG 1.300€ 00 1.400€ 00 2-400€ 00 1.200€ 02
2.000E-01 1.1001 00 1.1C0€ 0G0 1.200€ 00 1.400€ G0 1.600E 00 3.000€ 00 1.A00¢ 02
C= 4.000E-01 1.300E 00 1.300€ 00 1.400€ 00 1.500€ 00 1.800F 00 4.000€E 00 1.800€ 02
* ¢= 6.000E-01 1.700E 0O 1.700E 00 1.900c 00 2.200t 00 2.500€ 60 $.000€ 00 2.0600E 02
C= 8.000€-01 2.000€ 00  2.000E 00 2.500E 00 _ _ 3.000E 00 5.000E°00 6,000 00 _ 2.500FE 02 _
= 1.000F 00 «.000F 0O ~.000€ 00 6.000E 00 8.000€ 00 1.000€ 01 1.%500F 01 TS000E02 " T 0T
€= 2.000€ 00 1.000¢ 01 1.000¢ 01 1.500E 01 2.000C 01 3.000€ 01 4.000E 01 3.500€ 02
C= 1.000€ Ol 1.000E 02 1.000F 02 2.000E 02 3.000€ 02 3.500€ 02 4,000 02 4000 02
TABLE 21 BETA A ‘ ' ’ ' ' |
- A= 0.0 T 7 1.000€-01 ~ 2 .000€-01 “3.000€-01 A .000E-01 T T TA.800E-0Y T B.000FE-O0X T T T ’i
. €= 0.0 1.100¢ 00 1.100€ 00 - 1.100€ 00 1.200€ 00 1.300€ 00 2.000€ 00 1.000f 02 i ?
Cx 2.000€-01 1.100¢ 00 1.100€ 00 1.260¢ 00 1.300€ 00 1.400€ 00 2.400€ 00 1 .200¢ 02 ’ ) i
C= 4.000E-01 1.100E 00 1.100€ 00 " 1.200E 00  1.400€ 00 1.600E 00 3,000€ 00 1.8600€ 02
C= 8.000E-01 1.300F 0O 1.300 00 1.400E 00 1.500€ 00 i.A00E 00 &.DDOE 00 1.800F 02 T i
Ce 1.2006 00 1.700E 00 1.700E 00 1.900F 00 2.200E 00 2.500€ 00 5.000E 00 2.000€ 02 ;
€= 1.600€ 00 2.000E 00 2 .000E 00 2.500E 00 3.000F 00 §.000F 00 €.000F 00 2.5060F 02 i
C= 2.000€ 00 4.000F 00 4.0006 00  6.000F OC  B8.000E 00 1.000E 01 _ 1.500€ 01 3.000€ 02
€= 4,000 00 1.000¢ 01 1.000€ 01 1.500€ 01 2.000€ 01 3.000€ 01 4,060 01~ 3. 800E 02 "~ ¢
C= 2.000f 01 1.000€ 02 1.000E 02 2.0006 062  3.COOF 02 _ 3.500€ 02 4.000€ 02  4.000E 02 _
MATERTAL INPUT DATA ~—~ —~—~ — —
o T CRITICAL ) THRESHOLD T 7 TRITITAL - THRE SHOLD
MATERIAL  YIELD _GROWTH ~ RETARDATION STRESS INTENSITY STRESS INTENSITY STRESS INTENSITY STRESS INVEMSITY
1YPE STRENGTH EQUAY ION MODEL USURFACE} (SURFACED IOEPTH) Dep T o - o
T T 7 1.900€ 02 & 7 o 9.000€ O1 6.000E 00 9.000E 01 TTTTT 8 .000E OO -
MATERIAL TYPE 1 TApLE T . T T T
RE= 0.0 777 3.000e-01 7% .000E01 1.000€ 00 " T
——
}
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DKE= 6,000E

OxE=
DKE=
DKL=
DKE=
DKE=
DKE=
DKE=

8.000¢
1.000F
1.200¢
1.600€
3.C00F
8 .400E
9.000t

0oc
oc

ol

o1
o1
01
01
ot

MATERTAL TYPE

DKE= 6.,000E
DK€= B8,.000€
DKC= 1,COQE
DKE= 1.200t
DKE= |,60NE
OKE= 3,000E
DKE= B.400%

00q fig
'Vd Tyngy 10

.KIIYEQ]
19

1

DKE =

’
LN

G

9. 000E

00
00

RE=

oL .

01
o1
ul
01
nt

1,0n0£~-12
) .00CF-009
ll.000€-08
1.000E~07
2 .400E-0h
9.000£-04
S.000E-0S
1.000F-02

3.000€E-13
3.G00E-09

3.000€-08____ . _ 4,000€-08

3.000€-07
T.200E~06
2.700€-0%
1.500E-04&
3.C00E-02

. .4.,000E~-13
«.000E-09

_ 4.000£-13

4, 000E-09
4,000€E-08

4.000€E-07
1 «000E-~0S
“.000€E-~0S
2.000E-04
4.000€-02

4, 000E-07
1.000€-05
«.000€¢-05
2.000E-04%
4.000¢8-02

1 TABLE 8
0.0 3.000€-01 5.000E-01 1.000E 00
1.000£-13 2,000€~-53 ©,000E-13 _  4.000E~13
1.000£-09 3.000E-09 «.000E-09 4 .000E-09
..120005-08 _ __ 3.000E-08_______4.000E-00_ ____ &,000€-08 .. T
1.0006-07 3.000E-07 4.000E=27 «<CO0E-07
2 .4 00T-04 7.200E-06 1.000€-05  1.000E-0%
9.000F-06 2.T00E-0% 4 .000E-0% 4.000E-0%
5 .000E-0% 1.500€-04 2.000E-04 2.000E-04
1.000E-02 3.000€-02 4.,000€-02 4.000€-02
4

e -y
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RUN 2
BLOCK  STEP CYCLES
1 1 0.0
1 1 2.500F Of
10 1 0.0
10 i 2.%00€ O}
20 1 0.0
_ 70 1 2.SO0E 01
30 1 0.0
30 1 2.500E 01
w0 1 G.C
&0 1 2.500F 01
50 1 0.0
o 50 1 2.500F 01
60 1 0.0
60 1 2.500€ 01
T0 3 0.0
™ 1 2.500€ 01
80 1 0.0
- 80 1. 2.500€F 01
. 90 1 0.0
LIMIT LOAD FRACTURE OCCURS IN THE

CRITICAL K AT DEPTH HAS REEN FXCEEDED

TARULAR INPUT EXAMPLES

HALF
CRACK
(1N}

7.569€-02
7.955€-02
R.00HE-02
8.50RE-02

9.114€-02
9.177€-02
9. TT6€~02
9.R46E-02
1.050£-01
1.1206-01
1.139€-01
1.219€-01
1.22€€-01
1.319€-01
1.3306-01

T1L.439e-01 T

26 BLOCX

IN THE

SURFACE
LENGTH

7.500€-02

LB R66E-02

.1.05RE-01

1 SVE

QD BLOCK AND THE

... CRACK 1S & PART THRy _CRACK _

S.1486-01 CYCLES

. SURFACE
CRACK DEPTH KMAX—SURFACE KMAX-DEPTM GROWTH RATE
(IN) XS] ROOT-IN} (XS] ROOT-IN) I/ CYCLE)
5 .000F-02 4.768% 01 %5 .245E O1 1.947£-05
5 .05 TE-02 4. T92F 01 5.271€ O1 1.963E-0%
$.5364€-02 5,016 O1 5. 517€ 01 2.118€£-05
5.596E~02 S.041E 01 5 .545€ 01 2.136E-0S
65.182F-02 5S.301F 01 S.832E 01 2.323¢-05
. 6.2508-02  5.328BE 0)  5.861E Ol = 2,342E-05
&.8"1F-02 5.59 7€ 01 6.157€ 01 2.543E-05
6.966€-02 5.625€ 01 6.188€ Ol 2.564E-05
T.667¢-02 5.904F 01 6 A9SE 01 2. T719E-0%
T.T49F~-02 .934€ 01 5.527E 01 2.803E-05
8.515E-02 6.253F 01 6.864E OL 3.058E-0%
B8.604E-02 _  6.289E 01 = 6.8TBE 01 = 3.088E-05
9.439E-02 6636 O1 7.206E 01 3,.377€-0%
9.536F-02 6.675€ 01 7.242€E O1 3,.409€-05
1.045F~01 7-.103€ 01 7.602E 01 3,7826-05
1.055¢-01 7.158E 01 T.644E OL 3.830E-05
1.155¢-01 T.67T3E 01 8 .048€ O1 4.301£-95
1.16TE-01 T7.733€ 01 8.095€ 01 4. 356E~05
1.372E-01 B.T13E OV € .904F O
P AFTER 2.287¢€ O1 CYCLES - ) -

-

DEPTH
GRONIH RATE
(IN/CYCLED

2.282¢-05
2.301€-0S
2.4 83E-0S
2.504£-05
2. T2%-05
2. TASE-05
2.981E-05%
3.005E-05
3.258¢€-05
3.285E-05
3.555¢-0%
3.504E-05
3.8738-05%
3.905€-05
4.234€-08
4.27%-03
4.650E-0%
4. TO1E-0%

B.ZISE-0A ~ &3ITVE-DY ™ —

V-

i

., —————
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APPENDIX C
STRESS INTENSITY FACTORS
Through Cracks*
Center crack
- K = o Vrcsec =% (Ref. C~1)

c g W

Compact specimen, ASTM E399-74,

[ ke c3/2 . 5/2
K = _ P l29.6 (£)% - 185.5 (£  + 655.7 (2) -
c tﬁ—ﬁ W W W
. 772 7721
1017.0 ()  + 6.38.9 (% (Ref. C=-2)

-Single through crack at hole.

B

K = oy F FwVwc
e(1.2133-2.205 s +.6451 52)

Fb =
s = c/(Rad + ¢)

c+2 Rad
F, = /;ec (nm 2 (w-c))

Fb is an equation which fits Bowie's (Ref.C-3) numerical data for
the effect of the hole. Fw is a modification of Feddersen's (Ref(C-l)
equation to account for the affect of finite width. The distance
(W-c) is twice the distance from the closest edge to the midpoint of

the hole and crack length. The effective half crack length in Fw

c+2 Rad

is ( 5 Y.

* See Figure 3 for geometry definitions.

Cc-1

ST N T T S




S T T TR R TR

g

Double through crack at hole.
=
Kc °8 Fb Fw vYTe

p o o(1.2133-2.086+.8727 s%)
b e

S = D/(Rad+C)

F = /;ec m{c+Rad)
w

w

Fb is an equation which fits Bowie's (Ref.C-3) numerical data
for the effect of the hole. Fw is a modification to Feddersen's
(Ref. C-1 ) equation to account for the affect of finite width.

(c+Rad) is used as an equivalent half crack length in Fw .

General tabular description

Kc = P F(c) Ymc
F (e¢) is tabular input data.
P is applied load competible with F(¢)

Since numerical datea mey be generated by using a number of
solutions (e.g., effect of hole and effect of width), the program
has the capability of combinipg a number of tables to generate
F(c). As many as three tables Fl(c), F2(c), F3(¢c) may be input

and F(c) 1is set equal to the interpolated value of

F(ce) = Fl(c)xF2(c)xF3(c)

The format for the stress intensity factor table is:

P P

:
|
i
:
?

PR S
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Fl F2 F3
c(l,1) F(1,1) c(2,1) F(2,1) c(3,1) F(3,1)
C(l,Z) F(lﬁz) C(2,2) F(Zoz) 3(3’2) F(393)

c(l,zl) F(l,ll)

C(2|22) F(Z,Ez)

C(3’£3) F(3p£3)

If only one table is read in, F2=F3=1.
be E 250
P d lug - two through cracks
P 1.05

K¢: * [Zth NEy) x ¢P +

b = Y[bgrc ¥ bgr5) * T

. (1.2133-2.086 x 5 + .8727 x S2)

B - . °®

S = c¢/Rad +. C

¢ e ™ /gec%— £3(Z/H)

(see Table Cl)

21 and 22 and 23 nust
xre
W ¢c

0,
¢o,c = 7T%%Z x £2(z/V (see Table Cl)

bp * %[¢p.c MR ¢p,H]
bpp = 1--08GEH) 4+ 2.69F -.01Eh)’
bp = 11___ i-.S(%i) + 957352 - 163E°
¢P,c 1 (see Table C1)

Z =

Rad + C

- ;F=ii £1(z/b)
1-54
w

Cc-3




-0

Z ooz Eew/) 11 Eeor f (bew/2) 12 22/ 3
0.00 1.00 0.00 1.00 1.00 0.00
.06 .98 .06 .98 1.0542 .1666
.12 1, .13 .96 1.0666 .20
.19 1.06 .18 .955 1.075 .25
.34 1.24 .20 .95 1.0916 .333
<40 1.3 .26 .95 1.25 .50
.48 1.36 .32 .955 1.333 .5714
.54 1.38 .62 1.0 1.4166 .6315
.60 1.395 .70 1.01 1.625 .80
.72 1.395 .76 1.01 1.75 .8888
.80 1.38 .80 1.0 2.00 1.0909
.86 1.36 .86 .98 2.24 1.2632
.96 1.32 .90 .96 2.72 1.60
1.0 1.297 .94 .92 3.64 2.1819
.97 .88 6.416 2.6666
1.0 .826 8.00 4.8007
TABLE CI- Functions for Pin Loaded Lug




The stress intensity factor is composed of two basic parts,
that due to the uniform stress (P/Wth) and that due to the
pin load P. The subscript ¢ in the equations, applies to the

former and the subscript P refers to the latter.

The 1.05 factor on the pin load portion is there to account
for the extra driving force due to the presence of Mode II

stress intensity factors as well as Mode 1I.

The pin load and uniform stress portions of the expression
are composed of factors accounting for the effect of the
hole (subscripted byib), the effect of the circular end
(subscripted by C) for the effect of the straight sides
(subscripted by S). The latter contains effects of the
finite width (subscripted by w), and height subscripted

by H.

P R S P

T S
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The expression for the effect of the hole has been described

above. ¢° s combines Feddersen's width effect and a tabular
»

description of the effect of the height taken from the data
of Fichter (Ref.C=4). ¢° e is a8 tabular description of pg. 11.6
»

of Ref. C-5) . °p 18 a tabular description of pg. 11.9 of
» .

Ref, (C-5) ¢_ . 1s teken from Ref.(C-5) and ¢ is the width R
p,H PV v ;

effect presented by Tada (Ref. C-7 ). The effective half crack

length used in Rad + C. |

Pin loaded Lug - single through crack

z+er /z-e [

- P 1 g — A"C

K. 2th ____.(_2_..3. z+e ¢P + W ¢g
Yyne

o g (¢o,c + ¢c,s) I"B

L (1.2133-2,225 s + .6451 §2)

L=
"

T

c/Rad + C

Ysec

0,5 23‘

"
]

F3 (2/H)

o
.

”
E ]
ol
1

<
2

F2 (Z/b")

¢P - k[Qp»c + ¢Pvu ¢P'V]




2 3
1-.08(%£)+2.69(%£) -.99(%5)

g
[}

2 3
- -.5(¢ 2y 2
¢ b [1 .S(b')+.957(b') 016( ') ]

pP»yh b
1""%1
)
6 = == F1(z/B")
psc 1_&
b'
2 C+2Rad
2
e = C/2

The above exceptions are generated in a2 similar manner to the

double crack case except that:

a) The single crack expression for the hole effect is used.

b) The effective half crack length is (C+2Rad)/2.

¢) The effective half width is taken to be % - %

Double crack at double notch

K - ¢8/?Z £4 (S,height/b)F

c (See Table C-2)
S = c/b+ec
b+c 4 .
F.  =[1+.122(C0Sn(==%)) -\/Tw m(b+c)
w A tan
1,132 m(b+c) v

Where l"“7 is a modification of the double edge cracked tensile

formula given by Tada (pg. 2.7) (Ref.C-H.

!

TS




A T

At R A h A
v

Height/b

Function For Cracks at Notches

l I"
, b
4 (S, height/b
51 1.05 ].1 2 3 v 7€ T8 1
0 11.22 5.02 |3.55 | 2.51 |2.05 |1.77 | 1.45 |1.25 | 1.122
s 9.5 5.0z |3.55 | 2.51 |2.05 |1.77 | 1.45 |1.25 | 1.122
333 | 8.4 |5.02 |3.55 | 2.51 |2.05 |1.77 | 1.45 [1.25 | 1.122
= l|s.8 la.1 |3.8 |2.s1 [2.05 [2.77 | 1.45 |1.25 | 1.122
1 3.5 |3 2.8 | 2.4 |2.0 [1.77 | 1.45 |1.25 | 1.122
2 2.3 2.2 |2.2 |2 1.8 | 1.7 | 1.35 |1.25 | 1.122
4 1.5  l1.45 |1.4 | 1.35 |1.3 |1.25 | 1.2 |1.18 | 1.122
00 | 1.122 |1.122 |1.122| 1.122 |1.122|1.122| 1.122 |1.122| 1.122
TABLE C-2

P T
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}
F4 (S, height/b) is a table constructed from the curves presented
by Tada (pg. 19.13) for a crack emanating from an edge notch is a
semi-infinite sheet.
) Single crack at single edge notch. -
|
2 . K, = ¢g /ynC £4(S, height/b) F.,
] b+c "r(b-l-c:)j-"i
r . _.752+2.OZ(T)+.37(1-Sin—2—‘;—j§_\ oW on 7 (brc)
v 1.122 COSz(b+e) JVmbre) 2¥
2w

T T

S = c¢/b+c
Where F& is a modification of the single edge cracked tensile |

formula given by Tada (pg. 2.11, Ref. C-5).

Cracks coming out of shoulder
Kc - ¢g¢ﬂC £4 (S,g) Fw (See Table C=-~2)

-

4 , —
F, =|1+.122(cos (1‘-%&'19))) ;'\/“—- tantibte)

1(b'+ec) w

e

1.122

g = £5(524, w/a)
(See Table C-3)

b' = (w=d)/z

S = c/c+b’

The above solution for the stress intensity factor is based on

using the solution for the case of cracks coming out of a doubly

-



N | R
£5 (222 w/)
w/d
L.o1 1.02 1.05 1.07 1.1 1.15 1.2 1.3 1.5 2 3
02 01.75 | 1.2 .95 .87 | .82 |.75 55 |.44 |3.6 |2.6 |.18
.04 |3 .75 | 1.38 | 1.25 | 1.12 |1.15| 1.15 1.1 |1.35)1.7 |3
.06 & 2.8 | 1.85 | 1.63 | 1.5 [1.5 | 1.45 j1.42 )2 |5 %
.08 l4.5 | 3.5 2 2 1.87 |2 1.85 |1.84 3.5 |5 |7
1|5 4 3 5.7 | 2.3 |2.6 | 2.25 |3.3 |4.4 |6 |8
5% 12 {6 4.3 | 3.3 |3.1 |3 4.4 | S 5 5 6.5 |9
TRy 4.7 3.6 3.5 3,5 |5 6.3 |6 6 7 10
.18 |8 5 4 4 4 6.5 7.5 17.5 |8 |9 {11
.2218.5 | 6 4.5 | 4.4 | 4.5 |7.5 g.5 |8.5 |9 {10 |12
.26 |9 6.5 | 4.75 | 4.7 | 4.75]8.5 8.5 |9.5 |10 |11 |12
.39 7 5 5 5 9.5 | 9.5 |10 |11 ji2 12
TABLE C-3
c-10

e e A . .
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notched plate, whose notch dimensions are chosen such that the
notch depth is equal to (W-d)/2 and the notch height is such

that the stress concentration factor in the shoulder is the same
as that at the notch. The table used to generate '"g" is developed
using the stress concentrations for a shoulder fillet (Ref. (C-6)
and the stress concentration factor for a notch in a finite width

plate.

Part Through Cracks

Basic Part through crack solution.
B = minimum (a,c)

K =¢_ VrE F (a/c,2)
c g

(See Table C-4)
K = og V7B F (alc,l)

a
Where the function F is given in Table C4and accounts for the

effect of crack shape.

The stress intensity equations for part through cracks in varying
geometries were constructed using the above relations, the through
crack equations for each geometry and the following rules.
1) The effect of the back surface on the stress intensity
factor at the crack depth is considered for the center

part through crack. This factor is




et i

TABLE C-4

Part Through Crack Shape Factors

[ ]
S~
0

. o
o
f -3

.07
12
.15
.21
.34
<58
.72

. 775
.86
1.0
1.25
1.49
1.785
2.325
3.45
5.0
6.66
10.0
25.0
50.0
100.0

10000.

F(a/c,1)
1.122

1.11
1.10
1.08
1.07
1.04
0.97
0.84
0.77
0.75
0.75
0.655
0.65
.63
0.61
0.57
0.5
0.43
0.38
0.31
0.17

F(a/c,2)

0.17
0.27
0.37
0.42 -
0.5
0.6

0.74
0.75
0.76
0.775
0.82
0.86
0.9
0.96
0.975
0.99
0.998
1.0
1.0
1.0
1.0

1.0

s o o g




2)

3

4)

back = 1 * 553 [o.qss (%)- 0.2315 (%) 2

- o.3s73(%)3 + 5.28 (%}4 - 9.11 (%) > 4 5,233 (%) 6}

x[1.109 - 9.2 2]+ s1.se(-3 " se.ss ;c)s
+ 65.5(-%;']4 (Ref. C-7)

For cracks coming out of holes, notches and radii, there
is strong evidence (Ref.C-8 ) that the effect of the back
surface effect is minimal and therefore it has not been
included. |

In using those parts of the through crack equation that
deal with the effect of a local stress concentration (such
as the Bowile correction factor FB) the effect of the
stress concentration at both the surface and depth of the
crack is evaluated by using the leading crack position.
The use of other positions (and therefore higher factors)
has been shown to be an over estimate of the effect.

In accounting for the affects of finite widths, the actual
rosition of the portion of the crack fron; for which the
stress intensity 4is being evaluated is used in calculating
the effect of the finite width.

For an embedded flow, care is taken that the free edge of
the notch or hole is not accounted for twice (i.e., through

the basic ptc equation and through the through crack equations)

S

e Nabiged




thus, it is necessary to factor out 1.122 from the
combination of ptc and through crack equations.

5) For the embedded flaws, the roles of F (a/c,2) and
F (a/c,l) with respect to the stress intensity at the
depth and surface are switched.

6) "a" is always taken to be in the thickness direction.
is always perpendicular to the thickness directions and

ijdentical to the through crack.definition of "¢

C-14
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Transition Crack
Kc - Kc C+Cb
2
wvhere
c+C
Kc bl is the appropriate through crack equation
— ‘
with "¢" replaced by(C-i-Cb
T

f 2 B]
- CB
Ka = | [(CB/C)/A 1—(1-('0—') )

Kc is the stress intensity for the leading portion of the crack
front and Ka is the stress intensity for the trailing portioan.
The above equation is an approximate expression developed by

R.M. Ehret (Ref.C-9 which predicts observed crack growth behavior.

;
:
|
]




e Xa X3

s R laNaNala)

ann

POV WN -

.

20

30
32

34

COMMEN X012425)9Y112425)4TASLE(12425425)4FIXED,KCPEF KAPPF,
1 PROCFXGNKTMXGNOX (12) yNOYUL12)yNTAS(I0) o IPLOTL,IFAILoCUMSUM,PLYC( 2)

COMMON Ao AP 2) gL IMJAOLI(2)yCoCByCLIVMGCRI2510,10)9COeCUME,

CUMELMLCIB14D(221010)sDKeDKELDXD Xy ""FC'HQINC’KCL JKC 1eKOL,

KOAJKOC yKCRAJKCRC g KMAX gCAZNCyPI R 4RADZREJRYDOL(2) 4ROLL2Z),
SIGySTGLMySICYySTIGYSIIC) ¢SMINI422) 3SMAX(422)3TH,
UNITU4L22)gWeDNCTMPGOF LTMP NXTMP,

ALOWNgBLICK 3 FLAGL 3 141CDI2) y1CK(2) 4ICRI2)4,1I0LOCK,IFIRST,,IPRN(S),

ISTEPy VIRANS y JoKTYPE(2) yNCHyRNEQULO) yMRyNRETU1I0) 4 TYPF,L,TITL
DIMENSICN THICK(L1O0)4PCTLF(10),A1(10),C1(10)
DIMENSION FLI&33) ,KTYPO(2)yKTN(Z,2)
DIMENSION HMIN(«22) ,FMAX(422)
INTECER ALCAMBLOCK 4FLAGL 3 TYPE(S22) 4ONSTEP,TITL(20)
INTEGER HNSTEP

INTEGER FDL(2),k02(4),pD3(4)

REAL KCLyKC1 KOLyKOA(10) 4KOCI10Y3“CRAILI0)KCRCI10)XKMAX,INC

REAL LIFE(L10)KCPRFKAPRF

DATA PD1 /«HE A ,4HR (C /

DATA PD2 /4HA/C J&HFIXF yuHl g ¢HA /

DATA PD3 /4w s &4HN AL oM /

DATA FL /4H DEPaHSIURF,AHBRFEAgGH TRAZ4HTH
: A 4H "-F Q‘OHP‘J"HQH"'!"N /

DATA KTN /4H PTy«HTRANJGH TebHE = g4HS = 4iHC =/

DATA KEND /«H END/

INITIALIZATION FCR ALL PUNS

DO 10 I=1,2
DC 10 J=1,1C
NTAR(J)=0

Ne 10 K=1,1C
D(IeJyK)=0
CR(I,JyKI=0
PI=3,1415927
DCT"9=00
DFLTMP =0,
DXTM°=0 -
ONSTEP ==1
NR=0

READ TITLE € CNNTEOQL INFO FOR ALL PUNS

MELUCK= MAX BLNCXS PFR RUN
METOP = PRINT FREQ (STFPS)

NRUNS = # RUNS TC EE MADE
MBLOCK= PRINT FRFEG (RLOCKS)

READ (5,5001) (7ITLI(IV, 1=1,20)

READ (5,5002) NFUNSGMELOCK yMRLUCK ¢yMSTEP
IF (MBLOCK) 30420,3¢

MRLOCK=NBLOCK +1

CENTER TITLF

DO 32 I=l,14
IF (TITL(I).EQ.PD3(1)) 6O TP 34
CONTINUE

GC T0 100

1F (1.6E.13) GO TC 100
T1=(13-1)1/2 + 1

K=14=1-11

T1=14-11 D-1

V}QALLACH.,
POOR QUALITY

]

2+HACF J4HKTHR 44FNSIT,

00000010
oecoocze
00GO0050
00000040
00000050
00000C&O
00000C70
cococcao
000C¢0090
00000100
00000110
cco00111
00000120
0CC00121
00000130
00000140
00000150
0CC00160
0Co00170
0CCCC1AD
o60n0 190
00000 200
00000210
0con0220
00060220
occenz240
00eceY2zEo
00000260
00000270
ooo002¢0
000N0290
00C00300
0000021C
n0000 =20
00000330
00000340
00000240
00000340
eocCe370
00000280
00000390
00000400
00000410
0noon42ce
00000430
0CoCe 440
00000450
00000460
00000470
0000Q04ED
000n0 490
0CCP050C
00000510
00000520
00060530
00000540
00000550
0no0ONs 60
0nenos 70
000nNns8n

-
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o000 O0n

[aXa el

o

I2=11-1+1

DO 36 L1=12,11
L=T1+I2~L1
J=L-K

TITLIL)=TITL(Y)
TITLIJ)=PD3 (1)

36 CONTINUE

110
120

130
140

8no
810

820
830

- 840
850

860

870

&R0

- 890

900

910
920

TTTTPLOT 50 YO GENERATE PLOT

1

~ READ CONTROL INFC FOR INDIVIDUAL RUN

CSTRS = STRESS MULTIPLIER NSUP = 0 TO SUPPRESS RETARDATION
NGENM = 1 FOR GEOMETRY INPUT

- NMAT == 1 FOR MATERIAL INPUT NPROOF= 1 FOR PRODF INPUT

ITERTP= ITERATION TYPE (OPT) 1ITER = # OF ITFRATIONS

BLIFE = DESIRED LIFE IN BLOCKS
PCYCLES(1)=PLOT FREQ (CYCLES) (COPT)

NLOAD = 1 FOR LDAD INPUT

PI1TY = CONVERGFNCE PARAM

~ 100 READ (545003) CSTRSyNIUPNLNACJNGENMoNMAT o ITERTP, ITFRGPITHBLIFE,

NPROOF 4IPLOT ,PCYCI(])

IF (ITER.LT.1) GN 10 110

IF (ITERTP.FQ.C) €O TO 4C20
IF (ITERTP,.GT.4) GN TN 4020

B0 120 K=1,10
NRET(K)=NSUPENRET (K )
ITCNT=0

1F (IPLOT.EQ.O0) CC 7O 130
IPLOT=1

"IF (PCYCU1).EQ.C) GO 70 130
IPLOT=2

IF (ITER=10) 8B00,R004140
ITER=10

'READ LOAD INPUT

IF (NLOAD-1) 910,810,910

RFAD (545004) NSTEPGIR,SIGLM

IF (MSTEP={ONSTEP41)) 820,830,820
IF (MSTEP) 840,830,840
MSTEP=NSTEP+1

DO 850 1I=1,NSTEP

READ (5,5005) SMAX(TI)oSMINCTI)UNIT(Y),TYPEL])
IF (IR=1) BR0O,8A0,880

DO B70 I=1,NSTEP
SMINI(T)=SMIN(I)*SMAX(])

1F (CSTRE) R90,°10,Rr9C

SIGLM = CSTRE=SIGLM

NO 900 1=1,NSTEP
SMINII)=CSTRExEMINI(T)
SMAXII)=CSTRS*SMAX(T)

READ GEOMETRY INPUT

IF (NGEDM=1) 1100,920,1100

READ (5,5004) KTYPO

READ (5,5006) WyTHyCOyA04H4RAD
OTH=TH

OAQ=AD

oco=Cco

IF (KTYPO(1).LT.1) GO TO 40320

IF (KTYPO(1).GT.3) GO TO 4030 .o

00n0005%0
00600600
0CC00610
00000620
0000NE20
00000640
00000650
0C000660
00060GHKT0
000006F0
000006%0
00000700
000007%0
00000720
00000730
00000740
00000750
00000760
00000770
00000780
C00097%0
0000OR0OC
00000810
00000820
00000830
000CC0RLO
00000850
00000860
00000870
00000880
00000890
00000900
00000910
000C0920
0000092C
00000940
00000950
00000940
06000970
00000980
00000920
00001000
oooc1010
00001020
00001030
000010«0
00001050
00601060
00001070
00001080
00001090
00001100
00001110
00001120
00001130
00001140
00001141
00001142
00001150
00001160




. 930

N
s EeNeNale]

940

Qe80

090

‘1000

1020
1030

? < 1040

1060

1070

IF (KTYPO(2).LT.1) GO 7O 4060
IF (KTYPOI2).GT.17) GC T 406C
IF (KTYPO(2).EQ.T7) GO TC 940
IF (KTYPOI(2).EQ.16) GO TC 930
IF (KTYPOL2).FEC.17) GO TC 930
GO TN 1100

C1Bl = FUNTS(RAD/HW/H)

GC 70 1100

READ X,Y,TABLE ARRAYS(1-6) FCR INTERPOLATION

NKTMX = NONE KALF ¥ AREAY ELFMENTS

READ(5,5002) MKTMX

IF (NKTMX.LT.1) GO TO 90

IF (NKTMX .LT.4) GC TD 990
WRITF(A,A024) NKTMX

€TOP

NTABLE=é&

N1=1

N2=2%NKTMX

Ne 1090 NT=NT4N?

