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I. INTRODUCTION

A numerical method for the determination of stress intensity factors

and stress concentration factors for cracks and notches has been presented by
Nisitani (I). The method, known as the body force method, approximates a plate
with a hole (or crack) by a plate without a hole but having body forces distributed
along the boundary of the hole.

This method has been implemented on the NRC-IBM 360 system and has
been described in a previous report (2). This report describes and lists the
computer programs that were used to determine the stress intensity factors or
stress concentration factors for the five types of notch and crack problems

described in that report.

2. DEFINITIONS OF MAIN YARIABLES

DIST - e - the distance from the edge of the semi-infinite plate to the centre
of the crack or ellipse.

EPSIL - € - the numerical value calculated from FRAC used to define the endpoints
of the integral over the singularity.

ETA - n - the y values of the endpoints of the crack intervals.

EVAL , fii : P

FORCE - matrices containing influence coefficients or linear combinations of

FORCE 2 influence coefficients

FRAC - the fraction of an interval which is to be integrated analytically over a
singularity.
INDEX - MM - the number of intervals to be u-ed.

LENGTH - a - half the length of an ellipse along the y-axis.

MIDP Y - the value of y for the midpoint of a crack interval, or the value of ¢ for the
midpoint of an elliptic interval.

PHI - - the value of the elliptic parameter at the endpoints of the elliptic
intervals.

STRESS  ~0% - the applied stress at infinity.

THETA -8 - the angle that the narmal to the ellipse makes with the x-axis.

®IDTH - b- half the width of the ellipse along the x-axis or the half length of a crack.

XY - %,y - the x and y values of the midpoint of the crack or elliptic interval

where stresses are being evaluated.




3. CALLING HIERARCHY AND FUNCTION SUBROUTINES

In the calculation of the influence coefficients, most programs use function

subroutines to perform numerical integrations using a library routine ROMBRG. The
calling hierarchy for these programs is given below.

Program Name Desciption Subroutines Called
BODY | crack in semi-infinite plate None
(analytic integration)
BODY 5 crack in semi-infinite plate FUNC (T)ﬁi)
numerical integration)
BODY 9 edge crack in semi-infinite plate FUNC 2 (T}ﬁﬁ)
ELL 5 ellipse in infinite plate PSIGX (0}&%)
PSIGY (dﬁ&)
AN
PTAU (Pxym!
QSIGX CAON
QSIGY (5?§)
QTAU (T
ELLS ellipse or semi-ellipse in XSIGX (P
semi-infinite plate XN
XSIGY (VW
Y
N
XTAU (TSym
YN
YSIGX (CLENY
YSIGY (o
YTAU (T
ELCRA | semi-ellipse and crack in XSIGX (0
semi-infinite plate XN
XSIGY (Tym)

XTAU (T

3.1



3.1

LISTINGS OF FUNCTION SUBROUTINES

YSIGX
YSIGY
YTAU

XCRAC
YCRAC
TAUCRA

(U&;Tq)
(0?&)
(TYxr;M
(UEP;\JAe)
(cphgi-[e)
(t .Q\;Me)

)




06 QOOCC

0006300C
0006310C
0006 340C
0006360CC
0006400C
0006500C
0006600C
0006610CC
0006630C
0006800C

IUN

THIS FUNCTION CALCULATES THE INTEGRAND FDR NUMERICAL INTEGRATION
FOR CRACK [N SEMIINFINITE PLAYE.

IT 1S CALLED 8Y THE MAIN PROGRAM: SOURCE.BODYS

REAL FUNCTYION FUNCES {X)

REAL®*8 X

REAL*8 MIDPT{101)+DISV.WIDTH.PI
COMMODN MIDPT.DISTWIDTH.FPL:M

FUNC = 1/7P1 ={1/({MIDPT{M} -~
+ 12¢MIDPTAMIAEMIDPTIM) +X %3 -
* SQRT{WIDTH®®»2 -~ (X - DIST)*s2)

Xiex2 = L1/7(MIDPT{M) + X)ww2
125MIDPTAM)* 42/ [MIDPT( M) +X J ¥4 )

RETURN
END




hl

onobIL0Ce
00%6000CC THIS FUNITIUN CALIULATES TrHL INTCGHAND FUR NUMERICAL INTECGRATION
0006020CC FOR CRACK AT EDGE COF SEMIINFINITE PLATE.
00060403 CC
00 LB060CLE IT IS CALLEL Y TrE MAIN FRIGRAMI SOURCE.UB0DYS
1 D026100CC
'''''' —BOSHEHOC— -~ —REALFONCTHION FUNCZEg -1 X} ' i e e e S L
0036300C REAL=:B X
aoge310C REALSE MIDFT(I01)eWILTH,P]
00G634DC COMMOMN H;DPY.N]PI s P 1 ot
0006360CC ipat e =
D0CH400C FUr.C2 = 3/FF (17 (MIDPTIY) = X)=:2 = 1/(MIDPT(M) + X )2
i 00Ce500C 2 ¢ 1cHMIDPT(M)/(MICPTIRI+X)S%D = 12EMI0PT M2/ (MIDPT (M)A X)k4)
: 00CeE02C 3 % SARTIWIDTH&ERZ = X%kl
eIt — e = - S e e e
0006630C RCTURN
00CeBDODC END
o NS s - B
I




0005920CC

DO06C00CC

9006020€C

0006 100CC

. 00C6120CC

{ 0006200C

0006 360€ —

g 00C6310C
00C6340C

| 0006350CC

|~ 0006 3609C
00606370C

| 0006610CC

| 0026630C

— ——00L6880€—— ——END

THIS FUNCTION CALCULATES TFL X
FORCE P IN THE x DIRECTICHK
INFINITE PLATE.

-0
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m
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o
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o
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REAL FUNCZTION PS1GX%8 (2)
~———RERLE—F——— -

REAL%B Pl,dsBeXeY

COMMON DI,AsOsXeY

PSIEN ==t/ {4aP I Ir{ X~ AS0COS €21 1%l 3{N-A%DCOSAZ) )52+ (Y -BEDSINC2) )
2 wR2IS({R=AZOCOS5{2) )42+ (y=BR03SIN(Z ) )52 %2 #=BEDCOSET)

RETURN
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0005920CC
a006000CC THIS FUNCTYIGN CALCULATES THE ¥ STRESS AT (X.¥Y} DUE TG A POINT h
0006020CC FORCE P It THE X DIRECTIONM AT {A%CDS(Z).B*SIN(Z)) IN AN
G006100CC INFINITE FLATE«
_ 0006120€C . _ | TR
i 0006200C REAL FUNCYION PSIGY=8 {(2Z2) B S - il B - S T B
00063G0C REAL*B Z
0006310C REAL®E Pl sA2BsX ¥
g006340C COMMOM PlaAsBeX:Y
0006350CC
GO0O063606C PSIGY =10/{a®Pl)*{X—-A%DCOS{Z) )%{({X-ASDCOS(Z))**2-(Y-BHDSIN{Z})
4006370C 2 k%52 YVFAC{X~ASDCOS(Z) 1 %2+ (Y-REDSIN(Z))s&x2) %2 ®BRDCOS(Z)
0006610CC i
04006630C TTRETURN — JR—— — il -
g006800C END
|
|




./__- &
! D0C5920CC
. 0026000CC THIS FUNCTION CALCULATLS Tkt
0026020CC POINT FORCE P IN
| 0026100CC AN INFINITE PLATE.
0006120CC
00C6200C REAL FUNCTICN PTaUZE (2}
0D B6IOGE— —— —REALREL
Q0C62310C REAL=8 FPlsAsOeXsY
0006340C COMMON PlIshAeBeXaY
| 00C6350CC
0006360C PTAU ==L 0/ (45P 1 s (Y-BEDSIN 2 I
J 0pge370C 2 #¥2)/11X~A%DCOS(2)) %02+ (Y=B3DST
| 0006610CC
C0206630C RETURN

B

|

!,, - - ———

SHEAR STRESS AT
THE X DIGECTION AT {A%COSt

[ K]

X i#gf;.US 2irZu2+iY-B:0SIN{2)Y)
gt I Eete o Bog ]

£8:0C05(2)
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fe el 385 -
£ Haeiaea =— S e
0025920CC
| 20 J6000CC THIS FUNMZTION CALCULATES TrY SHEAR STRESS AT (X.¥Y) OUE TO A
i O0o6020€C POINT FURCE P [N THE X DIRECTIAON AT {AZCOS(2).BISINCZ)Y)Y IN
00CbICOCC AN INFINITE PLATE.
00C6120CC
\ 00C6200C REAL FUNCTICN pTﬂU 8 (L)
e 96309 —— —REALLH—ZT—— —= e e R e R e e e
| 00GH310C HEAL 8 P“A-Bax-f
00236340C COMMON PlsAsBaXseY
| 0006350CC
! G0906360C “PTAY-==1 O/ 04SP Lyt Y=-BEDSINC 23 I3t "ﬂ*D‘COS{Z)l’**z*‘Y'EQBSIN(Z’)
0006 370C 2 FH2 ISR -ASDCOS (2 )24 (Y=BLDSIN(Z) 1232 )2 xBEDCOS(2)
oocecloCC
C026630C RETURN
—— socBoec - ——— — —— - - — e

R




[t 1S - I _ THE X STRESS AT (X.¥) DUE TO A PCINT
6 ARCE O RECTILN AT (AZCOS{Z)BuSIN(Z)Y)Y IN AN
Gi6lodd INFINITL FLATL.
poel2oc
" 00c6200C REAL FUNCTION QSIoxzE (2)
— 00 E6300E —————REALOB—Z— — R SR —————— —
C0C6310C REALZS:E Fl.ArJoX k
06C6340C COMMON PleAsbeXpY
00263250CC
0096 360€C - RS GR == T OF{ 6P TS IY - ESD S INTZ I ISt AN-ASDCOS(2) )22~ (¥Y-BXDSIN(2))
Qoc6I70C 2 SnZ)AUX=A%DC0S{ 2 uu2+ {Y=B2DSINC(2Z) )2 5:2  SARDSIN(Z)
goC6&10CC
oc0Cc6630C RE TURN
— 00 e68868C — ———END-——— r— s s
|




0006630C RETURN

0005%20CC

00a6L00CC TH1S FUNCTIION CALCULATES THEE ¥ STRESS AT (XY} DUE TO A PCINT
0086020CC FORCE 7 IN THE ¥ DIRECTICN AT (ASCOSEZ)+BISINIZY) IMN AN
COCO100CT INFINLTE PLATE.

