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1. ASME SA-335 Gr P22 “Seamless
Ferritic Alloy Steel” 1
2. AL 6063-T6 ASME  “SB221”
2
1 ASME SA-335 Gr P22 (wt.%)
Fe C Mn P Si Cr Mo

97.184 0087 0531 ~ 0014 0007 0230 1186 0761
2 AL 6063-T6 (wt.%)
A Si Mg

98.90 0.40 0.70

ASME SA-335 Gr P22 AL 6063-T6

3
3 ASME SA-335 Gr P22 AL 6063-T6
. E . Hardness
ays <y 0
Veterial —py WPy (Gpgy PEIOTRUON Vo gy
ASME SA-335
. 140

G P 376 515 185 25 0.33

AL 6063-T6 214 241 683 12 0.33 13
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ASME SA-335 Gr P22

3,193,004
3,249,999
3,299,999
3,345,499
3,394,005
3,435,000
3,455,510
3,475,005
3,491,501
3,506,000
3,516,004
3,525,011
3,533,003
3,541,000
3,548,998
3,554,002
3,999,001
3,963,012
3,566,005
3,568,998
3,571,497
3,573,998
3,576,499
3,579,007
3,580,307

2.400 £0.800

(

)

12.750
13.630
14.495
15.700
16.970
18.900
19.620
20.440
21.310
22.330
23.115
23.845
24.535
25.380
26.450
21.190
28.010
28.175
29.365
30.100
30.630
31.225
31.890
32.680
33.150

CT

0.5
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DO [EEEG T e T = e e —

0.5

ASME SA-335 Gr P22

755,004

794,002

840,003

865,023

948,001

1,010,003
1,062,999
1,115,201
1,162,104
1,189,002
1,215,704
1,239,302
1,257,003
1,266,003
1,272,002
1,274,998
1,280,002
1,284,501
1,289,001
1,293,502
1,296,400

2.600 +0.867

12.700
13.210
13.845
14.590
15.565
16.620
17.670
18.895
20.305
21.325
22.515
24.135
25.660
26.740
21.685
28.090
28.920
29.720
30.595
31.785
33.020
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AL6063-T6

1.000+0.333

303,209
320,002
330,005
355,000
385,004
405,004
450,000
489,430
510,091
526,502
540,016
554,011
570,002
585,151
591,001
598,004
603,023
605,501
607,526
609,502
610,002

12.750
13.035
13.225
13.725
14.250
14.805
16.050
17.350
18.675
19.455
20.245
21.350
22.135
24.335
25.075
26.530
28.510
30.005
30.710
32.530
33.150

05

CT

164
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AL6063-T6
1.00040.333

172,000
187,000
198,998
215,005
221,504
245,199
210,005
294,002
318,999
339,507
354,501
363,999
373,998
360,095
387,215
394,023
401,070
406,000
411,000
415,502
420,008
424,502
429,003
432,998
436,994
440,995
444,999
448,000
450,498

12.700
13.010
13.250
13.550
13.800
14.165
14.700
15.100
15.760
16:550
17.280
17.765
18.400
18.800
19.300
19.800
20.400
20.900
21.400
21.940
22.400
22.890
23.505
23.935
24 475
24.950
25.660
26.295
26.850
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0.5

30
3l
32
33
34
35

AL6063-T6

453,165
455,598
458,099
459,998
462,000
463,003

1.000+ 0.333

()

21450
26.000
28.700
29.525
31.390
33.020
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KFACTOR

KFACTOR 6

PROGRAM  KFACTOR

A FINITE ELEMENT CRACK ANALYSIS PROGRAM
FOR TWO-DIMENSIONAL PLANE STRUCTURES

THE VALUES DECLARED IN THE PARAMETER STATEMENT BELOW SHOULD
BE ASSIGNED ACCORDING TO THE SIZE OF THE PROBLEMS
MXPOI = MAXIMUM  NUMBER OF NODES IN THE MODEL

MXELE = MAXIMUM NUMBER OF ELEMENTS IN THE MODEL
MXHBW = MAXIMUM  NUMBER OF HALF-BANDWIDTH

DATE  14/07/2544
PARAMETER (MXPOI=3000, MXELE=3000, MXHBW=3000)
IMPLICIT REAL*8 §A H,0- Z%
PARAMETER éPI = 3.1415926535897932384626433832795
DIMENSION OORD(MXPOIZ SYSKS XPOI*2, MXHBW) , SYSF(MXPOI*2)
DIMENSION SXX(MXPOI), SYMXPO SXY MXPOI ONE(MXPOI)
CHARACTER*20  NAME1, TEXT
INTEGER  INTMAT(MXELE,6), [IBC(MXPOI2)

WRITE(*,15)
FORMAT(/, " PLEASE ENTER THE INPUT FILE NAME:)