IF (AQNEL.0L) GOL TC 10006
T=MCD(NT,2)

IF (1.NF,0) GO 70 1000
XINT,41)=0.

Y(NT,1)=n,

NOX(NT)=1

NOY(NT) =1

TABLEINTy1,1) = G

GC TO 1090

REACIS5,5009) YX(NT,1 ),LEND
I=1

IF (LENDJ.EQ.KEND) GO TC 1020
NC 1070 1I=2,72°%

RFAC(5,5000) Y(NT41)eLTND
IF (XINTRI)LEXU"TLI=1)) GO Tio «00C
IF (LFND.FO.KFEND) GFf TN 1C3C
GG TO «010

NOX(NT)=1

IF (ACNF.Ga) GO TO 1040
V‘NT,I)‘C.

YI(NT,2)=1.

I=2

GO TO 1070

READIS,500G) VYINT,1),LEND
1=1

IF (LEND.FGQ.KEND) €C TO 1070
DO 1060 1=2,25

READ(5,5CC9) YI(NTL1)eLEMND

IF (YINTLI)LEYI(NRTLI=1)) GO TO 4CO0
IF (LEND.IQ.KEND) GC TO 1070
GO TO 4010

NOYINT)=T

I1=NOX(NT)

I12=NOY(NT)

rC 1080 I=1,I1

READ(5,5008) (TARLF(NT,I,13), I3=1,12)
IF (AC.NF.0.) GO TC 108G
TARLFINT,1,2) = TARLFINT,I,1)

00001170
occol18c
00001190
00001200
00001210
0oce1220
00001230
0CL01240
oooee12L0
00001260
00001270
00001280
00001290
o00C 1300
ocoo1310
no001320
00001330
00001340
00001350
00001360
0000137C
nNNO1380
00001390
00001400
00001410
00001420
00001420
000N1440
00001450
0C00T46C
00001470
D00014EN
00001490
00001500
00001510
coCco01520
000015730
00001540
ocon1i1s50
00001%60
00001570
n00C1S5¢C0
00001585
00001590
0G001¢00
00601610
00001 620
oCcoN1A20
00001640
00C014650
00001660
00001670
00001 680
00C0VAS0
00001700
00001710
00001720
00001720
00001731
00001732




?

N

1080
" 1090

)
OO

‘1100
1110

CONTINUE
CONTINUE

READ MATERIAL INPUT

IF (NMAT-1) 1490,1110,1490
READ (5,5002) NJ

NTABLE=6

B0 1450 Jsi N 00090080 0

NTAB(J)=0
READ (5,5007) SIGYS(J)4NEQCIJ)NRET(J)NDUP,

T 1 KCRCTJ )4 KOCTINGKCRALIID 4KOALY)

NRET(J)=NSUP®NRET(J)

TTTTTIF INEQUITLNELAY GOVYD 1240 0 0 T T

READ X,V TABLE ARRAYS{7-12) FOR NEQ(J)=4 £ J<&

- NTABLE=NTABLF+1

IF (NTABLE.GT.12) GO 70 1340

 NTABUJ)I=NTARLE

IF (J.6T7.3) GO 70O 1240

NI=NTARTJ)

N2=N1+1
DO 1230 NT=N1,N2
IF (NDUP.FQ.1) 6O TO 1140

= RNINE Y -

1IF (TI.NE.O) GO 70 1140
I=NT~1
NOXINT )=NOXI(T)

~ NCY(INT )=NOY (1)

1120

‘1130

oO0n

1140

1160

1170

(s N aNal

I1=NOX(1)

ey

DO 1120 13=1,12
YINTL13)=V(1,13)

DO 1130 13=1,11
X'N"13’=x(1913’

DO 1130 14=1,12
TABLEINT,I3,14)=TABLE(I,13,14)
GO TO 1230

READ X ARRAY

?EAD(595009) X{NT,1)sLEND

i EEsaednasaia e 2

IF (LEND.EQ.KEND) GO TO 1170

DC 1160 1=2,25

READ(5,45009) XINT1),LEND

IF (XINTLI)LESXINTLI-1)) GO TO 4000
IF (LEND.EQ.KEND) GO TR 1170

GO TO 4010 : =
NOXINT)=1

READ Y ARRAY

READ(5,5009) Y(NT,1)sLEND

ot , .

IF (LEND.EQ.KEND) GO TO 1200

DO 1190 1=2,25 Ded

00001733
00001740
00001750
00001740
00001770
00001780
0C0C1 790
00001800
00001810
00001820
00001230
00001840
00001850
00001 86C
00001870 -
00001880
00001890
00001900 .
00001¢%10
00001920
00001930
00001940
00001950
Q000031960
00001 970
000N1 960
00001990
00002000
00002010
00002020
00002030
00002040
00002050
000062060
00002070
000020#0
00002Ce0
00002100
00002110
000062120
00002130
000062140
00002150
00002160
00002170
00002180
00002190
000022060
000C2210
00062220
00002230
00002240
0C002250
00002260
00002270
00002280
00002290
00002300
00002310
00062320




aEalal

1190

1200

1210

1229
1220

1220

1250

1260
1270
1260
1290
13CO
1310

1340
1250

1360

1270
1380
1390
1«00
1410

1«20

READ(545009) YINT,,I),LEND

IF (YINTLI).LE.YINT,LI-1)) GC TC 4000
IF (LENDL.EQ.XKEND)Y GO TO 1200

GC TO 4010

NCY(NT)=1

11=NCX (NT)

12=N0OYINT)

DO 1210 I=1,11 :

READ(5,5008) (TARLE(NT,I413), 13=1,12)
I3=NCYINT)

12=13+1

NOYINT)=T12

YINT,12)=1.

DO 1220 1=1,11
TABLF'NT'I'l?,zTAaLF(’T']'11'
CONTINUIY

NTABLF=MNTARLF+1

GC TP 1340

RFAN C AFRAY FOF NFGIJ) NOT = &

no 1250 I=1,1C

D(ly14J)=0

DI2,1,J)=0

D0 1260 1=1,10

READ (5,500%) D(1,T,J),L"ND
IF (LENDLEQ.KENL) GO TN 1270
GO TO 4070

IF ("D1r=1) 1280,1300,1286
DO 1290 I=1,10
D(2,14J)=D(1,1,J)

GO T0 1340

oM 1210 I=1,10

PEAD (5,5009) N(Z4T7,4,J),LEND
IF (LENDLJEQL.KEND) GO TC 1340
G0 TO 4070

IF (NRFT(J)) 1350,1450,135C
DC 1360 I=1,10

CR(1,1,0)=0

CR{2,1,J)=0

DO 1270 I=1,10

READ (5,5009) CRI1,4,1,J)4L°ND
IF (LEND.FQ.KFND) GO TO 1380
GO TN 4070

IF (NDUP=1) 139C,1410,1390
N0 1400 I=1,10
CRI2,14J)=CR(1,T1,4)

GN TN 1450

DO 1420 I=1,10

READ (5,5006) CR(Z,14J),LFND
IF (LENDLEQ.KEND) GO TN 1459
GO TC 407C

COANTINUE

READ PRNOF INPUT DATA

IF (NPPOOF.FL.0) €0 TN 1500
READ(%5,5010) FIXED JKCPRF ¢KAP2F ¢ XLOWXUIP,PROCFX,ITND

INCREMENT RUN # £ VFIRIFY COAMPLETE INPUT
D-5

0C002330
00002340
00002350
000023460
00062370
900023¢0
00002390
0nonN2400
00002410
00C02420
00002430
00002440
00002450
NN0C 24460
00002470
000024€0
00002490
00002500
00002510
cCc002520
00C02£320
0CCC2540
6002550
00002560
0NN02570
oconzsso
000025%0
cCco2¢0C
0ne9J2¢€10
00002620
000L2630
00002640
00002450
00002660
00002670
00002680
00002690
00002700
oceon2710
coce2729
0noc2730
00002 740
00002750
ocoez7aC
00002770
000027RC
00002790
00002800
00002810
00Ccn2820
006028130
00002840
00002RE0
00002860
000062870
0C002880
oaocn2ge0
ceccoz2ece
0nCco02910
n0002920
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C
1500 NR=NR+1
IF (NR=1) 1510,1510,1%30
I510 I=NLOAD+NGFOMeNMAY — — /" ===~ Gomarninl e as
IF (1=3) 40%50,1520,405%50
1520 OCSTRS=CSTRS
ONSTEP=NSTEP
GO TO 1620 = 8
1530 IF (NLDAD=1) 1540,1520,1540
NN IF IUCSTRS=CSTRS) 19903800000 -~
1550 1F (OCSTRS) 15804 156041580
1560 DO 1570 I=1,0NSYEP :
SMINILI)=SMINI(] )*C STRS
1570 SMAX(I)=SMAX(I)*CSTRS
' SIGLM = CSTRS*SIGLM
G ESTRESES TR — =~ e e - = e
G0 T0 1620
"1580 DO 1590 I=1,CNSTEP
SMIN(I )=SMINMIT)/ONCSTRS
1590 SMAX(I)=SMAXI{I)/OCSTRS
SIGLM = SIGLM/DCSTRS
TOCSTRE=CSTRS SR
IF (CSTRE) 1600,1620,1600
1600 DC 1610 I=1,0NSTEP
SMINIT ) =SMIN(T )*C STRS
, 1610 SMAXII)=SMAX(I)*CETRS
1 SIGLM = CSTRS*SIGLM
T620 HNSTEP=NSTEP
, HSIGLM=SIGLM
T MCSTRS=CSTRS
DO 1622 1=1,HNSTEP
HMINIT )=SMINCT)
1622 HMAX(I)=SMAXLI)

1625 1IF (IPLOT.NE.T) GC TO 1630 ooy e
K=NBELOCK/MBLOCK
IF (K.EOQ.0) GO TD 4040
K=NSTEP/MSTEP

IF (K.EQ.O0) GO TO 4040

" DISPLAY ALL INPUT FOR EACH ITERATION CF EACH RUN
1630 WRITE(6,8002) NRyNRUNS,TITL

"DISPLAY LOAD INPUT

Rl Lol alats

WRITE(6,B003) CSTRELSIGLM

BCYCLE=O.

DO 1640 JI=14NSTEP

| BCYCLE = BCYCLE + UNIT(J1)

| 1640 WRITE(6,8004) J1,SMAX(JL) oSMIN(JLI)JUNITEIL) ,TYPE(J])

‘DISPLAY GEOMETRY INPUT

oO0On

WRITE(6,8005) KTMIKTYPO(1),1) JKINIKTYPO(1)y2)KTYPCI2)yWoHyRAN, TH
IF (KTYPO{1)-3) 1660,1650,1660
1650 WRITE(6,8007) CO
GO TO 1665
1660 WRITE(6,8006) AC
WRITE(6,8007) CO

1665 IF (KTYPOI(2).NE.7) GO TO 1750 D=6

00002930
000C2940
00002950

- 00002960

00002970
00002980
00002990
00003000
00003010

00003020

00003020
00003040
00003050
00003060
00003070

- 00003080

00003090
00003100
00003110
00003120
00003130
00003140
00003150
00003160
00003170
000031F0
00003190
00003191
00003192
00003193
00003194
00003195
00003196

00003200

00003210
00003220
00003230
00003240
00003250
00003260
000N3270
00003280
00003290
00003300
00003310
00003320
00003330
00003240
000N3350
00003360
00003370
000033860
000033%0
00003400
00003410
00003420
00003430
00003440
00003450
00003460




C
c

(v
c
c

1670
16R0

1690
1700
1710
1720

1730

1740

1750

1760

1770

1780

1760
1600
1810
120

1820

© 1840

N1=2%NKTMX

DO 1740 NT=1,4N1
11=MODI(NT42)

IF (T1.FQ.0) GP TO 1670
HRPITE(E,2014) NT

GO T 1680

WRITE(6,8017) NT

CONTINUE

12=K0Y(NT)

I1=NOX(NT)

Jl=1

J2=8

IF (J2-12) 1710,1710,1700C
J2=12
WRITE(6,4,8015)
nC 1720 I=1,I1
WEITE(648016) XINTLI)(TABLEINT 4T,1%),y 13=01,J02)
IF (12=02) 173C41740C,1730

J1l=J1+48

J2=J2+8

cC 70 1690

CCNTINUE

(YINTLI3), I3=J1,02)

DISPLAY MATEPIAL INPUT

WRITF(oyB8008)
CO 1760 J1=1,NJ
WRITE(6,°007) Jly STCYSIITIZNFQUIY) yNRETII]) ,KCRC(J1),KOCIJL),

1 KCRA(JY ) KIALID)

CCNTINUE
DISPLAY D &€ CR ARRAYS IF ANY
K=0

DG 1840 J1=1,0J
IF (INFOUIL)MEew) GO TP 1770

, Op
IF (J1.67.3) GO TC 1770 I
GO TO 1840 Ol"pIN‘lL Py
IF (K.GT.0) €C TC 1780 Oop QU GEIS
K=K+1 4[,1]?

WRITE(6,8C17)

DN 1830 92=1,10

IF (D(14J024J1)) 1E20417%0,41%20

IF (D(24J2,071)) 1020,1800,4,18K20

IF (CRU1,J24J1)) 1820G,141C,1820

IF (CR(2,J24,J1)) 1020,1C30,1F20
WRITE(G6,8011) JZ29J019D(14J2:J1)90(24424Jd1),

1 CRI1,J29J1)sCRI124J02,J1)

CONTINUE
CONTINUF

NDISPLAY TABLES 7-12 IF ANY

D0 1910 J=14NJ

IF (NEQUJ)I.NE L&) CC TC 1910
IF (J.GT.3) GO 7O 1°10
N1=MTABI(J)

N2=N1+1

DO 1°90C NT=N1,N2
WRITELL,8019) JWNT

00003470
00003480
00003490
00003500
06003510
00003520
00CC3530
006003540
00003550
0CO0C3560
00003570
000035¢€0
00003590
0N00N3600
00003610
00CC3420
00003630
0CG0N3640
00C03¢50
000603660
0C003670
00002660
00003690
0005700
00602710
00063720
00003730
0CO003740
0c0N3750
ACC03760
Q0003770
00002780
9000 3790
00063 E00
00003610
00CO03F20
00003830
00003840
0CNO3IES0
000G 3860
00003 &70
0000358R0
o00N3e90
0noC3s00
000D3%10
000034620
N0N0$30
00003540
n00603G%N
00003960
0C002570
000039¢0
00003960
00004000
00004010
000N4020
000C«020
00004040
2CCC4 050
QCO04 060




1850

1860
1870
1880
1890

1900
1910

e e e e e

c
c- -

1920

I2=NOY (NT)
T1=NOXINT)
Ji=1
Jesl
IF (J2-12) 1870,1870,1860

J2=12

WRITEL6,8020) (YINT,I3), 1I3=J1,J2)
DO 1RBO 1=1,11

WRITE(6,8021) XGNV.I’.(TABL§1N1.1313). !3'41'J2’

IF (12-J2) 1890,1900,1890
Jl=J1+8
J2=)2+8

GO TN 1850
CONTINUE
CONTINUE

DISPLAY PROOF INPUT IF ANY

IF (NPRNOF) 1940,1940,1920
NI=NPRODF+1

N1I=MODI(N]1,2) « 1

TF TIEND.GTL.0) GO TC 1930
TIEND=100

1930 WRITE(6,8018) NPROOF4PDIINL) ¢XLOW,PRODFX4PD1IM1 )y XUPoKCPRF,

1 PD2INPROOF) 4PD3(NPROOF) «FIXEDKAPRF 4 IEND

1940
1550

IF (ITFF) 19A0,1560,1950
K=ITCNT+1

T WRITE(6,8012) BLIFE,PIT,KoITERTP

1960

CONTINUE
INITIALIZATION FCR EACH RUN
ICK(1)=0

eEi2)s
I1CDt1)=0

- 1CD(2)=20

1970
3590

ICR(1)=0
ICR{2)=20
INC=,01
ING=0
BLOCK=1
I=1
ITRANS=0
IPRN(1)=~1
IPRN(2)=~1

IPRN(3)=-1

IPRN({4)=22NSTEP

FLAGL=0

CUME=0

KTYPE(1)=KTYPC(1)
KTYPE(2)=KTYPO(2)
PCYC(2)=PCYCI(1)

IFAIL=0

CUMSUHZOQ

IF (NPRCUOF) 1980,1980,1970
CALL PRDODF(AQLCOy XLOW o XUP LI ENDyNPROGF )
CONTINUE
C=C0
A=AQ
OA=A

00004070
00004080
000064 0%0
00004100
00004110
00004120
00004130
00004140
00004150
00004160
00004170
00004 1K0
00004190
00004200
00004210

~ 00004220

00004230
00004240
00004250
00004260
00004270
0000&280
00004290
00004300
00004310
00004320
00004330
00004340
0C004350
00004360
00004370
00004380
000043290
00004400
00004410
00004420
00004430
00004440
0000445¢C
00004440
000C44 70
00004480
00004490
00004500
00004510
00004520
00004530
00004540
00004550
00004560
00004570
00004510
00C045%0
00004 &00
00004610
00004620
00004630
00004£40
00004 65C
00004660




OoOON

OoOno

20C0
2030
2020

2030
2040
20%0

2060

2070
2080

2090

aNalal

aRalal

2100

2200

2210

2230
220

2250

2260
2270
2280
2290

2300

nc=C
AP(1)=CO
AP(2)=AC
RYOL(1)=0
ALOWN=0
RYOL(2)=0
KOoL=0
KCL=0
KC1=0

WRITE TITLE, #CYCLES/BLOCK, & FIPST DATA PONINT IF PLOT WANTED

IF (IPLOT.EQ.C) GC TO 200C
WEITE(T7,7010) (TITL(T1)y T1=1,1%),RBCYCLF
WHITE(T7,7000) A,C,CUMSUM

BEGINNING OF FACH STEP, FACH BL(CK

IF (MOD(BRLOCK MRLCCK) ) 2050,2010,20%0
IF (MOD(IMETEP)) 20°(,2020,2C5C

CC 2040 K=1,3

IF (IPPNIK)=IPRrIt4)) 2040,2030,2040
IPRN(X)=1PRN(K)=2

CONTINUE

IF (ITRANS=1) 2070,20&0,2070

CALL TRAMS

G0 10 2100

KT=KTYPE(1)

GO TO (2090,2060,2080), KT

CALL TCGROW

G0 TO 210C

CALL PTCGRW

HAS THE RUN FNDTD?

MORE=0

IF (ICRI1)+1) 2310,231C,220C
CumMf = 0

I=1+1

IS THIS THE LAST STEP COF THIS RLOCK?

IF (1I-NSTEP) 2000,2000,2210
BLOCK=RLOCK+1

IF (KTYPE(1).GT.1) CC TD 2230
IF (A-DAY2300,2230,42200

1F (C=CC) 23103042240 423200

IF (DELTMP=]1,F=F) 225(C,2300,23C0
IF (DXTMP=1.F=8) 226N42300,27300
IF (TTRANS=1) 227C422RC 42270

IF IKTYPE(1)GTLl) GO TO 2290
IF (DCTMP=1,.E=8) 229042200,2300
WKITEL6,6C20)

ING=1

GC 70O 2310

CA=A

oc=C

1=1

IS THIS THFE LAST BLOCK OF THIS R%?S

ORIGINAL PAGE 1=
DE POOR QUALITY

000G4LETN
00004 6FN
2C004 640
00C047C0
onSn&a71n
00004720
000047320
00C04740
0C004750
00CCLT6C
0C004770
00004 7RO
N0004& 790
0000~60C0
0coc4r10
00004820
00CO04F 2D
00004E40
00004BRED
OCCOLEAD
00004870
NCCO4BED
0COC4EQD
00004%00
N000&£910
00CC»9z0
00004930
N00C4 w0
00004950
000N4%sC
00004970
00004 SED
CN0N4%90
ooooscro
0noosol10n
00005020
oNees030
00005040
00C05050
00005060
00005070
00005080
00005CS0
00005100
000C5110
06005120
06005130
0c0Ns140
00005150
0000%1¢0
ooons1170
00005 1RO
00006GF 190
00005200
0G005210
06005220
00005270
00005 240
00605250
00005240




2310

c
c
c
c
c
C
C

2320

CLIFECITONT ) =rL0aT (BLOCK~1)+FLOAT(I)/FLOATINSTEP)
LIFECITCNT)=LIFECITONT)=((UNIT(I)=CUME)ZUNITII))/FLOATINSTEP)

IF (BLOCK=NBLOCK) 2000,2000,2310
ARE THERE TTERATIONS?

IF (1TER) 3000,3000,2320
ITERATION CALCULATIONS
ITCNT=ITCNT+1 e
THICK(ITCNT)=TH

ATCITCNT)=AO
CILITCNT)=CO

T TPCTLFUITONT I=LTFECITCNT)#100./BLIFE

2330
2340
2350

2360

2370

2380

2390
2400
2410
2420 A
2430

2435

2440

2450 WRITE(646022) THICKIK)9AT(K) ¢CI(K)oLIFE(K)oPCTLFI(K)

IF (LIFELTITCNT).EG.C.) GO TO 2435

"DIF=PCYLF (ITCNT)/100.

IF (DIF-.99) 234042340,2330

IF (DIF-1.05) 2440,2340,2340

IF (TTCNT-ITER) 2350, 2440,2440
MORE=1

IF (ITERTPLGT.1) GO TO 2400
DIF=(BLIFE/LIFE(ITCNT))*%x(1,./P17)
TH=TH*DIF

IF(CSTRS) 2380,2360,2380
CSTRS=1,./0IF

D0 2370 K=1,0ONSTEP

SMIN(K )=SMINIK)*CSTRS
SMAX(K)=SMAXIK)*CSTRS

SIGLM=SIGLM*CSTRS

OCSTRS=CSTRS

GO YO 3000

CSTRS=CSTRS/DIF

DO 2390 K=1,0ONSTEP

SMIN(K)=SMINIK) /OCSTRS*CSTRS
SMAX(K)=SMAX(K )/DCSTRS*CSTRS

SIGLM=SIGLM/OCSTRS*CSTRS

OCSTRS=CSTRS

60 TO 3000

DIF=(LIFE(IVCNT)/BLIFE)*%(2,./(P1T-2.))

GO TO (2350,2410,2420,2430), ITERTP

CO=CO%DIF

GO To 3000
AO=AO*DIF

GO TO 3000 -
AOOVCO=A0 L0
CO=CO*DIF

AO=AOCVCO*CO

GC TO 3000

WRITE(6,6160)

MCORE=0

WRITE(6,6021)

DO 2450 K=1,1TCNT

CSTRS=HCSTRS
NSTEP=HNSTEP

SIGLM=HSI1CLM

DO 2455 1=14NSTEP
SMIN(I)=HMIN(T)

00005270
Q0005 270
0000% 290
00005300
00005210
00005320
00005330
00005340
00005350

- 00005360

00005370
00005380
00005390
00005400
00005410

- 00005420

00005430
00005440
00005450
00005460
00005470
00005410
00005490
00005500
00005510
00005520
00005530
00005540
00005550
00005540
00005570
00005580
00005590

00005660

C0005610
00005620
0000% 630
00005 640
00005450
000G5640
00005 67C
00005 &F0
00005 650
00005700
0C005710
00005720
0Co00S57720
00005740
00005750
00005760
00005770
00005780
0C00579%0
00005 &00
000058610
00005811
00005812
00005813
00005F14
00005815




2cee

2010

3015
2020

2030

iz Ealal

3040

2050
3060
3C70

2900
‘4000

4010
4020
4030
4040
050
L060
«070

5001
50C2
€003
5004
5005
500K
5007
SC 08
£009
€010
600Y

SMAX( I)=HMAX(I)

TH=0TH

COo=CCO

AD=0ACQ

IF (ING=1) 3000,42460,3000
WRITE(648013)

WRITF FINAL DATA FOR PLNT IF ANY

IF (IPLOT.Ew.0) GO TC 304C

WRITE(T7,7000) A,CyCUMSUM

WRITE(T7,7020)

IF (IFAIL.GT.2) GO T2 3015

I1F (IFAIL.GT.O0) GO TO 321C

WRITE(7,7030)

GO T 3020

WRITE(7,7040) FLUTFATL 1) oFLITFATL 42 )4BLOCK 31 ¢CUMELCUMSUM
GO TO 3020

WRITE(T7,7070) (FLUTFAIL,I1), I1=1,2),BLNCK, I,CUMF ,CUMSLIV
IF (TTFR.fQ.0) CO TO 207320

WRITE(74705C) THICK(ITONT)oATCITONT )4 CICITCNT)

GO TC 3040 3

WRITE(7,7060)

IS THIS THE LAST RUN?