QpCel20CC

0006200C REAL FUNCTION QSIGY8 (Z)
0086 3I00€—— — REALSE — = = =i
J0c6310C REALZE PlsA»sBadsY¥Y

QOC6340C COMMON PIsApTeXaY

0C6350CC
006 360C —RSIGY =-l1irtexPl)s(Y-BZDS 1IN }1¢((!'i¢ﬂCDS(21¥$¢Z+3*IY-B#
gggg3gogc 2 F2ISCAAAXDCOS(ZIu2+ (Y-BEDSINCZ Y 322532 HALDSINIZ)
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ey e R e )
BEO000

DNONO
DO Oty
E£200DD0
| YNNI
_ Sosooo
200000

4

REAL FUNZTIUN QTAUZS

REAL#E-—Z -

ErTeXa ¥

COMMON PlishsBeXsY

=
= a

REALSE

310C
340C

OO0 D000
OO EUOO
foR=1-F-T=1=T>1
COOQO00Q

Fs

350CC
360C

¥Y=-B%DSINCZ) )

s
RETURN

70C
610CC
s3o0cC

s

-~

]
1
|
1

— 0O E6E60E— — END




00666806 —— ENG——

Co55920CC

005600DCC THIS FUNCTICN CALCULATES
00 96022CC FORCE X AT (A= CObiZ)rvaI
C006100CC
56200C REAL FUNCTICN XSIuX#8

0036300C REAL %8 7

G0 J63DC
C0C63640C COMMON PleXs¥Y ZELLIP/ ApE,E
0026350CC
Q006 360C XS1GX==-
-90C6370C —— 2 -~E)um
0006280€ 3+ (3x(X-A3DCO
0056390C 4 / ((X=A2DCO
0006400C 5 4 2ul{xX=A%

S0 3E4I0E — 6 7 EX-AREEBS
00326420C 7 r 2uVEs2siX-A
0006430C 8 - SuYELIR(Y+B
00 06440C 9 7 (({x=A%DCOS(

-~ 00B6450€C — -~ e oo -

0036460CC
0006610CC
0006630C RETURN

QUE TO A PIINT
ITE PLATE.
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N A SEHIIN

—REALSE 2 IvA O sETR ¥ —— ——
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VoonuoCe
000600 0OCC
0006020CC
00056100CC
. 0006200C
ST 0006300C
' 0006310C
! Q006340C
| 0006350CC
0005360C
0006370C
000&6£3B0C
| 0006390C
T 0006400C
0006410C
0006420C
I 0006430C
{7 0006440C
i 0006450CC
| 0006460CC
 0006610CC
[ 0006630C
' 0006B00C

TH1IS FUNCTION CALCULATES THE ¥ STRESS AT (X
fARCOS(Z)BESINIZ))

FORCE X Al

REAL FUNCTYTION xsIcrvxg {(Z2)
 REAL®H® Z
REAL®S PlsAsEsEeXs Y
COMMON Pl.X.Y FELLIP/ A4B84E

X5IGY

|
VRNONEUN
Nl iJ\

 RETURN

END

(X—-ARDCOS{Z)}*
2eYRBZh{ X-AXDC
GEYRE2%{ Y +B%*DS
({ Xx-A%DCOS(2))

*2
05
IN
%

=1/{8%P 1) *(X—A%DCOS(Z) )+ ((X~A*DCOS
€«#2) /7 ((X~A®DCOS(Z) ) *%2¢{Y-B¥DSIN(Z)~-E)*
+ ({X~A*DCOS{Z) ) **2—(Y+B¥DSIN{Z ) +E} ¥*2
{(X—A%DCOS(Z) ) ##2+( Y4B*DSIN(Z)+E ) *¥ *2
2el{X-A®DCOS{2Z) )¥%4 « oxY&{Y+B¥DSIN(Z)+E)
2HY* (Y +O#DSIN( Z) +E
(Y+BADSIN(Z}+EI*#a

) S —
IN(ZI+E)*32)%x3) *B*DCOS(Z)

(2) )2 —
{Z)+E)*%2
2+#{v+0%D5S

{
x
)
2)*
.
]

IN A SEMII

«Y} DUE TO A POINT
NFINITE PLATE.

2)1%%2
®2

we3




[N e _n B e PN o v _Reeesen LU SN WLETNe . o BN e A
0005920CC
QQ060Q06CC THIS FUNCTION CALCULATES THE SHEAR STRESS AT {X.Y¥Y} DUE TO &
0006020CC PGINT FORCE X AT (A%COS(Z)+B#SIN{Z)) IN A SEMIINFINITE PLATE.
0006100CC
. 0006200C  REAL fUNCTION XTAUSB (Z) T T ., B -
T 0006 300C AEAL %8 et
\ 0006310C REAL %6 Pt.A.B.E.x.v
0006340C COMMON Ple XY JFELLIPS AsBalE
| 0006 350CC " _ -
; 0006360C XTAU =-1/{A%PI}*{(¥Y-B*DSIN{2Z)~E )« (34 XK—A%DCOS(Z) )&% 24 (Y=B*DSIN(Z)
00 06370C 2 -E)E%2)7{{X-A®DCOS{Z) )# %2+ (Y—BRDSIN(Z)~E) #%2 ) %*2
- 0006 380C 3 +(Y+DXDSIN(ZIHE){ I*{ X~ARDCOS{7Z) 1442+ ( Y+B*DSIN(Z ) +E)#42)
. 0006390C A  / {(X-A¥DCOS(Z)})*32+{V4B*DSIN(ZI+E)R#2)%%2 .
" 0006400C 5§ = 2AY¥E(—(X-ADCOS(Z))*€4 — GHYE(Y+E#DS IN(ZI+EY
00064 10C 6 % (X—ASDCOS(ZII**2 + 20YS(Y+B*DSIN(Z) +E) %%3
l Q006 420C 7 -~ (Y+BSDSIN{Z)+E)**a
; 0006430C 8 + 6%(Y+BADSINCZJ+E)##2%( X~ASDCOSI{Z) V*e2} o - o
! 0006440C 9 /7 ({X-ASDCUSL{Z))*#2+(Y+B*OSIN(ZI+EI®*2)%%3) #8#0COS(Z)
; 0006450CC
) 0006460CC
| 0006610CC e, - e 8 sl
0006&30C RETURN
| 6006800C END

- —— A i S B S [ e = e

e ey




| : - T e — —
i A : R —
| — —— . W ——
| —_—

—_—
Jpee e

e —

———— .
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ORCE Y AT (ARCOS(Z) (DRSINCGZY)Y IN A SEMIINFINITE PLATE.,
REAL FUNCTIUN YS1GX%8 {Z)
REAL:E8 2
——— 1 O — REALG PFep s 2 Fy oy e —— e SR A S = T T e e e
Qai6340C CUMMON PleXaY JLLLIPY A,2,E
00C6350CC
00C6360C YSIGX ==1/{4%PI)u( (Y~PEDSIN(Z)-CIH((X=AZDCOS(2Z))I%=2=-(Y=B::0SIN(Z)
0056379C I ~E)RR2) Z(AIX~AFCCOS(2II#324 (Y-BIDSINIZ)-E P32 )k 2
0006380C 2 = (Y4BUDSINCZI+E ) ((X=ATLCOS{2Z))}e22=(Y4BRDSIN(Z)4E ) 25:2)
0006330C 3/ (UX-A4DCOS( 21k + (YHELDSINGZ) 4+E )22
0006400C 4 4 20 {3xyu(X=ASRDCOS{Z))%%a + (Y+83DSIN(Z)I+E)
----- TOOCE410€ 5 S (X=AIPCOSE2IrEAe ~ SEYHOYIBIEDSINCZIYEITHG — = -
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00C64G0C 9/ ((X=ALDCOS(Z2)) A2+ (Y+BECSINC(ZI+EIZFE2)u%3)  SASDSINCGZ)
' 00C6453CC
) 0006460CC
0006610CC
F——0806636€———  RETURN-—— — - — o e
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Q005920CC
0006000CC
goQs020CC
0006100CC
000&6200C
0006300C
_0006310C
T 0006340C
0006350CC
0006360C
DON6GITOC
0006320C
oL06390C
C006400C
a006410C
0006420C
0006430C
0006432C
0006420C
0006450CC
0006460CC
000661 0CC

_ 0006630C

0006890C

THIS FUNCYION CALCULATRES THE ¥ STRESS AT (X.Y) DUE TO A POINT
FORCE ¥ AT {A%C0S{7).3%¥SIN{Z) IN A SEMIINFINITE PLATE,

PEAL FUNCTION YSIGY*8 (Z)
REAL®S Z

. REALAB Pl,A,3,Es4XsY - = X e B 5=
COMMON PY.X, Y FELLIP/ A.DB,E
YSIGY ==1/(4%P 1)1 #({Y-3%DSIN{Z)—E)*({X—A*¥DCOS(Z) ) *%x2+3I+(Y-B*DSINIZ
1 )-E)##2) /({X-A*DCOS(Z) ) * %2+ (Y-B4kDSIN(Z)}-F) %42} xe2 )
2 — (Y+B*DSINI{ZI+F)#((X—-A%DCOS(2Z) ) %42 +35 (Y +BADSINI(ZI+C1*%2)
3/ ((X-A%DCOS(Z))**2+(Y+B¥OSIN{ ZI4E) KX ) % %2
4 + 2¥{(Y+BEDSIN(Z)+E)*{X—A¥DCOS(Z) }**4 + A%(Y+BEDSIN(ZI+E ) **3
5 % (X—-A¥DCOS{Z)I*%*2 — 2xY&#2%{Y+BEDSIN(Z) +E) **3 peagen NN
6 — YH{X-Af0COS{Z))%%3 + IX(T¢B*DSIN(Z)I*E) #%5 + I*Y&(YFBEDSIN(Z)
7 +E)%k4 — HFYS(Y+OIRDSIN(ZI+E)#%2&(X—A%DCUS(Z))*%2
B + GRYRROR[Y+3ENSIN{ZI+E) *(X—A$DCOS{Z) ) %2}
@ /7 ((X-A*DCOS(Z))*#2+(Y+D#DSIN{ ZI+E)#e2)4%3) *AEDSIN(Z) L ey = N
RETURN
END

e AR e s e ra o — i pmeiete e e e




auosurocc
0006000CC
0006020CC
00906100CC
Q00B200C

0006300C

000€&310C
G006340C
0006350CC

- 0006360C

0006370C
0006380C
0006390C
0006400C
0006410C
0006430<
000644 0C
00 06460CC
0006610CC
0006630C
0006800C

2
3
4
=
&
T
]

THIS FUNCTION CALCULATES THE SHEAR STR

PCINT FORCT Y AT {A®CDS{Z)B*SIN(Z)

REAL FUNCTION YTAU®S8 {(Z)

REAL®E 2

REAL®S PlsA+tsEsXaY

COMMON PI,XsY FELLIP/ AsBE

ESS AT (X,¥) DUE TO A

IN A SEMIINFINITE PLATE.

