Analisis del crecimiento de grietas mediante el programa FASTRAN 11

ANEXO I

A continuacién se adjunta la guia de usuario del programa FASTRAN 11, en la que se

revisan las principales variables utilizadas tanto en el archivo de entrada como durante la

ejecucion del programa.

FASTRAN || User Quide -- Short Version

(Refer to NASA TM 104159 for explanations of nost paraneters.
Addi tional paraneters are described herein.
Free format unl ess otherw se noted.)

FASTRAN | nput Fil e:

1.

Problem Title

READ TITLE
FORVAT (20A4)

Spectrum Fil ename and Tinme Limt (seconds)

READ SPECTRA, TLIMT
FORMAT (AL0, E10. 3)

Material Title

READ MAT
FORVAT (20A4)

Material Tensile Yielding Properties
READ SYIELD, SULT, E, ETA, ALP, NALP, NEP, BETA
Fatigue-Crack Gcowmth Rate Option
READ | RATE
Repeat lines 6 to 7 IRATE tines (J = 1 to | RATE).
Fati gue-Crack Growm h Rate Equation and Fracture Properties
READ C1(J), C2(J), C3(J), C4(J), C5(J), ©8(J), KF, M
(Note: C6 is power on the [1-(Knmax/C5)"C6] termin equation 15.)
Fatigue-Crack Gowmh Rate Table (see ref. 5)
(a) READ NTAB, NDKTH
(Set NDKTH = 0 for current code or see conments about NDKTH

in comment section near the top of the fastran3x.f code or
see the conment section repeated at the end of this file.)
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10.

11.

12.

13.

14.

If NTAB = 0, go to line 8, otherw se continue:

(b) READ DKETAB(I,J), CGRTAB(I,J)

Repeat line 7(b) NTAB tines.

Crack Gowh Rates at Transition (NALP = 1 option only)

READ RATE1l, ALP1, BETAl, RATE2, ALP2, BETA2

Date Qutput Options

READ N PT, NPRT, LSTEP, NDKE, DCPR

Speci men Type and Loadi ng

READ NTYP, LTYP, LFAST, NS, NFOPT, | NVERT, KCONST

(Note: NTYP = -13, -12, 7 and 8 are not described in NASA
TM 104159, see comments at top of fastran3x.f code.
NTYP = 99 and -99 are user input crack configurations.

Speci men and Crack Starter-Notch Di nensions

READ W T, C, A, CN, AN, HN, RAD

Stress-Intensity Factor Table or Equation (NTYP = 99 & -99 only)

(a) READ KTAB

If KTAB = 0, go to line 13, otherw se conti nue:

(b) READ OWAB(I), FCTAB(I)

Repeat line 12(b) KTAB ti nes.

(Note: KTAB = 0 is user input equation in Subroutine SIF99.
KTAB > 0 is user input table in the formof c/w

agai nst Fc (CWAB(1) and FCTAB(l), respectively,
| =1 to KTAB). Maxi num KTAB = 50.)
Fi nal Crack Length Requested
READ CF

Speci al Input for Various Crack Configurations

(a) If NTYP = 0 (with LTYP = 2) or NITYP = -10 then:
READ GAMVA
(b) I'f NTYP = -7, -8 and -9 then:

READ XKT, NBCF

(c) If NTYP = 5 then:
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READ RADI US

(Note: NTYP = -13, -12 and 7 require special input that is not
described in current manual, see conments in fastran3x.f.)

15. Input Constant-Anplitude Loading to Initiate Crack from Starter
Not ch

READ SMAX, SM N

16. Special Input for Proof Test or Constant Crack-Opening Stress
Concept

READ NRC, DVALUE
17. Input Primary Fatigue Loadi ng

(a) Constant- or Variabl e-Anplitude Loading (NFOPT = 0 or 1):

Line 1. READ MAXSEQ MAXBLK, LPRINT, MAXLPR
LPRINT = MAXLPR = 0

Line 2. READ SCALE
Line 3: READ NBLK, NSL(I), NSQI)
Line 4: READ SMAXP(I1,J), SM NP(I,J), NCYCP(I,J)
Repeat lines 3 and 4, MAXBLK tines.

B. TWST [14] or MN-TWST [15] Flight-Load Sequence
(NFOPT = 2 or 3, respectively):

Line 1: READ MAXSEQ MAXBLK, LPRINT, MAXLPR

4000 MAXBLK = 10
0, 1 or 2

MAXSEQ
LPRI NT

Line 2. READ SMEAN
C. FALSTAFF [16] Flight-Load Sequence (NFOPT = 4):
Line 1: READ MAXSEQ MAXBLK, LPRINT, MAXLPR

MAXBLK = 200
0, 1 or 2

MAXSEQ
LPRI NT

Line 2: READ SPEAK

D. Space Shuttle (STS/NLR) Load Sequence (NFOPT = 5):
( SPECTRA = stsn)

Line 1: READ MAXSEQ MAXBLK, LPRINT, MAXLPR

MAXBLK = MAXLPR = 2
0Oor 1

MAXSEQ
LPRI NT
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Line 2: READ SPEAK
E. Gaussian Load Sequence [17] (NFOPT = 6):
Line 1: READ MAXSEQ MAXBLK, LPRINT, MAXLPR