IF (MOREL.EQ.1) CO TO 1625

I1F (NR=MRINS) 205(0,3000,399N

IF (ICRt1)+1) 3060,4100430e0
IFLFLAGY) 10064100.30670
WRITEF(64601%) TRLCCKISTEPL,CUMELM
cO0 T 100

sTop

WRITE(E646100)

STOP

WRITE(6,6110)

sTOP

WEITF(6,6120) ITFRTP

sTOP

WRITE(646136) KTYPOI(1)

sSTOP

HRITF({64,6150)

sSTNP

WRITF(6,60G01)

STOP

WRITE(646130) KTYPO(2)

STOF

WRITE (646140)

sTOP

FORMAT(20A4)

FORMATI 14 ,164214)
FORMATIEIC.O461442E10.C42T14,E10.0)
FORPMAT(214,F10,.0)
FCRMAT(3E10.0¢1I4)

FORMAT(AF10.0)
FPRMATIF1D.0,314,-710,0)
FORMAT(6E 10.0)
FNRMATIF10.04 £6Xy AG)
FORMAT(6E10.0414)
FORMAT(34H1INCOMPLCETE INPUT SET, JNR ABENDED)
D-11

00005k 16
00005620
00005821
0NO0sr22
0000SR3N
000NEHLD
00005850
000058640
0N00S5 870
00005¢20
000C5FR9D
0000%59n0
06005910
00005%20
00005930
00005940
00005950
00005960
00005970
000NSeHC
NC0NS5S90
00C0&0%0
oceoesll
00006020
00006030
00006006
00006050
NO0ILNED
0CCCaOIT
0000A0ED
000G060%0
0000K1C0
0000K110
00CCs120
00000120
00006140
00006150
00006160
00006170
ooors1R0
00006190
00006200
00006210
gCcohhkzZ20
00006270
QoCne220
000CL 250
00006250
00006270
00006270
000CK29%0
0C0CAK300
0c0r6310
0no0K320
00006330
0000AK340
0000K35C
CCONK3ED
0C00e370
0000A380




\ r

4 20H1ITERATION TVYPE 28X, 14)

D-12

6019 FORMAT(3SHOLIKTT LODAD FRACTURE OCCURS IN THF ,16,7TH BLNCK , 00006390
1 144124 STEP AFTFER LIPF12.3,7H CYCLES) 0000640C
6020 FORMAT{10MHOND GROWTH ) 00006410
021 FORMAT(28H1 CITERATION RESULTS o//749%x, 00006420
1 1THPERCENT OF,/20H THICKNESS A 11X 1HCo9X 000046420

2 20HLIFE REQUIRED LIFEL//) 00006440
6022 FORMAT(1P4EL12,.3,0PF9,2) 00006450
6024 FORMATIIHOL,IB8HNKTMX OUT OF RANGE) 00006460
6100 FORMAT {1HO,35HX DR Y INPUT NOT IN ASCENDING ORDER) 0000647C
6110 FURMAG (IHOL19HMORE THAN 25 X OR Y) = e 00006480
6120 FORMATIIHO, *INCCRRECT VALUE FOR ITERTP = *,14) 00006490
4130 FORMATILIMHO, *INCORRECT VALUE FOR KTYYPE = ¢,14) 00006500
6140 FORMAT(IHO,20HMORE THAN 10 D OR CR) 00006510
6150 FORMAT(1IHO, 00006520
1 S55HPLOT REQUESTED BUT FREQUENCY DF DATA POINTS NOT DEFINED) 00006530
6160 FORMATIIHO,23HCALCULATED LIFE IS ZERDL/1H 00006540
1 27THITERATIONS CAN NOT PROCFED ) 00006550
T000 FORMAT(4HDATAL1P3F12.3) 00006560
T010 FORMAT (4HTITL 44X, 15A4,1PE12,3) 00006570
7020 FORMAT(4HHDORS) 00004500
7030 FORMATIAHHDR]L /AKHHDR2 3 /4HHDR3) 00006590
T040 FORMAT(wHHDRY 45X, 14HCRITICAL K AT ,2A4,BMEXCEEDED y/4HHDR2,16, 00006600
1 AH BLOCK;I545H STEPLIPF10.346H CYCLE ¢ Z/4HHDR3 98Xy 00006610

2 14HTOTAL CYCLES =,4E10.3) 000CAKEZ0
T050 FORMATIAHHDR4 311X o1 IHTHICKNESS =,1PFE10.3,/4HHDRS5, IBX,4HA0 =, 00006630
1 F10.3,/4HHDREJIAX,4HCC =4,F10,.3) 0000#640
TO60 FORMATILAHHDRA/4HHDRS J/LHHDRE) 00006650
TOT70 FORMAT(4HHDRT 43X 25HFRACTURE OCCURRED DURING 3 A4 ,/4HHDR2,16, 00006660
1 6H BLOCK,IS5,5H STEPLIPEL10.346H CYCLE y Z/4HHDR3 4B X, 00006670

2 14HTOTAL CYCLES =,F1C.3) 0000AK80
B002 FORMATIAHIRUN  T433H OFa14,5H RUNS 310X 42044, /16HO0OLOAD INPUT DATA) 00006690
RO03 FORMATIIH=y5X,15HSTRESS FACTOR L1PF12.3,/1H ,5X, 00006700
L15HLIMIT STRESS vE12.3,/1HO45X, 00006710
262HSTEP MAX STRESS MIN STRESS UNITSICYCLES) MATERIAL TYPE ,00006720
/7)) 00006730
B004 FORMATIEIN aXeldg?2X 3 1PF12.33E13.3,2X3E123,8X,14) 00006740
BOGS FORMATIIH=, 19HGEOME TRY INPUT DATA,/1HO,5X,20HCRACK TYPF 200006750
1 2A443T44/71H (S5X42CHWIDTH +1PE12.3, 00006760
2/71H (SX,20HADDITIONAL DIMENSIONG,EL12.3, 00006770
3/71H 55X, cOMRADIUS/NOTCH DEPTH LE12.3, 0000670

47 TH 45X, 20HTHICKNESS 1£12.3) 00006790
8006 FORMATIIH ,5X,20HCRACK DFPTH +1PE12.3) 00004800
B007 FCRMATIIH 5% ,20HHALF CRACK LENGTH 21PE12.3) 00006E10
BOOR FORMATIIH=,19HMATLERTIAL INPUT DATA,/IHO,58X, BHCRITICAL 10X, 00006820
1 9HTHRE SHOLD  9X 4 BHCRITICALy LOX 3 IHTHRESHNLD/1H (45X, 00006830
“256HMATERIAL YIELD GROWTH RETARDATINN STR(SS DOODLELD
3H63HINTENSITY STRESS INTENSITY STRESS INTENSITY STRESS INTENSITYOOO06E50
Lo/lH ,TX 42VTYPE CTRENGTH FQUATION MODEL y 9%, NOONARAD
SOHISURFACE ) 49X g 9H (SURFACE )y 10X THIDEPTH) 911 Xy THIDEPTH) /) 00006870G
BO09 FORMATILH 66X aTa X 1PE12.3,5X 4 14,8X 3T4,8X,F12,3,3(6X,E12.3)) 0C000ABRAC
BOL10 FORMATILIHO2LXe14H~ -y 18HEQUATION CONS TANTS, 00006890
114H e e e ~=9o/1H 337TH CONSTANT MATERIAL CRACK GROWTIH 4 000066900
22BHRATE RETARDATION MODEL 4/1H o1TH NUMBER TYPE,6X, 0000A6%10
342HSURFACE DFPTH SURFACF DEPTH) 00N06S20
B011 FORMATIIH 42Xelay6Xy1443X1P4EL12.3) 00004920
B012 FORMATIIMH=,20HITERATION PARAMETFERS ,/1HO,5X, 0000690
1 ZOHDESIGN LIFE 21PEL12.3,/71H 45X, 00006950

2 20MCONVERGENCE EXPONENTF12.3,/71H +5X%, 00006960

3 20HITERATION NUMBER 28X 14,/1H 45X, 00006970

0Cc006980




f""

#0013 FORMATIIH=, 18HITERATIONS STOPPEDNG/1IH
1 33HLAST PERCENYAGE LIFE 1S INCLRRICT,
2 /1IH J22HNO GROWTH HAS CCCURRFED)
FO14 FORMAT (IMHCy 10M TARLE ,1a,%: BFTA C*)
015 FORMATILIHO, 12X yauH A=, 7(1PF11.3,44x),%11.3)
E016 FORMATI(IH 4 2HC=,1PF10.3,8F15,.3)
£OY7 FORMAT(IMO, 10H TABLE 4144': RETA AY)
E018 FLRMAT (1H=, L6HPRODF INPUT DATA,/1HO5X s 10HPRODFE TYPE,9%,14,
l 7x0‘HLﬁHE.A‘.1PF,2.30,1" .Sﬁ.ﬁm’Rﬂ(‘F.6X'fl2-3o7704HUPPtva.
2 F1l2.34/71H 5X,11PKC PROCF 1E12e33TX92A03E12.3,/1H 35X,
T 11HKA PROOF 2pE12.3,TXy 16F1ITEFATICN LIMIT 414)
EC19 FUIRMAT(IHCy5X o 13HMATERTIAL TYPIL glae5X 3 SHTARLE 414)
5020 FORMAT(1HOy14XysH RE=gT(1PFlle3442)3E11.3)
t021 FORMATI(IH ,4HDKE=,1PF10.2,8F15,13)
END

0C0L699C

00067000
00007010
00007020
co0007C20
00007040
eCoU7CS0
00007060
00007070
00007060
00007090
0NGo71CO
oCcec7110
00007120
00007130




Vi

—
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SUBROCUTINE PROOF ( £04COyXLOWy XUP 31 END4NPROOF )
COMMON X(12425)9Y(12425) 3 TABLE(12,25,25) FIXED, KCPRF,KAPRF,

REAL KAPRF KCPRF

EXTERNAL FCT1,FCT24FCTI34FCT4,FCTS5,FCTALFCTY
IF (TENDJNE.O) GO TO 10

IEND=100

10 GO TO (10042004300,4400)4NPRCOF

7100 CONTINUE oo 5 =

T T TERC=TERC*ICR = Gz : ' S

CALL RTMItALl 43 TEROGFCT1 o XLOW g XUP9 . 001 yTEND,TER)
CALL MESSI(IER,AL,XUP)
IERC=IER

- CALL RTMI(A2,2ERD4FCT2yXLOW o XUPy o001 ,1ENDy1ER)
CALL MESSZ(IERLAZ (XUP)

IF (JTERC.NE.J) GO TL 2000
AC=AMIN1/ Al,A2)
CO=A0/FLXFD

60 T0 1000

200 CONTINUE

T CALL RTMIMCOLZFFN FCT3,XLOW4XUP, 001, IEND,IER)

CALL MESS2(IFR,CC,4XUP)
IF (IER.NE.O) GO TO 2000
GO 10 1000

300 CONTINUE

CALL RTMIGALSZZERODyFCT4sXLOW4XUP 3.,CO143IEND,IEK)

TTCALL MESSI(IFR,AL1,XUP)

TERC=]ER

CALL RTMI(A2,ZERDZFCT53XLOW 4XUP 3o 001y IENDyI1ER)
CALL MESS2(IER,AZ, XUP)

IERC=YERC*IER

ITF (IERC.NE.O) GO TC 2000

- AO=AMINI(21,A2)

CO=FIXED
GO TO 1000

400 CONTINUE

CALL RTMIMCY9ZERDGFCTALXLOW¢XUP 4,001, IEND,IER)
CALL MESSICITR,C1,XUP)
TERC=TER :
CALL RYMY(C2yZFROZFCTTyXLOWoXUP 4,001 4 IEND,IER)
CALL MESS2(IFR,C2,4%UP)
TERC=1ERC*]ILR
IF (1FRCJNELO)Y GO TO 2000
CO=AMINI(C1,C2)
" AO=FIXED

1000 RETURN
2000 STOP

END

D-14

1 PROCF X yNKTMX JNCX (12) yNOY (12 )4,NTAB(10) 4 IPLOT, IFAIL,CUMSUMPCYC(2)

—— e e e

00000010
00000020
00000020
00000040
0000000
00Co000s0
Q0000070
00000080
000000%0
00000100
00C00110
00000120
Q0000130
00000140
00000 150
00000 160
00000170
000001¢&0 -
00000190
00000 200
00000210
00000 22C
00000230
00000240
000002%C
00000260
000N6G27T0
00000280
00C002%0
000003C0
00C00310
00000320
00000330
00000340
00000350
000C0O360
00C00370
000060380
00060 39C
00000400
20000410
00000420
00000430
00000440
000004%0
00000440
00000470
Q0000480
00000490 .




SURRCUTINE MESSLI(TER,YXUP) oconcolc
IF (TER.NF,1) GO TO &00 02000602C
X=XUP 00CCO030
WRITEL6,6010) 00000040
GO T 700 00060050
600 IF (IER.NF.2) GO T0O 700 00000060
X=XUP 00000070
WRITF(6,6020) 000000N0
700 RETURN 00000090
6010 FORMATIIHO,4SHPRCNF LOAD CALCULATION AT DEPTH HAS NOT COCNVERGED) 00000100
6020 FCRMAT(1HO.39HBOUNDS MN VARIAKLE ARE NOT APPRNPRIATE L9 /Z1H o 00000110
1 S54HFITHER CRITICAL STRFSS INTENSITY AT DEPTH IS LFSS THAN, 00000120
2 22+ KPROOF AT LOWFR RPUNDL /1M 4,26H  OR GRFATFR THAN KPRNCF, 00000120
2 150 AT UPPERP 8CUMD) 00000140

END 0C00015C ~




o

SUBROUTINE MESS2(TER,X,XUP)
IF (TERJ.NE,1) GO TO 600

WRITE(6,6010)
IF (IER.NE.2) GO TC 700

WRITE(6,6020)
700 RETURN

00000160
00000170
00000180
00000 190
00000200
00000210
00000220
00000230
00000240

“6010 FORMAT(IHO,S1HPROOF LOAD CALCULATION AT SURFACE HAS NOT CONVERGED )O0000250

6020 FORMAT(1HO,39HBOUNDS ON VARIABLE ARE NOT APPROPRIATE.o/1H ,
1 S6HEITHER CRITICAL STRESS INTENSITY AT SURFACE IS LESS THAN,
2 22H KPROOF AT LOWER BOUND,/1H
3 15H AT UPPER BOUND)

126H OR

D-16

GRFATER THAN KPROOF,

00000260
000060270
0C000280
00000290
00000300




]
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SUBRPOUTINE RTYMIIX sF yFCToXLTI o XRIZTPSL,IFENDLIFER) RTMI
RTM]
.0.0...0.......0..0....0...0......0.........00..0..000............Q’"l
RTMI

SUBRCUTINE RTMI RTMI
RTM]1

PURPOSE RTMI
TO SOLVFE GFNERAL NONLINEAR EQUATICNS OF THE FOCRM FCTI(X)=0 RTMY

BY MEANS OF MUELLER=-S ITERATICN METHOD. RTM]

RTM?

USAGE RTMI
CALL RTMI (XoFyFCT JXLIJXRIZEPSL,IFND,IER) RTMI
PARAMETER FCT REQUIRES AN EXTFRNAL STATEMFNT, RTMI

RTMY

DESCRIPTION CF PARAMETERS R TM1

X - KFSULTANT ROOCT OF EQUATION FCTI(X)=0. RIMI

F - RESULTANT FUNCTION VALUE AT RMNOT X. RIMI

FCY = NAMF OF THE FXTERNAL FUNCTION SUBPROGCRAM USED, RTMI

XL1 = INPUT VALUF WHICH SPIrCIFIFS THY INITIAL LEFT BOUND RTMI

CF THE RDOT X. RTMI

XR1 = INPUT VALUE WHICH SPFCIFIES THE IMITIAL RIGHT SOCUNDRTMI

CF THE RODT X. - RTMT

EPS = INPUT VALUF wWHICH SPECIFIES THE UPPER BCUND OF THL RTM]
FRROK (F RFSULT x. RITmI

1FND - MAXIMUM NUMRER NF TITIRATICN STFPS SPFCIFIFfD. RTMI

IER - RESULTANT FREUP PALAMETFR CODFD AS FOLLOWS RTMI
TER=0 = N(* FRR0OR, RTM]

= ‘ IER=1 = NN CONVERCENCE AFTER IFND ITFRATION STFPS QTMI
FOLLOWED =Y 1(ND SUCCESSIVE ST1EPS OF RTMY

EISECTICN, RIMI

IfTR=2 = RAS]IC ASSUMPTION FCTIXLI)*CT(XFI) LELS RIMI]

THAN ('R ECUAL TO 2ERC IS NOT SATISFIED, RTMI

RTIMY

‘REMARK S RT™MI
THE PROCEDPURFE ASSUMES THAT FUONCTION VALUES AT INITIAL RIMI]
ROUNDS XLTI AMDP XRI HAVE NCT THE SAME STCGN,. IF THIS SAZIC RTMI
ALSUMPTION IS NOT SATISFTIED BY INPUT VALUES XLTI AND XRI, THFRTMI
PRCCEDURE IS PYPASSED AND GIVES THE ERRMR MESSAGE TEP=2, RTMY

RTm™1

SHEROUTIMNES EMND FUNCTICM SULPRUGRAMS REQUIRFED RTMIT
THE EXTERNAL FUNCTION LUBPRUOGRAM FCT(X) MUCT BE FURNISHED RYMI

BY THE USFER. RTMI

RTmI

ME THCD RTVI
SOLUTIUN NF EQUATION FCTEx)=0 IS DOME EY MEANS OF MUELLFR-S RTM]
ITERATICN METHOD OF SUCCESSIvVE RISECTIUNS AND INVERSF RTMI
PARABCOLIC INTERPOLATIOUNg wHICH STARTS 2T THE INITTAL BrUNDS RIM]

XLYT AND XFl . CONVERGENCE IS QUADRATIC IF THF [FRIVATIVE OF RTMI
FCTIX) AT ROOTF X 1S NOT EQUAL TO ZERN, ONF 1TFRAVICON STEP RTMI
REQUTRLS TWM FVALUVATION®S OF FCTI(X)e FOF TrST v SATISTACTCRYRTMI
ACCURACY SEL FORMULAE (Z44) TOF MATHEMATICAL DESCRIPTION, QIM]

" FOR REFERTNCEy SLE Ge Ko KRISTIANSEWN, ZFR(C CF ARBITRARY RTMTY
FINCTIUNg BTy VOLe 3 (1963), PP.205%=206. RT™]

RIM1
..Q...O.....C...............00..0.0.....0..........0.............ORTM‘
LUGINAL PAGE IS RTMT

5 RTM]

OF POOR QUALITY RTMT

PREPARE ITERATICN RTMI
IFR=0 RTMI

560
10
2C
30
40
50
60
70
80
S0

100

110

120

130

140

150

160

170

180

190

20C

210

220

230

240

250

26C

270

240

290

300

310

e

330

340

30

360

370

340

390

«00

«10

«z0

420

ade C

40

LHK0

&7

“y0

«+90

50C

510

Le

530

540

550

570

%80

LG

600




N

T XR=XRI

XL=XL1

—— -

X=XL

TOL=X
F=FCT(TOL)

 IF(F)1416,1

1

RS

¢
c

3

vnfjﬂ

c
c

5

6

o

10
11
12
13

c .
c
c
c
c

—Yelel

] . e i

TUXL=EXR

FlL=F

X=XR

TOL=X
F=FCYILTOL)Y
IFIF) 24,1642
FR=F :
IF(SIGN(Ll.yFL)*SIGNILLyFR))2%,3,25
BASIC ASSUMPTION FL*FR LESS THAN O 1S SATISFIFD.
1=0

"TOLF=100.%EPS

START ITFRATION LOOP

START BYSECTION LCOP
DO 13 K=1,IEND

X= 5% (XL+XR)

TOL=X

Seemee . 1230 3 B

IFIF)S5,16,5
IF(SIGNIL.yF)+SIGN(1.9FR))IT 46,7

- -

¢ " GENERATF TOLERANCE FOR FUNCTION VALUES, =

INTERCHANGE XL AND XR IN ORDER T GET YHE SAME SIGN IN F AND FR

TOL=XL

XR=TNL

- TOL=FL

FL=FR

FR=TOL

TOL=F~FL

A=F*TOL

A=A+A
IF(A-FR*(FR=FL))B849,9
IF(I-IEND)1T,17,9
XR=X :

FR=F

TEST ON SATISFACTCRY ACCURACY IN BISECTION LOCP

TOL=EPS

A=ABS [ XR)
CIF(A-1.)11,11,10

TOL=TOL*A

IF(ABS (XR=XL)=-TOL)12,12,13

IF(ABS(FR=FL)=TOLF)14,14,13

CONT INUE

END OF BISECTION LOOP

NO CONVERGENCE AFTER IFEND ITERATION STEPS FOLLOWED BY IEND
SUCCESSIVE STEPS OF BISECTION OR STEADILY INCREASING FUNCT ION
VALUES AT RIGHT RCUNDS. ERROR RFTURN.

1ER=1 S

RTMI

RIMY
RTMI
RTMI
RT™I
RTM]
RTMY
RTMI
RTMI
RTMI
RTMI
RTM]
RIMY
RTMI
RTMI
RTMI

610
620
630
6«0
650
66C
670
680
690
700
710
720
T3¢
740
750
760
T70
180-
TF90
800
810
820
830
840
850
E&0
870
8€0
ESO
900
910
92C
930
940
950
960
970

RTMIX
RTM1
RTMI
RTMI
RTMI
RTMI
RTMI
RTMY
RTMIY
RTMI
RT™I
RTMI
RTMI
RTMI
RTMI
RTMY
RTM]
RIMI
RTMI
RTMI
RTmI
RTMI 90
RTIMI 990
RTMILOOU
RTMILIG10
RTMI1020
RTMI1030
RTMI1C40
RTMIL1050
RTMIL1OLO
RTMITOTO
PTMIlO080
RTMI1090
RTMI11C0
RTMIL11l1C
RTMILLIZCO
RTMIT1130
RTMI1140
RTMIL1150
RTMI11¢C
RTMIL17C
RTMILL1L0
RTMI11%0
RTMI1200




(s R alale

ls
156
16

17

18

1°
20
21

22
23

24

25

IF(ABS(HFR )=ABS(FL))los106,15
X=XL

F=FL

RETURN

RITMI121C
RTMI1220
RIMI1220
RYMI12«0
RTMI124C

CUMPUTATION CF TTIRATEND X=VALUE BY INVERSE PARARNLIC INTERPCLATTIONRTMIL240

A=FR~F

DX=(X=XL)*FL*¥ (1. +F 2 (A=-TOL)/ (A®(FR=FL)))I/TOL

Xm=X

FM=F

X=XL-DX

TOL=X
F=FCT(TOL)
IF(F)18,16,410

TEST ON SATISFACYORY ACCURACY 1! I7CERATICN

TOL=EPS

A=ALSIX)
IF(A-1.)20420419
TUL=TCL#*&
IFCARSIDX)=T0L) 21421422
TF(ABS(F)=TOLF) 16,116,422

PREPARATICN (fF MFXT BISHCTICN LUOW
IFISIOGNTL ag FI+STUNEL gFL) 124,423,424
XR=X

FR=F

GO Th 4

XL=X

FL=F

XR=XM

FR=FM

GO T 4

END OF ITFRATION LCCP

ERROR RETURN IN CASLE CF WRNNG INPUT UATA

TFR=2
RE TURN
END

D-19

RTIMI1270
RTKI12ED
RI¥M112%0
RIMITA00
RTMILZIC0
RTMI1320
RTMI1320
RTMI1340
RTMIL1350
RIMITI360
RT®I1370
RIMIL13CO
RTMY1 2390
RTMI1«CO
RIMILI&LO
RTmIN4LZ20
RTMI 1420
RTMII44C
RIMYI145C
RTMI1l&60
RIMIL&LTU
RTMIT4LEG
RTIMI149C
RTmM11E00
RTIMI151C
RTMI1S20C
RIMILFAL
RTMITIE40
RTMI1ES0
RTMI1IE60
RTMI157C
RTMILSHEQ
RTMiI15C0
RTMI1400




L
13

N

_ FUNCTION FCT1(AF)
COMMON X(12,25),Y(12,25), TABLE(12,25,25) oFIXEDy KCPRF4KAPRF,

00C00010
000C002Z0

1 PROOF X ¢NKTMX gNOX (12) ¢NOY(12)yNTAB(10) o IPLOToIFAIL,CUMSUNM, PCYC(2) 000000230

COMMON AL API2 ) ALIMZACL(2),C4CB,CLIM,CR(2,10,10),CO0,CUME,

1 CUMELM,CIB1,D(2,10410) DK DKFEyDXDXoFAZFCyH 3INC,KCLoKC14KOL,

2 KOAZJKOC sKCRASJKCRC ¢ KMAX OA,OC 4P I4R JRADSRESRYCOL(2) sROLI2),

3 SIGey SIGLMySIGYoSIGYSIL10)3SMINI422) oSMAX(422)4TH,

4 UNITU422)yWsDCTMP,DELTMPyDXTMP 4

5 ALDHNQBL"CKQFLAGl’xQICD(Z)QICK'Z’QICR(z,'IBLUCKQIFIRSVQIPRN“"
6 ISTEPSLITRANS 3 J9K TYPE 1 2) ¢NC oNEQIL10 ) oNRyNRFET (10) ,TYPL,VITL

INTEGER ALOWN,BLOCK FLAGLyTYPF(422),TITL(20)

REAL KCL¢KC14KOL4KOA(10)oKOC(10)oKCRA(L10)oKCRC(10)oKMAXoINC

REAL KCPRF,KAPRF

A=AF

C=A/FIXED
"CALL KANAL

FCT1==KAPRF+FA*PRCOFX
~ RETURN

END

D-20

00000040
00000050
000000&0
00000070
00000000
00000090
00000100
00000110
00000120
00000130
00000140
000001%0
00000160
00000170
000060180
0000019C




1 PROOFXyNKTMX GNOXE12) gNOY(12) ¢NTABIL10) 3 TPLOTSIF AT Lo CUMEUM,PCYC( 2)

1
2
3

&
&
6

FUNCTION FCT2 (AF)
COMMIN XU12425) oY 112,25) 4 TABLELL12425425)4FIXENGKCPRFJKAPRF,

COMMUN AZAP (2 ) g ALIMHJACLI2)yCyoCByCLIMWCR(2410410)4CO,CUME,
CUMELMCIBIsD(Z310310) DK eDKEyDXDX gFAoFCoHes TNC oK CL oKCY oKL o
KOAJKOC yKCRAJKCRC yKMAX g DAL NC 4P L4P JRADGREZRYLLI2) 4ROLI2),
SIGySIGLMySIGY oSIGYSHIO) fSMINIA22 )y SMAX(422),TH,
UNITIL22) gy WeDCTMP,UELTMPDXTMP ,

ALGWHyBLNCK o FLAGCL 3 T4ICO02) o ICKI2)4ICRI2)4IBLOCKy IFIRSTLIPRNIL),

ISTEPSITRANS yJoKTYPE(2) o NCoNIQULO) yNRyNREIT(L10) o TYPT LTITL
INTEGER ALOWNBLOCK ¢FLAGT aTYPE(422)4TITL(20)
REAL KCLoKCLyKNLyKGCAI10) 4KOT(10)4KCPA(L10)XKCKCI10)eKMAX,INC
REAL KCPRF4KAPRT

A= AF
C=A/FIXED

CALL KANAL

FCT2==KCPRF4FC®PR(CFX

RETURN
END

ULUGINAL PAGE IS
OF POOR QUALITY

0CC00200
00noo0n210
ocooQ22c
00C0023C
00000240
00000250
0Cc000260
00000 27C
00C00 280
00000290
00G00300
00060310
00000320
00000330
Cc0CC0ALC
NNO00 =%

000M0 360
00°C0A70
oren63eo




FUNCTION FCY3(CF)

 COMMON X 12425)3YU12,25) 3TABLE(12425425)4FIXED,KCPRF4KAPRF,

= . PROOFX.NKTMX.NOX‘12’ONOY'IZ"NTAB‘IO’QIPLOT'!FAIL'CUMSU".PCYC'Z'
COMMON A API2) 4ALIMGATL(2)3CoCByCLIM,CRI2,104,10),CO0,CUME,