¥YTAU =~l/l4¥Pl}*{{X-A*DCOSIZ}}t(lX-AtDCOS(Z))**2*3*(Y—B*DS[N(ZJ

~E)*®2 )/ ( X-A%0COS
-{X-AXDCOS(Z))*{(X
7 ({X—-A%DCOS(2) )**2+(Y+B*DSIN(
s2xY e X-A¥DCOSH
* (X-A¥DCOS(Z
- &¥Yx{Y+B%DS
s {{x=a%x0DCOS(

RETURN
END

Fa |
Y yex
IN{Z I+E)®X2)
Zy)x

*k{ZEYX({ X—-A%D

2+(Y+B¥DSIN{Z)I+E)* % 2)*%3}

(Z) )1 4%2+{Y-BEDSIN(Z)-F) ¥*2) 8 %2
-A*DCDS(Z}J*#E*B*lY+B*DSINlZ)*E]l*E)
ZItE)*E2) %02 S
) COS{Z) Y *x2+2%x(Y+B*DSIN(Z) +E)
2 ¢ 10€(Y+BRDSIN{Z)+E)*%3
3

E

wAXDSINIZ)



-
I 0005920CC
| 0006000CC THIS FUNCTIGN CALCULATES THE X STRESS AT {X.Y) DUF TO A PDINT
| 000602 0CC FORCE X AT (0,2Z) ON & CRACK I[N A SEMIINFINITE PLATE.
| 0006100CC
000K200C REAL FUNCTION XCRAC®B (2}
0006300C REAL®S 7
Y 0006310C REAL®XS PJ,CyaHypX,Y - __
g 0006340C COMMON Pf .X4Y /CRACKS CaH
| 0006350CC
0006360C XCRAC=(1/({PI*(X*22+(Z-Y)*k2)%%3)
0006380C 2 E{—JEXkkE FEEXEE2H(Z-V I ¥H2 +(7-Y)%kWa} s | N —pml—
0006400C 3 * I/{PIT{XRE2+(Z+Y ] kX2 ) kb4
0004200 a ®{—5FN*%6 +{1IS(I4YIFR2+124[ZHY)RY=120Y¥*2 J 2 XE&S
0006430C 5 * (ZEYIRE2R( 1 7H{24Y) 222 -T2 (Z4YIUY4+T2RY®ED Ja X602
| 0006432C 6 —{7+Y) 243 ({ Z+Y )R X212 X {Z+Y) XY+ 12%Y%%2)))
' 000644 0C 7 * DSQRT({(CI1*%2 —(Z-H)*%2)
00064860CC
000661 0CC
0006630C RETURN . e = s e —l B I ey oy
000630DC END




I8 PUNCTION CALCULATES THE Y STRESS AT (X,Y) DUE TO A POINT
RCE X AT {(0.2) ON A CRACK IN A SEMIINFINITE PLATE.
AL FUNCTION YCRAC28 (Z)

- REAL*E Z
0006 310C REAL%®EB PI+Cotis XY
00 06340C COMMON PlsXesY ZCRACK/ CoH
0006350CC
0006360C YCRAC=[1Z/{PI*{Xk*x2+(Z~Y)%%x2)%k*2)
0006380C 2 E{XE%4 —CRXER2R[(Z-Y)*EZ +(Z=-Y)*%§)
00064G0C 3 + 1 /(PIR(Xkk2¢(Z+Y ) %2)%%4)

. Q0006420C = 4 F(—X¥%6 H{SH{Z+Y)R¥2 36 (ZeY)AVHI128Y XKD ) EXXXS — X
0006430C 5 * (ZAY)F B2 (S (Z+Y P EF24SEF{Z+Y )XY -T 2RV &2 ) EX*% 2 o
0006432C 6 —(Z+YV)IFFAE({(Z4Y )2k 244 K(Z2Y ) RY=12%Y%%2) )}
0006440C 7 * DSORY({C)I42={(Z-H}xx2)

Q0 06460CC
0006610CC
00 06630C RETURN

0006800C END




0005920CC
P0O06000CT
0006020CC
0006100CC
Q0 0€200C

0006300C

2006310C
G00634a0C
Go06350CC
0006360C
0006400C
0006410C
Q006420C

goGea3zc

0006460CC
0006610CC
200663 CC
a006800C

newn

THIS FUNCTION CALCULATES THE SHEAR STRESS AY {(X.Y) DUE 1IC A
POINT FORCE X AT (04+2Z) ON A CHACK IN A SEMIINFINIYE PLATE.

REAL FUNCTION TAUCRA28 (Z)
REAL*8 7

REAL%8 PLlsCaHysX,Y

COMMON PIsX.Y /s/CRACKS C.H

ThUCHA-Ialtpi*(Kt*Z*(Z YIREZ2 eI )X {Z-F )R ( IRk 2 (Z2-Y)HR2)
1A{PI®{ XEFE2+ (I+Y ) %¥2 %4 )

(Z2%( 3% (ZrY)+28Y ) RX¥%5 +4x{Z+Y )2l {Z+Y 22~ 14k (Z+Y)nY
12%YR¥2 ) &X¥% 3 —28(Z+V I3 ({Z24Y) 22182 (Z+Y )XY +248YE X2 ) %X} )
DSOQRTIICI*¥2—{7Z-H)l*%2}

* +w

RETURN
END




4. PROGRAM FOR CRACK IN SEMI-INFINITE PLATE USING ANALYTIC
INTEGRATION {(BODY 1)

k.l LISTING




;_f 1
00:01i00CC PHRIGRAM TL COMPUTL SIF F0S CRACK IN SEMIINFINITE PLATE.
0020200CC
C020T0zCC AETHOZ OF SCLUTICON IS THC ESDY FORCE METHGD (He NISITANID .
0G20213CC
Cosola0Ce INDEX IS5 THE NUMELR OF INTEIVALS INTZ WHICH THE CRACK HAS SEEN
0RS0240CC SARTITICKED.
= U TOEAZCC DIST IS TnEﬂﬂ*Tz\anrTXTﬁr CENTRE OF TIE TRACK T THE = .
00 UZ6&lC EDGE OF THE PLATE
Q0 0cabCC #IDTi4 IS HALF THE LENGTH OF THE ChRACK.
0030243CC STRESS 15 THE APPLIED STRESS AT INFINITY.
T QUTOZETCC ' ' i ' ==
Q050280C INTEGER INDEX INCREM
003502363C REAL DIST WIDTH STRESS o PT 1 A0, CoDsEsFoGaHs X s TESTIOEToSIFL WSIF2
00902320C REAL ETA{IO1}4MICPTCIC1)»FLNCLICLl4101)+FORCE(LIQUs101)
———OUCUIL0Ce e et
0030360CC
00C0400C READ{5+50C) INDEXs DISTs WIOTH. STRESS
00C0422CC
BB % an . ppme= b B e — : bt e e S
0050422 WRITE(S.1000)
000460 ARITE(G+1G0E)
00CO4ED WRITE(S5+1016)
— T DDTOGED TWRITET(E» 10207 TROEX SRS == s
DOGOS 00 WRITE(6.101C)
0020505 WRITE(Ss1025)
. 00350520 WRITE[&+1030) DIST ;
| B ¢ ) 4 o] ¢ RSy 3 S ARITETEYTLIT] T ] s S e R e e e = e T TR e
i 000545 WRITE(&,1035)
i 0000560 WRITE(&6»1040) WIDTH
I 0030580 WRITC(6,1016)
N ¢ X s o4 R Y o RO WHITETLG»ITEBEUY STRESS — + == P
! COC062D WRITE[(G6,1010) T
| povo720CC Y
| 00CD740CC COMPUTE VALUE OF ETA(N)s MIOPT(N) FOR N=1 TC INDEX+1.
5L 9 o1 ri=1 [of e— TETATR)Y AND ETAUNFI T ARE THE VALUES OF TRE ENDPOINTS — = s o oo ¢ s
i oocoTadcce OF THE NTh INTERVAL ON THE Y AXIS ALONG THE CRACK .
! 0CC0E00CC
' 00€0820CC MICPT(N) IS THE Y VALUE CF THE MIOPOINT OF THE (N=1)TH INTERVAL.
F—ouToBauLe S =
| CO000E60CC
! 00C0200C €£TA{1) = DIST - wIDTH
, 0001500CC
e S S S — - : - i mn weliey w5 S
go2iu2l Pl = 3.141593
0001025C INCREM = INDEX +1
: COCLl0G4OCE
=00 CITUNC — DU 100 W= INCWER k. A S
00CL200C ETA(N) = ETAL1) + ZLWIDTH%(N=1}/INDEX
‘ guklaoocnoc MIDPT(N) = ETA(N] = WIDTH/INDEX
001400CC S—
| T QUnISOoCT T EACCUERTE FURTTWRNI THIS 1% THE ANALYTICACEY TR ELHRTED e
Egc1ogocc B0ODY FORCE FUNCTION.
S G31620 €
GGLELTO0C DO 200 HWM=2» INCREM Yy