READ(*, '(A)', ERR=10) NAMEL
L = len_trim (NAMEL)

FILE NAME OF THE PROBLEM = "NAMEL.FEM"
OPEN(UNIT=7, FILE=NAMEI(1: ISI) /' FEM', STATUS='OLD1, ERR=10)

OPEN(UNIT=9 file=NAMEI(1:L . NAS', STATUS="REPLACE")
WRITE(*,25)

FORMAT(/,"" 2-D STRESS ANALYSIS'/,

* ' ENTER PLANE CONDITION ',
* ' PTANF. STRESS '. °

* ' 2I PLANE STRAIN)

READ(*,*) PLANE
READ TITLE OF COMPUTATION:

READg NLINES
NLINES NO. LINE FOR TITLE DATA

DO 100 ILINE=1,NLINES
READ(7,*)  TEXT



(o]

[p]

(or S IPLIEN a» X

OO0 o

100

110

120

135
130

150
140

300

CONTINUE
READ INPUT DATA:

READE;,:; TEXT

READ NPOIN, NELEM, NFORCE
IFFSNPOIN.GT.MXPOI) WRITEE( ,110)  NPOIN
FORMAT(/," PLEASE INCREASE THE PARAMETER MXPOI TO

IF(NELEM.GT.MXELE) WRITE(*,120) NELEM
FORMAT PLEASE INCREASE THE PARAMETER MXELE TO
| F(NELEM.GT.MXELE) ~ STOP

IF&NPOI .GT.MXPOI)  STOP

READ PROPERTIES OF MATERIAL
READ(7,*)  TEXT
READ(7,*) ELAS, PR, THICK, CTNODE
REMARK ~ CTNODE = CRACK TIP NODE
READ(7,*)  TEXT

D0 130 IP=LNPOIN

READ(7, ? , IBCI,J% J=1,2), (COORD(IK), K=I2)
IFFSI NE.IP) " WRITE( 135) " 1P

FO MATE, ' NODE NO.", 15, ' IN DATA FILE IS MISSING')
|E(I.NE.ip) STOP

CONTINUE

READ(7,%)  TEXT

READ NO. NODE ON ELEMENT

| = NO. OF ELEMENT

) = NO. OF NODE

DO 140 IE LNELEN

READ(7,*) INTMAT ,J), =1.6)

IFFSI 'NEIE)  WRITE[* 0)

FO MATE/ ' ELEVENT N, "' 15, "IN DATA FILE IS MISSING1)
IF(I.NE.1E) STOP

CONTINUE

NDF = 2

DEGREE OF FREEDOM ON NODE =2 (V)

NDOF = 12

DEGREE OF FREEDOM ON ELEMENT =12 (U1,VI,... K U12,V12)
NEQ = NPOIN*NDF

NEQ = NO. OF EQUATIONS

set nimiaL (B = (0)

DO 300 1=1,NEQ
SYSFmJ 0.
CONT

INUE
READ(7,*)  TEXT

READ FORCE THAT APPLY ON NODE
FX = FORCE ON X-DIRECTION

15)

15)



C

no

on

n

,
¢

310

410

400

420

,30

435

FY = FORCE ON Y-DIRECTION

DO 310 11= 1NFORCE
READ7 !\Bl , EX, FY

*NDF
SYSF f i

SY FELE(g 3
[EQ+2 FY
CONTINU

COMPUTE HALF-BANDWIDTH:

INITIAL VALUE FOR HALF-BANDWIDTH
NHBW = 0

LOOP FOR FIND NHBW

DO 400 |E=1, NELEM

MIN = 100000

MAX NO. OF NODE ON ELEMENT

MAX = 0
MIN NO. OF NODE ON ELEMENT

CALCULATE HALF-BANDWIDTH
DO 410 _IN=16

I = INTMAT(IE,IN)
[F(I1.GT.MAX) MAX
[F(II.LT.MIN) MIN
CONTINUE

NDIF = MAX - MIN + 1
IF(NDIF.GT.NHBW) NHBW = NDIF
CONTINUE

NHBW = NHBW*NDF

[F(NHBW.GT. MXHB WRITEé*,420) NHBW

FORMAT)/,' PLEASE INCREASE THE PARAMETER MXHBW TO ', 15)
| F (NHBW.GT.MXHBW)  STOP

SET INITIAL [SYSK]=[0]

DO 430 1=1NE
DO 430 J=1,NH

S ET? “o
WRITE([(435) NPOIN, NELEM

FORMAT(/," *** THE FINITE ELEMENT MODEL CONSISTS OF', 15,
" NODES AND', 15," ELEMENTS ***')