1 CUMELMyCiBLyD(2310,10)3DKyDKE DXDXgFA3FCoH 3 INCKCLyKC14KOL,

2 KOAJKOCyKCRAGKCRC ¢KMAX y0A,DCoPI1yR¢yRADGRESRYOUL(2) 4ROLI2),

3 SIGySIGLM,SIGYSIGYS(10) 4SMINI422)4SMAXI(422) 4TH,y

& UNIT(422)yWyDCTMP,DELTMP,DXTMP,

REAL KCPRFyKAPRF
- C=CF
CALL KANAL

TTTFCTY3==KCPRF+FC*PROOFX

RETURN
END =

5 ALOWNGBLNCKyFLAGLyIoTCD(2) 4ICK(2)4ICR(2),IBLOCK, IFIRST,IPRNI(4),
6 15159,nnmc.J,x‘vvpuzhmmmum.Nk.mrtno’.vwe.nn =y
INTEGER ALOWNyBLOCK oFLAGLoTYPE(422),TITL(20)

TREAL KCLeKC1,KOLsKOA(10)4KOC(10)4KCRA(10)¢KCRC(10)¢KMAX4INC

D-22

000600390
00000400
000C0&10
00000420
000C 0430
00000440
00000450
000G0440
00000470
00000480
00600 490
000005GO
00000510
00000520
00000520
00C0C05«0
00000EEQ
N0000560




1
2
3
4
5
6

FUNCTION FCT4 (AF)

COMMON XU12425) oY (12325 ) 3 TABLE(12,25,25)yFIXIN,KCPRFL,KAPRF,

1 PRONFEX JNKTMY JNUX (12) oNOY(1Z) o NTAB(10) o IPLOTLIFALIL,CUMSUM,PLYC(2)
COMMON A APIZ )4 ALIMGACL(2) 4L 4CEBGCLIMyCR(2410410),CO,CUMTF,
CUMELMCIBY ;D25 10,10) g DKy DKEZOXDX gFAJFCoHoINCXKCL oKL 1 4KOL
KOAJKOC gKCRAGJKCRCyKMAX qOAZOC P IR yRADSREJRYDLI2Z) JROLI2)
SIGySIGLMySTGY o SIGYSI10) oSMINI«22)3SMANIL2Z2),TH,
UNIT(L22 ) yWeDCTMP,DELTMP ,DXTMP ,

ALOWNGBLNCK oFLAGLy I ICDI2) 4ICK(2)oICRI2)4IBLOCK, IFIRSTLIPRN(4),
ISTEP S ITRANS JoKTYPE(2) yNC 4NEQIL10) NRyNRET (10) oTYPE,TITL
INTEGER ALOWNGBLOCK FLAGL,TYPI(422),T1TL(20)

REAL KCLyKC1yKOLgKOA(10) oKOC(1C)yKCRA(L10)4KCFEC(10)oKMAX,INC

REAL KCPRF,KAPRF

A=AF
C=FIXED

CALL KANAL
FCT4==KAPRF+FA®PR COFX

RETURN
END

oopcoso
0CCO05RC
00000 5%0
00060 00
0CO000610
2C00004&20
0CCLO63C
00000640
004500650
00000660
ononos70
00062GAHED
00CC0&%0
ooouo7C0
00000710
Q0000720
000GOOT772C
00060740
occeccrso




~ FUNCTION FCT5(AF) 00000760 i
COMMON X(12925)3Y(12:25)oTABLE(12425,25)4FIXEDSKCPRF KAPRF, 00000770 |
1 PROOFXyNKTMXJNCXY (12) yNOY(12) yNTAE(10), TPLOT,IFATL,CUMSUM,PCYC(2) 00COC7£0
TTCOMMON A AP (2 )y ALIM,ADLI2),CoCByCLIMCR124,10,10),C0,CUME, 00000790
1 CUMELMC1IB19D{2510010) ¢DKsDKEyDXDX oFAgFCoH o INCoKCL 9KC14KCLo 00000 800
2 KOAJKOC 4KCRA JKCRC 4 KMAX yOAL(ICsPI 4R yRADGRELRYOLI2)4ROLI2), 00000810
3 SIG,SIGLMySICY SIGYS(10),SMINI422) ySMAX(422) 4TH, 00000820
T4 UNITI(422) sWeDCTMP L, DELTMPDXTMP, 00000820
5 ALOWNJBLOCK¢FLAGL4T,TCD(2) 4 ICKI2)41CR(2),IBLOCK, IFIRST,IPRNI4), 0000084C
T ISTEPLITRANS yJsKTYPE(2) oNCoNEQULO) yNR¢NRET(10) JTYPELTITL 00000E- 0
INTEGCR ALOWN ¢BLOCK oF LAGI s TYPE(422 ), TITL(20) 00000 E60
"REAL KCLyKC14KOLoKOA(10),KOC(10)4KCRA(L10),KCRC(10),KMAX,INC 00000 £70
REAL KCPRF,KAPRF 00000880
T TA=AF : 0000090
C=FIXED : == = ‘ 00000900
- : = = =
FCT5==KCPRF+FC*PROOFX 00000920
RETURN 00000930
S 00000940
D-24
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C=CF
A=FIXED

CALL KANAL
FCT6=~KAPRF+F A*FRUOFX

RETURN
END

FUNCTION FCTAICF)
COMMON X(12425) oY1 12,25) 3 TABLE(12,25,25)4FIXED,KCPRF,KAPRF,
1 PRODFXJNKTMX JNOX(12) ¢NOYIL2)oNTACTII0) o TPLOTLIFATL,CUMSUM,PCYCL 2)
T OCOMMON AgAP(2)4ALTHMANLI2) 3 CoCB4CLIMGCRI2,10,10),C04CUME,
CUMELMyCIBLyD12,104310) 3DKeNKEGUXDXgFAgFCoHoINCoKCL oKC1 4KOL
KOASKOC s KCRAJKCRC 4 KMAX qDA3NCyP I 4R 4RADSREGRYCLI2) ,ROL(2),
SIGySIGLMSIGCY +STIGYSIT0) oSMINI422)4SMAX(422)4TH,
UNIT{422)gWyDCTMP,DELTMP,DXTMP ,
ALCWNJBLOCKoFLAGL 3 I4TCO(2) 3ICKI(2)4ICRI2)4IBLOCK,IFIRSTL,IPRNI(A),
ISTEPSITRANS g JoKTYPE(2)4MC JHEQIL1D) JNReNRET(IC) s TYPELTITL
INTEGER ALOWNGBLOCK ¢yFLAGLyTYPE(422),TITL(20)
REAL KCLeKC1oKOL9KOA(TI0)4KOC(10)oKCRA(10)4KCRCI10)oKMAX,INC
REAL KCPRF4KAPRF

00000950
00000 %40
00000970
0000980
000009%0
00601000
000061010
00001020
00001030
0C001040
00001050
00001060
00001070
00001040
0000106C
ceceliee
ogeol1llc
00001120
0uUG01120)
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FUNCTION FCTT(CF) 00001140

COMMON X{12425)3Y(12425) 4TABLE(12,25,25)3FIXED,KCPRF4KAPRF, 00001150

1 PROCFX yNKTMX yNOX(12) yNOY(12)yNTAE(10),IPLOT,IFAIL,CUMSUM,PCYCI2) 00001160

T COMMON Ay AP (2) ALTM,AOLI2),C4CB,CLIM,CRI2,10,10),C0,CUMT, 00001176

1 CUMELM,C1B14D(2410410)4DKsDKE4DXDXgFAgFCoHINCoKCL 4KC14KOL g 00001180

2 KOAJKOC yKCRAGKCRE s KMAX yOA3OCyP14R yRADSREZRYOLI2) 4ROLI2), 00001190

3 SIGySIGLM,SIGY ySIGYSILO),SMINI422)4SMAX(422),TH, 00001200

4 UNIT(422) ;W yDCTMP,DELTMP ,DXTMP, 00001210

5 ALOWN,BLOCKsFLAGL 4 I4ICDI2) yICK(2),ICRI2)4IBLOCK, IFIRST,IPRNI4)y 00001220

TUTTE ISYEP G ITEANSy JGKTYPE(2) yNCoNTUILC) yNRyNRFT(J0) o TYPE,TITL ~  ~ 00001270

INTEGER ALOWN,BLOCK sFLAGL,TYPE(«22),T1TL(20) 00001240

REAL KCLyKC1yKOLoKOA(10),KOC(10)4KCRAI10)KCRC(10)4KMAX,INC 00C01250

REAL KCPRF,KAPRF 00001260

- C=CF 00001270
A=FIXED 000012E0 * [

= A . ' : = 000012<0

FCT7==KCPRF +F C$PROOFX 00001200

RETURN 000C1310

END 00001220
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1025
1030
‘1028

1040
‘1050

1

1065

‘1070
1080

1090

1100

1110
1120

1130

SUBRCUTINE PICGRW

COMMON X(12425)9Y(12425)3TABLE(12425425)3FIXED,KCPRF JKAPRE,
1 PROOFX gNKTMX (NOX(12) JNOYI12)oNTAB(10) o IPLOTLIFAIL,CUMSUMPCYCI 2)

COMMON A, AP (2) 4 AL TM,ADLI2),CyCB4CLIM,CRI2410410),CO,CUME,

CUMELMyCIBLyDIZ,10410) DK DKEDXDX 3 FAZFCyHoINCoKCL oKC14KPL

KOA, KCC'KCRA'KCRCQK"AXQPAQOC'Pl"( RADSRESRYOL(2) JROLI2),
SIGySIGLMy SIGY 2 SIGYS(10) oSMINIS22) 4SMAXI422)4TH,
UNIT{A22) oy WeDCTMP,DELTMP,DXTMP,

ALOWNGBLOCKsFLAGL 3 14iCTU2) 4 ICKI2)4ICR(2)4IBLOCK, IFIRST,IPRNIL),

ISTEPGITRANS y O oK TYPE(2) yNC oL TQITU) gNRyNRET(10) o TYPE,TITL
INTEGER ALOWNZBLOCK g FLAGL,TYPE(«22),TITL(20)
KFAL KCLyKC14KNL4KCA(10)4KOCI10),KCKALL10)KCRCI10) ,KMAX
PEAL INCyKAJKC4KAFRF ,KCPRF
K=0
IFIRST=]
J=TYPEI(T)
DEL=INC*A
IF (NRET(J)) 1050,1050,1030
IF (ABSIRYOLI2))=,0CC1) 1050,1050,1038
IF (DEL=.1#RYDOL(Z)) 1050410041040
DEL=.1%RYCL(Z)
A=A+DFL =
K1=KTYPE(2)

GO TOC (105441054,1C054,1054,4105641056410%441054,10%%,1056,10564,

1056 4,100 4,1C56491C5641054,105¢), K1)
NOT INTERNAL TYPE CRACK

TEMP=TH
G0 TO 1058

INTERNAL TYPE CRACK

TEMDP=TH/2.

IF (ABSHIA-DIL=TIMP)=1.F=6) 10hC,1060,107C
IF (KTYPE(2).EQ.7) CO TD 1045

KTYPE(Y)=2

CALL TRANS

RETU®N

WKITE(A,A110)

ICR(1)=~]

CUMSUM=CUMSUM4CLIVF

RETIIRM

IF (A-TFM¥P) 1090,10C90,1080

DEL=TEMP=A+DEL QRI

ASTFMP (]
S1GY=SIGYS(J) OFP&IALP GE I§
IF (FLAGL) 1130,1100,1130 R QUALIpy
R=(Q

S1G=SIGLM

CALL KANAL

IF (STIGLM*FA-KCRA(JN)) T110,1110,1120
IF (SIGLM*FC-KCKCUY)) 1130G,1120,1120
FLAGI=1

AL IM=A

CLIM=C

IGLOCK =BLOCK

ISTEP=T

CUMELM=CUME

A=A-DEL/2
D-27

00000010
o0QCcno02C
00000020
00006040
000000%0
00600040
000COC70
000C00R0
no000o0%0
00000100
CCO00110
0gcocox20
0cccol1z20
000C0140
00000150
Q0V00160
0000017C
0QCcooteEC
00C 00190
oocco2el
00000210
00000220
000R0 240
00C00 240
00000240
0C000 2¢0
00000270
06000280
ococozee
00006300
N0OC00310
oceconz2o0
0000n330
00060340
00C0J0 3%0
00000360
0GG0OC370
0000Q05R0
00000=90
o004 0O
00000410
00000420
00000430
00000440
N0000&E0
000NG4&60
00000470
000004 EC
000004« 0
00000500
00000%10
oooonr 20
0C0005 4G
00606540
00C00550
000008540
00000570
oC00DSED
CCO0N 590
0C000600




1140
1150
1151
1152

1153
1154
1158

A=A-NEL/2

SIG=SMAX(I) ,
R=SMIN(1)/SMAX(1)
CALL KANAL

KA=FA*SIC

KC=FC=*SIG

DKA=(1-R)*KA

DKC=(1-R)*KC

IF (KA-KCRA(J)) 1140,1140,1150
IF (KC-KCRCIJ)) 1160,1160,1153
IF (FLAGL1) 1152,1152,1151
WRITE(6,6019) IBLOCK,ISTEP,CUMELM
WRITE (6,6002) BLOCK,I,CUME
IFAIL=1

CUMSUM=CUMSUM+CUME

ICRTY )==1 """~ 2 =

RETURN

IF (FLAG1) 1155,1155,1154
WRITE(646019) IRLOCK,ISTEP,CUMELM
WRITE (646003) BLOCK,T,CUME
IFAIL=2

CCUMSUM=CUMEUM+CUIME

1160
1170

1172

1180

1211
“1201
1202

ICR(1)=~1

RETURN

IF (KOA(J)-DKA) 1180,1170,1170
DADX=0

IF (KCCtJ)=DKC) 119C,1172,1172

K=1

DCDX=0

GO TC 1211
KMAX=KA

DX =DKA
NC=2

"CALL DAMAGE

IF (DXDx) 11°91,1182,1182
CONTINUE

DADX=DXDX

IF (KOC(J)=-CKC) 1190,1200,1200
KMAX=KC

DK=DKC

NC=1

CALL DAMAGE

IF (DXDX) 1191,11%2,1192

| ICR(1)=~1
CUMSUM=CUMSUM+CUME
"WRIVTE(6,6100)
RETURN
CONTINUL
DCDX=DXxDX
GO 70 1210
DCDX=0
AVATL=UNTT{T)~-CUMF
1F (A*C*DCDX*DADX .EQ.0) GO TO 1211
ADJ=5 #DADX/A/(DCDX/C)
IF (AUJ.GE.1l.) GO TO 1211
DEL=ADJ*DEL
IF (IPRN(1)-IPRN(4)) 1201,1205,1205
IF (TPRNT1)) 1202,1203,1203
WRITF(6,E002) NRGTITL

WRITE(6,R003) D-28

000006.0C
00000620
06000630
00000 &40
00000650
00000&¢0
00000670
000006£0
00000690

“00LOOTOG

00060710
00000720
0000073C
00000740
00000750

© 00000 760

00000770
000007¢€0
0000079C
00000800
00000810
00000620
00060LE30
pcoocese
00C008%0
00000860
00000870
000COBEO
00000890
C0C00SGO
00000910
00000920
00000920
00C009«0
00000950
00000960
000060970
00000980
000009%0
00061000
00001010
00001020
Q00010630
00001040
00001050
00001060
00001070
00001080
00001090
00001100
00001110
00001120
00001121
ooco1122
00001123
00001124
00007130
000n1140
00001150
00L011¢0




1203
1204

1205
1220

1230
1235
1240

1241
1242

12«4
1245
1246

1250

1245
1256
1257
1258
1259

1260
1270

1271
1272

1274
1275
1276
1280

1281
1282

1284

1285
1286

IPRN(1)=0

DFL IMP=0,

DCTMP=0,

DXTMP=0.

IF (IFIRST=1) 1205,1204,1205
1FIRST=0

IPRN(1)=IPRNI(1)+]

WRITE(A,8004) BLNCK 41 4CUME,C A, KCoKA,DCDX,DADX
IF (X) 5000,1205,5000

CONTINUE

IF (ALOWN=-1) 1230,1220,1230

Dx=1

DEL=DADX

DC=DCDX

GO TC 1260

IF (DADX) 1235,126%5,1235

IF (DEL/DADX=AVAIL) 1250,1250C,4124C
DELTMP=0ELTMP+AVATIL*DADX

IF (A) 1241412462,1041

IF (DFLTMP/A=] . 1=4a) 1244,41244,4,124
A=A+DFLTMP

DFL TMp=( .

DLTMP=NCTMP +AVATL®DCD Y

IF (C) L245,124A,12¢%

IF (NCTMP /C=1.E-4) S00045C00G41246
C=C+DCTMP

cCTMP=C,

GO TC 5CCO

Dx=DEL/DADX

DC=Px*DCOX

GO Tr 1260

LC=INC%C

IF (RYNL(L1)=1.F=4) 125K,1725R,12%4
IF (NRET(J)) 1257,1259,1257
DC=AMINTI(.1*°YCL(]),DC)

IF (DCCX) 5000,5000,4,1259
Ox=0C/0CDX

DFL=DX*DADX

IF (OX=AVAIL) 128C,1280,4127C
DELTVP=NFLTMP4AVAIL*DANX

IF (A) 1271,1272,1271

IF (DELTMP/L=1.F=4) 12745,127<,1272
A=A+DELTMP

DFLTMP=0.

CCTMP=DCTMP +AVAIL*CCOX

IF (C) 12T75,12764,1275%

IF (DCTHMP/C~1.E-4) S5000,500u+1276
C=C+DCTNP

DCTmP=0.

cO TO 50CO0

DELTMP=DFLTMP4DSL

IF (A) 1281,1282,12F1

I1F (DELTMP/A=1.F=4) 12R4,12%4,12R2
A=A+DELTMP

NDELIMP =G,

DETMP=LCTMP 4T

IF (C) 1285,1286,1283%

IF (DCTYP/C-1.E~-4) 12CC,1788,128¢
C=C+NCTMP

DCT MpP 20. D-29

oocoL170
00001180
00CN11%0
00001 2CO
00001210
00001220
00001220
00001240
0C001250
06001260
00001270
00C012E0
0000120
00001300
cCcCco131C
0C001220
0000133C
onoc1540
0000125%G
00001360
oceonl1?vo
000c120

COCO124C
ooo01400
0000110
00001420
000C1470
00001440
00001450
0000140
00001470
000GC1480
000014%0
00001500
ocorisic
00G21520
00001530
00001540
00001 5%0
000G1560
0co01570
00COn15R0
000015%0
00001600
00001410
00001620
0CCO1¢£30
00001640
0000160
00061660
oncclie?0
0CO001¢£rO
0C0C169C
g00cC170C
00061710
00001720
0con1730
00N01740
0CcCC1750
00001760
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1288 DXTMP =DXTMP +DX
IF (IPLOT.NE.2) G2 TO 1300
CUMTMP=CUMSUM+CILIME
TIF (CUMTMPLLT.PCYC(2)) GO TO 1300
WRITE(T7,7000) A,CyCUMTMP
PCYC (2 )=PCYCI2)+PCYC(])

1300 IF (CUMF) 1269,1250,1289

1289 IF IDXTMP/CuUME-1.E=-4) 1025,1025,1290

1250 CUME=CUIME+DXTND

T MP = 0 - e
GD TC 1025

5000 CONTINUE
CUME=UNITI(I)

T CUMSUM=CUMSUMSUNIT(])

IF (IPLOT.NE.2) GO TC 5005

TTTTTTTYF (CUMSUMLLT.PEYCT2)) GO TN 5005 : B
WRITE(T7,7000) AsC4CUMSUM
PCYC(2)=PCYC(2)+PCYCI(Y])

5005 IF (IPRN({1)-IPRN(&4)) 5010,5020,5020

‘5010 IPRN(L) = IPRN(1)+]

WRITE(6,8005) BLOCK 41,CUIME, CoA.KC'KAqDCDX'D‘D,
“TF TIPLOT.NELL1) GO TR 5020
WRITE(T7,7000) A,C4,CUMSUM
5020 CONTINUE
RETURN

6002 FORMAT{«5HOCRITICAL K AT DFPTH HAS BEEN EXCEEDED IN THE,I16,

1 144 BLOCK AND THE,J4o11H STEP AFTERG1PE12,.3,7H CYCLES )

6003 FORMATI4LATHOCRITICAL K AT SURFACF HAS BEEN EXCEEDED IN THE,16,
1 14H BLOCK AND THE,14411H STEP AFTER.1PE12.3,7H CYCLES )

6019 FORMAT(35HOLIMIT LOAD FRACTURE OCCURS IN THE ,16,7T™ BLCCK
1 I4412H STEP AFTEKR 41PE12.3,7H CYCLES)

6100 FORMAT(1HO0O, 29HCKRACK GRDOWTH RATF IS NEGATIVE/Z1H
1 46HACCEPTARLE ENND OF LIFE IF FORMUN EQUATION USED)

6110 FORMATT/Z1HO 34 6HCRACK IN TRANSITION. NEED TABLES FOR ANALYSIS,)

TO00 FORMAT (4HDATAL1P3EL12.3)

B0O02 FORMATISHIRUN 21445X420A43/1H0,50X426HCRACK IS A PART THRU CRACK,
1 /1HO 342X 4 124HHALF SURFACE 350X  THSURFACE ¢9X y SHDEPTH)

B003 FORMATI(1IH ,12X,45HBLOCK STEP CYCLES CRACK LFNGTH 9
156HCRACK DEPTH KMAX-SURFACF KMAX=DEPTH GROWTH RATE g4X,
211HGROWTH RATE 9 /1H 46X e4HIIN) g 11X 34HIIN) 36X 13HIKST RODT=IN) 2%,
313HIKST ROOT=IN) g&Xo10HUIN/CYCLE) ySXo IOHLIN/CYCLE )9/Z/)

8004 FORMAT(I0H 216934 1447(3%X,1PE12.3))

B005 FORMAT(10H 2016¢3X914,T13X,1PE12,.3))

3 END
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0000Y7T70
00001760
00001790
00001600
00001810
00001820
00001F30
00001840
00001 €50
00001860
00001870
00001880
Q0001AS0
00601400
00601910
0CC01420
06001930
00001940
00001950
00001960
00001970
000019¢&0
00001990
00002000
00002010
00002020
00602030
0CC02040
00002050
0000200
00602070
00C02080
00002090
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00002110
00002120
00002130
00002140
00002150
00CC2160
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00002180
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1 PROUFX gNKTMX GNOX(12) yNOYIL12) oyNTASC10) o IPLNTZIFAILyCUMSUMLPCYC(2)

VW N e

10

160

110
120
120

140

140

170

B i

180

201
02
203
200

216

SUBRNUITINE TRANS

COMMON X (12 925)9Y(12,25), TABLE(12425425)4FIXED,KCPRF,KAPRF,

COMMON AJAP(2 ) gALIMMADLI2)3CoCR4C IMyCR(24,10410),CO04,CUMF,
CUMELMGCIBIsD(25310410) qDKyOKEZDXDX gFASFCoH 3 INC 4K CLKC1 4KOL
KOASKOC KCRAJKCRC yKMAX yCAyCCoPIyR4RADZRELZRYOL(2) 4ROLI2),
SICCEIGLMaSIGY oSICYSL10) oSMINIL2Z )9 SMAX(422)43TH,

UNIT (422 )y WyDCTMP,DEL TMP 4D XTMP,

ALOWN JBLOCKFLACT g ToTCD(2) 3 JCK(2) yICRI2)ZIELOCK,, IFIRST 4IPRNIL ),

ISTEPRTTRANMSE I KTYPF (2) JNC oNEGIL10) o NRyMRETL10) o TYPELTITL
INTECER ALOWNGFELOCK gFLAGY o TYPE(427) 4CNSTEP,TITL(20C)
REAL KCLyKCapKOLyKOALL10)4XOC(L10)4KCPAILO)4KCFCIL1N ) KMAX 4 INC

RIAL KAXCyWAPRF,KCPRF

K=C

IFIPST =1

IF (TTRANS-1) 10,18C,1C
CONTINUE

ITRANS=1

KORIC=KTYFE(T)

KTYPELl )=3

FLAG2 =C

CALL KAMAL

IF (FCxSMAXTT)=XCRCI(Y)) 110,110,10GC
WRITF{6,6021) BLOCK 41 ,CUME
Cumsitpm=ClUMEUMaCUIMT

IFALIL=3

ICR{1)=~1

RFTURM

IF (FLAGL) 14Cy120,150

IF {FCxSIGLM=-KCKCU(J)) 140,140,120
FLAGY=1

ALIM=

CLIu=C

IRLOCK=0GLOCK

ISTeEP=1

CUMFLM=CUME

CR=.01

KTYPE(1)=KOKICG

SIGY=SIGYSLY)

CIG=SMAXI]I)

R=SMINIT)/SIG

C2LL KAMAL

IF (FAXSIG=KCRCUJ)) 1ED,1RN4160
(E=CR+.07%C

FLAG?=]

I¥ (CR-C) 156,170,170

h‘{l 7’.‘6")022, ‘.lFCK 'l’CUME
WEITEL6,6027) CBsC

IFATL =4

ICRE1)=~1

CUMTUM=CUMIUM «CLIMT

PETUIPN

LEL=INC*CB

IF INRETI(J)) 209,206,201

IF (28S(IRYOLITIDN)=.000Y) 20942094202
IF (DFL=1%RY(L(]1)) 706,209,705
DFL=e 1%2FYCL(1)

CR=C5+DFL

IF (CE=.95%C) 22:4220,210

5553 AR 8 Fe,
NaOouGO 2N
oGeonc =g
NeenNona0
gccarcee
GaenttoLy
cnccooTG
H00000EG
coccecreo
00CCN12H
oglcci1n
oncnol1z e
OCOLOOY S0
OGOGOT40
CCCen1ag
9ee”sN1¢C
ceceeny 20
oecor1en
QUaLoion
OGO 200
Co0L0’10
aoeec 220
NoCeG2-C
0000 2-0
GOGGNH 250
DEDCD2AC
noocnc+*o
s J eI il o)
QC D 1%0
QCCO0C0
00GCOG310
oouOGET0
necLnz=20
s Pl Tal o VA ¢
eonceane
QO6NG =40
0ncocaaTo
GOS8
gceEcagash
CouDChenE,
CeLifall
QaGnha 20
OGCOLHG0
CLOOn&nG
O0rLGOeRG
OGLILLEG

e L In
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Qs
NGOG«

e

GUOLED
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IF (KTYPF(1).NELZ) GO TO 215
CKTYPE(1)=3 y
CALL TCGROW
Eorretrss | G0 SR
215 WRITE(646110)
ICR(1)=~1
CUMSUM=CUMSUM+CUMF
7 T RFTURN :
220 CONTINUE
= SIG=S1G6LM
CALL KANAL
IF (SIGLM»FA-KCFC(J)) 1110,3110,1120
1110 IF (SIGIM*FC-KCRC(J)) 1130,1130,1120
1120 FLAGLI=] T :
CBLIM=CB
e = CLIMED e
IBLOCK=BLOCK
I1STEP=1
CUMFLM=CUME
1130 Ch=CR=-DFL/2
SIG=SMAX(T)
T R=SMIN(I)/ZSMAXTIY
CALL KANAL
CR=CE-DEL/2
KA=FA%SIG
KC=FC%S1G
DKA=(1=R)*KA
DKC={1-R)*KC
IF (KA=KCRCI(J)) 1140,11«0,1150
1140 IF (KC=KCRCUJ)) 1140,1160,1153
1150 IF (FLAG1) 1152,1152,1151
1151 WRITE(646019) IPLOCK,ISTEP,CUMELM
1152 WRITF (646002) BLOCK,1,CUME
O CUMSUM=CUMSUMCIUIME
1IFAIL=1
ICR(]1)==1
RITURN
1153 I+r (FLAGL) 1155,1155,1154
1154 WRITF(646019) IRLOCK,ISTEPyCUMELM
1155 WRITE (6,6003) ELOCK, I,CUME
CUMSUM=CUIMSIMM+CUME
TFAIL=2
ICRIL)==1
RETURN
1160 IF (“0CtJ)=-DXKA) 1180,1170,1170
1170 DADX=0 ;
IF (KOC(J)=DXC) 11°0,1172,1172
1172 K=1
co TD 1209
11R0 KMAX=KA
DK=DKA
NC=1
CALL DAMACE
IF (DXDXx) 1192,1184,1184
1184 DADX=DXNX
IF (KOC(J)=-DKC) 119C,1200,1200
1190 KMAX=KC
' DK=DKC
NC=1
CALL DAMACGE