1

00C1300CC
CUul-00CC A eC el oL aF s aarin 2 ART INTESHTDIAZY TULNCTIONS.
cCZz2o00CC - g
CO52 169L A = MIDET(HM)Y +
Rt Ror e ide i o 3 = MID fT{W) -
. CO22200C 2 0= SANTAwIDT b R Z )
— OO L25000C O =A=WZT % WIDTHEEC (A W S S = A SE T, -
0CZ2%cs ¢
0052303¢CC
00C2500C 20 Z00 N=1, INCHL M
i cosz7oocg C = ZTaiN) = DIST E : h R L= -
! Coz2200C F o= ZTa(HN) + »ILFET (M)
! COoe>00C Z = MIDPT(M) = DTA(N)
Coo3Cial A = SLURTIWICTH=R2 = En3)
~00T3I0CcC . = OARSINCIWID TR ¥ ECT I 7A9TOTHREF YY) — S e e Y e s S e e e
0033200CC
| 00s3300CC
| Q0334CocC FUNC(MyN) = L/ PL m{H/C + E/C
‘ S 00338C00C ) i ¥ ALE CABSUT{W IDTH=®%2 - BHE + CHHI/Z(WIDTHEGYY XY -~ & & 777 o &
0DO0CAL03C 2 = T Pl l=HsF * A/STGRTLD) 2 K}
; o0C3700C 3 t 53 RMIDPT(M) » PI % (=ksF::2 (1= ALFAD)
| cooc3so0oc % + WIDTHR2AD%l o8 = X ) = Z2uMIDPTIMISn2s PI
| OO T3I500aC =) T(H/FESD 4.'=I-2 ¥ OAGF /T FI2EWIDTH:EZSZ ¥ ASSRIT T 5 FREd/O0%55] o
002&4C00C 6 * O IGWIDTHESZ SA/DSE2 .8 5 X)
‘ 0004100CC
| 00354120C200 CONTINUE
[ e i o S o i T ot e B e = e A bk ST .
| Q004 200CC EVALUATE HBCDY FUORCE MATRIX 8S FOLLOWSS
| 0024300CC { INDEX BY INDEX) MATRIX CCANTAINS FORCE FUNCTION (INFLUENCE
| 00042320 C CIOEFFICIENTS )
OU I3 00TC TIRDEX BY UNE} FATRIx CORTAING h‘:GA!IVt CF SiHLSS.
0004500 CC
00D46G0C DO 300 M=i.1INDEX
: 005a7G0C FORCE(M+INDEX+1) = =-STREES
RO BG AU T O 300 N= 1. INDEX . - S s SO = S S S AN — —_—
| 000243900C FORCE(MsHN} = FUNCI(M+]1sN+1l) = FURNC(M+1:N}
' Q0CaS40 300 CONTINUE
0005000¢€C o
JUUD T JULL = it ' i
00p5200CC Cabtt SOLVE SUBROUT INE FROM FTHLID TO SOLVYE SYSTEM OF
0005320CC LINEAR EQUATIONS. ON RLCTURN FROM SOULYE, SOLUTIONS WILL
Q005320 C BE FOUND IN THE (INDEX BY QHE) MATRIX. )
TS 0005ILy € e e e e R gz " IO o e ey
C005400C CALL SOLVE(FORCE;1GOs INDEX,INDEX+1+0,0CT+»TEST)
00355060C I1IF (TEST.NE.O) GO TO 400
0005520CC : ] i D e
GULLLeUCL il i
00C5E45 WRITE(Gs 1060}
00C5E5D WRITE(6s1065)
00U5551 WRITE(6+1010} I olleous s P o T R e )
— QOERSED T T N = T
Qo005L80 C CORRECTION FACTORS FOR STRESS INTENSITY FACTORS ARE NOW Ik
0005800 C THE LAST COLUMN OF THE MATRIX. THEY ARE TO BE PRINTED.
AR SE SN ARITY YTICEM TN PETEOMINE TWUE © T £ . AT T TS MOF TWUE DACCY




- S o
; 0005625 C
| 0035649C D0 350 M=1,INDEX
UC L5280 FORCE(M,INDEX+1) = FLRCIT(M INGEX+1)/STRESS
0035CHICI5C WRITE(S+600) MoFUGRCL {Ms INDEX+1)
QUOS76D
0035720C ARITE(6,1G1C)
—TUTIS TR " TIFT = FORCE({Ts INCREM) % SCSTIFTSWIDTIH) _
0005760 SIFZ = FORCE(INCEX »INCREM) % SORT(PIuWICTH)
QOL5780 C
0005200 WRITE(6,1C7G)
| TU0U5320 RRITE(6,107E) SIF1 a
0035540 WRITE(S2101C)
0005860 WRITE(5s10BG)
005380 WRITE(6,1CBE) SIF2
OoTs5¥00 WRITELE»TIOI0CT SR Ji - -
0005920 40C  WRITE(6.700) DET
0035240 C
0035965CC
~ DUVSTLOCC . N = " - :
00G6000C50C  FORMAT(I4,+3(1XsFl0.0))
DCO6C01 740  FORMAT(BUIXsF6.3))
0035505 B00  FORMAT(1XsF12.6)
- T OUTBUCUTEUC T TURMATITG, IXGFIZ35] -
0056040 700  FORMAT(1X,*THE DETERMINANT CF THE COEFFICLIENT MATRIX IS', LXsE1Z+6)
0056060C1000  FORMAT(LIXs'SOLUTIUN TG CRACK IN SEMIINFINITE PLATE®)
0056080 1005 FORMAT(3X,°BY NISITANI BCDY FORCE METHOD®)
~—QUTETU0 TUTC —TORMATTIXT = I R Sl
0006120 1020 FORMAT(1X,*THE NUMBERK OF DIVISIONS IN THE CRACK IS*,iX 2ol
0006140 1025 FOGMAT(1X,*THE DISTANCE FRCM THE EDGE OF THE PLATE TO!
0006160 1030 FURMATI(3X,*THE CENTRE CF THE CRACK IS*e1X,F12.6)
UU0EITY 1035 FURPATTIX,YTHE DISTANTE TRCH THE TIP UOF THE CRALK TO') . ==
0006200 10640 FORMAT(3X,*THE CENTRE COF THE CRACK IS*,1X,F12.6)
0006220 1050 FORMAT{1X,"THE APPLIED STRESS AT INFINITY IS*,1XsF12.6)
0006240 1060 FURMAT(1X.*THE CORRECTION FACTORS FOR EACH INTERVAL,"®)
0008260 1060 " TUORMATTIXLYSTARTING WITH THE ORNE REAREST THE EDGE, AREY)
00GC628) 1070 FORMAT(1X,"THE STRESS INTERSITY FACTCR AT THE TIP OF')
0006300 1075 FURMAT(3X.*THE CRACK NEARLCST THE EDGE 15'»1X0E1246)
0006320 106U FORMAT(1X+"THE STRESS INTERSITY FACTOR AT THE OTHER®)
T UOCEIA0 1UED  FURMAT(3X"TIP ISY.IX,EIZ.€) s e S
0006360 C
0006380 C
0006400C STOP
U0 05420C T END B T e s H S RS




4.2 TYPICAL INPUT
INDEX (MM) = 12
DIST (e) = 1.0
WIDTH (b) = 0.8
STRESS (%) = 1.0

FORMAT (1%, 3 (1X, F10.0))

4.3 TYPICAL OUTPUT




iy 2
SILUTION TO CRACK IN SEMIINFINITE PLATC
BY NISITatI 5ODY FORCE METHGD
THE NUMBCE OF CIVISIONS IN THE CRACK 1S 32
THE DISTANCE FRIM THME £0GE OF THE RLATE T0
AN ~ T 1THE CENTET I Hiks | LR_LCK == kg o e o I - T R R T e
THE DISTANCE FXS¢ THE TIP OF THE CRACK T-
THE CENTRE OF THE CRACK I5 0.8033¢0 gu .z ol o ol
! THE APPLICD STRESS AT INFINITY 1S 1.00309%
! THe CORRECTION FACTORS FOR EACH INTLRVAL.
TS TARTITG WITH THE DNE NEAREST THL E0SE+ E0C : =
1 1.325015
> 1.350590
: ey Yoo = e S5 i e .
P 1.28733a
5 1.260255
6 1..38239
7 oo IBEa5 e ~
| 8 1.001497%
5 9 1.1856427
! 10 1.173092 _ _ "
! T 1-IEITES . e i o M SSRGS ————
i 12 1.150214
|
| THE STRESS INTENSITY FACTOR AT THE TIP CF .
T’HE CRACK NEAREST THE ECGE IS 0URZ2I19=7IE O1I = o E
! THE STRESS INTENSITY FACTOR AT THE OTKEF
| o M@ I8 ReapaabE ey T~ e )
i THE DETERMIMANT OF THL COEFFICIENT MATRIX IS 0.197109C 09




5. PROGRAM FOR CRACK IN SEMI-INFINITE PLATE USING NUMERICAL INTEGRATION (BODY 35)

5.1 LISTING




-

000031060CC PROGRAM TO COMPUTE SIF FDR CRACKIN SEMIINFINITE PLATE.

0000200CC
oogoeoacc METHCOD OF SOLUTION 1S THE BODY FORCE METHOD {(He NISITANI).
Q000203 C
0000204 C NUMERICAL INTEGRATION 1S USED INSTEAD OF ANALYTICAL
0000205 C INTEGRATION TO DETERMINE INFLUENCE COEFFICIENTS,
Q00D210CC
“go00220¢C INDEX 15 THE HNUMBER OF INTERVALS INTC WHICH THE CRACK HAS BEEN
000024 0CC PART ITIGNED.
000024 2CC DIST IS THE DISTANCE FROM THE CENTRE OF THE CRACK TO THE
00C0244CC EDGE OF THE PLATE.
0000246CC WIDTH IS THE LENGTYH OF THE CRACK.
000024 8CC STRESS IS THE APPLIED STRESS AT INFINITY.
0000250 C FRAC IS A NUMBER MUCH SMALLER THAN 1.0 USED IN THE
0000252 C NUMERICAL INTEGRATION ARGUND THE SINGULARITY.
SR GEREE iR ARGL - == N
oooD2BOC INYEGER [NDEX,INCREM
000D321C REAL¥B PIsDIST WIOTHsSTRESS sEPSIL Sl +SIMLlsAsB.PREC+DET+TEST
0000322C REAL*B ETA{101).MIDPT(101),FORCE{100+101)
0000340C COMMON MIDPT yDIST MIDTHsPI WM
0000360C EXTERNAL FUNC
0000380CC
0000400CC . e P . o e
D000420C READI5,500) INDEX, DIST, WIDTH. STRESS. FRAC S
0000421 C
0000422 C
0000423 WRITE(64+1000)
00004224 WRITE(G,.1005)
0000425 WRITE(6,1010)
0000426 WRITE(6,1020) INDEX
0000427 = WRITE(641010) ~ _ _ -
! 00004zZ8 WRITE( 6, 1025) il I
0000429 WRITE(&:1030) DIST
0000440 WRITE(€.+1010)
0000460 WRITE({&.,1035)
0000480 WRITE(&,1040) WIDTH
0000500 WRITE(6.1010)
0000520 WRITE{%H,1050) STRESS
0000525 WRITEL6.1010) LN -
0000540CC N
0000560CC
00 0D0SBOCC COMPUTE VALUE DF ETA({N)s MIDPT{(N) FOR N=] TO INDEX+le
0000600CC ETA{N) AND ETA(N#1) ARE THE VALUES DF THE ENDPOINTS
0000700CC OF THE NTH INTERVAL ON THE Y AXIS ALDNG THE CRACK.
000080DCC
0000820CC MIDPTI{N) IS THE Y VALUE OF THE MIDPOINT OF THE (N—-1)TH INTERVAL .
0000840CC = - L et e e e | o S Wee— -
0000 860CC " —
0000900C ETA(1) = DIST - WIDTH
0001000CC
0001 020CC
0001021C PI = 34141593
0001022 <