MAXBLK = 839
Oor 1

MAXSEQ
LPRI NT

Line 2. READ SPEAK, SMEAN
F. Felix/28 [18] Helicopter Load Sequence (NFOPT = 7):
Line 1: READ MAXSEQ MAXBLK, LPRINT, MAXLPR

MAXSEQ
LPRI NT

140 MAXBLK = 12
0, 1 or 2

Line 2: READ SPEAK
G Spectrum Read from List of Stress Points (NFOPT = 8):
Line 1: READ MAXSEQ MAXBLK, LPRINT, MAXLPR

MAXBLK = NPO NTS/ 5000 + 1
0, 1 or 2

MAXSEQ
LPRI NT

Line 2. READ SPEAK
H. Spectrum Read from Flight-by-Flight I nput (NFOPT = 9):
Line 1: READ MAXSEQ MAXBLK, LPRINT, MAXLPR

MAXSEQ
LPRI NT

MAXBLK = NFLI GHTS
0, 1 or 2

Line 2: READ SPEAK
I. Spectrum Read from Flight Schedul e |Input (NFOPT = 10):

Line 1: READ NMAXSEQ MAXBLK, LPRINT, MAXLPR

MAXSEQ = Total nunber of flights in schedul e
MAXBLK = Nunber of different flights

LPRINT = 0, 1 or 2

MAXLPR = Nunber of flights to be printed out

Line 2: READ SPEAK
18. Input Variables for Load-Reduction Threshold Test
READ KTH, SMAXTH, RTH, CONST, PRT
(New option added for KTH = 4 -- KMAX = const ant
and new paraneter PRT added for KTH = 3 option,

see comments about KMAX test in comment section
near the top of the fastran3x.f code.)
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19. Input HALT or next problem (lines 1 to 18).
Spectrum I nput Files for NFOPT = 8, 9 and 10:
1. List of Stress Points (NFOPT = 8)

Line 1: READ TITLE
FORVAT (20A4)

Any 80-character title describing the spectrum
Line 2: READ NPO NTS, MAXST, M NST, | NVERT, LFORVAT
NPO NTS = Nunber of stress points in total spectrum

MAXST = Hi ghest stress point in total spectrum
M NST = Lowest stress point in total spectrum

I N\VERT = Val ue indicating order of stresses
=0 Smax , Smin,..., Smax , Snin
=1 Smin, Smax ,..., Smn , Smax

LFORVAT pecified format for stress val ues

FORVAT( 161 5)
FORVAT( 101 8)

S
1 FORMAT( 20! 4)
2
3

Note: Stress values nmust conformto the specified
format field. Either 20, 16 or 10 stress

val ues
must be on all lines except the last line.
The
last line may have any nunber |ess than the
specified format field.
Line 3: READ (NSIGQl), I=1, NPO NTS)
FORMAT (2014, 1615 or 10I8)
NSI (1) = stress expressed as an integer
If INVERT = 1, the spectrumis read and the array NSIGis
reordered to correspond to the INVERT = 0 option. A new
spectrum

file is generated named 'spectra8' . FASTRAN nust then be run
usi ng the new spectrumfil ename or a new fil enane given by the
user with I NVERT = 0.

2. Flight-by-Flight Loading (NFOPT = 9)

Line 1: READ TITLE
FORVAT (20A4)

Any 80-character title describing the spectrum
Line 2: READ NFLIGHT, MAXST, M NST, | NVERT

NFLI GHT = Nunber of flights in total spectrum
MAXST = Hi ghest stress point in total spectrum
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M NST = Lowest stress point in total spectrum
Val ue indicating order of stresses in

:
2|

flights
0O Smax , Smin,..., Smax , Smn
1 Smin, Smax ,..., Smn , Smax

Line 3: READ JFLT(M, NUM (NSIG), I=1, NUM

JFLT(M = Flight nunber for flight m
NUM = Nunber of stress points in flight m
NSIG(I) = stress expressed as an integer

Repeat Line 3, NFLICHT tines.

If INVERT = 1, the spectrumis read and the array NSIGis

reordered to correspond to the INVERT = 0 option. A new
spectrum

file is generated named 'spectra9' . FASTRAN nust then be run

usi ng the new spectrum fil ename or a new fil enane given by the

user with I NVERT = 0.

3. Flight Schedul e Loadi ng (NFOPT = 10)

Line 1: READ TITLE
FORVAT (20A4)

Any 80-character title describing the spectrum
Line 2: READ MAXSEQ MAXBLK, SPMAX
MAXSEQ = Total nunber of flights in spectrum schedul e

MAXBLK Nunber of different flights in spectrum
SPMAX = Hi ghest stress value total spectrum

Line 3: READ NBLK, NSL(I)

NBLK = Flight nunber
NSL(I) = Number of maxi muni m ni mum stress val ues

Line 4: READ SMAXP(1,J), SMNP(I1,J) (J =1, NSL(I))

SMAXP( 1, J)
SM NP( 1, J)

Jth maxi mum stress for flight |
Jth minimmstress for flight |

Repeat Line 3 and 4, MAXBLK ti nes.
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C FASTRAN - || - CLCSURE MODEL LI FE PREDI CTlI ON CODE