D-32

CCOo00&10
000G0620
C0000630

00000640

00000650
00000660
00000470
00CONE&ED
00000690

- 00coo7T00

00000710
00000720
00600720
00000 7«0
00000750

00000760

00000770
00000780
00000 790
000GOEBCO
00000810
00000820
00000&30
00000840
00000 850
00000860
00000 870
0000088K0
00000890
00060900
0C00091C
00000920
0C000930
00000940
000009% 0
00000960
00000970
00000980
0000C w90
0CCO1000
00001010
0CC01020
006001030
00001040
00001C50
00001040
00001070
ocon108e0
00001090
00001100
Q00C1110
00001120
00001130
00001140
00001150
00071160
00001170
0000110
000011¢%0
00001200




1192

1194

1200
1210
1269
1211
1212

1213
1214

1215
1220

1230
1235
1240

1241
1242

1244

1245
1246

IF (DXDX) 1190,1194,119«
ICR(1)=~1
WRITE(L,56100)
Ctvsim=CuUMSUM+CUIME
RTTURN
DCIx=DXDX
et 10 1210
nepx=0
AVAIL=UNIT(I)=-CUMF
IF (IPRNI3Y-IPRN(4)) 1211,1215,1215
IF (IPRN(3)) 1212,12132,1213
WERITE(648002) NFLTITL
WRITE(LL,R003)
1PRN(3)=0C
DELIMP=0.
DCT."P‘ 0.
CXTvP =0,
IF (IFIFET=1) 1215,1214,1215
IFIRST=0
IPRNI2)=1IPRM(2) 4]
WRITE(6,8004) BLOCK, l9CUUE'CoCBoKCoKA'DCDXQDADX
1F (¥) 5000,121%,500C ;
CONTINUT
IF (ALOWN=1) 1230,1220,1230
Dx=1
PEL=NADX
PC=rC0X
GO T0 124C
1F (DADX) 1235,1255,123%
IF (DEL/DADX=AVATIL) 1250,1250,41240
NDELTMP=0FLTMP+AVALIL=NADX
1F (CL) 1241,1242,1241
IF (DELTMP/CB=1oF=a) 124441244,1242
CE=CR+DFLTMP
DELTVMP=C,
OCTYe=NCTHP+AVAIL®*NCOX
IF (C) 1245,124¢400245
‘F ‘i‘)CT”p/C‘IQE"O’ 5000,‘;‘:00'12"6
C=C+DCTHP
PCY P20,
CO TC SG0O
OX=NEL/DADX
OC=CY%DCD Y
GO TC 1260
DC=INC*L
IF (RYOLTY)=1.F=4) 1258,125R,1254
IF (NRFT(J)) 1257 ,1258,1257
NC=AMINI(1%PVOL(1)4NC)
1F (LEDX) 57°Coe3CC0,1259
=NC/0CDX
DEL=DX=DADX
IF (NX=AVAIL) 1280,1280,127G
DELTMP=DFLTMP+AVALL*DADX
IF (C8) 1271,1072,1271
IF LELTMP/(H=1.F=4) 1276412791272
CP=CE+4TELTMF
CELTMP=0,
CCT 4P =D{TMP+AVATL*DCOYX
IF (C) 1275412764,1275
TP (OCTMP/C=1.F=4) EBC00.5000,1274
D-33

neas1210
geLLy 220
NOGOHIZ=0
0GOOY 2«0
(s 1¢lofed AN
CCGhIzvel
ons01270
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onnnyzeo
GOOCY 200
2C0C0Y>Y0
0coo122

Q00G1330
00001 34

0C0013%0

60001 260
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1276 C=C+DCTMP 00001 F10
: DCTMP=0, 00001620
GO TO 5000 00001830
T1280 DELTMP=NELTMP+DFL 00001 8B40
IF {CB) 1281,1282,1281 00001850

1251 IF (DELTMP/CE=1,E=4) 12R4,12R4,12R2 00C01E€0
1262 CB=CB+NELTMP 00001870
: DELTMP=0. 0000180
1284 DCTMP =DCTMP 4DC 00001 %0
T1F (C) 1285,1286,1285 000019CO
1285 IF (DCTMP/C~1.F~4) 12EE,1288,1266 00001910
1286 C=C+DCTMP 00001920
DCTMP =0. 00001930
1288 DXTMP=DXTMP 40X 00001940
IF (IPLOT.NF.2) GO TO 1300 00001950
TTTTUTCUMTMP =CUMSUMSCUME T T T T = © 00001960
IF (CUMTMP.LT.PCYC(2)) GO TC 1300 00001970
WRITE(T7,7000) A,C 4CUMTMP 00001940
PCYCI2)=PCYC(2)+PCYCI(]) 00001990
1300 IF (CUMF) 1786,129%0,1289 00602000
1289 IF (DXTMP/CUME-1.F=4) 180, 180.1290 00002010
1290 CUME=CUME +DXTMP 00002020
DXTMP =0, 00002030

¢0 TO 180 00002040

5000 CONTINUE 00002050
e CUME=UNIT(I) 00002060
CUMSUM=CUMSUM+CUME 00002070

TIF LIPLET.NEL2) 6O TO S5C0S ' : 00002¢60

IF (CUMSUMJLT.PCYC(2)) G TO 5005 00002090
WRITE(T,7000) AsC,CUMSUM 00002100
PCYC(2)=PCYCI2)+PCYC(1) 000662110

5005 IF (IPRN(3)-IPRN(4)) 5010,5020,5%020 00002120
5010 IPKN(3)=1IPRN(3)+1 00002130
T WRITE(6,AC05) BLNCK 3T ,CUMF,C4C8 4KC 4K A,DCDX, DADX SeEre e 00002140
IF (IPLUTNF.1) GO TO 5020 00002150

= WRITE(T,7000) AyCoCUMSIIM $ 00002160
S020 CONTINUE 006002170
RETURN 00062180

6002 FORMAT(«SHOCRITICAL K AT DEPTH HAS BEEN EXCEEDED IN THE,.I16, 00002190
i 1 14H BLOCK AND THE,ZI14,11H STEP AFIER,1PE12.3,74 CYCLES ) 006C022CO
6003 FORMAT(4THOCRITICAL K AT SURFACE HAS BEEN EXCEEDED IN THE,I6, 00002210
1 14H BLOCK AND THE 3T4411K STEP AFTER,IPEL12.3,7H CYCLES ) 00002220
6019 FORMAT (3SHOLIMIT LOAD FRACTURE (CCHRE IN THE ,I6,TH BLNCK , 00002230
1 14,124 STEP AFTFR ,1PE12.3,7H CYCLES) 00C02240
6021 FORMAT (43HOFRACTURE CCCURS DURING RREAKTHROUGH IN THE, 00002250
1 loyglaH BLOCK AND THE,14,11H STEP AFTER,1PE12.3,7H CYCLES) 0CCC22¢0
6022 FOKMAT(41IHOFRACTURE OCCURS DURING TRANSITION IN THE, ooccz270
1 1GelaH BLOCK AND THELT4411H STEP AFTERLZIPE12.3,7H CYCLFS) 00002280
6023 FARMAT(AHOCB = J1PE12.3,7TH C = ,E12.3) 00002290
6100 FORMATI1HO,29HCRACK GRNOWTH RATE T1€ NEGATIVE./1H 00002300
1 46HACCEPTASLE END OF LIFFE IF FROMUN EQUATICN USED) 00002310
6110 FORMATILIHN,"OHCPACK RECOMING THRU-CRACK. NEED TAELES FPR ANALYSI, 00C02220
1 2HS.) 00002330
T000 FORMAT (4HDATALIP3EL12.3) 00002240
B8C02 FORMATISHIRUN 414 ,5X,20A4,/ 1HO, 50X, 00002 350
130MCRACK TS A CRACK InN TRANSITIOUN,/1MO,43X, 00002360
225HHALF FRONT HALF BACK 38X, 5HFRONT 39X y4HB ACK) 00002370
6003 FORMAT(LIH 412Xe4°HBLOCK STEP CYCLES CRACK LENGTH sy 00CG23&C
160HCRACK LENGTH KMAX=FRONT KML X=BACK GROWTH RATE ' 00602250

21THGROWTH RATEZ/TH 246X o4HIIN) 3 11X ,4HIIN) 36X 13HIKST RNOT=-IN), 00002400
D-34




32X 13HIKEL PPOT=IN) 94X X0R(IN/CYCLE )y 5X 3 10HLIN/CYCLE )9 //) CCON2410

5 C04 FORMAT(10H 2 TE 33X 9 14, 7(3Xe1PEL12.3)) QCCH 7420
£O00S FORMAT(IONR 2l16 93X 314,703 X,1PEL2.3)) 0CCL242C
P ENMD 000N24s0
o,
@
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2 KOAyKOC+KCRAZKCRC 4 KMAX yCA,DC4PIHR
3 SIGySIGLMySTCYLSIGYSN10) 4SMIN(L22)4SMAX (4221 4TH,

SUBRCUTINE TCGROW
TCOMMON X(12425),Y012,25) 3 TABLE(12425,25) 4FIXED,KCPRF,KAPRF,

1 PRONEX JNKTMXyNOX(12) yNOY(12) yNTABL10) 4 IPLOT,IFAIL,CUMSUM,PCYC(Z)
TCOMMON AgAP (2 ) gALIMGANL(2)4C4CBCLIMyCR(2,10410)4CO,CUME,

1 CUMELM.C181'012.10.10),DK,DKE.DXDX.FA.FC.H.INC.KCL.KCI.KﬂL'

& UNITI(422)yWeDCTMPZDELTMP,DXTMP,

5 ALOWNGBLOCKyFLACE 3 T41CD(2) yICK(2) 4ICR(2) yIBLCCK, IFIRST,IPRN(L),
"““'ErjsTFP.TYRANS,J.KTVPE(Z).NC.NEO(IO).NR.NQETO10).TYPE'TIVL ==
INTEGER ALOWNGBLOCK FLAGL,TYPE(422),TITL(20)

REAL KCLyKCLyKOLyKOALLG)oKOC(10)4KCRALLO) 4KCRC(10)yKMAX

l 1000
1030
1038

1050

‘1100

1120

1130

1153
1154
1155

1160
1170

1190

1025

1040

REAL INC,KC,KAPRF,KCPRF
IFIRST=1 T
J=TYPE( 1)

DEC=INC*C
IF (NRET(J)) 1050,41050,1020

IF (ABS(RYOL(1))=-.0001) 1050,1050, 1038
IF (DFL=.1%RYOCLI1)) 1050410%5041040

DEL=.1%RYOL (1)
C=C+DEL

T8I1GY=SIGYSIY)

IF (FLAG1) 1130,1100,1120
R=0

SIG=SIGLM

CALL KANAL

IF (SIGLM*FC-KCRC(JY)) 1130,1130,1120
FLAGI=I

CLIM=C

IBLOCK =B LOCK

ISTEP=]

CUMFLM=CUMF

C=C-DEL/2

S16=SMAXIT)
R=SMIN(I)/SMAX(])

CALL KANAL

C=C~DEL/2

KC=FC%SIG

NKC=(1=-R)*KC

1F (KC~KCRC(J)) 1160,1160,1153
IF (FLAGL) 11€55,1155,11%4
WRITE(646019) IBLOCKeISTEP,CUMELM
WRITE (646003) BLMOCK, I,CUME
IFATL=2

CUMSUM =CUMS UM+ CUIMF

ICR(1)=~1

RETURN

IF (KOC({J)=DKC) 1190,1170,1170
[iCDX=0

60 TO 1180

KMAX=KC
DK=DKC
NC=1

- CALL DAMAGE

1180
1191
1192

DCOX=DXDX

IF (IPRN(2)-IPRN(4)) 1191,1195,1195

IF (IPRNTZ)) 1192,1193,1193
WRITF(6,6002) NE,TITL
WRITE(642003)

1PRNL2)=0 D-36

sFADyREJRYCLIZ2) JRULI2),

0nocnol1o
00000020
00000030
00000040
occoocosce
000C0060
000006070
00006060
00000090
00000100
00000110
0600600120
00000120
00000740
00000150

~ 00000160

00000170
00000140
00000190
00000200
00000210
00000220
00000230
00000 240
00000250
00006260
00000270
000C02¢k0
0000029C
00000300
00000310
00000 =20
00000320
00600340
0C0GC0 350
00000360
00000370
000n038C
00000390
00000400
00000410
00000420
00000430
00C00 &40
00000450
00000460
Q00C0470
000004860
0060004%0
000C0500
00Q000s10
00000520
00000530
00000540
00000550
00000560
00000570
00000580
00000590
00000600




o

1193
1194

1165

1200

1210
. 1220

. 1230
1270
12n1
1272

1280

"1261
1282

1204

1300
1285
}286

? 5000

5005
5010

502¢C

6019

i
i
.

&1C0

PFLTMP=C,

NxTMP=0.

IF (IFIRST=1) 1195,1194,1195
IFIRST=0

IPRN(2)=1PRN(2)+1

WRITE(H,8004) BLOCK 31 4CUMELC 4KC DL DX
CONTINUE

1F (DCDXx) 1200,5000,1210

ICRI(1)=-1

WRITF(6,6100)

CUMSUM=CUMSIM+CIME

FETURN

AVATL=UNIT(I)=-CUMF

IF (ALOWN=1) 1230,1220,1239

Dx=1

LEL=DCDX

G0 YO 12RC

DX=DEL/NCDX

IF (UX-AVAIL) 1280,1280,127C
DELTMP=DELTMP+AVAIL*DCNX

IF (C) 1271,1272,1271

IF (DELTMP/C=1.7=4) 5COC,5CC0,1272
C=C+DEL T™MP

CELTMP=C,

G0 TO 5000

DELTMP=NELTVYP4DEL

IF (C) 1281,1282,12F1

IF IDELTHP/C=1.F=6) 1284,1204,12R82
C=C+DELTMP

DXTMP =D XTMP 4D X

IF (IPLOT.NF.Z2) GC TO 1300
CUMTMP=CUMSUM4CUME

IF (CUMTMP, LT .PCYC(2)) GC T 13CO0
WRITFE(T7,7000C) ALC,LUMTMP
PCYCU2)=PCYC(2)4PCYCI(]1)

IF (CUMF) 1285,12864128°%

IF (DXTUYP/CUME=1.E~4) 1025,1C25,12R6
CUME=CUMESDXTMP

DXTMP=0.

GN TO 1025

CONT INUE

CUMSIM=CUMSUM+UMITIT)

CUMF=UNTITI(I)

1F (IPLUT.NEL.2) GO T0O 5005

IF (CUMSUMLT.PCYC(2)) GO TC 5065
WRITFE(7,7000G) A,,C ,Cumsuwv
PCYC(2)=PCYC(2)+PCVC(])

IF (IPRN(2)=IPRN(4)) S010,5022,5020
IPRNIZ2)=IPRN(2)+1

WRITE(GE00%) BLOCKIyCUNEZCoKCoNCOX
IF 1IPLOCT.NF.1) GC TO SC2
WRITFEA(T,T00C) 2oC,ClMtUM

CONTIMUE

RETURN

FORMAT(ATHOCRITICAL K AT SURFACE HAS BEEN EXCEEDFD IN THI,IG,

1 14+ BLOCK AND THEL14411H STFP AFTERGIPF12.347H CYCLES )

FORMAT (25HOLIMIT LOAC FRACTURE OCrURS IN THE ,T16,7H BLNCK

1 14,12H STEP AFTER L1PF12.3,7 CYCLFY)

FCRMATIIHC,29HCRACK GROWTH RATE 17 NEGATIVE,/1IH ,
D-37

0CO0OALIO
0CCODeZO
NECCLOK3C
0000640
neonnagsn
00000 660
0COD0ETL
0060006660
NOQO0ESD
20CLOTO
00000710
060060720
oeere 740
00000740
(o XeTelelelr EN ]
oOCCO740
0coon?7To
no0C0080
cCOoNO7<0
0COLOECC
QCC00OEIC
0CCOORZC
O0CO00E=N
QOOOOKLD
QCCONESRE
OCCCOEED
ACOOGETO
NCCO0EMKD
NCGOOESG
00000%nn
06000910
NGa00<2)
02CC0s2(
0000040
0060050
ocCcoo0sst
0000Ne70
cCCCOopo
nannngon
NeCn1000
GOONn1I010
0oceo1c?20
NNNniozo
00C01C«0
aneo1LoEn
0O6OON1GEG
oncecrC 70
00GOiCEC
0aCa1G69n
oacilr1co
0000110
Q0061120
cCoC1136
OCCNI 14D
CCCL11&0
0T0C11¢C
00051170
GOGGOYIIFO
00061 1sC
coonI2¢o




\i

1 46HACCEPTABLE ENN OF LIFE IF FERMAN EQUATION USED)
7000 FORMAT (4HDATA,1P3F12.3)
8002 FORMAT(SHIRUN ;14 ,5X;20A4,/1H0,50X,24HCRACK IS A THROUGH CRACK,

T 1/1H0 46X g 4HHALF 425X o SHCRACK )

BOQ3 FCRMATIIH ,12X,45HBLOCK STEP CYCLES CRACK LENGTH E}
14X g 4PKMAX ¢ TX g 11HFGROWTH RATE 3 /1H 446X g4HIIN) 36X 13H(KST ROOT-IN),
24X 10H (L IN/CYCLE)»27)

8004 FORMAT({10H 21693X314,7(3X,1PE12.3))

8005 FORMAT(10H o v1693X,14,47(3X,1PEL2.3))

END

D-38

00001210
¢co0C1220
00001230
000012«C
nooc12e0
00001 260
00001270
00001 280
00001290
06co0120C




(s Xala'

noO

1 PROCEX GNKTHMY JNOXT12) ¢NOYIL12) 4 NTARI10) o IPLOTLIFAIL,CUMSUM,PCYC(2)

T L N e

10
20

30

SURROUTINE DAMACK
COMMUN X(12425 )Y 12425) 3 TARLF(12,25,25)FIXEDJKOCPRF KAPKF,

COMMON RoEP(Z) oAL IMJACL(2) 9CoCBCLIM,CRI2,10,10),CC;CUME,
CUMEIMGCIBR14D(221010)3DKyDKE4UXEXgFAZFCoHINCoKCL XKLL oKO L,y
KOAyKOC KCRAGKCRC JKMAX yUAZOC oy PI4R JRADSREJRYLLIZ2) 4ROULIZ ),
SIGeSTGEIMySICY SSTCYSILIO0) ySMINIG422) fSMAXI(4L22) oTH,
UNITHLAZ2) oW DCTMP,DELTMP,DXTMP ,

ALUMNGBLICK FLAGLyT41CD02) yICKI2),JCRI2)41IBLOCK,IFIRST,IPRAIG),

ISTEP S YTRANSyIoKTYIEL2) gNCoNEQILIO) JNRyNRFTIL10) o TYPF,LTITL
INTFGER ALOWNBLOCKFLAGL o TYPE(422),T1ITL(20)
RFAL KCLgXKCI¢KOLyKCA{LO) JXOC(I0),XCRALIO) KCRCITD)KMAX,INC
FEAL KOJKLR KCPRF 4XAPKF
RE=R
DKE=(1.~RE)*KMAX
IF (NEQUJ)) 7C0,T700,10
1IF (NEOTI)=4) 20,420,700
J1=NEQ(J)
GO TO (304,20043C04,4C0G), J1

COLLIPRIEST-CHRET ECUATICN
CP=3(NC.1.J,

PN=D ‘foC'?'J,
KG=NINC s34 4J)

" KCR=D(INC,3,0)

- 80

90

200
21C

250
c60
270

2n
272

1F INRET(J)) BC 49,80

CALL RETARD S e i oD
———-—-—* e - A le I N N
CC1=ALOG (XCT7KE) —‘t_,,T BEE =Ll il)
CC2=CCI1#*PN/Z. S L AT . O 0 "
CC1=PN/2.
CC1=(KCE #K0 )2 %0 C 1
€C1=CO*CC1
T1= (1. -FE )*KCR*KO
Ti=(DKEx®2) /T1
SiaeciTy . 0 . P
T7201 =K )KL /K C ~P=FE
12=ALOCLT2)
T1=T1/72
T3=01.47T1)/(1.=71)
T2= 5% ALOGIT3)
T1=CCo%T2
12="XP(T1)
DXDX=CC1#T2

60 TN 600 DRIGHVAL e

D AG
PARIS ECUATICON FPOUR QLA

1F (INC=2) 22042104220
ChH=D(2,14J)

PHN=DI12424J)

GC T 250

CO=0{1s14J)

PN=D(1424J)

IF (NRETUJI)) 260427042060
CALL RETAFRD

OXOx=-1

JF (DKF=KCC(O)) 271,275,275
IF (NC=1) 275,272421%

DXDX=0 D-39

oonece 1o
(o] el elgle ] oiecds]
0CeoCC2l
Co000040
Go000059
00000060
ceccoorce
000oeCc o
ccooccen
0GoCct 1060
0co0n0110
D000GYIZ0
ococol1:e
gceonysan
CCCO015C
QoConl el
O0CaLOLTO
OuLLLTED
oaean1I40
QoCGH20n
0CC20210
ocoOnN22%
0nco6220
Goeon a6
goonczeC
CCCCO 260
QoCl0z70C
QOCCC2F0
00600290
00000500
QOG0NO3Y0
0CaCOO320
o0CN0320
CCCOOaD
OCoOnn=i6
0cO003e0
00000370
00GCO2EC
QCQo02c0
goceescce
00000410
0 0(‘(}(! . 2()
0006030
0000040
CCCGN-LD
ACCO0CL60
COCOC~70
06CH04 8D
NO0LG&CD
000005 w6
geeenaslg
O5CJ30520
cC0C0530
ooecnEat
O0u00 S50
OOOGOLHE L0
ocoenne ¢
0a0NN ENRY
GO0C0S56
ooo0oneco




275
276
217

278

akals’

300
310
- 320
340
350

7360
370

360

non

400

- 402
410
420

430

600
~ 700

1000
6001
6002

.

==

GN TO 600
IF (DKE-KOA(J)) 276,278,278
IF (NC-2) 278,277,278
DXDX=0 ST

G0 TO 600

DXDX=CD*DKE##PN

GO TO 600

FORMAN EOUATION

DXDX==1

IF (DKE-KOC(J)) 310,330,330
IF INC=1) 330,320,330
DxDxX=0

GU TO 600

TF (OKE-KOA(JY) 340,360,360

IF INC=2) 360,350,360

DXDX=0

GO TO 600

IF ((1.-RT)I*DINCy?4J)=DKE) 370,27G,380
WRITE(&4,6001)

"GO0 TO 600

NXDX = DINColeJ)*DKE*2DINC,2,4J)
DXDOX=DXDX/((1.-RE)*DII.Cy34J)~-DKE)
GC T 4CO

INTERPOLATION MODEL

NT=NTAB(J)

IF (NC.EQ.1) GO TO 402
NT=NT+1

IF (NRET(J)) 420,420,410
CALL RETARD

IF INT.LT.13) GO Tr 430
WRITE(64,6002)

sTOP

CALL INTP(NT,DKIi4RELZyDXDX)
RETURN

RETURN

WRITE (6,1000) NEQ (YD)
sToP

FORMAT (1O0HOGNEQ(J) = 413,13 OUT OF RANGE)
FORMAT (39HOCRACK GROWTH RATE HAS GONE TO INFINITY)

FCRMAT(IHD, N1 IS GREATFR THAN 12°¢)

00000610
00000620
00000630
00000 4T
00C00650
00000 660
00000670
00CC0&ED
0C0N0ESND
gecocovoc
0000071C
06000720
00000730
06000 740
00000750
0000074¢C
oocoorrC
000007¢0
00000790
o006GC0 8GO
000COE1I0
00000820
00000k 30
00006 ELD
00600850
00C00EAO
00000870
000008EC
00000 k%0
00000900
00000910
occeoe2o
000009730
00000940
00000%%0
00000960
00000970
oCcoeosEe
000009eC
00001000
00001010
00001020
000010630
00001040
06001050




e AN B SV O

20

21

22
- an

-

aeon

30

«C

=

60
=
&0
°en

(g]

-

oD

200

210

220

SUBCUTINE RETARD

COMMIIN XXT12425) oYY (12425) 3 TABLI(12425425)3FIXED4KCPRF,KAPRF,

1 PROCEFXgNKTMXGNOXEL1I2) yNOYIL12) yNTABILIO) g IPLOTLIFATL,CUMSUM,POYCL2)

COMNMON A AP (2 ) JALIMADLI2),CHoCR,CLIM,CRI2,1C410),CC,CuMF,
CUMFL",C‘BI,D‘Z’10,10)QOK'DKEQDXOXQF‘.FC'H'INC'KCL'KC"KPL’
KOA,KOC.KCRA.KCQC.KMAX.DA,OC.PI.R,QAD.'E.RVOL'2).Q"LQZ’v
SIGLSTGLMySIGY ySTIGYSIL0) oSMINIAZ22) JSMAXI4L22) ,TH,
UNTITL4Z22 ) oWy PCTMPL,DELTMP JNDXTMP,
BLUOWNgBLICK G FLAC YL, 1,1C0(2) ICK(2)4ICR(2)4IBLOCK,IFIRST,,IPRN(4),
‘STFP.IlRAN&.J,K?YPE(Z).NC.NEQ(XO).NR.NR&?OIO).TYPF.TITL

INTIGER ALOWNGBLICK yFLAGL TYPE(422),TITL(20)

REAL KCL9KCLoKNLGyKOAL10)4KOCI10)4KCRA(LO)KCRCI1D)4¥MAX,4INC

REAL KAPZKMINE 4KC 2 J¥ MAXE JKCPRF g KAFRF

PZ = CRINCo1,J)

IF (NRET(J)) 500,500,10
1F (NKETLD)=3) 20,220,500
JI=NRET (J)

IF (NC=1) 22421422

X=C

GG T2 23

xX=A

CONTINUT

GO TO (AC20C,3CC)Y, J]

WILLENBORG MUDEL

RY=({KMAX/SICY )nnD
RI=CRINC 419J)%2 %P1
Ri=1,/%1

ky=RYy=R1

IF (RY=AP(NC)+X) E£0440440
APINC)=X+RY
RYOL INC )=RY
KAP=2%xP Jx {APINC)=X)
KARP=SORT(KAP)I*SICY
KMAXE=22KMAX-K AP
KMINF=({ 1+R)*KMAX = KPP
IF (KMINE) A0N460,70
KMInE=0

IF (KMAXE) T04,P0,90
KMAXF=0
DKE=XMAXE-KMINE
RE=KMINE/KMAXE

GC TC 430

WHEELER MODlL

BY=(KMAX/STLY)%x?2
R1=CR(MNCyelyJ)2*2.2P]
Ri1=1./R]}

RPy=uvy=*R1

IF (FV=AP (NC)+X) 220,210,21C

APINC | =x+RY
RYDOLINC)=RY
DKE=Y/Z(AP(NC)=X)
DKE=NKE*2CRINCyZ9J)
DKE=DKE=({ ] ,~R)%xKMAX
KFf=p :

GO TO 430

nceceenl1n
00600620
0L60OGO=0
000N0NL0
0CcNnoos0
0CCO006T
o00nND07C
00OGOOED
000N00%0
neconl1coe
Co0oCn11C
coolc120
006N 140
00006140
0CGOMED
CCCLn1eC
OCOON178
0NCCO01EC
NOOOKOIED
0000LNZ00
s Bl i3 g sBg 1!
cnoCo2:0
(s ¥ alelals BPRCYS)
ouoLC2<0
NoGOLOZED
000COz60
0cecoz2ro
00oCo025C
50200290
a70003C0
00620310
06000320
0Ce00 330
06CGD2e(G
0J00203&N
02000200
000n0270
0000G03EG
0C0CCA%0
00660400
000C04«10
0CO0NN420
NNoON L3N
O0O0O0044 ()
000uUG4&50
LO0D0LE0
0C000470
CCCOn&LBC
QC0C0uyD
(s Yelelalotal gis)
GOULOETG
CCGoNSZh
0CC0LL.30
s Rslalals BTN ¢
0COO05c0
000005606
0Cero0c7c
edoledele hA Lo
W13 [odels AL o
CoOCNC el