0001} 025C INCREM = INDEX +1]



Q001 0480CC

0001100C DO 100 N=2,INCREM
0001200C ETAIN] = ETA{1l) 4+ 2*¥w]lpTHA{KN-1) /I NDEX
0001300C100 MIDPT{N} = ETA{N) - WIDTH/INDEX
0001 400C<
0001402 €
0001404 C EPSIL IS THE VALUE OF EPSILON FOR INTEGRATION AAQUT B
0001406 ¢ THE SINGULARITIES.,
0001410 ¢
0001420C EPSIL = FRAC * wWIOTH 7 INDEX
0001460 RITE({ 6.1055) EFRSIL
0001465 RITE(6+1010])
0001480 C
D001 &Q0CC
0001620CC "EVALUATE BDDY FORCE MATRIX AS FOLLOWS: _ y
“0001630CC " {INDEX BY INDEX} MATRIX CONTAINS FORCE FUNCTYIGN { INFLUENCE
0001632 C COEFFICIENTS) ;
Q001640CC (INDEX BY ONE) MATRIX CONYAINS NEGATIVE OF STRESS.
00 01650CC
0001655 C NUMERICAL INTEGRATION IS PERFORMED OVER THE WHOLE NTH INTERVAL
0001660 C UNLESS (M~1+EQ.MN) IN WHICH CASE THE INTEGRAL IS DIVIDED INTO
0001665 C THREE PARTS ABOUT THE SINGULARILTY.
0001670 € EAEETN gl e .
“ooD1&6TS © f
0001 700C DO 200 M=2,INCREM
0002600C DO 200 N=1,INDEX
Q002700CC
, 0002720C IF {(M—1.EQ.N} GO TO 175
0002740CC
| 0002800C CALL RDOMBRG{ FUNC.ETA{MN) ETA{N+1)},:1a031aD-7:15:SL.51M1,INDIC.L)
0003000C " IF (INDIC.EGs.1) G0 TO 450 B ey e B
Q003001 ¢
§ 0003005C FORCE{M=1sN} = 51~ 1
0003020¢C GO TO 200
| 0003040CC )
I 0003080C175 A = MIDPT{M} + EPSIL
| 0003100 B = MIDPY{M)} - EPSIL
0003120C CALL ROMBRG( FUNCETAIN)sBela0sleD-Te14451s5IM1,INDIC,L)
0003140C 1F (INDIC.EQG-!}) GO YO 450 o o = =
0003145 C
0003180C FORCE{M~-14N} = 51 =1,
| 0003180C CALL ROMBRGT FUNCoAJETAINSL) s1e0s1aD=7s14:5I,5IM1,INDICL)
- 0003200C IF {INDIC«EQe1) GO TO 450 _ i ) _
| 0003220C FORCE(M—-14N)=FORCE(M=1,N)+5ST-1, — 2%SQRT{WIDTH##2
- 0003240C 2 -{MIDPT(M)-DIST)*%2) / (PT * EPSIL)
! 0003400¢CC
| 0003520C200 CONTINUE e il . i s DA (g S e B e s —
| 0004100CC
! 00 04600C 0D 300 M=1,. INDEX
' 0004T00L300 FORCE{M,INDEX+1) = —-STRESS
G005000CC = T R S T . I, e
0005100CC e : ; :
0005200CC CALL SOLVD SUBRDUTINE TO SOLYE SYSTEM OF LINEAR EQUAT IONS.

i 0005300CC




0005400C
0005500C
0005520CC
0005540C
0005545
0005550
0005552 C
00 05560C
0005570
0005600L350
0005602 C
0005604 C
0005606 €
0005608
0005610
0005611 C
0005612 C
0005620
0005640
0005660
0005680
0005700
0005720
0005740
0005760C
0005780 C
00a5800CC
0005820CC
0005840C500
0005860C&00
0005880C700

0005900 800
0005920C 1000
0005940C1005
0005950 1010
0005980 1020
0006000 1025
0006020 1030
0006040 1035

T 000&060C 1040

Q006080 1050
0006100 1055
0006120 1060
0006140 1065
0006160 1070
Q006180C 107S
0006200 10680

0006220 1085

0006240 1090
0006260 C
0006280CC
G006 300C
9006320 C
0006340 C

FORMAT{ZX+"TD THE CENTRE OF THE CRACK I5%':1X,F12.6)

FORMAT{3X.*TIP [S*.1X.E12.6)

CALL SOLVD{FDRCE»100+INDEX s INDEX+1:D.0,0ET,TEST}
IF (TEST.NEsOQ) GO TO 400

WRITE(S5,1060)

WRITE{(64510&5)

WRITE{(&6,1010)

DO 350 M=1.,INDEX .
FORCEIM,INCREM) = FORCE(MsI[NCREM) /S5TRESS
WRITE(6:,5600) M FORCEiM:INCREM)

CALCUL ATE STRESS INTENSITY FACTORS AT TIPS OF CRACK.

SIF1 = FORCE(1,INCREM) & SQRT{PI®WIDTH)
SIF2 = FORCE({INDEX, INCREM) % SQRTIPI*WIDTH)

5IF1

SIF2

oGohoo
e Nl g S e e

FORMAT {14+34(1X:F10.01})

FORMAT {14,41XeFl1246)

FORMAT (1X+*ERROR: MUMERICAL INTEGRATION DOES NDT CONVERGE')
FORMAT (1 X, *ERROR: COEFFICIENT MATRIX IS SINGULAR®)
FORMAT{1X»*SOLUT ION TO CRACK IN SEMIINFINITE PLATE®)
FORMAT (3X."BY NISITANI BGDY FORCE METHOD')

FORMAT ( 1 X) 4 _
FORMAT (1 X+*THE NUMBER GF DIVISIONS IN THE CRACK 1S*e1X. 14}
FORMAT(1X.*THE DISTANCE FROM THE EDGE OF THE PLATE®)
FOAMAT (3X+°TO THE CENTRE OF THE CRACK 1S*,1X,F12.6)
FORMAT(1Xs*THE DISYANCE FROM THE TIP OF THE CRACK®)

FORMAT(1X«*THE APPLIED STRESS AT INFINITY 1S5°,1X,F12.6)
FORMAT (1Xe*THE VALUE OF EPSILON USED FOR INTEGRATION IS*,1X.F12.6)
FORMAT (1 Xs *THE CORRECTION FACTORS FOR EACH INTERVAL,')}
FORMAT{3X."STARTING WITH THE ONE NEAREST THE EDGE., ARE")
FORMAT {1X+*THE STRESS INTENMSITY FACTOR AT THE TIP OF')
FORMAT {3X+*THE CRACK NEAREST THE EDGE IS®s1X,E126)
FORMAT{1X+"THE STRESS INVENSITY FACTOR AT THE OTHER®)

FORMAT {1X.*THE DETERMINANT OF THE COEFFICIENT MATRIX IS',1XsEl12.65}

5TOP
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5.2 TYPICAL INPUT
INDEX (MM) = 12
DIST (e) - 1.0
WIDTH (b) = 0.8
STRESS (0%) = 1.0
FRAC = 0.0l

FORMAT (14, 4(1X, F10.0))

5.3 TYPICAL OUTPUT




SILUTION TG CRACZK IN SEMIINFINITE FLATE
BY NISITn%l OLUDY FORCE METHLD
THE HUMEER OF BIVISIONS IN THE CRACK 12 17
THE DISTANCE FSTH THE EBGE OF THE FLate
TCTTHE "CINTRE T RS CRACK L5 — 1 .8C3000 " B S S e
Tok CISTANCS PRI THE TIP OF THE CRACK
TC THE CE®ITREL OF THE CRACK [5 9.EC3IG00
THE ABPLILTD STROSS5 AT INFINITY IS TS
_THE VALUE UF £P3IL3N USED FOR INTCGRATICHN 15 C.030667
THE CORRECTION FACTORS FOR EACH INTZRVAL,
STARTING WITH THE ONL NEAREST THE £DGE, ASC
1 133854373
2 14351123
3 317355
4 1.287237
o 1+cDTT0] S - R =h= B
6 1.238453
7 1.218806
& [.20517647
3 Lo s o Qe I ssEny ey - i i o N i -
10 14173547
| 11 1.161893
g 12 1.i51862 . ., - ) .
; THE STRESS INTENSITY FACTOR AT THE T1P CF
THE CRACK NEAREST THE EDGE 1S 6o218hcie o1
T TRE STRESS  INTENSITY FACTOR AT THE CTHE - et G el B
TIP IS 0s1B2635E 01
THE DETERMINANT OF THE COEFFICIENT MATRIX IS 0.196455E 0% B . T -




6.0 PROGRAM FOR EDGE CRACK IN SEMI-INFINITE PLATE (BODY 9)

6.1 LISTING




4
|
]
E

ZEE"

THE IN=TF¥YTH IR TERVAL., g

00C0:GoCE PROGRAM TL COMPUTE S1F FOL CRACK AT THL L0Gl OF A
00C0200CE SEMIINFINITE anTa.