WRITE THE MODEL FOR SHOW ON NASTRAN PROGRAM

239
=0.
DO 170 | = 1, POIN
WRITE([9 160) I,K, COOR %1,1%, COORD(I,2), Z, K
160 FORMAJ' RI 218 3F8.4,18)
170 CONTINUE

P=1
180 J = 1, NELEM

D0
WRITE (9, 175) fNJP INTMAT (J, 1) , INTMAT (J, 2) , INTMAT (J, 3) , INTMAT (3, 4) ,

TMAT(J,5), INTMAT(J,6)

175 FORMAT('CTRIAG6 ',818)

180

CONTINUE

169



170

WRITE(9,*) ' ENDDATA 6f4a8424"

LOOP OVER ALL ELEMENTS TO COMPUTE ELEMENT MATRICES AND ASSEMBLE
THEM FOR SYSTEM MATRICES IN THE FORM NEEDED FOR MINIMUM MEMORY
REQUIREMENT:

WRITE([ 440)
440 FORMAT(/, ' *** ESTABLISHING ELEMENT MATRICES AND',
' ASSEMBLING ELEMENT EQUATIONS ***')

C COMPUTE ELEMENT MATRICES AND ASSEMBLE FOR SYSTEM MATRICES

CALL LST(NELEM, INTMAT, COORD, ELAS, PR, THICK, SYSK, MXPOI, MXELE
, MXHBW, EI, E2, E3, PLANE, AKAPPA)

WRITE(* 450
450 FORMAIIFQ/ ' )*** APPLYING BOUNDARY CONDITIONS ***‘?
CALL APLYBC(NHBW, NPOIN, IBC, SYSK, SYSF, MXPOI, MXHBW)

WRITE([ 460)

460 FORMAT(/, ™*** SOLVING A SET OF SIMULTANEOUS EQUATIONS',
" FOR DISPLACEMENT SOLUTIONS *#**7)

WRITE([ 465

465*FORI\/{A{ X, I TOTRL OF' 15," EQUATIONS WITH HALF-BANDWIDTH OF',

CALL SOLVE(NEQ NHBW, SYSK, SYSF, MXPOI, MXHBW)

477 WRITE(*1%) " ENTER OPERATION PATH FOR CALCULATE SIF !
WRITE (*,* NODEL = CRACK TIPA
WRITE(*,*) ' NODE2 = QUARTER POINT
WRITE(*,*) ' NODE3 = ANOTHER POINT

READ(*, *) NODEK1, NODEK2, NODEKS3

PRINT OUT NODAL DISPLACEMENT SOLUTIONS:
DISPLACEMENT , STRESS SOLUTION IS IN FILENAME "NAMEL.OUT"

OPENéUNIT8 FILE NAME1(1 L)//'.out', STATUS='REPLACE')
WRIT ([84 ?\?
490 FORMA ODAL DISPLACEMENT SOLUTIONS [', 15,"):". /I, 2X, 'NODE'
* 13X, X, V)
=1
DO 500 [P=1,NPOIN

WRITE([8,510) IP, (SYSE(1), 1=11,12)
510 FORMA (16, 2E14.6)

12 +1
500 CONTINCE

COMPUTE NODAL STRESSES:

REMARK : FILE NAME "NAMEL.F06" = FILE OF NASTRAN SOLUTION&
FILE NAME "NAMEL.V" = FILE CONTAIN VONMISES STRESS

OO CX DY XX

OPEN(UNIT=14, file=NAMEI(L1:L)//".f06", STATUS="REPLACE')



OO

0O000 OO0 0O

OO

OPEN(UNIT=12, FILE=NAMEL(L:L)//".v" STATUS='REPLACE')

CALL STRESS(NPOIN, NELEM, INTMAT, COORD, SYSF,
SXX, ' SYY, SXY, ONE, MXPOI, MXELEEl E2 E3)

COMPUTE STRESS INTENSITY FACTOR

XK1 = COORD(NODEKI, 1

XK3 = COORD(NODEKS,1

YK1 = COORDENODEKI,Z )

YK3 = COORD(NODEK3, 2)

DIFFX = XK3 - XKl

DIFFY = YK3 - YKI

ALENGTH = SQRT(DIFFX*DIFFX + DIFFY*DIFFY)
VA = SYSF(2*NODEK?2

VB = SYSF(2*NODEK3

CALL CALK(ELAS, PR, AKAPPA, ALENGTH, VA, VB, PI, SIF)

SUBROUTINE USED IN THIS PROGRAM

SUBROUTINE LST & BJ
SUBROUTINE ASSEMBLY
SUBROUTINE APPLYBC
SUBROUTINE SOLVE
SUBROUTINE STRESS

G = QO p—

SUBROUTINE APPLYBC(NHBW, NPOIN, IBC, SYSK, SYSF, MXPOI, MXHBW)

APPLY DISPLACEMENT BOUNDARY CONDITIONS WITH CONDITION CODES OF:
Hi Al

IMPLICIT REAL*8 (A-H,0-Z)
DIMENSION ~ SYSK(MXPOI* 2, MXHBW), SYSF(MXPOI*2)

INTEGER IBC(MXPOI,2)

NDF =

DO 100 IN=1,NPOIN

DO 200 ID=1.NDF

IF(IBC(IN,ID).NE.I) GO TO 200
% (IN-1)*NDF + ID

SYSF(IEQ) = 0.