R b b S R IR Rk S O S b S b b R R S S O R Ik S R
*  NASA FATI GUE CRACK GROMH STRUCTURAL ANALYSI S - CLOSURE MODEL *
Rk b bk S R IR R S S O S S S S R I b S A IRk I b b b S
* *kkkkkk*k * k% *k k% R I * k% * k% * * % *
* *kkkkk k% *kkk*k * k% *kkkkkk*k *kkk*k *kkk*k * % * % *
* * % * % * % * % * % * * * % * % * % * k% * * *
* * * * * * * * * * * * * * * * * * * *k k% * % *
* *kkk*k *kkkk k% * k% * % *kkkkk*k *kkkkk* *kkk*k k% *
* *k k% *kkkk k% * k% * % *kkk*k *kkkkk* **k *kkk*k *
* * % * % * * * * * % **x ** * % * * * * *k k% *
* * % * % * % * % * % * % * % * % * % * % * k% *
* * * * * * % * k% * % * % * % * % * % * % * % *
* * * * * * % *k k% * * * % * % * % * % * % * *
Rk b b S R R Rk S S O S S O Rk bk o S R O S R I b I

VERSI ON CREATED: Cctober 22, 1998

NTYP = SPECI MEN TYPE ANALYZED
=-99 CRACK AT HOLE (OR NOTCH) CONFI GURATI ON | NPUT BY USER, S

-13 LAP-SPLI CE JO NT W TH CORNER CRACKS AT OUTER HOLES UNDER RI VET
LOADI NG (RF1), BY- PASS LOADI NG (RF2), AND BENDI NG ( GAMVA*S)
-12 LAP-SPLI CE JO NT W TH THROUGH CRACKS AT OUTER HOLES UNDER RI VET
LOADI NG (RF1), BY- PASS LOADI NG (RF2), AND BENDI NG ( GAMVA* S)
-11 PERI ODI C ARRAY OF SYMVETRI C THROUGH CRACKS AT HOLES, S
-10 PERI ODI C ARRAY OF SYMVETRI C THROUGH CRACKS AT HOLES UNDER PI N
LOADI NG (P), REMOTE STRESS (S=P/(2wt)), AND MOVENT ( GAMVA*S)
-9 CORNER CRACK AT SEM - Cl RCULAR EDGE NOTCH, S
-8 THROUGH CRACK AT SEM - Cl RCULAR EDGE NOTCH, S
-7 SURFACE CRACK CENTER SEM - Cl RCULAR EDGE NOTCH, S S
-6 TWD SYMVETRI C SURFACE CRACKS (CENTER OF HOLE), S |////1/1I/]]
-5 ONE SURFACE CRACK AT CENTER OF HOLE, S |
-4 TWDO SYMVETRI C THROUGH CRACKS AT A HOLE, S |
-3 ONE THROUGH CRACK AT A HOLE, S |
-2 TWD CORNER CRACKS AT A HOLE UNDER TENSI ON (S) |
OR BENDI NG ( Sh) | ----
I
I
I
I
|

1l
1
[EE

I
I
I
I
|

ONE CORNER CRACK AT A HOLE UNDER TENSI ON ( S) 2¢c |

OR BENDI NG ( Sh) |

0 SURFACE CRACK UNDER TENSI ON (S) AND BENDI NG ( Sb) |

1 CENTER CRACK TENSION (CCT), S |

2 COMPACT OR EXTENDED COMPACT SPECI MEN [ITTTTTTT)

LTYP=0 COMPACT (I NPUT: S=P/(wt)) S
LTYP=1 EXTENDED COVPACT (I NPUT: S=P/(wt))
3 SI NGLE- EDGE CRACK TENSION, S
4 S| NGLE- EDGE CRACK BEND, Sb
(Sb = 6M (tw'2))
THROUGH CRACK | N PRESSURI ZED CYLI NDER
(S = PRESSURE* RADI US/ THI CKNESS)
= 6 CORNER CRACK (a = c) IN SQUARE BAR (w = t) SPECI MEN, S
( ONE- DI MENSI ONAL CRACK GROWTH, AGARD SPECI MEN)
= 7 CORNER CRACK | N PLATE UNDER TENSI ON (S) AND BENDI NG ( Sb)
(LTYP=0 INPUT S; LTYP=1 INPUT Sb; LTYP=2 I NPUT S AND GAMVA)
= 8 DOUBLE- EDGE CRACK TENSI ON, S

<-- 2w -->

I
(&)

= 99 CRACK CONFI GURATI ON | NPUT BY USER, S

O0000000000000000000000000000000000000O00O0O0O0
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O0000000000000TO000000000000000000000O0

OOOOOOOOOOOOOOOOOOO@

NEGATI VE NTYP MJUST BE USED FOR CRACKS FROM HOLE OR NOTCH !!