GOCDZTG2CC METHOD 3F SCLUTTO!N 16 THD ETDY FORCE MITHOD (He NISITANT) .
00C02C3CC

COC0204CC HUMERICAL IRTISEATICH 1S5 L2l INSTEAD OF ANALYTICAL

CU020205CC INTEGRATICN TC DETEW¥ITE 55DY FURCE COEFFICIENTS.

o St \TILN i:E_BDY _ i o R
0050Z20C INDFX IS TRE “UMEL R QOF INTEGWVALS INTC WHICH THE CRACK HAS
D002 40CC PASTITICGNED «
0020266CC #12TH 1S THE LEMGTR OF ThT ZRACK.

000024 3CC STRESS 1S THE APPLIED STRLCS a7 INFINITY.
GOOUIED FRAC IS A NUHBEF MLCH LETS THAN 1.0 USED In THE
000,52 C NUMERICAL INTEGRATIUN APCLT A SINGULARITY.
DOSD26CCC
OO TDEB0C U INTTGER CTNDE XS TNUREM ==
00032 1C REAL% PLowIDTHISTRESSsEPSIL o ST aSIMY A4 FPRECIDET o TEST1FRACSIF
0GID3Z2C REAL%S ETA(101)+MILPT(101)+FORCE(1304+101)
C02034a¢C COMMON MICPT,WIDTHPI ¥
COZ0TE0C EXTrRMAL FUNC2 : .
; 0020380CC
00C0400CC
L 00C0420C READ(5+500) INDEXs WIDTHa STRESSs FRAC
T goooazZr C e i e -
0000422 WRITC(64100C)
0000423 WRITE(64,1005)
! 00C042¢4 WRITE(6+41010)
! 0U0052S RRTTEIG: TOZ0 Y THUE Y 7 — e - e e
| 0000440 WRITE(6,1010)}
' 00C0480 WRITE{(6+1030) WIDTH
| 0000485 WRITE(621010)
T OUTUS0U0 WRITETS T STRESs = — =™ Rt T
I 0000580 WRITE(G&.101D0)
i Q00UE80CC
' Q000700CC
| OO BOTZ0CC COMFUTE VALUE OF ETA(N) FER N=T TO INCEX+1. = .
00CDT740CC STA(N) AND ETACN+1} ARLE THE VALUES OF THt ENDPOINTS
00 00760CC OF THE NTH INTEFVAL ON THMET ¥ AX1S ALCNG THE CRACK.
| 000D800CC
T ROG00EZOCC MIDPTINY IS5 THE Y VACUE UF THE MIDSOINT OF
00CD840CE
000DB60CE
| 0030500C ETA[1) = 0.0
- -gosigoUTe N oy e R e - A e W= kR )
; 00C1020CC
; 00C1021C Pl = 3.14159265
; 00Cl025C INCREM = INDEX +1
| T 003J1030C EP5TL = FRAC % WIDYH /12 % INDEXY 7~ -
0051031 WRITE(Gs 1045)
0001032 WRITE(G6+1050) EPSIL
, CcOC1033 WRITE(6,1010)
| T TOOCTO3E T WRITETSSITEGY T T N e MR S i
! 0021035 WRITE(G.1065)
f 0001040CC
| ©001100C DO 100 N=2.INCREM




r———

“‘1,_ll.Cpl-D"?llﬁon_l__S]Hi IINDIC!L)__

1+SIM1,INDIC.L)

- E—

CO0C1200C ETA{N) = WIDTHS(N=-1)/TNZEX
C0Cl202C130 MIDPT{N) = ETA(ND) = nIlTHALZ [LDEX)
00321433CC
DOZ1aCLlC
C021222CC EYALUATE 6OCY FURCE MATRIX AS FGLLOWSS
00C2163CCC {INGEX 3YINDEX) MATRIX CCATAINS FORCED FPubCTIONS
—ROULTEEICT TTTTNDEX 3Y CONE)Y MATRIXY TORTAETSNY NEGATIVL GF STRESS. i
DOS1550CC
Qo217 aC DU 200 M=2,INCREN
cGia2acac SO 230 N=1.INDEX
00322702CC : "
00 l2723C IF (M=1.EU«N]) GG TC 17C
00C2743 C
QO0CEc02C CALL RIMBRGL FUNC2.LTA(N)WETA(HN
UUTZEU0CC i = -
DDC3CouC If (INDICLEU.1) GO TO 400
Q0C3CesC FORCE{(M=1sN) = 51= 1
C03GAC2IC 20 TO 2¢0
U033C40CC ' )
0GC30BOCLTE A = MIOPTIM) + EPSIL
00¢3100C 8 = MIDPTIM} - EPSIL
POCIIZ0C CALL ROMBRGU FULNC2,ETAIN) »Aela0alaU=70l405
TUCI140C 7 TIF UINDICCWEG«.TITF CU T 420
Q031600 FORCE(HM=1.+H} = 51 ~1.
Q0C31&3C CALL ROMBRGI FUNCEvAoETAih+1)u¢-J 1eD=72164+4SI.53I81INDIC,L)
00C32060C iF (}NDIC.EQ. ) GO0 TO 40¢C
T goo3z2ol N “FORCE(™ uNT_FU?tETVTTTWTWST‘la ST E2RDSORTAWT DTH:::
0032400 2 =MIlG PT(H} w2 £ (PI = EPSIL)
0003400CC
ODCIECDC200 CONTINUE
CUCATIO0C . == : N )
0004120 C
00CH140 C
DOS4E00C DO 300 M=1.INDEX
D00 7C0C200"  TFORCE(M.INDEX®*[) = -STREES S s
QO35C00CC
poch10ocCC
QO026200CC CALL SOLYD SUBROUTINE TO SCLVE

SYSTEM OF LINEAR EQUATIONS .

SO0 TSIUTCT

00 C05400C
0005500C
0005520CC

ggTSssE0TC

00GE560C
00S5572
004560003

00CHE7020 C
00C5707
00355708 C

To0CETMID

0005720
0025740
00 457‘41‘.

20

CTALL

1

F

SOLVD(FORCE s L OO+ INDEX+INDEX+1+.50=0.DETSTEST)

[TEST-NE.C)

GO TD 4S9

DO 350 M=1,INDEX
FORCE(M s INCREM)

__WRI

TE{6.,56CD)

MsFORCE (Mg INDEX+1)

= FORCE(Ms INCREM)/S5TRESS

% DSQRTLPI % WIDTH)

e ————— . ——

e e b ——




WRITE(G.1C80)

STaR

WRITE(G6es 0BS5S}
sTOP
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0006240
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Q0Gs220C

0005340 C
0oo0s360C T T ENHDT T T
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6.2 TYPICAL INPUT
INDEX (MM) = 12
DIST (e) = 1.0
STRESS (o) = 1.0
FRAC = 0.0l

FORMAT (14, 3(1X, F10.0))

6.3 TYPICAL QUTPUT




SOLUTION TO EDGE CRACK IN SEMIINFINITZ PLATE
USING NMISITANI BUDY FUORCE METHQOD

THE NUMBZK Ofr DIVISIONS IN THE CRACK IS 12
THE LENGTH UF THE CRACK [3S 13000460
THE APPLIED STRESS AT INFINITY IS 1.,000000

THE VYALUE OF EPSILON IMN THE NUMERICAL
INTEGRATIUN IS Ge.0Q04a17

THE CORRECTION FACTORS FOR EACH INTZERVALSSTARTING
wiITH THE DONE MEAREST THE EDGEs ARE
1.3%6457
13186769
1.281655
1249164
1.221302
1197477
1.17704%
1.159454
ls144221
1.130968
l1e.119419
1109599

THE STRESS INTENMSITY FACTOGR AT THE TI1IP OF
THE CRACK IS l.2667132

THE DETERMINANT OF COEFFICIENT MATRIX IS 0.137103E 12

ORI W -

-
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7. PROGRAM FOR ELLIPSE IN INFINITE PLATE (ELL 5)

7.1 LISTING




|
b=+

yPRECLEETTLEST

Co.LoloolL PROGCRAM TC COMPLTE SCF FOR SSLLIPSE IN At NEINITE PLATE.
00'30.20‘5:% SETHID OF SCLuTIun 16 THE ECDY MFCLEIE MOTHRLD (he NISITANI).
00202020
QCiCecsucC UMD ZICAL I-TY ZEATIOH 1S L,::"__J IHSTDAD OF A ALYTICAL
QO 005 CC INTEGRATIUN TC DETERMILT INFLUUCKRIE CZCFFICIENTS .
QC L0z 13CC
CO0TEE 20CT IHOLX TS THE ﬁuvjiﬁ oF THTORVALSD TWRTZ WHITR THE CLLTRGE
CUIloos0CC HAS BEEN FPARTITICGHEL .
CO.CcaalC SIDTA IS5 HALF ThHE «I0TH ZF THE CZLLIPSE ALUNCG
Coouced THE X AX1IS.
goooldnCce LENGTH 1% HALF ThE{ HEIGHT (F T«T LCLLIPSGE.
goo0202CC STIER3S 1% THE AFFLIED STRIDXZ AT :’FIN:TY-
e JER T s R Pasi I8t § Foal IS A NUMBEF mUCH LESS THan 1.3 USED Is THEC
DCG2Z02+-aCC NUMERICAL I.‘-TED:*ATI&.‘I\ ATCLT A SI:-GULAniT"I’-
goTto2ooCl T A TR B S =
poco2gacg INTEGER IMDEX s IMNCHREMHALF 1 +RALF 2, UUARTLI JGQUARTZ
QDTO0400C REALHE PLeWIDTHIWLENGTH e X e Y4 STRESS CPSIL ST 451IM14C,0
00C0405C TEALES SeT+XSUMSUs THET A HALF
DOCC4LZ0C wEALDEE PHIIT7I)YWMIDPTL7I).FLRCE{14Cs210)»EVALILIGOL141)
00204%40C COMMON PI+WIDTH.LENGTH X+ Y
COZ0460C EXTERINAL FSIGXWFSIGYsQSICK 0SS IGY +FPTALULOTAL

| COZ0580CC

. guiusogcce —— g . N N

| QOCo0L20C READIS+500CF INDEXs, WIDTHs LENGTH, STRESS. FRAC

| DO0C0=&0CC

} polocooc FRITE(&»1000)