SYSKIEQ ) ~ L

DO 300 “1=2,NHBW

30. CONTINUE~
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400
450

200
100

200
100
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IF(IE ES GO TO 450
DO 40 I IEQ 1

IROW = IEQ

ICOL = N + 1

IFgICOL GT.NHBW) GO TO 450
SYSK(IROW,ICOL) " = 0.
CONTINUE

CONTINUE

CONTINUE
CONTINUE

RETURN
END

SUBROUTINE ASSMBLE( IE, INTMAT, SGBL, SYSK, MXPOI, MXELE, MXHBW)
ASSEMBLE ELEMENT EQUATIONS INTO SYSTEM EQUATIONS

IMPLICIT REAL*8 (A H,0-Z)
DIMENSION  SGBL 212)
DIMENSION  SYSK(MXPOI*2, MXHBW)

INTEGER  INTMAT(MXELE,6)

NNODE = 6
NDF 2

DO 100 NR=1NNODE
NODR = INTMAT(IE,NR)
DO 100 MR=1,NDF

DENOTE:  NSR

R ROW POSITION IN THE SYSTEM EQS.

ROW POSITION IN THE ELEMENT EQS.

NSR NODR-1)*NDF + MR
NER NR -1)*NDF + MR

DO 200 NC=1,NNODE
NODC = INTMAT(IE,NC)
DO 200 MC=1, NDF

DENOTE: NSC = COLUMN POSITION IN THE SYSTEM EQS.
éAFTER ROTATION - READY FOR BANDED SOLVER)
NEC = COLUMN POSITION IN THE ELEMENT EQS.
NSC = (NODC-1)*NDF + MC - NSR + 1
NEC = (NC -1)*NDF + MC
IFNSC.GT 0) THEN
sY KéNSR,NS ) = SYSK(NSR,NSC) + SGBL(NER,NEC)
ENDI
CONTINUE
CONTINUE
RETURN

END



SUBROUTINE BJ( K, X, Y, XG, YG, BMAT, DETJAC)
IMPLICIT REAL*8 ((’A H,0- Zg
DIMENSION

DIMENSION  DNDA(6 DNDB

NG = NUMBER OF GUASS POINT

{5y, By Yo

NG = 4

A = XG(K

s 2 %W

DNDA(1) = 4.*A - 3. + 4.*B

DNDA(2) = 4.*A - 1.

DNDA(3) = 0.

DNDA(4) = 4. - 8.*A - 4.*B

DNDA(5) = a3

DNDA(6) = -4 .*B

DNDB(1) = 4.*B - 3. + 4.*A

DNDB(2) = 0.

DNDB(3) = 4.*B - 1

DNDB(4) = -4 .*A

B“BE% - 3'*A4*A 8.B

Al (L,1) = DNDAlglN?)*A 51))*XJE4)DNDA ZE E()2)*)(+ DNDA(3) Ax(%iv‘)

Al (1,2) = DNDA 1) + DNDA(2 2) + DNDA(3)*Y(3)
2] = A ey ™ RDA v (s) DDA v e

Al (2,1) = DNDBB ?3 51)*X+(4)DNDB 2?38 éz))*x+( DNDB(3) Bx(?)

Al(2,2) = DNDBM3 51)*Y+(4)DND86%3D (52? DNDB(3) g(%3)

DETIAC = AJ(L1,1)*AJ(2,2) - Al(2,1)*AJ(L,2)

AL, = AJ(2,2)/DETIAC

AN T G Aamer

AJI 2,22 = AJ(,1)/pETIAC

DO 10 | =13

DO 10 J = 1,12

BMAT(I,J) = 0.