NTYP = 99 or -99 ARE USER | NPUT CRACK CONFI GURATI ONS
I NPUT | N THE FORM OF c/w AGAINST FC (w IS | NPUT W DTH)
FOR EQUATI ON (KTAB = 0) OR TABLE (KTAB > 0).
FOR EQUATI ON, PUT USER DEVELOPED EQUATI ON FC=f(c/w) IN
SUBROUTI NE S| F99 AND RE- COMPI LE CODE. FOR TABLE, PUT
TABLE- LOOKUP ¢/ w AGAI NST FC | N FASTRAN | NPUT FILE AS
CWIAB( 1), FCTAB(1),1=1 TO KTAB ( MAXI MUM KTAB | S 50)
CURRENT VERSI ON | S FOR THROUGH CRACKS BUT VERSI ON CAN BE
USED FOR 3D CRACKS W TH a/c EQUAL CONSTANT W TH CRACK
GROANTH ' ONLY' I N THE c- DI RECTI ON

NTYP = 0 WTH LTYP = 2 REQU RES | NPUT OF MOVENT ( GAMVA)
NTYP = 7 WTH LTYP = 2 REQU RES | NPUT OF MOVENT ( GAMVA)
NTYP = -10 REQUI RES | NPUT OF MOVENT ( GAMVA)

GAMVA=RATI O CF QUTER FI BER BENDI NG TO REMOTE STRESS ( Sb/ S)
NTYP = -7, -8, AND -9 REQUI RES | NPUT OF STRESS CONCENTRATI ON KT
AND SELECTI ON OF FI NI TE- W DTH CORRECTI ON NBCF ( SEE SUB BCF)
NBCF = 0 UN FORM STRESS BCF (H W2, RAD/ W:1/16)
1 UNI FORM DI SPLACEMENT BCF (H W1.5, RAD/ We1/ 16)
2 UN FORM DI SPLACEMENT BCF (H Wt2, RAD/ W£1/16)
3 UN FORM DI SPLACEMENT BCF (H We3, RAD/ W£1/ 8)

NTYP = 5 REQU RES | NPUT OF PRESSURE VESSEL RADI US
NTYP = -12 & -13 REQUI RES | NPUT OF RIVET PI TCH OR SPACI NG
Rl VETS),

R VET LCAD RATICS (RLF1 & RLF2) IN A TWO- ROW LAP- SPLI CE JO NT,
BENDI NG MOVENT AT RI VET LOCATI ON (GAMVA), AND | NTERFERENCE
(DELTA). RIVET SPACI NG USED TO CALCULATE WR ( HALF- W DTH OF
RIVET STRIP). RLF1 IS PRIMARY RI VET LOAD (HOLE W TH CRACK)
AND RLF2 IS THE BY- PASS LCAD RATI O (MAY BE USED FOR MULTI - ROW
BY- PASS). GAMVA = RATI O OF LOCAL BENDI NG STRESS TO REMOTE
APPLI ED STRESS (Sigma_b/S). DELTA = CHANCE IN RI VET RADI US
(RIVET IS SAME MATERI AL AS SHEETS.) w = ONE-HALF JO NT W DTH.
| NPUT TOTAL APPLI ED REMOTE STRESS, S (MAX AND M N VALUES).
LAP-SPLI CE JO NT HAS TWO SYMVETRI C CORNER OR THROUGH CRACKS
LOCATED AT OUTER RI VET HOLES ON ROW 1. LOADI NG ON RI VET HOLES
'S ASSUMED TO BE [ SI N( THETA)] 0. 6. CORNER CRACKS (NTYP = -13)
GRONV W TH " CONSTANT" a/c RATI O, AS | NPUT, AND BECOVE THROUGH
CRACKS (NTYP = -12) WHEN a/t = 1. NTYP = -12 CHANGES TO

BLE-

EDCGE CRACK WHEN SI F''S MATCH FOR CRACK LENGTH GREATER THAN

HOLE RADI US. FIRST ROW LOADS ARE P1 AND SECOND ROW LQADS

ARE P2. QUTER RI VET LOADS (P1* & P2*) ARE H GHER THAN OTHER

LOADS AND DECAY AS THE CRACK GROMNS ( SEE SUBROUTI NE BCF).

(Note: Set NODKL = 0 to turnoff current |oad-decay equation in

Subroutine BCF or NODKL = 1 to use current equations.)

(FOR 50% BY- PASS, RLF1=RLF2=0.5. RLF1+RLF2 MJUST EQUAL UNITY.)
CN=STARTER NOTCH LENGTH ( FROM LOAD CENTERLI NE OR SPECI MEN EDCE)
AN=STARTER NOTCH DEPTH
HN=ONE- HALF HElI GHT OF STARTER NOTCH
Cl =I NI TI AL CRACK LENGTH ( FROM LOAD CENTERLI NE OR SPECI MEN EDCE)

Al =I NI TI AL CRACK DEPTH

WEONE- HALF W DTH (W DTH FOR NTYP= -9, -8, -7, 2, 3, 6 AND 7)

T=SPECI MEN THI CKNESS ( ONE- HALF THI CKNESS FOR NTYP=-5, -6 AND -7)

CF=FI NAL CRACK LENGTH DESI RED (OR MAY BE SET EQUAL TO W DTH)
NOTE: ClI AND CF MEASURED FROM LQAD CENTERLI NE OR SPECI MEN EDGE

CRACK LENGTH, C, I N THE PROGRAM | S UNDERSTOCD TO BE C*
C*=CURRENT CRACK LENGTH ( FROM LOAD CENTERLI NE OR SPECI MEN EDCE)
D=CURRENT CRACK LENGTH (C*) PLUS PLASTI C ZONE ( FROM CENTERLI NE)
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O000000000000000000000000000000000000000000000000000000000