300

~ GRUMMAN CLOSURE MODEL

ALOWN=0

- BHERINTY - - -

CFM1 = CRI(NCy2yJ)
CFO = CRINCy3¢J)
P = CF(NC"'J,
NSAT = CRINC,5,4)
GAMY = CRINC464J)

e == c L ammmaseamndm s

RY=(KMAX/SIGY )#%2

" R1=PZ#2xP1

R1=1./R1

T RY=R1»RY

- 310

330

- 340
350
360

370
380
=

- 400

«10
420

&30
500
10C0

TKC2=CF2#KMAX

CF2=CFMI¢(CFO-CEN1)®(14R) 20P |

IF (R*KMAX-ROL (NC )*KOL) 310,4320,320

ROL (NC )= (REKMAX) Z/KOL

CFL=CFM14(CFO-CFM1)#*(14ROL(NC) ) *#P

KC1=CF 1*K0L
ACLINC =X

320 TF (KMAX=KCL) 320,330,340

DKE=0O

RE=0

GO 7O 430
" IF IKC2-KCL) 350,350,380

IF (APINC)=X=KY) 360,370,37C

KOU=KCI-(KCI-KC2)* T (X-ACLINC))/RYCLINC) )**RC

GO TO 400

KCL=KC2Z2

GO TO 400

IF (CUMI+1-NSAT) 360,370,370
GAM=GCAM1+ (1-GAM1 )=CUME /INSAT~-1)
KCL=GAM¥KMAX ] s
ALOWN=1

DKE=KMAX-KCL

RE=KCL/KMAX

1F (AP(NC)=X=RY) 410,420,420
IF (KMAX=KOL) 430,430,420
“KCI=kC2 =

KOL=KMAX

“ROL(NC)=R

AOL INC ) =X

RYQOLINC)=RY
APINC)I=ADL(MNC )+RYCL INC)
RETURN el '
WRITE(641G00) NRET(J)

FORMATITIHONRET(J) = oI3,13H OUT (F RANGE)

sTOP
END

D-42

B

00000610
00CO0AZO
00000620
00000 640
00CCO0EEC
00000660
00000 4K70
000006E G
00000690

00000700

00000710
06000720
00000730
00000740
00000750
00000760
00C00770
00000780
00000790
0COCOECO
00000R1YIC
00000820
000008320
00000E4LD
00000050
00000860
00000870
000008E0
0C000 &90
00600%00
00000910
00000920
00000930
00000940
00000950
00000960
00000%70
00000980
00000990
oocol10C0
00001010
00001020
Con010320
00001040
00001050
00001000
00001070
00001080
00001040
000011C0O




Le

Ay

10
15
20
3C
«0
0
o0

70
g0

100

anA

200

SHBRPUTINE INTPINT o XToYTLINTPEQ,F)
COMMON X(12+25)9Y(12425)9TABLE(12925425)3FIXEDyKCPRF4KAFRF,
1 BROOEXNKTMXgNOX(12) oNOY(12) oNTAB(10) o IPLOTL,IFAIL, CUMSUM,PCYC( 2)
FEAL K(CPRFyKZPRF
NEND=C
NUMX =NCY (KT )
NUMY=NOY (NT)
IF (XINT,1)GTXT) GO TOD €
IF IX(INTyNUMX).CE.XT) GO TN 10
WETITE(6,601C) XTGNT
NENMC=]
IF (YINTL1)GT.YT) GO T 15
IF (YINT,RUMY ). .GE.VT) GC T 20
WRITE(6,6020) YT NT
NENDP=1
STOP
DO S0 TJ=24 UMX
IF (XTelToXINTL10)) GO TG 60
CONT INUL
NX=TJ
DO 70 TJd=2,NUMY
IF (YT.LT.Y(%NTL1J)) &7 T0O BO
COMNT INUE
NY=1J
IF (INTPEOL.EQ.1) GO TN 100
IF (INTPFOL.FQL.2) GO TO 20C
WRITE(6,6030)
STCP

FOUR PCINT LINEAP EIVARIATE INTIRPOLATION

NXM]1=NX~-1

FYMI=MNY-1

P=X (NTyNX)=XINTGNXM])
P={ XT=X(INTypr¥M1)) /P
C=Y(NTyNY )=V (NTyNYM])

Q= YT=Y(NT,NYMI))/0 ORIG

FOO=TARLE (NToNXM1,NYM]) DFPO LPAGI'
F10=TABLE (NT JNX,NVM1) OR
FCL=TALLT (NToNXML 4N Y) ALJTY

FLI=TARLEINTsNX4NY)
F{l1a=P)¥(1.=Q)*F0O0 ¢ P(l,=Q)*F1C
F=F 4 (5 (14=P)%FOY 4 PXxr*F11
RETURN

FOUR POINT LOG=LIMNEAR BIVARIATE INTFRPCLATION

PXM 1 =NX-1
NYMT=NY -

P=ALOGIXT/X(NTMXM1))
P=P/ALCCIXIIT yNX) /X (NT NXM1) )
USYINTNY)=Y (NTNYM] )
G=(YT=YINT,NYM1))/Q
FOO=ALOG(TABLE (NT o NXM14NYMT) )
F1C=ALOGITABLEINT N X NYMT))
FOL=ALOGITABLT (NT yNXML4NY))
FL1=ALCCITAFLE (NT 4NX4NY))
Frllo=P)e(l.=CI*ECC ¢ P(1.-0)#F10
F=F 4 C#(1.=P)*FN1 + P*QsF11 Beds

aeenncyn
ncocnazo
000000 20
oeonocat
oconnc.e
ococor: o
Qeeonr 7L
0CO0LOH =G
a00006<O
ecCon1no
0Ccno0310
0CCGCC120
0CCO012<
06G0O0G 140
ON0O01%0
0CG00160
QCCO03I70
0L oCOYEQ
Su(CGl1el
06OOH0 7 00
QOOGGL Y
0CCOG z2¢
20000230
0QCC0 2.0
oneenzeo
06000260
00000270
CCOON260C
060CN240
0CCOC»CO
o20C0=z10
02000220
0L6GO6 20
2COOCTELG
coonnaed
EReid e TH &
OnGH'370
00CCORNG
00O0GOLO 290
ocdiocant
0C000410
0CCCOull
nenon&=n
OCOONLL D
CCCLD&SC
0CCOG¢.C
a0C20470
0COCL&FC
0oo0n&sH
ocOnLo%0n
ocoros10
0GCCGSs 2C
QCcocas530
Go0UD%4C
0onNcnhHeEen
0Co0OELO
0CCONCGL7C
OCCCOHSED
0”0CCE w0
AN0CN&CO




F=EXP(

F)

RETURN

6010 FORMAT(1HO, 4HX = o1PE12.3,26H IS OUT OF RANGE OF TABLE o14)
6020 FORMATIIHO, aHY = J1PE12.3,26H 1S OUT OF RANGE OF TABLE L14)

6030 FORMAT(1HOy 2LHERRCR IN CALL TO INTP)

END

00000610
0conne620
00000430
00000640
C0000650
06000660




1600

c
c
c

1 PREOCEXGNKTMX GNOX(L12) yNOY(12) JNTAB(10), IPLOT,IF AILyCUMSUM,PCYC( )

1
2
3
-
5
6

1

SURRAUTINE KANAL
LOMAEN XE12975)9Y(12925) o TABLEU12 425425) oFIXFDGKCPRF,KAPKF,

Comvir AAP(Z) gALTMGACLI2) 4 C o€l 4CLIMGCR(2,10410),C0,CUME,
CUMFIMGCIBLlaUl25105310) qOKGDKE UXDX gFAgFCoHsINCoKCL 4KC] 4KOL
KOAJKOCyKCUAGKCRC yKMAX o UAZOCoPIGR RANGPE JRYCL(2) 4ROLI2),
SICSICLMy STOYGSTIGYSI10U) o SMIMI22) o SMAXIL22) oThy
UNITUSZ2)yWyDCIMPL,NELTMP,DXTMP,

ALOCWNSFLCCRyFLACLyToTCD(2) 4 ICK(2) oICRI2) 4TRLOUCK, IFJRST ZIPRNIS),

JETEP s Y TRANS g U oK TYPE(2) oNC oFCILINDY gNRoNPET (10) o TYPF,TITL
INTECER ALOWMyBLUCK sFLAGLoTYPE(&22),TITL(20)
REAL KCLoXCLyKOLyKOAIL10),%OC(10)4KCRALLO) oM CRCILO ) o¥MLX 4 INC
REAL KCPRFXAPRF

KT=KTYPE(LY)
GC TO (1000,270C,30C0), KT

PART THRONGH CRACK

KT=KTYOL(2)

GO IO (1020,104C410A0,10E0,1100,112041140,1100,12£0,12006,1220,
12404126C9128041200,13204134C), ¥T

PTC 01 - CENTER CR2CK

1020 IF (C) 1024,1022,1024%
1022 C=1.E-20
124 B=AMINI(/,C)

lnnn

laNaNal

1040

1060
= " B=AMINI(A,C)

E=SQRT(P1%8)

ACVC=A/C

FLUR=FUNF I(ALVC +2)

FOED=FUNPLI(ACVC,1)

FC=E6xFSUF /ZSCRTICOS(PI*C/W))

Wl=A/TH

We= o(POtW]= o231 %Wk 2~ , SRT 7%y 25345 ,2R%W] %%,
W2=W2=Q, L 13N L %x%545 23281 *x¢

WEz=A/(2.%C)

FA=], 100 =0 142 W] 45 ) “ARWIHRD—gA SEXWTIRRR444, X W) ¥%4
PrRI2=(W2AFA/.502) + 1,

PHIZ=PHIZ2*(1. + 12%(1l.-W1)=22)
FA=RA*FN-PIPRYL7

GG TO 4600

PTC Oz = NO COMPACT CHLACK FPR PART =THROUGH

WRITE(£,6C02) =
€10P

PTC 03 = SINCLE CCRNFR CRACK AT MHI'LF
CONTINUE

FA=SORTIP 1%k )
FE=Y.2139=2.2052(C/(C4RAD) ) 4,645 1% (C/Z(C+RAD) ) %2
FR=EXPIFR)

FEL1=1./C005(PI2RAD /W)

FA=FEARSOPTLFCY1)®F &

ACVC=A/C ORIg

FELZFUNKLIAZVC,1) o £ VAL
FE2=FUNPTIACVE ,?) : Pogp, QgiGEIS

I alaleh i
O00GUGH0 0
O0CCOCC G
OOCOOO~OQ
O0CCOI0KE
QuCoLC 60
0Ococon7o
QOGLOOED
CoLo00sn
020646100
0CCOCLIE
ANEd0120
0CchHonl1zn
(00000140
00000150
02020140
coCiD1 e
0eCO001t G
0ncOHG 1m0
006GOO 706
0C0"0210G
03G2C 20
0CoCn23n
0non6n 74,
000c027.¢
D00GG 260
ogocn27c
00cso027C
QC0CO29C
00000300
00QCONOZYO

0060020
(o Kol e1p¥e e 1o
Q0070340
acCCcC 350
00C205¢.0
ooocn27¢
QOONG 3506
eCoen 20
0CCGCO~CO
Q™0 04310
006GN0O4L 2D

0060020

CCCr0wen
CCGO0us0
0GCNO& LD
QCO 070
COGan&En
OO0LNL GG
nconcrne
0C0oGEC
0Gonnc 20
(0841 §1 91 ¢RI ¢
0CCANT LD
onnOGLED
CO0Chr 40
0CLOCETN
000G05¢ED
00ecrnNesC
ncoonsne




FA=FA%FE1

CFC=PI®(C+2.%RAD)/ (2 .%(W=C))

FC=SORT(1./COS(FC) ) *FR#SQRT (PI#B)*F 52
I T Al

-~
.

C PIC 04 = DOUBLE CORNER CRACK AT HOLE
c

10R0 CONTINUC
B=AMINL(A,C)

e E TSR — e
FB=EXP(1.2133-2.086%S+,8T727%5%S5)

C 7 FA=SQRT(I./CAS(PI*RAD/W) *FB
AOVC=A/C

T FS1=FUNP1 (AOVC,1)
FS2=FUNP1(ANVC,2)

T TTFREFARFTISSURYIPINRY T T T 0 T T T
FC=SQRT(PI*B I*SORT(1./COSIPI*(C+RAD) /W) I*FB*FE2

60 TO 4000

c

C~  PIC 05 — SINGLE YNTFRNAL CRACK AT HOLE
c

I EETE 00000
B=AMINI(A,C)
FC=SQRT(PI*B)/1.122
FS6=C/ (C+RAD)
TFBEEXP{1.2133=2,7 OS*FS64+.6451%FS6%%2)
FC=SORT(1./COSIP]I*(C42.*%RAN)/(2.%(W=C))))*FR*FC
re ek OVCEA /T ko B il : 2
FS6=FUNPL(AOVII. 1)
FSE=FUNPL(ATV(Cy2)
FC=FZ:r L0
FA=SQRTIPI*B) /1,122
FA=FB*FA*FSS5%SQRT(L./COSIPI*RAD/W))
e B TO GOGO o e
Cc
€ PTC 06 = DOUBLF INTERNAL CRACK AT HCLF
C
1120 CONTINUE .
B=AMINL(A,C)
T FC=SQRTYEPI%*B) /1,122
FA=FC
- S=C/(RAD+C)
FEB=FXP (1.2133=2.086%S+.,8727%5%%)
FC=SQRTIL1./COS(PI*(C+RAD) /W) ) *FB2FC
AQvVC=A/C
= T T FSe=PFUNPITAONG 1)
FSS=FUNP1 (ADVC,2)
FC=FC*FS6
FA=FE*FAXFSS5%SQRT (1 ./COS(PI%RAD/W))
GO TO 4000

C
€ PTC 07 -~ INTERPCLATICN MCDEL - PART-THRCUGH CRACK
Cc
1140 FA=SORT(P1*A)
FC=FA
NT=0
1142 NT=NT+1
T TCALL INTPINT,CyA, 1,FCC)
NT=NT+1

PINT,CoAy1,FAA)
CALL INT vCoAyl, D-46

000D0A10
06000620
00000630
00000640
00000650
00000660
00000670
00000670
C0C00&90
00000700
00000710
00000720
000600730
00000740
0CCON750

00000760

000060770
00000 780
00000790
00000800
00000 K10
06000820
00000830
00000 84O
00000850
00000860
000C0O&70
006000880
00006890
00600900
00000910
00C009z0
00000930
00000940
00000950
00000960
00000S70
JOC00%ED
00000990
00Go 1000
00001010
o00n1020
00001030C
00001040
000010%0
00001060
00001070
000010¢£0
00001090
00001100
00001110
00001120
00001120
00001140
00001150
00001 160
00001170
00001180
000011¢%0
000012¢C0




FC=FC*FCC
FRA=FASEAA
IF(MT=NKTMX %2 ) 1142,4000,4000

PTC 0R = PIN LODADED LUGy, SINGLE® CCRNER CRACK

Z=1(+2.,%xRAD) /2,

E=C/2.

Faw/2e.

RP =R =E

FS1=2.%//H

F&2=7/BP

PHCP=FUNTIIFS2)
PHCP=PHIP/SCKRT(1,-FS?)

PHHP =] o= OB 2 S1 42, 69%FS1942~ 9Q4F' |98 3
PHEP=] (= S8 F 24 Q5T 2F S2%82< 1608 F 52983
PHWP=PHWP/SLRT(1.-FE2)

PLP = { PHCP+PHHP*PHWF ) /2,

PHP=DHPE (RT(1.+(7+4E)/(2-E1/9,.)
PHCS=FUNT2(FS2)
PHCS=PHUI/SCKT(1.~F22)
PHEE=FUNT3(FEY) :
PHS C=PHESxSCETI1/CNSIPI*2/(2.%4P)))
S=C/Z(C+RAD)

FR="XP (1a2133=2.2C5%84 64" 1*2%85)
PHE=(PHCS+PHES)*Fr /2,
FOP=PHEXORTUPIRC)/ (Z o*WeTH)
FC=FCP4bEPREORTILZ=C)/Z(240) ) /SORTUIPIHT)/(2,.%TH)
N1=AMINI(ALC)

ACVC =AYl

FE2=FUNPYI(ANVCE ,7)

FCuz=SCRTIPIADTI I/SCRTIPIAC)
FC=FCxFL2%FSa

2=(C+2.*RAD)Y /2.

E=C/2.

B=N/2.

FP=i~¢

FS1=22.%7/H

FE2=PAD/R

PHCP=FUNTI(F<2)

PHCP =PHCP/SL,RT() ., ~FL2)

PHHP= 1 O0EAFS 142 . 694FC 1 %%2 - CGHF L]1nn3
PHWP=ZY = H%F 524,947 2F <2882« 168F52%¢)
PPWP=PHWP/SORT(1.~-FS2)

PP = (PHCP4PHHP 2hWF ) /2,

PHCS=FUNT2(E£2) ol
PHCS=PHCS/SURT( 1a~F¢2) R
PHEC=FUNT3IFS1) 2 07y G
PHES=PHESASGETIL. ZCOSIPISRAC/(2.%0))) 12

S=C/ZIC+RAN)

FRzEXP(1.213533=2,.2(i5%4,h451*505)
PHS=(FHCS+PHSS ) 2FR /2,
FOP=REASORTIPIRC)I /(2 %W TH)
FOP=ECD4PHPRSQRTIIZ=FE)/I24F ) ) JSORT(PISZ)/ 12 .*TH)
FO=FCPH GFT(Y o402+t )/ 2=F) /%)

FA=F'INPI(ACVC,1)

FA=FQ=F p%F S4

GO T L4000

PTC 09 -~ PIN LOANED LUG, TWC CORNFR CRACKS
D-47

~

“2

A Ty
w NS

5

neonL 210
0NGOY 270
Wi elon DRl e
(3Xel 1 7R N &
cGoCY 270
0010127
00001 270
00001250
ocaclo«n
oo001260
200651310
Q2001320
oenn1220
[SLEISTER BET V)
CCO01 260
NCAGI360
osaO127Tn
aco61zx0
0O0G:Y 20O
ClC01400
0ccaiAN10
CCCN1aZ 0
000014

D0ONT 4wl
Gl0C1&t 0
QLG0T 440
Geao147C
0OnNnNI&ED
0COn1acn
OGOUOYE00
0C06Ls10
QC001n20
NCCoYIRG
(s NeIS165 BITNE
OGODOYEED
OGO 560
0eCcol1E?0
aaepnzeesd
NIVICHS S0 2E
(sXalalal RN #18
0oenY 610
QGCC1867 0O
ONI03A=0
SR IALE SIS
OnONY ¢80
06661660
NCCOY&TC
QCCO% 60
Q0501640
O8COYCT
6ocO1710
acoeyrze
060O0Y 720
OuGOYT T40
a0021 750
cOGC1IT7€0C
GOoOGLTTO
noo6GITeo
0COL17%C
0nCd: #CC

-~




N

1180 BEW/2.

Z=RAD+C

- PPN ELEERY - - .

FS1=2.%2/W
FS2=2.%2/H
PHCP=PHCP/SLRT(1.~FS1)

C PHWP=] o~ S*FS14.95T#FS1%# 0~  16%FS1%%3

PHWP =PHWP/SORT(1,~F&1)

T PHHPE] L~ OB RF 5242, 69%F S2% %2~ 91 #FS2%%3

PHP=(PHCP+PHWP*PHHP ) /2,

T U PHCS=FUNT2( 2/8)

PHCS=PHCS/SURT(14=FS1)

~ PHSS=FUNT3(FS™)

PHSS=PHE S*SQRT(1./CCSIPI*Z/W))

AR IRADSE Y

FB=EXP(142133-2.,060%C+4,8727*5%S)

 PHS=(PHCS+PHSS)I*FB/2.

FC=1.05%PHP/(2.*THXSORT(PI*Z))

T U EC=FC4PHESORT(PINC )/ (2. %WATH)

AOVC=A/C

- DI=AMINT(A,C)Y

FS2=FUNP1 (ACVC,?)
FS4=SQRT(PI#D1)/SORT(PI*C)
FC=FCHFS2%FS4

B=W/2.

e g SRADSC

FS1=RAD/B
PHCP=FUNT1(F51)
FS2=2.%7/H

- PHCP=PHCP/SORT(1.~FS1)

PHWP=1 o= E%FS14 U5 T7THFS]1%22~, 16%FS1%%3

T PHWP=PHWP/SWRTI1.-FSY)

(9 ]

i

PHHP=] o=, OB#FS242 . 69%FS24%2~ ,91%F$2%%3
PEP=({ PHC P +PHWP*PHHP ) /2,
PHCS=FUNT 2(# S1)
PHCS=PHCS/SORT(1.,~FS1)
PHSS=FUNT3(FL2)
PHSS=PHSS%SQRT(1./COS(PI*RAD/W))
$S=C/(RADC)
FB‘EXP".2133'2.0&6‘5‘08727‘5'5’
PHS=(PHCS+PHSS)%FBR/2,
FO=1.052PHP/(2.*TH*SQRT(PI*Z))
FO=FQ+PHERSORTI(PI*C )/ (2.%WxTH)

" FASFUNPI(ACVC,1)

FAsFO*FA%FS4&
GO TO 4000

PTC 10 -~ PIN LOADFD LUG, SINGLE INTERNAL CRACK

1200 2=(C+2.%P AD)/2.

E=C/2.

B:“/ZO

BP=B~E

FS1=2.%2/H

FS2=2/BP

PHCP=FUNT1(FS2)

PHCP=PHCP/SORTI1.-FS2)

PHHP =] o =, O8#F S14 2, 6 FS1%%2~ ,99%FCS 1#% 3
D~48

0Co0LK1O
00001820
00001 &30
C 0001640
00001£50
00001860
0000170
000G EHO
0CC01850
000C19GC
00001910
00001920
06001950
00001940
000019%0
00001940
00001970
00001980
00001990
00002000
00002010
00002020
000020630
00002040
00002050
00C020C60
000GC2070
00002080
00C020%0
00002100
00002110
00002120
00002130
006002140
00002150
00002140
Q0C02170
00002180
00002190
000022cCC
00002210
06002220
0000223C
00002240
00062250
00002260
0CQ02270
0000 228C
Q0002290
000062 3200
06002310
0600232¢C
000602330
0000230
000n2250
00002240
0oen 2570
000023¢0C
000G2590
00002400




DHWP 2] q= o ¥ FS24 G THFS2%% D=, LAXFSO %23
PriwdzPuyP/S FT(1e=FE2)

PO DPHCP 4P HHPXEHWP ) /2.

PP RSORT( L4024 )/(2-E)/Ye)
PeECL=RIMTZIEL2)
PrCS=PHES/SUPTL1e=F$2)
PrYLaFULT2FL)

PhEZ=PHISHESULTIY JZCOSIPIXZ/(2.%0P)))
S=C/ZUL(L+RAD)

Fh=FXP(2. 21323=2,205% 4, 6451 xs)
PEES=(PHCC+pHSS)*F (/2.
FCP=PHS*S(RTI(PIXC)/Z(2.%W%TH)
FC=FCP+PHPRSCPT((T=E) ZU2+4E) ) /SORTUPI*Z N/ (2. %1H)
D1=AMINLI(ALC)

ACvVr=A/C

FEazi(RT(PI%DL)/SORT(PIAC)
FA=FUNPL(AOVC ,))

FC=eCRFA/1,122%F €

(C+Za2RAD) /2,

=C/2

F,:\J/? ®

BhWPz=h-f

FSl=2.*2/¥H

FE2=RAD/L

PECP=FINTI(ECD)
PHCP=PHLP/ZS5GET(Y o =FL2)

PREMHO=] JUBRFC 142 . 69%F: 1 %37 = GGxF C1%*]
PHWP=] o= e GRF 24, CATHE 2% 2=, 1ARFSO%n2
PHWP=PHUP/SORT(1.-FS2)

PHP = ( PHCP+PHHEPxPHWP )/ 7,

PHC S=FunT2(+<2)
PrRCE=PHCS/SLRTI1.~-F¢2)
PHSS=FUNT3LFLY)

PHEC=PHIIESOFT(I ,/COS(PT*RAT /(2 %))
R=C/Z(C+FAl)
FREEXP(1421323=2,205%84,6451%¢S%¢)
Pri={PHCS4PRES)I*FRH/C,
FCR=PHSxSORT(PIAT )/ (2.%W%TH)

FOPzp CRAPNPR ORT(UZ=F) /(24 ) ) /L WRTIPIRZ)/(2.2TH)
FC=FCP* T (140245 )/(2=-F )/ %,)
FASFOMNPLIAOVE 4 2)

FLA=F(sFA/),120%FC

GO T 000

[ 2
(I |}

PIC 11 = PIN LCANED LG, TWN INTEC AL CRACKS

5=W/2.

7=NA"«(C ‘ SN PAOYS oo
PHCP=FUNTII2/R) * FO0R QUray we
PS1=2.%7/W e 1)

F€2=2 %7 /H
PHCP=PHCP/SCRT(1.-F 1)
PHWPT] o= 9 FS1e CLTRES 20w  1ARFS] #2%3
PrWP=PHIP LS ETIl.~F?1)
PID2 ] o= (B S2420 . 6,9% SRR Y] HE 2w%]
PrP=fPHCP+PVWPRpPHR ) /T,
PRCES=FINT2( /D)
PHCZ=zPHCS/SCRT(]1.-F1)
PHE.=FUNT3(EE2)
PHSS=PHIS*SCITI1./CPS(PI*2/W))

D-49

”~ 2,
bt e

GG it
I0CO =350
QOO 2aal
0(:(:“"‘0i r'
00OG 00
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0CO0?810
orgroapen
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e FC=1.05%PHP/7(2.%THESQRY(PI*2)) ~ = ' st

~ $=C/(RAD+C)
TTUFB=FXP(1.2132-2.086%54 .,8727%5%5)
PHS= (PHCS+PHES)*FE/2,

FC=FCHPHESSQRTIPI*C /(2. %Wk TH)
-~ DI=AMINL(A,C)

ADVC=A/C
FS4=SORVIPI%ND1)/SORTIPI*C)

FA=FUNPI (ADVC,1)
TFCEFCHFA/Z1.122%F%¢ T

T R=W/2,

Z2=RAN+(C
FS1=RAD/B
PHCP=FUNT1(FES1)

B G B R T JH T ——— e e i

PHCP=PHCP/SORT(1.-FS1)

T PHWP=E] L=l 5% FS 14 JCETRFSIS% 2~ [ 16%FSTH%3
PHWP=PHWP/SQRT(1,.~FS1)

T PHHP=1 o~ JCB#FT242 ,60%FS2%%2~,09)] #F S2%%3
PHP = (PHCP +PHHP%PHHP }/ 7.

TTTTTTPHCS=FUNT2TFSY) :

PHCS=PHCS/SORT(1l.~-FS1)

PHSS=FUNT3(FE2)

PHSS=PHSS*SORT(1./COS(PI%RAD/W))

- §=C/(RAD+C)

FB=EXP(L.2123~2.006%S+ . 8T727%S%S)

T T PHS=(PHCE 4P HSS)RFR /2, '
FO=1.05%PHP/ (2., THXSORTIPI*Z))
FOQ=FO+PHS2SOPT(PI*C )/( 2. %Wk TH)
FA=FUNPYI { AOVC,42)

FA=FO%FA/ 1. 122%FS4

.~ GC T0 4000

g PTC 12 = SINGLE CNRNFR CRACK AT SINGLE NOTCH

1240 B=M

' O FS2=2.75242.02%((B4C )/ W)+ 3T (1. =SIN(PI*(B+C)/2. /W) ) %23
FW=FS2/COSIPI*(B+C)/2./W)/1.122
FW=FWkSORTIW*2, /PT/(B+CI*TAN(PI*{B+C)/W/2.))
FS1=RAD/8

T IF (FS1.LT. 01) €GO TO 1242
S=C/(B+C)
FC =FUNT&(S,FS1)
FC=FC*FW=SQRT{PI*C)

o Y Ry — e

1242 FC=1.122%SGRT(B+C )*FW

1244 AOWVC=A/C
D1=AMIN1(A,C)
FC=FCH*SCRT(PI*DT )/ SQRTIPI*C )% FUNPI(AOVC ,2)

FO2=aT5242.02%(R/W) 43T (1. =SIN(PT*B/W/2,.)) #23
FW=rS2/COS(PI*R/W/2.)/1.122
FU=FWsSQRT(W*2,/P1/70*TAN(PI*B/W/2.))