CONTINUE

DO S0 J =1,6

BMAT(1,2*J-1) = AJI(1,1 *DNDAEJ; + AJIEl,Z;*DNDBEJ;

BMAT (2,2*)) =~ = AJI(2,1)*DNDA({J) + AJI(2,2)*DNDB(J

BMAT(3,2*)-1) f BMAT(2,2*))

BMAT(3,2*J) =~ = BMAT(1,2*J-1)

CONTINUE

RETURN
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END

SUBROUTINE LST(NELEM, INTMAT, COORD, ELAS, PR, THICK, SYSK, MXPOI
* , MXELE, MXHBW, El, E2, E3, PLANE, AKAPPA)

COMPUTE ELEMENT MATRICES AND ASSEMBLE THEM FOR SYSTEM EQUATIONS

IMPLICIT REAL*8 (A-H,0-2)
DIMENSION  COORD(MXPOI,2), SYSK(MXPOI*2, MXHBW), SLST(12,12)
DIMENSION XG(4), YG(4), WG(4), BMAT(3,12), X(6), Y(6), C(3,3)
INTEGER  INTMAT(MXELE6)
NG = NUMBER OF GUASS POINT
NG = 4
LOOP OVER THE NUMBER OF ELEMENTS:
DO 5000 IE=1,NELEM
FIND ELEMENT LOCAL COORDINATES:
Il = INTMAT(IE,1
1] = INTMAT(IE'2
KK = INTMAT(IE.3
= INTMAT(IE 4
JK = INTMAT(IE 5
IK = INTMAT(IE 5
X(l) = COORD(11,1
X(2) = COORD(Ji 1
X(3) = COORD(KK'1
X(4) = COORD( , 1
X(5] = COORD(K,1
X(6) = COORD(IK 1
Y(1) = COORD[gll,Z
Y(2) = COOR £<JJ,2
Y(3] = COORD(KK 2
Y(4] = COORD(1J:2
Y(5) = COORD(IK?
Y(6) = COORD(IK.2
[ El E2 0
ELASTICITY MATRIX: [C] = [ E2 El 0
[ 0 0 E3

|F (PLANE.EQ.1) THEN

- FOR  PLANE STRESS

FAC = ELAS/(1.-PR*PR)
E2
E3 = FAC*(l.-PR)/2.
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AKAPPA = (3.-PR)/ (1.4+PR)
ELSE

FOR PLANE STRAIN

FAC = ELAS{ |+PR
El = FAC*
E2 = FAC*
3 = FAC*(l-Z.*PR)/Z
AKAPPA. = (3.-4.*PR)
ENDIF

c(l, 9 =

= [

ey 2 0
C 2,| = B2
0(2,2) = Bl
0(2:3) = Q.
0(3.1) = Q.
0(3,2) = 0,
0(3.3) = E3

DATA FOR ELEMENT MATR:

SET INITIAL [SLST]=[0]

1H o

XG(1
XG(2
XG(3
XG(4

YG(1
YG(2
YG(3
YG(4

WG(1
WG(2
WG (3
WG(4

[
—_————

[SaNS oSy NIV] [SaXS oSy NI

W P W

[ ]

'
[NCY N CY Y )
croror—l
B~~~
©o 0o o o

AREA OF TRIANGLE MUST BE DIVIDED BY TWO

Weft) = We(l)/2
WG(2) = WG( glz.
WG(3) = WG(3)/2.
WG] = WG(4)/2
DO 330 | = 1,12
DO 330 J = 1,12
DO 330 K = 1,NG

CALL BJ( K, X, Y, XG, YG, BMAT DETJAC)



SLST(1,J) = SLST(I,J) + WG(K)*
X ((BMAT(1,1)*C(1,1)+BMAT(2,1)*C(2,1)+BMAT(3,1)
*(3,1) ) *BMAT (1, 1) +
(BMAT (1, 1) *c1( ,23+BMAT(2,1) *¢ (2,2) +BMAT (3, 1)
% (3,2) ) *BMAT (2, )) +
(BMAT(1, | *c([1,3}+BMAT(2,I)*C(2,3)+BMAT(3,1)
*¢(3,3))*BMAT(3,J)) *DETJAC*THICK
330 CONTINUE
SET [K-ELE] BY SYMMETRY
DO 600 1=1,12
DO 600 J=1+1,12
SLST%,I) = SLST(1,))
600 CONTINUE
c
8 ASSEMBLE THESE ELEMENT EQUATIONS INTO THE SYSTEM EQUATIONS:
CALL ASSMBLEf IE, INTMAT, SLST, SYSK, MXPOI, MXELE, MXHBW)
5000 CONTINUE
RETURN
END
c

SUBROUTINE SOLVE(NROW, NHBW, GSTIF, XL, MXPOI, MXHBW)

SOLVE A SET OF SIMULTANEOUS EQUATIONS USING GAUSS ELIMINATION,
THIS SOLVER ROUTINE CAN BE DESCRIBED BY USING AN EXAMPLE OF A
SET OF FOUR SIMULTANEOUS EQUATIONS (AFTER APPLYING BOUNDARY
CONDITIONS) AS SHOWN BELOW:

[All A2 A3 01  [X] Fl ]
[ Al A2 A3 A Xx] F2

[ AL A3 A3 A34 ] [ X3 ] i F3 ]
[ 0 AM A MA] [ X4 [ F4 ]