A=CURRENT CRACK DEPTH
RAD=RADI US OF HOLE (AT CENTERLINE) OR SEM - Cl RCULAR EDGE NOTCH
C*- RAD=CRACK LENGTH MEASURED FROM EDGE OF HOLE OR NOTCH
MAT=MATERI AL DESI GNATI ON
SYI ELD=Y! ELD STRESS (0.2 PERCENT OFFSET)
SULT=ULTI MATE TENSI LE STRENGTH
SFLOM-FLOWN STRESS ( AVERAGE BETWEEN SYI ELD AND SULT)
CRACK- GRONTH PROPERTI ES OPTI ON:
IRATE = 1 da/dN IS EQUAL TO dc/dN AS FUNCTI ON OF DKEFF
= 2 da/dN AND dc/ dN HAVE DI FFERENT DKEFF RELATI ONS
(MUST USE El THER EQUATI ONS OR TABLES FOR BOTH)
CRACK- GROWTH PROPERTI ES: CL(1,J), C2(1,J), C3(J), C4(J), C5(J), CB(J)
J =1 PROPERTIES IN c- Dl RECTI ON (PRI MARY DI RECTI ON)
= 2 PROPERTIES I N a- DI RECTI ON ( THRU- THE- THI CKNESS)
CL(1, J) =CRACK GRONTH COEFFI Cl ENT FOR SEGVENT | AND PROPERTY J
C2(1, J) =CRACK GROANTH POWER FOR SEGVENT | AND PROPERTY J
| = 1 FOR CGR EQUATION AND | = 1 TO (NTAB-1) FOR CGR TABLE
C3(J) AND C4(J) =CRACK GROWH THRESHOLD CONSTANTS
C5(J) =LI M TI NG VALUE OF MAXI MUM STRESS | NTENSI TY FACTOR
(CYCLI C FRACTURE TOUGHNESS)
06(J) =PONER ON KMAX/ KC TERM
NTAB(J) = 0 PROGRAM USES CRACK- GROWTH RATE EQUATI ON
dc/ dN = CL* DKEFFAC2 f ( DKO)/ g( Kmex)
WHERE DKO = C3*(1.- C4*R)
( SEE SUBROUTI NE RATE)
VALUE GREATER THAN ONE | NDI CATES NUMBER OF DATA POl NTS
USED TO DESCRI BE CRACK- GROWH RATE DATA FOR TABLE LOOKUP
(SIF AND RATES MUST BE | N ASCENDI NG ORDER)
SEE SUBROUTI NE RATE ( MAXI MUM PO NTS ALLOWED = 35)
0 OPTI ONS:
dc/dN = f(DKEFF) W TH DKO THRESHOLD
dc/dN = (dc/dN) FROM TABLE * 1/[ 1- ( KMAX/ KC) A C8]

NTAB( J)

NTAB( J)
NDKTH

= OV

(C6 = 2.0 for alum num al | oys)
(A) KC = C5 | NPUT CYCLI C FRACTURE TOUGHNESS
(B) KC = KIE (TPFC) IF C5 SET TO 9999 OR H GHER

2 dc/dN = f(DKEFF- DKO)
WHERE DKO = C3*(1.-CA*R)

RATE1=CRACK- GROWTH RATE NEAR START OF TRANSI TI ON FROM FLAT- TO-

SLANT GROWH ( ALP=ALP1 AND BETA=BETAL FOR RATES LESS THAN RATE1)
RATE2=CRACK- GROWTH RATE NEAR END OF TRANSI TI ON FROM FLAT- TO

SLANT GROWMH ( ALP=ALP2 AND BETA=BETA2 FOR RATES > RATE2)

(RATEL AND RATE2 ARE USED ONLY W TH NALP=1 OPTI ON)

KF=ELASTI C- PLASTI C FRACTURE TOUGHNESS
MEFRACTURE TOUGHNESS PARAMETER (RANGE 0 TO 1)
(SPECI MEN TYPE: NTYP = 99 or -99 USES LEFM KF=KC AND M:0)
KI E=ELASTI C STRESS- | NTENSI TY FACTOR AT FAI LURE ( FROM KF AND M
NFCODE = OUTPUT VALUE | NDI CATI NG CAUSE OF PROGRAM TERM NATI ON
KMAX > C5 (I ERR=1; SEE NFCODE = 0 STATEMENT)
CRACK DRI VE > MATERI AL RESI STANCE ( DKEFF- RATE CURVE)
KMAX > C5 (I ERR=1; SEE NFCODE = 2 STATEMENT)

MAXI MUM APPLI ED STRESS GREATER THAN 0. 99* SFLOW
KMAX > KI E (ELASTIC SIF AT FAI LURE)
CRACK LENGTH EXCEEDS W DTH
= 6 CRACK LENGTH PLUS PLASTI C ZONE EXCEEDS W DTH
LTYP=TYPE OF LOADI NG OR MODI FI ED SPECI MEN

= 0 REMOTE TENSI ON
(I NPUT TENSI ON STRESS, S)

1 REMOTE BENDING (NTYP = -2, -1, 0 AND 7 ONLY)

O WNEFLO
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OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO%OOOOO%OOOOOOOOOOOOOOOOOO
_|