FS1=RAD/B

IF (FS1.LT. «01) GO TO 1246

S=C/8

FO =FUNT4 (S 4FS1)

FQ=FQ*FW*SQRT(P]I*C)

GO TO 1248

noon3010
00003020
00003020
00003040
o0ON20O*50
00063060
0C003070
000G30KC
000030490
00003100
00003110
00003120
000031320
00003140
00003150
000031¢0
00003170
0000310 -
00003190
00003200
00003210
000063220
00063220
0000 324G
00003240
00C032¢C
00003270
00003220
000032¢0)
00003300
00003310
00C03320
00003330
00003340
CuOG3350
0000 3360
00603370
00003380
000033950
00003400
00003410
00003420
00003430
00003440
Q0003450
0C003460
00003470
000034&0
00003490
00003500
00003* 10
06003520
000073531
00003540
000035%0
00003560
0GO03STC
06603560
0600325460
00003600




- 1o —

N

1246 FO=1.122%SQRT (B )*FW NEONSHYI0
1248 FA=FOXSORTIPI*CY)/SCRT(PI*C)*»FUIIPL (ANVC,1) : (s Lof oT0RCY S84
G710 4000 0CL026>D
s OSCN3k0
A PTC 12 = DOUBLE CORNER CRACK AT DCUBLE NOTCH DCCO26ED
C 0COn3Len
126C B=H OCOGIKT
FE2=2T75242.022((R4C)I/(W/2.) ) 4.37%(1a=SIN(PI*(FR4C) /W) )%%x3 OCOG3ALD
FW=FS2/C05(PI*(B+C ) /W) /1.122 : 02030
FA=FWESORT(W/PIZIF+C)2TLNIPIX(B4C)/W)) CoOo3IN e
FS1=RAD/S . oacozT0
lF 'FSIOLTQ .01, GC TF 1?6" 0(!('0“71(1
€=C/(8+C) 00C33720
FC =FUMNT4(S,FS1) 00003740
FC=FCH*FWASQET(P]I%() 0CCC3T50

GC T0 1266 0COGAT00 -
1262 FC=1.122%SQRT(R+C ) *Fy OOLORTTO
1264 ACVC=A/C 0OC0037+0
D1=AMIN1(A,C) COCa3ern
FW= (1o, 122%(COSUPIR(PAC)/WYIARNI*CLE(PYI*(RC)/W) GLCISECCE
FC=FC*FW/FS2 QGeO2ATC
FC=FCxSORTIPIXNL)/SORT(DI*C )*FUNPLIANVC,2) (68 whet i | ) &
FS2=o 75242, 2% (E/(W/2))4.37% (] =S IM(PI*B/W) ) *%?2 OoLC2035¢
FW=rS2/COPIXB/W)Y/ 10122 GO0 -0
FW=FWASORTIW/PI/R*TAN(PI%(/W)) O00GORERO
FS1=FAD/E COCGZ8eC
| 1F (FS1elTe oC1) GO Tit 1266 ocas2r70
: S=C/C o kol of CIo¥ 3 1)
FC =FUNT&LIS,FY1) (8 10l 63 G ¥ ST
FO=FQ*Fr* ,0RT(PIx() aLeozere
GC TO 1268 HGLAGY (G
1266 FO=2, 122250KTIB )*FW oCcccasuzo
1268 CONTINUC ALCL26%0
== FWz(1le+1222(CP(FI%R/) ) %u )2CTS(PI%B/Y) 0CCL3%C
FOsFOXFW/+S2 NCCO36: G
FAZFOXSORTIPIADI N/ 2ORT(PIAC )2 CUNPI(ANVC o1) 06002 Cah
GO 1 «CCC QOOG=%T70
c 0rec24ic
- PTC 1« = SInELT INTFR® AL CRACK AT UINGLE NTTCH 00002660
C Gceeracce
1280 B=H OO Ll
: F 2= 724202 ((E4CH/v )2 37 (1 oa=SIN(PI*(R4C )/ W/2.)) 4%2 NOG<6Z0
: FWspS2/CNSIPI*(ReC ) /W/2e) /10122 O0CCLL 00
| FW=FWRSCORT(WH2 ,/PT/ (i +C)*TANIPI®(Y +C)/W/2a)) A0 T«04C
? FS1=RAD/B oUG. &CLE
; ’ IF (FS1.LT, .01) GD Tr 1292 NOCAL06LO
C=C/(E+C) OuQUAK0?0
i FC =FUNT&(S,F€1) Crecen: s
! FO=FCAFR*SQETIPI%C) COLOu0YEG
G 70 12F4 QCCNe1CC
1282 FC=1.122%UFTIR+L)*FwW VAU &S S B
1284 ADVC=A/C nNGoGL1I20
Dl=AMINI(A,C) (XSTCIFT el
: FC=FCASOFT(PI*DY )/ SQRT(PI*C )I*FUNPYIALCVC,1) /12122 CLoNe1a(
| Cc 0307«1:C
f FE2=oT752¢2.Ce% L/ W) 2T (1, =STNIPIRE/W/24)) 207 o e eduin T ae
\ ng';\2/C:‘S‘pl'8,u/20)/1012? 0(10(.“1"
: FW=FURSCRTIwR 2, /CTI/R3TANI(PI*R/W/2,.)) NEGDL NG
: FS1=rAD/R OGUOaTSCn
3 1F tFES117, 01) O TF 1286 OCClLa20C

D-51




S=C/h CCC0&210

e

T FQ =FUNT4(S,FS1) ‘ ' 00004 220
FQ=FQ*FWASURTI(PI*C) 006004220
el W T T T T T e T e 00004 240
126 FQ=1.122%SQRT (R)*FW 00C0425C
1268 FA=FOQ*SORTIPI*D1)/SORT(PI*CI*FUNP] (ADVC 42 )/1.122 00004260
GO TO 4000 00C04 270
e e : Sy et 00004260
C PTC 15 -~ NOUBLE INTERNAL CRACK AT DNUBLE NOTCH 00004290
e JBLE =RINAL URALR 27 DUIUBY B e 300
1300 B=H 000C«31C
T RS2=,T75242.02% 0 (B4C)/W/2.) )4 3T (1 .~SIN(PIR(EC) /W) ) *%3 08004320
FW=FS2/COSIPI®(B+C)/W) /1122 00004330
T RNEF WS CRTIW/PIZIBC)*TAN(PI* (B 4C ) /W) ) : s T 00004340
FS1=RAD/B 000C43%0 © =
W ESIILY. Iy YWy e s v e RO 360
S=C/(B+C) 00004370
FC =FUNT4(S,FS1) . ; : 00CQ0~380 -
FC=FC*FW* SQRTIPI*C) 00004340
= ADTE 1y = e Teas 00004400
1302 FC=1.122%SOKTI(B4C ) *FwW 000C4410
1304 ACVC=A/C S e = : 3 == 00004420
D1=AMINL({A,C) 00004430
CUFWE (1.4 1 22%(COSIPTI*(RAC)/W) ) **2)*COS(PI*(B+C )I/W) 00004440
EC=FC*FW/FS2 00004450
T FCEFC*SQRTIPI*DY ) /SORT(PI*C )*FUNPLIAOVC,1)/1.122 00004460
FS2=,75242,02%(0/(W/2.))4.37%(1 .~SINIPI*B/W) ) %23 00004470
TTTrw=FS2/C0CSIPIXB/WY /1,122 = < 00004480
FW=FWSORT(W/PI/B*TAN(PI*R/W) ) 00004490
FS1=RAD/B 00004500
IF (FS1.LT. .01) GO TC 1306 00004510
~S=C/8 00004520
FQ =FUNT4(S,FS51) 00004530
T U RQ=FQAFWASQRTIPIRCY T 00004540
GO TO 1308 00004550
1306 FOU=1.122%5QRT(B)*FW 00004560
1308 CONTINUF 0000&5T0
> FW=(1a+.122%(CNS(PIRB/W) ) %4 )%COS(PI*B/W) 00004580
FO=FO*FW/FS2 00004590
FASFOXSORTI(PI®D1)/SCRT(PI*C)*FUNPL(ACVC 42)/1,122 00004600
GO YO 4000 00C04610
C ‘ 00004620
c PTC 16 - CORNER CRACK OUT NF SHOULDER 00004620
el 60004640
1320 Bl=(W-H)/2, 00004650
= st Aac«sYy e ; == ST T N AROA A0
FC=w/PI1/(C+B1)*TANIPL1*(C+B1)/W) 00004 6&7C
FC=SQRTI(FC) 0000« 6E0
FC=FC* (1,44 122%(COSIPI®(C+B1)/W))%%4) /1.122 00004690
FC=FC*SORTIPI*C )*FUNT4(S1,C1B1) 00004700
AQVC=A/C 00004710
D1=AMINI(A,T) 00CC4 720
FC=FC*SORT(PI*D]1)/SQRTIPI*C)*FUNPL(ADOVC 2) 00004730
Bl=(wW-M)/2. 00004740
S1=C/B1 00004 750
FQ=W/PI/B1*TANI(PI*B1/W) 0000760
FO=FO*(1.4,122%(COS(PI*R1/W))*%4) 00004776
T FQ=FO*SQRTIPI*C)*FUNT4(S1,C1B1) 000047¢0
FA=FQ*SORT(PI*D1)/SQRT(PI*C )*FUNPL (AGVC,1) 00004790
GO TO 4000 00004800
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alaTal

c

c

C
c
C

OoOoNno

alaNal

2 kalz

1340

2000

21Co

3000

3020

3040

PTC 17 - INTERMAL CRACK OUT CF SHOULDER
Bl=(w=H)/2.

S1=C/(C+B1)
FC=w/PI/ZIC+B1L)I*TAN(PI*(C+R1) /W)
FC=SORTI(FC)

FC=FCR (1o +o 122%(CCSIPI*(T+BL)/W))*%l) /1,122
FC=FC*SCRTIPI*C )*FUNT&(S1,C1E1)

ACVC=A/C

DI=AMINI(A,C)
FC=FCASCRTI(PT*D1)/SCORTIPI4C)*FUNPL(ACVC,1)
8l1=(w~-H)/2.

£1=C/r1

FU=W/PI/B1I*TIN(FI®BL/W)

FC=FOA( 1+, 122%(COS(PI*NT/V) )%*4)
FO=FQ*SQPT(PI*C )*FUNT&L(S1,0181)
FA=FORSORT(PI*NT ) /SCRT(PT2C )*FUNPY(ACVC ,2)
GO YO «CCO

TRANSITICN CRACK

croLD=C
C=({+CB)Y/2.

KT=KTYPE(2)
G0 YO
1 32404326043240437604923320,43320), K7

C=CHOLD
FAZl.=SOF T(Ll.~(CFR/C)*%2)
FA=CA/(C*FA)

FA=SQRT(FA)*FC
GO TS «CO0

THROUGH CRACK FQUATIONS

KT=KTYPF(2)

GO ) gs ‘30?0'36#". ’,C!.(‘,'%O"O. 3t)(»0.'4"'!ﬂ'3140|3160.31F0.3lo""‘lf0.

1 2404326043240 4272AM2220,3320), ¥ 1
TC 01 - CENTFR CRACKTD PANFL

7 = PI*C
Gz SQRT(2)

2 = COSt2/w)

Z= 1.77 op
7 = LQPI(2)

FC = O%2

FA = 0

TF (VTYPE(1).5Q47) (L
CN TH 4000

T 2380

TC G2 -~ CCMPACT SPECIMEN

W' = C/W

w2 = SORT(W1) .

FC = 29 6342 ~ 155, % 1%W?2

W2 = W2aWwlru]

FC = FC ¢+ (95.73W2 = 1017.0%W32%\.1

D-53

(2020920604 2060,3050,3040,3030,3140,3010.0,3160,3160,21:20,

0N0L«RIC
GJ00a 00
SO0 R7 (¢
O00NLkLD
Jagersaas
OCCCLERD
000C 170
QOCT4 E:O
00004890
O000LC00
GOOOLST0
OGLC <920
CO004930

Clf49s0
DOCGL49HD
NDOCHL24LD
OOONLLT
CO0LOU9L 0
0%230«%~9G
ad i s ina £ 5] &ks;
GOGHS 0] )
0000507
GOGUOE0O=O
OCCOCRCAT
GCGCHCLG
eZalof o) A of X &
0300=s 0™
0GOS G0
OHO66S50C0
0cnNns 100
06005 31C
S0LD512¢C
000130
DOCAE e
QO0ONETIE0
0CcCrs160
XN NI
0800510
N0O0DE 19
0COO8 206
00005 21C
ocens 20
CGOGH 271G
QOCIL 2.0
00035 250
CO00E 240
0CCCE270
gLoCL2:-C
QUClon29(
OOOCF =00
OOuS Y
Coons 22
COeNs326
OCELS 340
(‘:(:.l '.Al,(
ACGLHSE2L0
QGLOS ™ 26,
oceos=un
Q0C0S 390
eCCLS« N0




W2 = W2edlxwl =
FC = FC + 638.9 * w2

Ssa . BB 4 TR
= s Ly
Fa = 0
T IF (KTYPE(1).EQ.2) GO TO 2100
GO TO 4000
g ==
%_  TC 03,05 = SINGLE THROUGH CRACK AT HOLE

3060 £=C/(RAD4C)

== Phls S

aan

nan

ks

FB=FXP(1.2133-2.205%5+,6451%8%5)

FC=COS{(C+2.%RAD) %P1/ (2.%(W-C)))
CFC=SORTI(1./FC) >

FC=FC*SQRT(PI*C )*FB

IF (KTYPE(1).EQ.2) GO TO 2100
GO TU 4000

TC 04,06 - DPUBLE THRCUGH CRACK AT HOLE

3080 S=C/Z(RAD+C)

FR=EXP (1.2133-2.066%54,8BT727%5%5)
FC=COS(PI®(C+RAD) /W)
FC=SCRT(1./FC)*FESSORT(PI=C)
FA=0.

IF (KTYPE(L1).EQ.2) GC TO 2100

T 60TTR 4000

TC G7 = INTERPOLATI(N MODFL = THRCUGH CRACK

3140 FC=SORTI(PI*C)

CALL INTF(lyCyhelyFCC)
TFC=FCE®FCC T

FA=0

IF (KTYPF(1).FQ.2) GC TO 2100

GO TC 4CO0

TC 08410 = PIN LOADED LUG, SINGLE THROUGH CRACK

3160 Z=(C+2.%¥RAD)V/2.

F=C/2.
B=W/2.
BP=B~F
FS1=2.%1/¥

T FE2=1/HBP

PHCP=FUNTI1(FL2)
PHCP=PHCP/SCRT(1,.~-Ff2)

PHHP =] .~ 0B*F ST 42 ,6MFSI*%2~ ,Q9*FS 1%%3
PHWP=1 a=oS%FS2 4. 95T %F S2%%2~, 16%F S2%%3
PHWP=PHHP /SURT(1.=FL2)

PHP = { PHCP+PHHPEPH WP ) /2,

PHP =PHPASORT(1.4( Z+E)/(Z2-F)/9.)
PHCS=FUNT2(FS2)
PHCS=PHCS/SCRT(1.~-FS2)
PHSS=FUNT3(FS1)
PHSS=PHSS*SORT(1./C08IPI*Z/(2.%8BP)))
S=C/(C+RAD)
FE=EXP(1,2133-2.205%54.6451%5%3)
PHS=( PHCS +PHES)#F B/ 2. 5 ta

00005410
000065420
00005430
Q00CO05 440
0000%545¢
00005460
00005470
0CO0054E0
006005450
006005500
Qoo00s51¢C
000065520
000055%C
00005540
00005550
000055¢0
000058570

Q0OGS580C -

00005590
00065600
00005610
000N5¢620
0000" 6320
00005640
00005650
0C005 660
00CCS 670
00005680
000G56%0
coons00
0COC5710
00CC5720
QoCLs5720
no00NS 740
00005750
00005 760
0C005770
00005780
000057<0
00005 OO
0COGSELD
00005 L 20
00005 E20
00005740
00CCS ESD
0000EE60
0COCSBTO
0CCGSERD

0C005 890

0c00590C
00005410
00005920
00C05 920
00005940
0COC5950
000059¢0
00005S70
o0coos5s80
00005%SC
00006000

aamih e s it e e




ann

i 3180

00

5

FCP=PHSASORTIPI*C )/ (2.*w*TH)
FC=FCP4PHPRSORTI(2=F) /(1 2+4F) ) /SQETIPINZ ) /(2.%TH)
FA=C,

I1F (KTYPE(1).FQ.2) GO TO 2100

GC TO 40006

TC 09,11 = PIN LCADED LUG, DPPUBLE THRNUGH CPACK S

bzW/2.

2=RAD+C

PHCP=FUNTL(2/8)

FS1=2.%7/W

FL2=2 %2 /H

PHCP =PH(P/SCLRT(1,.~FS1)

PHWP =1 o= o "% FS 14 O5TFC %% 1A%FS] *%3
PHWP=PHWP/SCRT(1.~-FS1)

PHHP= 1 .= B2FS242 60%F S2%%2=,G ]k S2%%x3
PHP = (PHCP+PHWP *PHHP )/ 2,
PHCS=FUNT2(Z2/R)
PHCS=PHCS/SOET(1.-Ff1)
PHSS=FUNTA(FE2)

" PHSS=PHESASCRTIL.ZCOS(PIn2/W))

S=C/Z(RAN+C)
FE=FXP(1.2135=2,0R6%8+,PT27¥%%3)
PHS=(PHCS+PHSS) *FR /2,

FC=1 aUS*PHP/ (2.2 TH*LQRT(P]%7))
FC=FC4PHSHSOPTIPIXC )/ (2. %WeTH)
;‘300

IF (KTYPE(1).EQ.2) AT T9 21C0O
GC TO 4000

TC 12,14 - SINGLE CRACK AT SINGLE NOVCH

B=H
FS2=aT5242,02%((EC ) /W) 4,371, =SIMN(PI®(B4C)/W/2,))**3
FW=FS2/CCSIPYI®(FR+CI/W/2.)/1.122
FW=FW*SORTIW® 2. /PT/(H+C)*TAN(PI* (14T ) /W/2.))

FS1=RAD/R

IF (FS1l.LTe o01) GC TN 2242

€=C/718+C)

FC =FUNT&(S,FS1)
FC=FCAFWXSQRT(PI*C)

G TO 3044
FC=1.122%SQRT(R+C)*Fw

FA=0.

IF (KTYPEI1).EQ.2) GO T 2100
GO YO 40CC

TC 13,19 = D0UBLY CRACK AT DCUBLE MNCTCH

b=H

FI2= TS242,.02%0(R4C )/ MW/ ) ) 4.37% (1. -SIN(PI*(h4C) /W) )*%3

FW=TrS2/COS(PI* (547 ) /W) /1,122
FW=FWaSCRTIW/PI/ZIC4CI*TER(PI*(B+C)/W))
FS1=RAD/H

IF (FS1l.LTe 01) GO TC 2242

S=C/{E+C)

FC =FUNT4[S,FC1)

FC=FCXFWxSQPT(PI*»(C)

6C TO 3764 Ea

NnnGELYD
COOCa0 1
QCODANAT
CCOCHE0C
oconaeto
000N6GEG
OGLOLEGTO
0CCORCHC
020CA0OHN
ACTLEIOC
QLOSG110
ococesl1en
0GOCHIZO
NCCCE1I40
GOGCOARTIED
206100
(IAIMATTS W as
O0000ARYNC
("‘."( ¢ V5,
OCCOCA2(D
GECE6220
ACC.220
CQCOs 20
OCOCL 2D
o Xl o] O VRA &
O0GCOK260
ONOOAEZTEG
geeCert
CQOCH2SD
CCCTHHNT
CoCO6210
000G 22
ODOOAR O
OQCr A=l
NCOCeRLT
OGCIESLO
CCOCL2 10
DCLEH3EC
O000OE =0
00COALLN
QO0NEL10
CO(Dtu gl
OUQiae
AGOGEH &l
ﬂfcfruhﬁ
CCOGLALET
O0COAaTID]
COC L«
00006 &S0
OCOLGARCD
CCO0nSt0
NOCCaT2C
QCOCeT 30
QG650
QOOOATRE
VOGOARSD
OCCCAHETD
00K ELD
CCCCanon

QCO0:.6C0O




3262

3264

Oon

3320

4000

002

FC=1.122%SQRTIB+C ) *Fw
FA=0,
Fwt!l.O.IZZ*CCOSQPI*(E#C)IHQ)'*4)‘COS(PI‘180C)/H)

CFC=FC*FW/¥S2

IF (KTYPE(1).EQe2) GO TO 2100
GO T2 4000

TC 16,17 = CRACK OUT OF SHOULDER
Bl=(W-H)/2. P ' 5 =
S1=C/(C+B1)

FC=W/PI/(C+B1)*¥TAN(PI*(C4B1) /W)

FC=SORT(FC)

FC=FC® (144, 122%(COS(PI*(C4RL)/W))*24) /1,122
FC=FC*SQRT(PI*C)*FUNT4(S1,C1E1)

CFe=0.

IF (KTYPE(1).FQ.2) GO TO 2100
GO TO 4000

RETURN

FORMAT(IHC, *NO COMPACT CKACK FCR PART=THRCUGH*)
END : :

D-56

00006610
00006620
0000663C
00006640
00006650
00006660
0000&6K 70
N00066K0
000066S0
00006700
00006710
00006720
00006750
0000670
00006750

00006760

00006770
00006760
00C0AKTSO
00CGO0&EOD
00CCeL10
00006620




10
20

30

FUNCTICN FUNPI(X,IX)
DIMENSICN AOVCE25),FUNS(25,2)

DATA ACOVC /00900490007 0012900150021 90e349e589eT7290e7759.8691:91.2%,

1 106991 aT68592e6232593 04545 0906569100925 0950e910049100004410000./7

DATA FINS /121279101191 alple08310079) e049e9T 9By TToel59eT)y
0655’ 0659061'.619057'o€'o‘03'03f"o3‘.017'010005'00900’

2 Ue 9.179027003790"200500690710.7"' 0750076007750.“200660_

099069609975 93999998 glevlepleysleglesle/

IF (AOVC(T1)ATLX)Y GO IO 5
IF (AOVC(25).GELX) GO TN 10

WRITE (4£,600C) X

s$TCP

PO 2C I=2424

1IF (X.LT.AOVC(I)) GC 70 30

CCNTINUE
1=2~
J=I~1

T=A0VC(1)-ATVC ()
T=(X=A0VC I I/T

FUNPL=FUNSII IX)+THIFINSIT,IX)=F St J,IX))

RETURN

FORMAT(1PO,*FIINPL: X= ¢,1PF12.2,°

FvD

IS OUT CF RANGE®)

D-57

O0COKHERG
000064 C
OCLeRAD
0000LLGO
000C0BETOH
0C00AEED
000C HEQN
0n0C6400
0N0i6910
0000¢,€20
00066420
0000GA%.0)
00006950
00COK%EC
0CCLleOID
0onCe°l U
0000 A/ASYD
00007000
oGec?rLn
Q0CC7C20
ACCCTC3T
050070 G
oCco070%0
OGOOTOELD
OCCCT0TC
ooonTec?




¢

FUNCTION FUNTI(X)

_...DIMENSICN VALUE(14),FUNS(14)

DATA VALUE /00 9e06 301290199036 069e4B9e549069eT729eB9eB635:969147
DATA FUNS /1a9e“E gl apla0691e2491:39103691.3851.395,1.395,1.38,

1 1.3641.32,1.297/

IF (VALUF(1).6GT.X) GO TO §

T TF IVALUE(14),.GE.X) 60 TC 10

S WRITE(6,6000) X
syoe :
10 DO 20 I=2,14%
: IF (X.LF.VALUE(T)) GO TO 30
20 CCNTINUE

g

30 J=1~-1
"T=VALUE(1)=VALUE(J)
T=(X=VALUE(J) ) /T

T FUNTI=FUNSTJ)+T*(FUNS(TI)=FUNS(J))

c

RPN
6000 FORMAT(LHO, *FUNTLZ X = %,1PE12.3,°
END -

IS OUT GF RANGF?®)

00007090
occorine
00007110
occe7120
000G7130
00007140
00007150
00CC7160
00007170
go007180
000071%0
00067200
00007210
occorz20
00007236
000072+0
000C72%0
00007260
00007270
00007280
0000%250
00007300
00007210
00007320




C
- G
1
1
C
5
10
20
30
C
6 0G0

s

FINCTION FUNT2(X)

DIMENSION VALUE(16),4,FUNS{16)

DATA VALUT /0 e9e0h 3113301830290 76930329eB520eT9eTbyefgalihyg Py 94,

«©T9le/

CATA FUNS /1 ey eSM 3096309550959 095,:.95591091.0191aC14104.98,

.QD’ OO?QQBEQQEZOI

IF (VALUF(1).GT.X) GO TO 8
IF (VALUE(16).6F X)) GO TO 10
WPITE(6,600C) X

TP

P 20 I=2,1c¢

IF (XeLt VALUECL)) GC TO 320
CONTINUE

I=16

J=1-1

T=VALUF (] )=VALUT (D)
T={X~-VAIUEII) /T
FUNT2=FEINS(J)+T(FUNS(L)=FIINS(U))

" RETURN

FCRMATIIHO, "FUNT2: X = *,1PF12,3,°"

FND

QRKHNAI,P
AG
OF POOR Quary -+

D-59

CF RANCYY)

ACCrrama
02Cu™3C
NOCOT73250
0006G75¢.0
00eC 7370
0GCC 7380
eOCC73¢en
00007400
060007410
000076420
000G 7430
O0CCOT7440
0CCCT7450
0000746C
N00GTT0
00007450
NCCcer4ce
0ncnN?e00
QQCH7R1C
0CCC7E20
000GTE>0
00GOTR4L0
00GOTERG
0CNCTE 6l
[sXelela iy A AV




&

N t

FUNCTION FUNT3(X)

_ _DIMENSION VALUE(16),FUNS(16)

(g

20 CONTINUE

C

DATA VALUE /0e9el6663.23e259e3333,3.51.5714,.6315,.8,.88R8,

1 1.0909914263241.692.181942.666644.8007/ :
DATA FUNS /109120542, 1.066651.,07541.091651.25,1.%333,1.4166,
1 : 1:6259107592092:2432.T7253.6b94.61648./

T 1F (VALUEIYTY.GT.X) GO TO £
1F (VALUE(16).GE.X) GC TO 10
" 6 WRITE(A,6000) X
STOP
10 DO 20 1=2,16
1F (X.LE.VALUE(I)) GO TO 30
I=16
30 J=1-1
T=VALUE(I)=VALUE(Y)
C T=(X=VALUE(JI)IZTY
FUNT2=FUNS(J)+T(FUNS(]1)=FUNS(J))
" RETURN ’ ' .