!,m....._c.UT‘.U_SEU_C_.___._ —WRITECE s TODET R A s SO i | i s At B o ok e i

i guio&coc WRITE(6:.1010)

| CQCoez0C WRITE(6, 1020) INCEX

i gocae4qc WRITE(G.1010)

oot suT WRITE(G, 10257 WIOTH
CCLOELDC WRITE(&.1010)
DOZ0LESC WRITE(&, 1030) LENGTH
QGI06R0C WRITE(G6.,101D)
cQCo7T08C HRITE(S,1C40) STRESS I o
ootovzoC WRITE(&»1010)
QOCO7T40CC
COCOT42CC DEFINE PIs EPSILON. EPSILCA IS USED IN INTEGRATION
DOCO745CT ABDUT SINGULARITIES. L
00CO7T60CC
COoI07TEDC PI = 3.14159265259
0D0COEQQC INCREM = INDEX +}

TTOOCDROST 7T T = LENGTHAWIDTH = B ] =
0Qcos820C EPSIL = FRAC = P1/7INDEX
0QC0E4QC “HRITE(G: 1045)
00C0&E50C ¥RITE(G6, 1050) EFSIL o
C JuCT TTHRITETUS oy =

COCOTa0CC
QOCL80CL
CCo20580CC COMPUTE YaALUE OF I(N) FOR N=1 TO IADEX+1. o

TTTTOTLICCLCT 7 PHTINY ARD ﬁﬁT[h*fT”iRE PARAMETCRS FOR ThE VALUE OF
00CZ1002CC THE ENDPUINTS OF THE WKTH INTERVAL:
0C0C1004CC X = WIDTH = COS(PHI): Y = LENGTH = SINI(PHI)

CoCr1006CC



|
|

00C1640C0C
DOC1650CC

THZ ¥ DIRECTION DUE TO £ PQINT FORCE f.

Q0 21Lc9CC fTIDPT(M) IS5 THE VALUE CF THIGS FARAMETER AT THE MI0OPOINT
DUI1L4GCC UF THE (WN=1)TH INTERVAL.

Q021362¢CC

0001 Cc8aCC A AMD ¥ ANRE THE X aNG Y VALUES CF THE PIINT ON THE ELLiIPST
CO0Z1i09CC HAVING MIDPT(M) as ITS FA“AMETER VaLUT.

0Gl1iz20cCC

JO0C11d8 U 7 THETA IS THE ANGLE THE WORFAL i THE ELLCTPSE 9AKES WITH TWE X —— e
ool lads AXIS. IT IS ALWAYS TAKEKR TO CF IMN THE INTERVAL {=Pl/2.F1/2).
QoSYl2s C THIS IS5 NCT THE TRUE YALLE OF THZTA 1% ALL QUADRANTSs SLT
‘Qétl1es C WO CORRECTION IS NEEDJED AT THIS POINT.

QoS1139 £ ’ N .
costildz ¢

003l i1a0( “HI(1) = 0.0

00cl1icoce

COC1ITHIC B 22 15U“ﬂE?7TNCﬂEF—' i T

DOC1Z00C PHIIN) = 2 % (N-l)/IhEEK

00C1300C MIDPT(N) = PHI(N - FI/INDEX

0001340C100 COnNTINUE

00C1400CC B e T i
00Gl1420C TC(G:;GIQ}

D0C15600CC

00C1&20CC ERFORM NUMERICAL INTECRATION TO OETERMINE INFLUENCE
"O00I&30CC COCFFICIENTS. FCR EXAMFPLE, WUTTUY”TE“THL_CUEFFICTENT“TW“”*

00 01703¢C 20 200 M=2, INCREM

QU T2UC " T=H¥F TNDE X — R T T T U AR T N S = P m— TN
ooCi740C X = WlIDTH = DCUS(PI DPT(M})
DCC1T7&0C Y = LENGTH % DSINM{(MIDPT(M))

| aacivaezc S = STAN(MIDPTIMII
T ouOITTER C *' e i T I b i
00C1772C THETA = DATAN(SATI
coc1777 C
Qo0C1780C . = MIDPT(M} + EPSIL
T RUTIEDDCTT TTTTTOTETREIOETINT C-TEPSIL T T e s e e e e e e e T -

aogtez2acc
00GC2€00C 00 200 N=1.INDEX
a0c2630C K=N+INDEX
VUuZLa Ul C=EN¥Z:INDEX — i =
00G2700CC
goc2720cC IF {(M=1.EQ.N} GO TO 175
D002740CC

TTOUCEZnouT T T CALL RUMBRGIL PSTGXsPHITNY yPHITN*TI Y1 0, 1.0-7510:5T ST - TNDTC 1Y — -
003530G0C IF (INDIC.EQ.1) GO TC 40C
00GC3505C FORCEIM=1sN) = SI- 1.0
0003C10CC
QULIACIIC CALL RIHBRG{ PSIGY«PRITNT, D ! 2 1.0, D=7» 10 51519 THDIC S T}
0O C301LAC IF {INDIC.EQ.1} GO TC 40C
00G3G1acC FORCEI[M=-1+K} = 5= 1.0
Q003340CC

OO TATECC "CALL ROWBRGU PTAUPHIINT ' PHTITHFI T, 100l D=7 10+ 5T 5TRIGINDCICST) —
Q0Cc3iceor IF (INDICEQ.1) GO TC 44QC
00C3100C FORCE{™M=1+L} = 5I~= 1.0
0CC3lo0la o



0004120CC

0003140C CALL RIMBREGI OSIGR, PRI () yHI{I 41 91091 e0=72I0+ST1 45181 wINCTIC1I)
00531€0¢C [f (INDIC.EQ.1) GO TC 42&
00531£9¢ FORCE(J=1sN} = 3I- 1.0
0033200<¢
00.3201C CALL RTMBEGL OSICYsPRI(MN)sPHIGN+1 Y0l o2 1D =T 0sS1a3141»INDICS1)
0023203¢ IF (INDICLCuL.1) GO TC &3¢
pO0Z3204C FORCETJI=TSE )Y "= 5= 153 e BEESEaEESS D e S ) T
00C3IaHuLE
0033260C CALL ROMEBRGL OQTAVsPHI(R I WEBHIC 1) vl aGoelal=7410s31+5IM14IMNIICL1)
goziazénc If (INDIC.EQ.1) GO 1T 4cCC
00T3200C FORCE{J=1sL} = SI= 1.0
C0C3322CC
0D33I40C 50 TD 200
- C023360CC
- ——QULIIBOCC S e L DS A X =t e s SCESS
00034C2CC INTEGRATE OVEFR SINGULARITIES GY TAKING PRINCIPAL VALUES.
00c3402 C THE INTEGRAL HAS FOUER FPAKRTS! THZ FIGST TWO ARE THE wORMAL
cO0Ca404% C INTEGRALS JVER (PHI(NI-’}} AND (CsPHI(N+1)} WHICH AVOGIL
DC33409 C THE SINGULARLTY. THE 1HIRE TERM INVAOLVES THETA AND TG
Q03403 C EXPLAINED IN THE LITCRATURE. THE FOURTH TERM IS THc
0023612 C ERROR IN THE INTEGRAL CUE TG THE CHOICE QOF EPSILON.
0023420CC
_“U—U“"_UDCI?b CALL RUOMBRGU PSIG  FRITN T DG 1. 0w 1 e C=7+ 1051 SIMILINDIC: I
1 00C3520C IF (INCIC.EG.1) GO TC 4CC
i 00C3540C FORCE(*-1sN) = 51 =1.
; 00C3560C CALL ROMBRG( PSIGXsCoPHI(N+1)+12003.0-7910sSI4SIMI2INDIC,T)
! B o ¢ HoB.RoF ;o] wii TTF (INUICLETQ.TY GO TU &80T B 2 )
| 00¢2600C FORCE (M=1+N)=FORCE(M=13N)+5I~=1.C
| 00C3401C 2 - {5+Q*DCUS(2$THET£)-DCCS(Q$THETA}1/16
5 0033620C 3 + EPSIL T/(amp IH{SEE24TH%H2 ) 243 K 6HSZuO6+( 3=2:0T 402 JA54x4
f QOT3CL O0 5 B LA E e IS SRR - M = i S SRR VR ey B
00Z3720CC
0003749C CALL ROMBRG( PSIGYsPHI(N}sDs1.0s1e0°7+10+51,SIM14INDIC, )
0CZ3760C IF (INDIC.EG.!) GO TO 4CC
OUT37BUC — ~ —FORCEIM=14K) = ST =[, == et : :
00C3320C CALL ROMBRG( PSIGYsCoPHI(N#1)41.0412D=7+10s51+4SIM1,INDICHI)
0053840C IF (INDIC.EQ.1) GO TG 40C
0053669C FORCE(M=1sK)=FORCE(M=1,K)+5[-1.C
———QUUIEBIC z CHUT=DCOS(aXTAETANIZTS . R e
. 0053859C 3 + EPSILAT/ (4P I&(S4m24Tau2)283)m{ =248wm6( 1 ~64Tuk? )uSExg
' 0063%00C 4 ¢ OEERRZRTHN2 - TG )
. 0003520CC
| T OUO3IFLOC ~ CALL RONMBRGT PTAUCPHITN) WD 1.0+15D=7310,5TsSIMIZINDIC, I ~—° 77 7~
! 0003560C IF (INDIC.EQ.1] GO TO 40C
| 0053950C FORCE(M=1sL) = 51 =1
g 0054020C CALL ROMBRG( PTAU+CsPHI(N#1)+140s1.0=7+10451+51M1,INDIC,I)
F———QUG&OAUC T IF TINDIC.EQa.1} GO TU 4CC e e T
| 0006060C FORCE(M=3sL ) =FORCE(M=1,L)+51~1.0
: 0004080C 2 - (2%DSIN{2&THE TA) ~CSIN(&43THETA) ) /16
! 0004020C 3 4+ EPSIL#Tn%2/(4%P I (SE62 +Tan2)%kd ) (~9%Sx5=(6+2% T#:u:2)
B -1 e e S TR TASE L LSS I Sase T anTi v n T 9n00goTtetenTy ) i

aOncLl1anec CAML ROMBRGT OSI1GCYsPHIINI D sl e Ol al=T+10sSIeSIMIINDIC:I)