(I NPUT QUTER FI BER BENDI NG STRESS, Sbh)
= 2 COVBI NED TENSI ON AND BENDI NG (NTYP = 0 AND 7 ONLY)
(I NPUT TENSI ON STRESS, S, AND RATI O OF QUTER FI BER
BENDI NG STRESS TO TENSI ON STRESS, Sbh/S)
NOTE: COMPACT SPECI MEN LTYP = 0
EXTENDED COWVPACT SPECI MEN LTYP = 1
SVAX=MAXI MUM APPLI ED STRESS
SM N=M NI MUM APPLI ED STRESS
S| G=CURRENT APPL| ED STRESS
SO=CRACK- OPENI NG STRESS (COMPUTED ONLY FOR NTYP= 1 AND -4)
(SO SMAX RATI O ASSUMED TO APPLY FOR ALL OTHER SPECI MENS)
KO KMAX |'S EQUAL TO SO SVAX (FOR ALL NFCOPT OPTI ONS KMAX | S
BASED ON HI GHEST STRESS I N BLOCK OR SPECTRUM SMAXSP)
KOPEN = 0 SO COWMPUTED FROM CRACK- SURFACE DI SPLACEMENTS
KOPEN = 1 SO COWMPUTED FROM CONTACT STRESS- 1 NTENSI TY FACTCOR (Sl F)
(KOPEN = 0 OR 1 G VES NEARLY SAME SO UNDER CONSTANT- AMPLI TUDE)
NEP = DKEFF 1S ELASTI C
= DKEFF | S ELASTI G- PLASTI C (0. 25* CYCLI C PLASTI C- ZONE

= O Z

RECTED)

= 2 DKEFF | S ELASTI G PLASTI C (0. 25* PLASTI C- ZONE CORRECTED)
SOBAR=EQUI VALENT SO SVAX VALUE ( DAMAGE WEI GHTED AVERACE)
LFAST = 0 NORVAL CRACK- CLOSURE MODEL
1 USES AN EQUI VALENT CRACK- OPENI NG STRESS (SCBAR) | F
C > CVAX AND NFLT > 2* MAXSEQ ( FASTER THAN LFAST=0

)

|
N

LI NEAR CUMULATI VE DAMAGE CALCULATI ONS USI NG SO
EQUATI ON FOR CONSTANT- AMPLI TUDE LQADI NG (SUB: SCEQN)
= 3 USES CONSTANT SO CONCEPT FOR PRECRACKI NG (SuB: SCEQN)
AND FOR BLOCK (OR FLI GHT) LQADI NG (SUB: SCFLY)
= 4 USES CONSTANT SO CONCEPT FOR PRECRACKI NG (SuB: SCEQN)
AND FOR BLOCK (OR FLI GHT) LOADI NG ( MANUAL | NPUT SO SMAX
VALUE AND SET NRC TO -1)
0 I NPUT ' DVALUE' NOT USED
1 I NPUT CRACK EXTENSI ON VALUE DURI NG PROCF TEST OR OVERLQAD
AT FI RST LOAD APPLI CATI ON DURI NG PRI MARY LOADI NG | NPUT
=-1 DVALUE IS SO SMAX VALUE USED FCR LFAST=4 OPTI ON
CVAX = Ca + 10 * MAXI MUM CYCLI C PLASTI C ZONE SI ZE
PLANE STRESS SET ETA = 0.0 OR PLANE STRAI N SET ETA=PO SSON S RATI O
ALP=CONSTRAI NT FACTOR = 1 PLANE STRESS
1.73 IRWN S PLANE STRAI N
3 PLANE STRAI N
0 CONSTRAI NT FACTORS (ALP AND BETA) ARE CONSTANT AS | NPUT
1 CONSTRAI NT FACTORS ARE VARI ABLE (ALP VARI ES FROM ALP1 TO
ALP2 AND BETA VARI ES FROM BETA1 TO BETA2)
BETA=CONSTRAI NT FACTOR ON COVPRESSI VE YI ELDI NG (USUALLY SET TO 1)
BETA = 1 PLANE STRESS
= 1.4 PLANE STRAIN (CAUTI ON: HAS NOT BEEN VERI FI ED)
0 APPLY STRESS OR LOAD FOR EXTERNAL LOADI NG
1 APPLY K (STRESS-I NTENSI TY FACTOR) FOR LOADI NG
I NPUT KMAX AND KM N, USED ONLY FOR NTYP=1 CR 2,
NFOPT<=1 AND LFAST=0)
NS=NUMBER OF ELEMENTS ON STARTER NOTCH LENGTH
NRHO=NUMBER OF ELEMENTS I N PLASTIC ZONE (SET TO 10)
MELE=TOTAL NUMBER OF ELEMENTS ( MAXI MUM ALLOWED= 50)
ERR=ERROR CHECK ON ELEMENT STRESSES
NVAX=NMAXI MUM NUMBER OF CYCLES ALLOWED FCOR PDX
USRVAX=MAX UNDERLOAD STRESS RANCE ALLOWED BEFORE MODEL EXERCI SED
CSRVAX=NMAX OVERLCAD STRESS RANGE ALLOWNED BEFORE MODEL EXERCI SED

NALP

KCONST
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PDX=M NI MUM CRACK GROAWTH | NCREMENT ( PDC*CYCLI C PLASTI C ZONE)