4000 FORMAT(T1HO, *FUNT3:
FND

X = "l9512¢3"

D-60

IS OUT OF RANGE®)

00007560
00007590
00007600
0CCO7610
00007620
00007430
00007640
00007650
00007&60
0C0C74670
00007680
00007650
00007700
00007710
00007720

00007720

00007740
00007750
0000 7760
00007770
00007780
00007790
00007800
00007610
00007820




ODBNT VM WN

10
20
30

0

1000

2Cne

6000
&305

FUNCTIONM FINTALS 'Q,

DIMINSTION SVALIO) yRVAL(E) TARL(R,<)

CATA SVAL Ze019e059el 002903 00%0eb9eBole’/

DATA KVAL /le9e2 9022290591 ce920v4a9lE®nly

DATA TABL /Z11e622¢%05¢00%95ef9%e%9026391e5901.122,
Cell2 9502950l 9elvnesleleleaéb5y1.172,
3.“5'3.5"3.‘3%'1.5’2o“’?o?'lo‘.'lo]??'
2.51.?.51,2.5],2.51,?.«.2.,1.35.1.122,
2.05'?0'\5’2002'?.(‘5'20'1.8.1.3010122’
1.77'1077'1077'1077’1..'7910."1.?')'10122'
100591049 1a0b5y1labty104591359102492.122,
102597 02791 02%9) a2501e2501e2%91.1841.122,
161229112291 e12791612291a12241.17291.122,1.122/

IF (S.LT.SVAL(1)) GO TD 1€0C
IF (S.GT.SVAL(9)) GO TN 1400
IF (R LTLRVALIL)) GO TC 2000
IF ‘Ro(‘lT.RVAL(Q‘) r( TO Z(ll'iﬂ

Do 10 18=2,6
IF (S.LT.SVALITEY) G ¥~ 2O

CONTINU:
1s=9
N 30 YR=g2,F

JF (ReLTRVALIIR)) GO T &0

CONTIMNUE

1r=8§

ISMI=1E8=-1

JRM1=1FR~1

PS=SVAL(IS)-CVAL(TISM])

PE=(S=SVAL(ISMYL) ) /@S

PR=FVAL(TIF)=-FRVALITIrNMT)

PR=(R=RVAL(LI"M1)) /PP

FUMTO=(1a=PS )20 1.=PR)2TALLCICV] G TEMI)4PSH(] o~PR)ISTASLITIEMI 1)
CFUNTL=FINTLa b Rx (] o=FS)2TAGL(IRISM1)4PSHPRETLUL(TIS, IR)
RETHINN

WPITE(&,600C) €
sice
WRITE(&,600%) R
<TOF

FARMATULIHCy *FUNTALZ S = F,1P012,3,°% 1S CUT OF RANGF?)
FCEPMATIIHG, PFUNTL: R/B= ", 1PT12.%,* 1S CUT POF PALNGS?)
END

Ok;,
G
0@1}0?,)23& })’Gv
> 1 [f"[s\
D-61

anNONTIE “
NCOGT Ll
OOuG IO
0CO0 e
Qo770
CCCC 1480
NONNTEYD
00007900
QOUGISEn
0005760
o Zalaie iy L oK T)
OCOrTWw.D
000074%%H
onnnreng
QOOUTSTO
Oeeorern
00037840
COCLLHCCC
00COre10
006GGS020
NDOGHRNOAO
OCLORGAC
Q0CnL0F 0
pladed] BT o
GOCOSOTL(
00CGHE050
OUHEDNSD
QaecesrICoO
COLORTIIO0
geereyze
QOCCRLI3O
O6LO07 1460
[ LTI RAT
OeCC-1A0
AGOOBTSITC
CEECEHLILD
Dok 2160
OO0COF200
QuOOR 2V G
OGLCoZ28

L w
QCCa* 230
Acc oAl

OAHNZ50
R 118 250
GOGLEZ )
SCOCE2ER
QCo3n24yn




__FUNCTION FUNYS(R'S’,,
C
DIMENSICN SVAL(I[’ RVALI11), TlBL‘ll 11,
e SN i i
DATA SVAL ,1.0! '1 002'100591007"..1".15'1.2 .1.3'1.5'2.’3.,
DA'A RVAL ,002000‘90060008101'.12'.1"01”'.2?'.26'03/
DATA TABL /17593 09%e9%e595¢6960 970 980980599999
= = T Y a2 e 759289305 9%4014e3040eT95e96006659Tey
2 «9%,s1. 38'1085’20030'3.3'30615.'9.q'4 T5¢509
Sl s T o891 e2551.6%02.92.793. 103050be9%e494eTy 5.9
& eB291a1231c590)1e8T792e393 093059809 4e594eT59540
S o = _“szs‘l 159105.2.'2.6'4.4050’6 507¢598.59%9.5,
6 01'1 15"."5'1085'2 25'50'6.3'7.5’8.5'8.5'9.5.
Eies S T e5591. 190704291 eB493039509609Te5980599, 5910e09
8 ebb9le3dS5y2e93.5 o“o“oJo.6.,8.q9o910..11..
9 —“.03_601 7 5.'5.'60'6 5"0 '90'100'1100120’ 5 T
: = IR 93095.9Ta9Bes9e91Cay1la9l2e9124912.7
IF (S.GT.SVAL(11)) GC TO 1000
"IF (R.GTLRVALIIY))Y GC TO 2000
I1F (S .GE. SVAL(I" GC TN §
Sesmoaaae | vy gndEsasas
5 IF (R.GF.RVALI(1)) GC TC ¢
R=,02
6 CONTINUE
¢
DO 10 IS=2,11
CTF {SJLTLSVALTIS))Y GO TO 20
10 CONTINUL
18=11
20 DU 30 IR=2,411
IF (RJLTLRVAL(IR)) GC TO 4«0
30 CONTINUE
r——— ey ==
40 I1SM1=18~-1
IRM1=IR~]
PS=SVALIIS)-SVAL(ISMY)
PS={S~-SVAL{ISMY) ) /PL
PR=RVAL (IR)=-RVAL({ IRM])
PR={R~RVAL(IRM1)) /PR
FUNT5=(1.~PS)*(1.~-PR)*TABL(IRML,ISM1)+PS*(1.~PR)*TABRL(IRM1,1¢)
FUNTS=FIINTS+PP* (] .~FS)*TABL(IRoIEML)+PS*PR*TABL(IS,IR)
RETURN
c :
1000 WR]TE(b,bOOO’ S
: B G G
2000 WRLTE(6,6C05) R
£T0P
=
6000 FORMAT(IHO, *FUNTS: W/H = ' ,1PE12.3,' IS CUT 0OF RANCE")
6005 FOPM‘T(]HO,'FUN’S' RAD/H= *,1PE12.3,* IS OUT OF RANGF')
END

00008300
00008310
0C008520
00008330
00006340
00008340
0000 ¢ 360
00008370
00008380
00008390
00008400
0000KR410
00008420

00008430

00008440
00008450
00008460

00008470

0000 64KD
000068450
0000&%5C0
0CO08SYIOD
0C00" 520
00006520
00008540
0000OBSE0
000CES K0
00006570
00008540
QooensGD
00008600
00008610
00008620
000068620
0006GE640
00COFRESD
00GOR&ELD
00008670
OCCORAKOD
0000EAK90
00008700
0000DRT10
00002720
00008730
0000”740
02008750
ooces76cC
CC0087T70
0000ETHO
000087°G
O0C00ERGO
00008810
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PROGRAM SCPILCT CDC #600 FTN Vv3,0=P355
Pi?0RAM SCPL.CT(INPUT+OUTPUT+TAPER=INPUTTARPES- INEUT,
" IAPEA=0OUTRPUT«PLOT)

Tl ROUTIN: GENERATE PLOTS ON AN SC4020 FROM A PHREVIOUSL

CENFRATED DATA FILE

CUN-TANTS Al DATA DECLARATIONS

DOOHNOO O

19 IuT GER COTITLULDDATASCODEND«CDHDR L 4COHNR2«COHNRIZLNHHDKREG
THTFGER CDRURS«LNHDRASY]ISYMB . Y2SYMHE
INT GER TITLE(AR) FRNPS(H46)
¢ IHT GER TITLE(Q)«FFNDRS(]3e6)
. TOT7GER COTYRE «iDPTSeNPLOTSeNLABLS «MXDPTSsCAMRAS ¢ ADARY (4)
 Ba g [TV GFER NPLUTS e PRFLGeX) aRXP2e X3 HALaRY L aRY2aRY 2 awY4
19T GER Ble'i24Ri41

MaX OF 290 DATA POINTS

0y D

20 REAL XVAL(2/1)eY1VAL (201)aY2VAL(201)
Rrar XMAXeY iAXenMINeYMIN
Re At XMAXTHNaYMAATNGXMININGYMININ
REmnr XTMCTIN«YINCTMeXINCeYINC
ReAr CYPHLKeXlern2eY1laY2
2h ke A XBlanns
KEA YMATST(4)
CATA COTITLZ4HTITLY
CATA CDOATAZ44D I TA/
CAT* CDDENR/GHHIRSY
k1] CaT: CODRIZaHHUR]Y
Cals CDMOR2Z4MHURZY
CAT.. CDHDRIZ4HNIRTY
CAT . CDUHDRG/4HHURG/
CaTy CDMDRS/Z4HH. RS/
35 LAT: CDHDRO/4HHIRAY
CATn YISYNI/1mHX/
CAT» Y25Y"s/1H0/
CAlr 4AxIPTS/200/
EATS YUKISTZ, T osBet o8 7

49 ¢
£ =i " TAEIRE
.
Xmloo= 0,
Y15 = 0,
45 NPLOTS = 1|
c
c KEA LPARAMETER CARC
C

REA . (54100 0) X AXINGYMAXINeXINCINeYINCINGCAMRAS,
g,'l % AARY
1000 FOR AT (4F) ‘.44 4ebAG)

PRI T INPUT SPELIFICATIONS

m e

0 wiel F (6420 .0)
o 804,

- '1__
= 'Op *AGE
&) : <D
ALprm, D-63

#F




60

65

70

75

RN

85

S0

95

109

105

110

AR

PROGRAM

OOCCOOOON OO0

s Nale]

OO0

C

s NeNe]

SCPLOT CDC 6600 FTN v3.0-F355

2000 FOR'AT (/# INPUT SPECIFICATIONS#//)
WHITE (6¢2010) XMAXINsYMAXINGXINCINSYINCINsCAMRAG,

® “DARY

2010 FOR AT (# MAXIMUM X = #4 1PE10.D/
@ 2 MaXxIMumM Y = #« 1PF10.3/
“* 2 TNCREMENT X = %« 1PFl0.3/
" # INCRE“ENT Y = #+ 1PE10.3/
» 2 CAMARAS = #e 13/
# # SPECTIAL INSTRUCTIONS = #4 4AK/777)

CEFULT SETTING> IF NOT INPUT
I¥ (CAMRAS JLE. 0) CAMRAS = 35
STA=T PLOT

CAL). IDENT (CAMRAS.ADARY)
INITIAL REAU

REA') (Re10119ENU=999) CUTYPEWTITLE «CYPRLK
REA'' (84101.) CUTYPESTITLE,CYPKLK .
IF (EOF(H8)) 699,75

MALY PGM LOLIC

CALI, PRINTV (=20+20HAAAAAAAAAAAAAAAAAAAAL300+100)
CALl. PRINTV (=20+20HRBEHHRBHERBBBEBEBBRARKB,2R0,100)
CAL!. PRINTV (=20420HCCCCCCCCCCCCCCLCCCCCa2A04100)
CALIL PRINTV (=20+20H4DDDODDDONDDOLLLLLDDND2404100)
Call. PRINTV (=20420HEEEEEEEEEELEEEFEEFEE2200100)
CaLl PRINTV (=20+20HFFFFFFFFFFFFFFFFFFFF+2004100)
CAL!L FRAMEV(3])
30 CON'INUE
NPLATS = NPLQTS + )

INPIIT DATA FQCR A PLOT

READ (Bel0104ENDU=999) CDTYPESTITLE «CYPRLK
REAY (Re1010) CUTYPESZTITLE+CYPBLK
IF (FOF(R)) $99.+32
1010 FOR AT (Abs4Xe454]109A4s9XeEQ.0)
1010 FOR ‘AT (A4+4Xe94he9XeES.0)
32 CONTIMNUE

ADVANCE FRAZE FUR NEXT PLOT

CALIL FRAMEV(3)
35 CON/INUE

IF 10T TITLE CARD = SEG ERROR
IF (COTYPE .NE. COTITL) GO TO 970

NPT = N0
XMAY = Q.
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PROGRAM SCPLCT CDC 6600 FTN v3.n=P3585
YMA* = 0,
C
Cc MAT. i DATA READ LOOP
C

115 S0 CON: INUE
NIOPTS = NDPTIS « ]

REAT (Hel02) COTYPEGZYIVALINNDPTS) « Y2VAL (NDPTS) « KAyAL (NVPTS'

1020 FOi AT (A4 3FE12.3)

120 CHErK FOR EQ OF DATA VALUES

e Neke!

IF ‘CDTYPE +EQ. COLCEND) GO TO 100
ERRCR TF nOT DATA CARD

175

IF (CDTYPE «NE. CDCATA) GO TO 98O

ERr ‘R IF 9AA DATA POINTS EXCEEDED

s NeRe (s EeEal

130 IF «NDPTS o2Te XDPTS) 60 TO 975

ACC™MULATF MAX UATA VALUES

N oD

XAAY® = AMAX L (XM:XeXVAL (NDPTS))
139 YMAY =
Go 0 8N
100 CON IHNUE

»

ADYIST HNUMBER OF DATA POINTS COUNTER

MO

140
ANDPTS = NDP[S = ]

REAI HEADFR CARUS

OO0

145 REA: (BRel03) CUTYPFEW(FHDRS(191)el
1030 FUR AT (A4s7A104AK)
Cl030 FOR AT (A4el2A6+A2)
IF (CDTYPE .ANE. CDEDRY1) GO TO 98S
REA ) (841039) CIOTYREC(FHDRS(Te2)e] =
150 I¥ (CDTYPE JNE, CNDEDRZ2) GO TN 985
REAY (HBelD31") COTYPEC(FHDRS(I93)s] =
IF (CDTYPE «NEe CDEDR3) GO TO 9HS
REA ) (Rel03:) CUTYPEG(FHDRS(Tead) sl =
1F (CDTYPE «NE, CDFDR4) GO 10 98S
185 REA" (B9103)) CUTYPESW(FHNDRS(Te5) 1
IF (COTYRE AEe CDENRYS) GO TO 985
REA (RelN31) COTYPEG(FHNRS(Te6H) el =
IF (COTYPF KNE. CDRDRB) GO TN 985

AMAKL (YMaXeYLVAL INDPTS) « Y2VAL (NDPTS))

1e4)

| | c
E 160 C SET UP PARM; FOn THIS GRAPH

C
| C IF "NPUT MALS 1 CALCULATED MAXS = INPITS ARE NVEWRRINLEN
| L

150 CON' INUE
16 IF 'XMAXIN +CGF, XMAXY) GO TO ]5A8

r
E URIGIN
;A OF'podAL‘RAGmrﬂs

ALITVY D-65




PROGRAM

SCPLCT CDC 6600 FTN v3.0n=P355
10
ADJVIST XMAX

CON' INUE

" 1]

IF (1 +GT« 100O) GO TO 965

IF t10#%] L.T. AMAX) GO TO 152
XMAX = |Qu#]

GN "0 160

CONT INUE

XA = XMAXIN

CON * INUE

1F (YMAXIN «CE. YMAX) GO TO 148

ADJIIST YMAX

Co 162 1 = 14

IF (YMXTST(1) LT« YMAX) GO TO 162
YMAC = YMXTST(I). :
g3t 110

CONTINUE

1 =0

CON ' INUE

1 & ] ¢}

IF (1 «GTe 100) GO TO 965

IF (10#%#] JLTe. YMAX) GO TO 164
YMAY = (Q##]

¢CO 0 170

CON™ INUE

YMAC = YMAXIN

COMOUTE INCYEMENTS
CON' INUE
CulLCULATE X INCREMENT IF NOT SPECIFIED
IF (XINCIN «CTe 0e¢) GO TO 175
> CON' INUE
XINT = XMAX / 10,
GO "0 180

IF  PECIFIEU INCREMENT WOULD ALLOW MORE THAN 10 TIC MARKS
QVE:RIDE

CON' INUE
IF (XMAX/XINCIN .GT. 10s) GO TO 172
XINC = XINCIN

CALCULATE Y INCREMENT IF NOT SPECIFIED

COn™ INUE
IF (YINCIM «CGT. 0.) GO TO 185
CON 7 TNUYE




230

235

245

245

255

2hC

265

2

215

PROGRAM

OO0

SO0 oS00

OO0 OO0

OONHOOHO0O0n

OO0

SCPLCT CDC 5600 FTN y3.0=-P355

185

190

200

220

i
4
i
i
i+
i

YIN®S = YMAX / 10,
GO "0 190

IF PECIFIEy INCREMENT WOULD ALLOW MORE THAN 10 TIC MARKS
OVE "RIDE

CON INUE
1F (YMAX/ZYINCIN GTe 10.) GO TO 182

CUT2UT CALCULATED SPECIFICATIONS

CON " INUE
wlTE (642020) PLOTSeNDPTS e XMAX e YMAX 4 XINCoYINCoCYPBLX

2020 FOw ‘AT (/7% SPELIFICATIONS FNOR PLOT #,13//

2 NUMABEr OF DATA PTS = #+ 13/

2 OAAXTIMOM X = #+ 1PF10.2/
2 MAXIMIM Y = %« 1PE1D3/
£ [WCRECENT X = #« 1PE10.3/
2 INCRE“ENT V = #+ 1PE10,3/
# CYCLES PER BLOCK = #« 1PE10.3)

CEF 'NE AND SET >CALING FACTORS FOF PLOTTING ARFA
CON TNUE

CAL!. XSCALV (XMINeXMAX+150450)

CaLi YSCALV (YMINsYMAXs150450)

CRA'C SAUARE SURHOUNDINCG PLOT AREA

CON INUE

CET RASTER CQORUS OF ENDPOINTS

CALl. XSCLV]1 (XMINeRX]+ERRFLG)

CALt XSCLVI (XMaXeRXZ2ERRFLG)

CALI YSCLV] (YMINSRY]1$ERRFLG)
CAL!' YSCLV] (YM ' XsRY2SERRFLG)

RX1 = IXV(X-IN)

RXZ = IAV(XAAX)

RYL = TYV(Y'IIN)

RYZ2 = 1YVv(Y 1A)X)

Ckh w Q«‘UAQE ":1’

CAL!. XAXSTP (RX!sRY1eRX2) O >
CAL!. YAXSTP (RXceRY14RY2) 2, G
CaL'. XAXSTP (RXZeRY24RX1) Up &
CAL! YAXSTR (RX1eRY24RY1) ia?

CALL XAXISV (RX.ieRY)eRX2)
CALI YAXISV (RXZeRY]RYZ)
CAL! XAXISYV (RXZeNY2ekX])
Cal! YAXISYV (RX!aRY24xY])

C«A+ TITLE (ASSUME CENTERED ON INPUT)
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.

289

285

290

295

300

305

310

315

320

325

PROGRAM

330

SCPLCT ‘

OO0 OO0 OO0 OHOOOOOOO0O s NaNal

OO0 (] OO0

260

caLL
CRAW
CALL
CALL
CALL

CRA

SET UP TO OkAw INFO LINES ABOVE OR BE_LOW CENTER
CEPFNDING ON INITIAL VALUES OF DATA

RY3 = 950
3 4

RY3 =
CON T INUE
CRA« SYMBOL
RY3 ='RY3 -
CALlI. PRINTYV
CALL. PRINTV
KY3 = RY3 =~
CALL PRINTV
CALI. PRINTV

CENFRATE TIC MARKS AND LABELS

LA L AND TIC MARK ORIGIN

CALL
CaLL
caL!
CaLL

LINE2V
LINE2V
PRINTV
PRINTV

CRA
X1 = XMIN

NLAHLS =
CO w0 I =

GET NEXT TIC MA~K VALUE

X1 = X1
CALL XsCLv!

RX3 = IXVI(X])
CrA 1 TIC MAkK

CALL LINE?V (RX318Y1=44048)

AX1IS TITLES

PRINTV («6+6HCYCLESsRX1+4390eRY1=40)

PRINTV (=6+6HBLOCKSsRX1+390sRY2+43)

APRNTV (09=149=696HINCHESsRX1=125,RY14454)

INFO LINES

(y2vAL (1)
B0 260 I = 146
CALI. PRINTV (76+FHDRS(191)9sRX14169RY3)
RY3 = 1S

X AXIS LABELS

XMAX / XINC = .99
1

+ XINC

CDC 6600 FTN v3.0-P355

RITE?V (56+1341023+9091+5491sTITLESERRFLG) ‘

* YIVAL(1)) / 2. «GTs YMAX / 2, ) RY3 = 29¢

LEGEND

10

(=134 13HSYMBOLS: A = sRX1+164RY3)
(1eYISYMBeRX1+41244RYI)

15

(=13e13H C = oRX1e¢164RYI)
(1eY2SYMRsRX141244RY3)

(0+0)

(RX1=44RY1¢840)
(RX1sRY1=4+048)
(=1+1HO0sRX1sRY1=16)
(=191H0sRX1=16+RY])

oNLARLS

(X1 +RX3+ERRFLG)
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SCPLCT CDC 6600 FTN v3.n=P355

PROGRAM
5
4
C
335 C
C
c
340
C
5
C
345
320
C
350 C
%
C
€
354 C
C
C
C
3k C
C
C
K5
340
£
C
370 C
C
€
375
C
=
€
KLD) C
&
r
385 &

LAB L TIC MARK

CALI. LABLY (X]enX3=354RY]1=1Re=291091)
COMIITE HLOUK LABEL VALUE

Bl = X1 7 CveBLN

B2 = Bl ¢ |}

X4l = Bl # CYPBLK

Xis2 = B2 # CYPRLK

CET VALUE CLCSEST TO CYCLE TIC MARK

IF t ABS(XBZ=X1) «CT. ABS(X1=X41) ) Gn T0 320

Xrl = XxXRB2 f
Bl = 32 ;
CON ' INUE |

IF *QRE THA:W ONL HALF A CYCLE TIC MARK AWAY DOMN#T DRAw
IF (xB] «GTe X1 + XINC/2. «0Re XBl oLTe X1 = XINC/2.) GO °
GET RASTER CQORUS

Calt XSCLV]I (XBLl4RBYERRFLG)
Rl = IXV(X'31)

CRA ' TIC H4A=K
CALL LTHE?PV (RR14RY2=44+048)

Lag"L TIC MaRK

XKl = Rl
CALL LAYLY (XBl1+RB1=3SsRrY2+12¢=2s1:1)
CON " INUE

LAST TIC MA=<k AT XMAX (UNLESS UNUSUAL USER INCREMENT
SPECTFIED)

CALI. XSCLVI (X1*XINC+RXI4ERRFLG)

RAJ = IXV(Xi+XInC)

IF (JABS(RX3=RXZ) «GFs S5) GO TO 360

CALL LINE?2V (RXZ2«PY1=440,8)

CAL!l LABLVIAMAXsRXZ2=35eRY]=1R4=29s]le])

CrA+ LAST HLOCK LARFL IF IN PLOT AREA
COMVYUTE BLOGCK LABEL VALUE

Bl = XMAX / CYP1LK
Xl = B8] # CYPRLK
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PROGRAM SCPLOT CDC 6600 FTN v3.0=P355
IF “ORE THAN ONE HALF A CYCLE TIC MARK AWAY DONZ#T DRAW
IF (XBl «LTe XMAX = XINC/2.) GO TO 360

390 GET RASTER COORUS

OO0 oo

CALL XSCLV1 (XBl+RB1+ERRFLG)

RH1 = IXVI(X4]1)

CALL LINE2V (RB14RY2=440,48) ‘
395 X1l = 81

CALL LAHLYV (XB1sRB1=359RY2+129=291s1)

C
(o CRA Y AXIS LABELLS
C =
400 360 CONTINUE : ;
Y1 = YMIN , |
NLARLS = YMAX / YINC - .99 |
CO =80 I = 1«NLABLS 1
¥l = Y] ¢ YINC
405 (o CAL!. YSCLVI (Y1sRY3HPERRFLG)
RY3 = 1YVI(YL)
C
C CRA' TIC MARK
C
410 CALL LINE2Y (RX1=4yRY3IeBy0)
C
(o LABTL TIC MARN
C
CALL. LABLY (Y14kX1=924RY39=341s1)
415 380 CONTINUE
c .
C LAST TIC MARKk AT YMAX (UNLESS UNUSUAL USER INCREWENT
C SPECIFIED
C
420 C CALL YSCLV] (Y1+YINC«RY3SERRFLG)
RY3 = 1YV(YleYINC)
IF (1ABS(RY3=RYZ) GF« S) 60 TO 400
CALI, LINE2VIRX1=49sRY2984:0)
CALL LAHBLYV (YMAAIRX1=924RY29=34ls1])
425 C
C PLCT DATA
C
400 CONTINUE
= CALL. XSCLV] (XVAL(]1)«RX34ERRFLG)
430 C CALL YSCLVI (YIVAL(1)sRY3ILERRFLG)
C CALI. YSCLV] (Y2VAL (1) sRY4LGERRFLG)
RX3 = [XV(XVALC(!))
QY3 = 1YV(YIVALI(L1))
KY&4 = JYVIYZ2VAL(1))
435 C
C PLOT SYMBOL AT FIRST DATA POINT (BOTH Y VALUES)
(o
CALI. PLOTV (RXJ3«RY3e«Y1ISYMB)
CALL PLOTV (RX3+RY44Y2SYMB)
440 C CAL!. PLOTV (RX3+RY3,20)
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445

450

455

4A10

LA

470

475

4RN

485

490

495

PROGRAM

(o]

D OO OO0 'n.ﬁn OO O0N s Ne Xl OO0 n OO0

OO0

SCPLCT CDC 6600 FTN v3.n=-P35

430
431

S65

2990

970

3600

CALY PLOTV (RX3+4RY&4429)
IF (NDPTS +LE. L) GO TO 43]

LO0 FOr REST OF DATA POINTS

CO #30 I = 2eNDHTS

CET CNORDS UF NEXT POINT

CaLr. XSCLVLI (XVAL (1) eRX]1ERRFLG)

CaLt. YSCLV] (YIVAL(I)eRY14ERRFLG)
CALI YSCLVIL (Y2VAL(T)eRY24ERRFLG)

KX1 = TXV(XZAL(1))
Y1 = TYV(YLVAL(I))
RY2 = JYVIYZVAL(]))

PLOT SYMBOL AT UATA POINT (FOR BOTk Y VALUES)

CaLi. PLOTV (RX1eRY14Y1SYMRB)
CAL! PLOTV (RX1+RY24Y2SYMR)
CaL' PLOTV (RX1+RY1420)
CALl PLOTV (RX1+RY2429)

CRAY LINE F<0OM PREVIOUS POINT TO THIS POINT

CaLt, LINEV(RX3e'“Y3eRX1aRY])
CaLl LIMEV (RX3+RY&4«RX1sRY2)

SET UP FOR HEXT POINT
RX3 = RX1
RY3 = RY]
RY4 = RY2

CONT INUE

COUNT IMNUF

CO 90 NEXT 2LOT

Go .0 30

MAX OF 10#2100 LXCEFNED

CON' INUE

arl"F (Hhe2990)

FOK ‘AT (/# “AX VALUE OF 10##100 EXCEEDED#)

Cd 0 9498

FIR<T CARD IN DATA GROUP NOT A TITLE cCARD

Cuiv " INUE

wel F (Hhe30n0)

FORAT (/# ZISSING TITLE CARD = DATA SENUENCE FRROK2#)
GO T0 995

MAX DATA POINTS EXCEEDED

D-71




500

505

519

515

520

825

PROGRAM

SCPLOT CDC 6600 FTN v3.0-P35¢

C
975 CONTINUE
WRITFE (643010) MXDPTS
3010 FOR AT (/1Xel4e# DATA POINT MAXIMUM EXCEEDED=)
CO 0 995

C
C CATA CARD EAPECIED BUT NOT READ
C
980 CUN INUE
WRI'E (643020)
3020 FORMAT (/# “I1SSING EXPECTED DATA CARD = DATA SEQUENCE ERR
€H T0 995

FOR CARD MISSIN®

OO0

985 CON - INUE
WRITE (He3010)

3030 FORYAT (/% +1SSING HDR CARD -« DATA SEQUENCE ERRORZ)
Gn 10 945

CENFRAL ERROR TrRMINATION

OO n

995 CON™INUE
WeITE (6e30+0)
3090 FOR ‘AT (//% ase RUN TERMINATED ##az)

C CaL!l ENDJOH
STOR 777
999 CON" IMNUE
C Cul! ENDJOH
STOw
E D
D-72
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