WHERE THE VARIABLE XL IS THE LOAD VECTOR ON RHS OF THE EQUATIONS

THE GLOBAL STIFFNESS MATRIX ABOVE IS STORED IN THE VARIABLE

GSTIF IN THE FORMAT SHOWN BELOW. (HERE NROW = 4 AND NHBW = 3)

A2 A3 AN
A3 A3 O
[ ML 0 0
AND THE OUTPUT SOLUTIONS WILL BE STORED IN THE VARIABLE XL

lAII ALl2  AL3 ]
I

[ GSTIF ]

IMPLICIT REAL*8(A-H,0-2)
DIMENSION = GSTIF(MXPOI*2,MXHBW), XL(MXPOI*2)
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(ap Xaplap]

25

20

40
10

80
70

DO 10 1=1NR

P|VOT1:GSTIF(I,1)

IF(ABS(PVOT1).LT.10.E-10) THEN

WRITE(S,1025) i, PIVOT!

FORMAT(' EQ. NO.', 15, ' HAS NEARLY ZERO PIVOT OF', E14.6)
WRITE[*1#) = ** STOP **'

WRITE%*,*{ ' %+% "CHECK NODE AND ELEMENT NUMBERING IN F.E. MODEL
STOP

ENDIF

XL(1)=XL (1) [PIVOTL

00 20 J=1 N

0 11=1+1\R

MVEMMEL

IF(MM+1.GT.NC) GOTO 30

IVOT2=GSTIEN Mit+T) IO

XL(I1)=XL(11)-XL(1)*PIVOT2

DO 40 JJ=1,NC

J1=31+MM

IFJLLENC)
GSTIF(I131)=GSTIF(I1,13)-GSTIF(I, JJ))*PIVOT2
ENDIF

CONTINUE

CONTINUE

CONTINUE

BACK SUBSTITUTION:

DO 70 I1=NR-1,1,-1

11- 1

DO 80 J=I+1,NR

11. 1141

IF(IL.LE.NHBW) XL(1)=XL(1)-GSTIF(I;11)*XL(J)
CONTINUE

CONTINUE

RETURN
END

,SUBROUTINE STRESS(NPQOIN, NELEM, INTMAT, COORD, SYSF,
SXX,  SYY, ' SXY, ONE, MXPOI, MXELE,El E2,E3)

COMPUTE NODAL STRESS COMPONENTS FOR LST ELEMENTS

IMPLICIT REAL*8 (A-H,0-Z)

DIMENSION  COORD(MXPOI,?), D! P(MXPO* ONE(IMXPOI),SYSFYMXPOI*Z)
DIMENSION ~ SXX(M POI%, SY( XPOI), SXY(MXPO SVMéMXPO)
DINENSION ~ S6XX(4),  SGYY(4). SGXY(4), X EPS(3)
DIMENSION BMAT312 XG(4), YG(4),'T ) (3,3)

INTEGER INTMAT(MXELE,6)

1



00

00

0O OOOOOOOOO

10

OOOw

O =><
=Z=m=<

[

i e

—_————

[SafSaRSpNIt) [SakSalSpNIe)

LOOP OVER THE NUMBER OF ELEMENTS:

WRITE(8,*)
WRITE(S, *)

DO 1000 IE

FIND ELEMENT

Il = INTMAT(IE,1
1] = INTMAT(IE.2
KK = INTMAT(IE.3
= INTMATI{IE 4
JK = INTMAT(IE 5
IK = INTMAT(IE 6
XI:i) = COORD
Xi2) = COOR
XI13 = COORD(
X{4) = COORD(
X{5) = COORD(J
xi(6) = COORD
Y(1) - COORD(
Y(2) = COORD
Y(3) = COORD(
Y(4) = COORD(l
Y(5) = COORD
Y(§) = COORD
D05 | =14
SGXX(I)= o
SGYY(I)= o.
SGXY(I )= o.
CONTINUE

ELASTICITY MATRIX:

[C]

[ El
[ E2
i0

LOCAL COORDINATES:

E2
El

0
E3
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OO

O OO0

(ap) OO OO

200

550

500

560
590

(1,2 =
¢y =0,
C21) = B2
Cl22) = El
23 =0
c31) = Q
ci3i2) = 0
C(3.3) =B

GATHER ELEMENT NODAL DISPLACEMENTS:

DO 200 JI=| ?