PDC=0.2 (SET | N PROGRAM

NTC=TOTAL NUMBER OF CYCLES

NPRT = ZERO OR ANY NEGATI VE NUVBER | NDI CATES LI M TED CRACK- LENGTH-
CYCLES QUTPUT AT SPECI FI ED CRACK- GROATH | NCREMENT ( DCPR)

= ONE OR GREATER | NDI CATES LI M TED CRACK- LENGTH CYCLES OUTPUT

AT NPRT CRACK- GROWH | NCREMENTS | N THE CLOSURE MODEL

(FOR LFAST=1 NPRT IS FOUR TIMES AS LARGE AS | NPUT FOR C > CMAX)

NPT = 0 | NTERNAL PRI NT OFF
= VALUE GREATER THAN ZERO | NDI CATES | NTERNAL PRI NT OUT
FOR ONE CYCLE AT NI PT CRACK- GROMH | NCREMENTS
NDKE = 0 PRI NT OUT ELASTI C DELTA- K AND RATES

1 PRI NT OUT DELTA-K EFFECTI VE AND RATES
NOTE: FOR NDKE = 0 AND KCONST = 0, ELASTIC DELTA-K s PRI NTED OUT
USE HI GHEST AND LOWEST APPLI ED STRESSES | N PRI MARY FATI GUE
LOADI NG DELTA-K EFFECTI VE ARE ACTUAL VALUES FOR NDKE = 1.
LSTEP=NUVMBER OF LOAD STEPS FROM M N TO MAX LOAD DURI NG PRI NTOUT
S=ELEMENT STRESSES
Y=LENGTH OF ELEMENTS | N WAKE OF CRACK( RESI DUAL DEFORMATI ON)
V- Y=CRACK OPENI NG DI SPLACEMENTS
FC=BOUNDARY CORRECTI ON FACTOR AT LENGTH C FOR REMOTE LOADI NG
FD=BOUNDARY CORRECTI ON FACTOR AT LENGTH D FOR REMOTE LOADI NG
FS(M =BOUNDARY CORRECTI ON FACTOR FOR LOADI NG ON CRACK SURFACE
FA=BOUNDARY CORRECTI ON FACTOR AT DEPTH A FOR REMOTE LOADI NG
BLOCK (OR FLI GHT) LOADI NG VARI ABLES:
SMAXP( |, J) =MAXI MUM STRESS OF LEVEL J I N BLOCK (OR FLIGHT) |
(FI RST MAXI MUM STRESS MUST BE POSI TI VE AND GREATER THAN M NI MUM
PRECRACKI NG STRESS)
SM NP(1, J)=M NI MUM STRESS OF LEVEL J I N BLOCK (OR FLIGHT) |
SCALE=SCALES MAX. AND M N. STRESS TO DESI RED LEVEL | N ALL BLOCKS
(OR FLIGHTS) FOR NFOPT = 0 OR 1 (SEE SUBROUTI NE FLI GHT)
SPEAK=HI GHEST STRESS FOR NFOPT > 1 (OR LOWEST, NFOPT=4, | NVERT=1)
SMEAN=EMEAN STRESS FOR NFOPT = 2, 3 AND 6
NCYCP( |, J) =NUMBER OF CYCLES OF LEVEL J I N BLOCK (OR FLI GHT) |
MAXSEQ=TOTAL NUMBER OF BLOCKS (FLI GHTS) | N SEQUENCE TO BE REPEATED
MAXBLK=NUVBER OF DI FFERENT BLOCKS OR FLI GHTS (MAX. ALLOWED = 15)
NBLK=BLOCK (OR FLI GHT) NUMBER ( MUST BE NUMBERED CONSECUTI VELY)
NSL(1)=NUVBER OF STRESS LEVELS FOR BLOCK | (MAXI MUM ALLONED= 2500)
FOR CONSTANT- AVPLI TUDE LOADI NG MAXSEQ=MAXBLK=NBLK=NSL( 1) =1
NFLT=BLOCK (OR FLI GHT) COUNTER
NFOPT=BLOCK ( OR FLI GHT) SEQUENCE OPTI ON
= 0 CONSTANT- AVPLI TUDE LOADI NG
= 1 BLOCKS (OR FLI GHTS) ARE APPLI ED BY USER SPECI FI ED
PERI ODI C SEQUENCE (I NPUT: NSQ(1))
2 TWST FLI GHT- LOAD SEQUENCE ( SVEAN=MEAN STRESS)
( SEE | NVERT OPTI ONS UNDER M NI - TW ST)
=3 MN -TWST FLI GHT- LOAD SEQUENCE ( SVEAN=MEAN STRESS)
| NVERT OPTI ONS APPLY FOR TWST OR M NI - TW ST

INVERT = 0 OR 1 NORVAL SPECTRUM LEVEL |
I NVERT = 2 CLIP AT LEVEL 1|1
I NVERT = 3 CLIP AT LEVEL |11
I NVERT = 4 CLIP AT LEVEL IV
INVERT = 5 CLIP AT LEVEL V