IT = INTMAT(IE,J1)

P%*H-l): svsw

DIS
DISP(2*J1) ~ = SYSF(I
CON

COMPUTE THE NODAL STRESSES:

NG = 4 USE 4 GAUSS POINT TO COMPUTE STRESS
DO 590 K = 1.4
CALL BJ( K, X, Y, XG, YG, BMAT, DETIAC)

DO 550 J = 1,12

EPS (1) = EPS(1) + BMAT(1.J)*DISP(J
EPS (2] = EPS(2) + BMAT|2 JJ*DISP(J
EPS(3) = EPS(3) + BMAT(3.J)*DISP{J
CONTINUE

DO 500 | = 1,3

SGXX(K) = SGXX(K) + C(1,1)*EPS (I
SGYY(K) = SGYY(K] + C(2.1)*EPS (I
SGXY(K) = SGXY(K] + ¢ (3.1)*EPS (I)
CONTINUE

DO 560 | = 1,3

2s(l) = 0

CONTINUE

CONTINUE

SXX_NODE SGXX
SYYSNODEL = [ TR ] X [SGYY
SXY_NODE] SGXY

————
002020
—
FNPITY O

—_——————

o
oo
~N—~Jcwo
\-
—_ s
oo
o
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non

on

650

655
1000

1200

1100

1450

TR(2,1) = 3./12.
TR(2,2) = -1.0112.
TR(2,3) = 22.112.
TR(2,4) = -1.112.
TR(3,1) = 3./12.
TR(3,2) = -1 /12.
TR(3,3) = -7.112.
TR(3,4) = 23112.
TR(4,1) = 3.112.
TR(4,2) = 8.112.
TR(4,3) = 8.112.
TR(4,4) = -1.112,
TR(5,1) = 3./12.
TR(5,2) = -7.112.
TR(5,3) = 8.112.
TR(5,4) = 8.112.
TR(6,1 3.112.
TR(6,2) = 8.112.
TR(6,3) = -7.112.
TR(6,4) = 8./12.
655 M= 16
K = INTMAT(IE,M)
DO 650 J = 1,4
sxX(K) = SXX(K) + TR(M J) *SGXX(J
SY = SYY(K) + TR(M J) *SGYY(J
SXY(K) = SXY(K) + TR(M J)*SGXY(J
CONTINUE
ONE (K) = ONE(K) + 1.
CONTINUE
CONTINUE

RESULT STRESS ON NODE

DO 1100 1=1,NPOIN

I[F(ONE{l).EQ.0.) WRITE(*1200) |
FORMAT(' *** WARNING *** N(i STRESS CONTRIBUTION AT NODE', 15)
IF(ONE(I).EQ.0.) ONE(l) = L.
sxx(1) = sxxél?/ONE I
SYY(I) = SYY(I)/ONE(I
SXY(I) = SXY(I)/ONE(l
(SXX{I -SYY&)?*

«(I SQTT( AA+SXX(1) *SXX(1)+SYY(I)*SYY(1)+6.*SXY(1)*SXY(I))

CONTINUE

wxxxeksres COMPUTE STRESS ON NODE ALREADY *w ks s

PRINT OUT THESE NODAL STRESSES:

WRITEL14,*) '0'
WRITE(14.1450
FORMA(45X,' ISPLACEMENT VECTO R',/,8X 'NO.', 15X
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181
* ' TXLIBX, 'TY' 18X, 'TZ ', 14X, 'SVM', 14X, 'SXX7, 14X, 'SYY")

REMARK  FILE Ql_LlJTPUT FOR NASTRAN = XXX.F06

X-TRANSLATION |, Rl = VONMISE  STRESS

OO
]

T2 = Y-TRANSLATION |, R2 = X-NORMAL STRESS
T3 = z-TRANSLATION ,  R3 = Y-NORMAL STRESS
WRITE([8,1300) NPOIN
1300 FORMAT(//I, ' NODAL STRESS SOLUTIONS [, 4: 1
* 2X, 'NODE', 9X, 'SXX', 9X, 'SYY', 9X XY', 9X, 'SVM',))

ZERO = 0.

DO 1400 1=1,NPOIN
WRITE(8,1500) 1, SXX(I), SYY(I), SXY |F){, SVM(1 )
WRITE 14,35) | SYSF(Z*l-l),SYSF(Z*l),Z 0, SVM(I),SXX(1),SYY(I)
35 FORMAT(110," E18.9)
1500 FORMAT(16, 4E14. 6)
1400 CONTINUE

WRITE({lZ 2020) NPOIN
2020 FORMAT(15 )

DO 2030 1=
WRITE 12 o S VM(I),SXX(I),SYY(I),SXY(I)

2025 FORMAT(112,

3030 CONTINUE

THE SECTION USE TO BUILT CONTOUR DATA FOR SHOW ON NASTRAN
ON FILE FILENAME_.F06 FSIN UNIT = 14
AND BUILT THE VONVFISE STRESS FILE FOR PROGRAM "SPACE"

olxiwiwiew]

WRITE([14,45)
45 FORMAT('1' 75X,
* 'NOVEMBER 6, 2001 MSC.NASTRAN 8/25/01  PAGE 1)
WRITE(14,%) ' *
WRITE(14,*) ' '
WRITE(14,*) ' '

RETURN
END

SUBROUTINE CALK(ELAS, PR, AKAPPA, ALENGTH, VA, VB, PI, SIF)
IMPLICIT REAL*8 (A-H,0-Z)

DISPLACEMENT EXTRAPOLATION METHOD

OO

FACTOR = ELAS/(3.*(1. + PR)* (AKAPPA + 1.))
SIF = FACTOR*SQRT(2.* PI/ALENGTH)* (8. *VA - VB)

%) élFSTESS INTENSITY FACTOR [KI]
*1*)

8,10) SIF

o~ e~ ——~———

WRITE



RETURN
END
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12
9
1
. 03
" 0 (2H) 100 mm
mm (1) 4k
1
lz (it mesh)
206 3

bbb

o)

(2w)

100
100 MPa



100 MPa

R il e ol

mm
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—>|L/4\<— 3L/4—>

Crack tip
AB T (4.87)
(K)
K= il l®va—v] ()
k= 3—4v
K= 3—=V)/(L+ V)
VAI\B y A B
L B
E (Modulus of elasticity)
\ (Poisson ratio)
AB T 128, 10
TB 0.05
1
1
Position ~ Node (mm) V (mm)
A 128 3.098x10'®@ 1.830x10'Q
B 10 2.659x1 0'®@ 3562x10'@

(.1 K —2341.23 MPa-mm12



2
12
9
30000
() 35 (2H)
() 7
6
1425
=1
B ==\
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0.25
16

668
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Crack tip °
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(489)  (490)

1 VARV

K= 31 g+ ) ]2|_ Ha-ve)- 7, ) (2

2 [ B~W

.= 3(1+V)(K+1)¢L K- |y ) )
ABc, D T 115, 21, 378, 379

(TB) 1.1667
5 2
Position ~ Node (unit) V (unit)

A 115 3.933X10'06 2.810x10°6

B 2 4,001X10"06 Shexio{b

C 318 3.704x10'06 9.046x1077

D 379 3.593x10'6 9.143x10"7

(1) K=33.648 K| =4.403



CT ASME SA-335 Gr P22 9

PEAP 5w

o osw
f

|

p— _’V PEAP
< W >
—— 1.25W »
1 CT
() 12.75 mm,
(af) 33.15 mm (Aa)

2.55 mm.
(Cyclic load) 204+ 08



(Ak)
(3.14)
AK - Kmax Kmn
Kmax
Km'rn
a (Kmax)
Kiin)
CT
() 12.75 mm
33.15 mm
2.55 mm.
i
CT
\ a Aa e
0.
(mm)  (mm)  (MPa-m1?)
1 12.75 - 23437
2 15.30 2.55 21.178
3 17.85 2.55 32.253
4 20.40 2.55 34.884
) 22.95 2.55 39.904
6 25.50 2.55 46.240
7 28.05 2.55 54,535
8 30.60 2.55 65.622
9 33.15 2.55 81.016

190

(Ak)

ASME SA-335 Gr P22

(Aa)

204+ 08

Amin Ak= Kmax- Kmin
(MPa-m12) (MPa-m12)

10.2331 13.204
11.866 15311
14.083 18.171
15.231 19.653
17.423 22.481
20.189 26.051
23.811 30.724
28.652 36.970

35.373 45.643



ASME SA-335 Gr P22

1 1
— -1.027 X108 -AK 2807 ()
aN
N mm/cycle
Ak MPa-m12
()
3.2.2
(3.26)
An = Aa SR ( 2)
(da/dN)ag  (da/dN)n+ (da/dN)n+1
(da/dN)aw
AN
Aa

(ZAn)
(af)
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O 0O 41 OO Ul B WM

(m

12.75
1530
17.85
2040
22.95
25.50
28.05
30.60
33.15

ASME SA-335 Gr P22

Aa
()

2.95
2.55
2.55
2.55
2.55
2.55
2.55
2.95

Ak

(VPami)

13.204
165311
18171
19.653
22481
26.051
30.724
36.970
45.643

da/oN
(mmicycle)
14521 0B
220105
3.562x10't6
4.440x10"5
6.478x1 0'%
9.801X104b
1.558X1004
2.621X10"04
4,739x10

(ZAn)

(daldN)ag
(mmicycle

1.827x10'®
2.882xL0'6
4.001X10®
5.459x10%5
8.140x10°%
1.269x10'04
2.090x10°4
3.680x1 04

ASME SA-335 Gr P22

()

CT

An
(cycles)

139,583
88487
63,734
46,711
31,328
20001
12202
6,929

409066
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