= 4 FALSTAFF FLI GHT- LOAD SEQUENCE
I NVERT = 0 NORMAL SPECTRUM ( SPEAK=HI GHEST STRESS)
I NVERT = 1 | NVERTED FALSTAFF ( SPEAK=LONEST STRESS)
= 5 SPACE SHUTTLE SPECTRUM ( SPEAK=HI GHEST STRESS)
SPECTRA = 'stsn'
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INVERT = 0 FULL SHUTTLE SPECTRUM
INVERT = 1 SHORT SHUTTLE SPECTRUM
GAUSSI AN (1 =0.99) LOAD SEQUENCE
( SPEAK=HI GHEST STRESS; SMEAN=MEAN STRESS)
HELI COPTER SPECTRUM ( SPEAK = HI GHEST STRESS)
I NVERT = 1 FELI X/ 28 (Short version)
I NVERT = 2 HELI X/ 32 (Short version)
SPECTRUM READ FROM FI LE7 (LI ST OF MAX AND M N VALUES)
I NPUT: TOTAL NUMBER OF STRESS PO NTS (SMAX AND SM N)
I N SPECTRA; H GHEST AND LOWEST STRESS VALUE;
I N\VERT=0 STRESSES ARE: MAX, MN, ..., MAX, MN
=1 STRESSES ARE: M N, MAX, ..., MN, MAX
SPECTRUM | S REORDERED FOR | NVERT=1 AND WRI TTEN
TO FILE8 = spectra8 W TH | NVERT=0 | NPUT.
SPECTRUM READ FROM FI LE7 ( FLI GHT- BY- FLI GHT)
| NPUT: TOTAL NUMBER OF FLI GHTS | N SPECTRA; H GHEST
AND LONEST STRESS VALUE | N TOTAL SPECTRA;
I N\VERT=0 STRESSES ARE: MAX, MN, ..., MAX, MN
=1 STRESSES ARE: M N, MAX, ..., MN, MAX
FOR EACH FLI GHT, | NPUT FLI GHT NUMBER, NUMBER
OF STRESS PO NTS I N FLI GHT, AND STRESS VALUES.
NUMBER OF STRESS PO NTS IN A FLIGHT IS LIMTED TO
5000. (FLIGHTS WTH MORE STRESS PO NTS CAN BE
BROKEN DOMN | NTO SEVERAL FLI GHTS.)
SPECTRUM | S RECRDERED FOR | NVERT=1 AND WRI TTEN
TO FILE9 = spectra9 W TH | NVERT=0 | NPUT.

= 10 SPECTRUM READ FROM FI LE7 (FLI GHT AND SCHEDULE | NPUT)

I NPUT: NFLI GHT, MAXBLK, AND SPMAX (in spectrumfile)
NFLI GHT = NUMBER OF FLI GHTS I N TOTAL SPECTRUM
(MAX VALUE | S 5000)
MAXBLK = NUMBER OF DI FFERENT FLI GHTS | N SPECTRUM
(MAX VALUE | S 15)
SPMAX = MAXI MUM STRESS | N SPECTRUM
NUVBER OF STRESS LEVELS IN ANY FLIGHT IS LIM TED
TO 2500 AND | NPUT STRESS VALUES ARE FREE FORVAT

LPRI NT=VALUE USED TO PRI NT OUT | NTERNAL | NFORMATI ON ON SPECTRA

0
1
2

NO | NTERNAL PRI NT QUT ON BLOCK OR FLI GHT | NFORVATI ON
LI M TED OQUTPUT ON BLOCK OR FLI GHT NUMBERS

QUTPUT ON BLCOCK OR FLI GHT NUMBERS, STRESS LEVELS
AND CYCLES (MAY RESULT I N LARGE QUTPUT FI LES)

MAXLPR = NUMBER OF BLOCKS OR FLI GHTS PRI NTED QUT I N LPRI NT OPTI ON

(

ACTUAL NUMBERS PRI NTED OQUT MAY SLI GHTLY EXCEED MAXLPR)

NSQ | ) =PERI ODI C SEQUENCE OF BLOCK | (USED ONLY W TH NFOPT = 1)
NSQ(I) MJST BE I N ASCENDI NG ORDER WTH NSQ1) =1

LOAD REDUCTI ON/ | NCREASI NG METHODS FOR THRESHOLD TESTI NG (NTYP=1 ONLY):
NO LOAD REDUCTI ON ( NORVAL PROGRAM

ASTM RECOMMENDED PRACTI CE ( CONST = DK/ DT/ K)

Note: CONST = -2 (1/in.) or -80 (1/meter)

STRESS- | NTENSI TY GRADI ENT PROCEDURE ( CONST = DK/ DC)
+/ - PRT PERCENT REDUCTI ON PROCEDURE ( CONST = DC)

KTH

0
1

2
3

4

|
(

nput PRT, like -5.0% every CONST crack increment.
Note: PRT is used only for KTH = 3)

KMAX TEST PROCEDURE (CONST = DK/ DCJ K)

(

SET KCONST = 1 for KTH = 4, K- CONTROLLED CRACK GROWH)

CAUTI ON:  USE ONLY LFAST=NFOPT=0 OPTION I N THRESHCOLD TEST

UNITS:

S|

STRESS IN MPa AND LENGIHS I N neters
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Cc ENGLI SH - STRESS IN ksi AND LENGTHS I N i nches
Ck**********************************************************************
C

End of File
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