) = 51 l.
QoC4oL0C CALL ROMBHRGU CSICXyCoPHIIM*1)s1CelaD=T110eS5TsSIMLINITICHI)
DO0C6G240C IF (INDIC.EG.1) GD TC =SCC
Q0 cacbaC FORCE(J=1sN)SFORKCE(J=1aN)+51=1.0
0024 -80C 2 +{1=DCOSTGuTHETAY )AL G
0O0lu_.732C 3 ¥ EPSILZ:TZ045%P [0S 24 T2 poe 3 (-Smat(O=TuwZ had <
TOTL 200C T T T TORETEREZ F"6$5334$T¢ﬁ?;2'T:f¢1_""_"_ . M=l
00C26420CC
0034443 CALL RIOMBEG( CHIGCYsPRIINI«D 103 eD=T7al0e51eSIMLIINDICsT)
00 J44050C IF (INDIC.EG.1} &Q TC 420
0CZ4400C FORCE{ J=1sK) = 5[ =1.
QOCLEC0C CALL ROMBEBRG{ CSICYsCoPHIINHTLY 0l al sl al=TolCsSIaS5IMILINDICHI)
00 CaLelC IF (INDIC.EQ.1) GO TC 4CC
00 24563C FCRCE(J=1+K)=FORCE{J=1.K)#+5I=1.0
OoTLTHoT T TS E SR COS T 2T RFE T A S 'T'L"T f\‘ T'T-'ETI‘] wrEas - - - -
0034600C o + EPSILETALa5p Il Serk2 4T 5 )««3} =S+ {2 T2 yaSnngd
0034 EC20C 4 e 4 = GESHmG TRt 6 2'4}
00C40&40CC
0006E6B0C CALL ROMBRGT CTAUPHI(N]IsD31,.341.0«T7210sS1,SIML,INDIC,I
0004580C IF (INDICLEQ.1) GO TO 4oC
gS4a700C FCRCE({J=1:L} = 51 =1.
0006740 C CALL ROMBRGI CTAUSC+PHI{(R+1)ela Crla D= 7!10lblob]M1nIhDi:nIl
T OUCRYeUT T T T IF CIRUICLEGL.TY GU TO &TC
QO0C4700C FORCEI J=1sL)=FORCE{(J~1sL)+5I~-1.C
CCC4800C 2 =(2UDSIN(2EZTHETA)Y +CSIN(4THETA)) /16
0O0g4820C 3 = EPSILA =PI (Sh e+ T2 ) ()l =2::Tul2)nsnys
TTTTTOUURTEOC T T TR AN FINT 2RI W TN 2ES N ¥ qus T REY) i :
00C4960CC
QOC4980CC
o005000C200 CﬁaTTQUE
UL LS ULL o e A =1 Sl
00o5025C #RITC(6+1010)
0005C40CC
00051860CC
00C5%z00CCT "TNSERT INFLUENCE CCEFFICIENTS ARND STRESSES INTC EVAL
0GCH220CC HMATRIX ACCORDING TO HOW THEY MUST APPEAR IN THE
Q0C5240CC SYSTEM COF LINEAR EGUATICAS.
0005245CC
”““__UU*S?EE C THETA 1% AGAIN THE ANGLE TETWEEN THE NORWMAL TO THE ELLIPSE
| cacs247 C AND THE X AXIS BUT IS IN THE INTERVAL (-PI1/2:3%P1/2).
| 0005243 C THIS 15 THE CORRECT VWALLUE DF THETA.
i 00CH247 C )
S poC52%0C T INCREM = 2%INDEX +1 = i : = = =
i 000CH260CC
! 0005280C DO 250 M=1,INDEX
| 00C5300C J=M+INDEX
f ogocs3zac ~ THETA = DATANICTANIMICPYUN* T/ TY =
! 0aCs5325 IF fMIDPTIM+1).LE.P1/2) GC TO 230

COLWl80C

FORCE(J-1.N

00C5325
00C53240 C
00CT5360
DoCcE Yo &

IF IMIDPYIM+1).0T.25:P1I/72) GO TO 230

THETA = THETA * p1




s

003885425 C
C0CS440C DC 250 K=l iNDLA R
QOCS&EDC X = KN+INDEX
00CS450C L = N¥2E=IMDER
00:35509C EVALIMsN? = FURCE(MaNISDCOG(THETA)
00u5520C 2 + FORCE(MsL)&CSIN (THETA)
QOUsEL0CC oSN s b Ee e LA — e e el M =S W a e T o T e e = e
00CE560C CVALC(JeN) = FORCE(M K)ZDSINITHETA)
0035580C B + FORCE(MsL)ZDCISITHETA)
0DCS5600CC
00C%620C EVAL {M,K] = F1RCE(J NISDCOS(THETA) )
00CB0662C e + FURCE{Je L ILDSIN(THETA)
00C5660CC
coou682C EVAL [ JsK) = FURCE(JIK)IZDSIN(THETA)
———0U0sIEnC g T T T ¥ FUORCETILLCYSUCUS(THETA) N W R . .
00CS5720CC
00C5740C250 CONTINUE
goC5760CC
00c8s780CC B N . R
Q0CHEB840CC
00C8845C WRITE{(6.1G10)}
00LB8G2CC
B TUTSBE0CT CACL SOCVU SUBRUOUTIRE TO SCLVE SYSTEM OF LINEAR EWUATIONSS =
0CECH500CC ON RETURM FROM S0L VD, THE FART OF THE MATRIX THAT BEFORE
0CcL5520CC CONTAINED THE APPLICE STRESSES wlLL NOW CONTAIN THE
CQc5%940CC SOLUTIONS FOR RO-5UB-X ARG RO- "SUB-Y.
OO TR D . o E. it T S S " .
i cocs9B0C CALL SOLVYD(EVAL +3G0QsINCREM=1,4 INCREM,«SD~6,DET.TEST)
i 00C6000C IF (TEST.NE.O) 60 70 4S50
00C6020CC
- UOUs040TCC = % = g - Slindinas - -
i 0006045C WRITE{6+10060)
! 0006046C WRITE(Gs1065)
: 0006050 WRITE{6,1C10)
- OOTBURE O S e : AQINISSS T R
‘ CO06060C DO 350 M=14]1NDEX
0056080C J=M+ INDEX
Q00D6100C350 HRITE({&,600) H-tVAL(MnINCREM!-EVAL(J-INCREHI
TTTTOUDEIZOCT ==
0006140CC THE STRESSES AT ARB8ITRARY FOINTS ON THE ELLIPSE {HERE 0 AMC 90
0006160CC DEGREES) CAN BE EVALUATEDC AS A LINEAR COMBINATION OF THE
Q006180CC INFLUENCE COEFFICIENTS AND THE ROS.,
N ORRAUEE — e I SRS R S PP U S
0006220C XS5UMP0 = STRESS
' 0006340CC
QoC6345 C
— - QUTEIET T —— - g, - e e BV
0006352 C
| 0006 360CC PERFORM NUMERICAL INTEGRATIONS TC DETERMINE INFLUENCE
| 00C6380CC COEFFICIENTS. FOR EXAMPLE» PSIGY [S THE COEFFICIENT IN
|

TogoUTeLsooce T

“TTHE Y DTRECTION DUE TC A PUINT FURCE P.




CO0C6740C
CO0C67TE0CC

WIDTH =
LENGTH =

HALF

X
¥
D

L

DCOS(HALF)

DS IN(FALF)

- EPSIL

00 350 N=1+INDEX

IF (N.EG.INDNEW]} GO TC 37:%

00s6780C CALL RUMBRGI PSIGXsPHI(
o0SHEI00CC T T T TF (INDICWEG.13 GO TO &
gocesand FORCE{lsN) = 51 1.0
00CBE40CC
cGC7C20C CALL ROMBRG( GSIGH.PHI(
OUT70G0T I[F (INTDICL.EG.1J GO 1O %SG
00Cc7060C FORCE( 2:N) = S1 1.0
Q0o7Ceocc
goo72ae0CC
T QoCc7Z60C GO TO 3280
gocTeRoCC
0057300CC
00c7320CC
T OUOCTAa40CC N
ODC7460C37% CALL ROMBRG({
COC7480C IF (INDICsEQe1l) GO TO 43C
00g7560C FORCE(l,N)= SI-1.0 +
TOoTe4YCCT T e
DOGCBCEOC CALL ROMBRGI OSIGXsPHI(N
CoOCBOBOC IF (INDIC.EGs1} GD TO 40C
. QUOBLBOC FORCE{Z «N}= SI=1.0 = EPS
| ODOUBZ2&UTC e . -
- 00CBB&OCC
DDCBG6OCC
DOCBEROC3RBG CORTINUE
i "DOUBEBS C S T R a el == i ek o
H DDCB8GEYD C
; oocavooc DO 370 M=1sINDEX
| goca720C J=M+ INDEX
i oonE7LU0C X5UM FEVAL TN, INCKRE
i DONBT60C 2 + EVAL(J» INCREM} =
| 00Q87ROC3TO CONTINUE
i 000BBOOCC
“OUCRB20CC
00CBEGOCC
DOCAEGEOCC AT INFINITY.
pDo0A8B0 C
O 7 £ v 0 - 1 3 2 4 53
pooBs20CC
0009020C WRITE{G6.1010)
006904640CC
TOODIUETC T XSUMYD T = XSUMSD/STRESS S T T
00Gco0d80 WAITE(S, 1085] XSUMGO
nnarG'rOan U TTELA . 1YY

|
|
|
|
f

2 -PHI(H+1)rl.Gnl.D'?-lOcSI;S]WInIﬂDIC-I)

N)J anI(N+{)ll-Url.D‘?ilOlS[lSlﬁl.IND]CII)

INTEGRATE DVER SINGULARITIES BY TAKING PRINCIPAL VALUES.

IHEFSILE=T/Z(25PE )

ILETA{4PI)

FSIGX)PHIINY» D21l a021oD=T72l0eSToSIMLLINDIC, 1)

}aD ol a0 1afimTel0aSTSIMLLINDIC,1)

MY 5 FORCTE(T v M]

FORCE(Z2sM)

TDETERMINE STRESS TUNCENTRATION FACTOR BY DIVIDTING THE EVALLATED
STRESS IN THE X CIRECTICMA AT 90 DEGREES BY THE STRESS




D0C9143CC

00091460CC

DO0R1G0CC

DCGORs00CELT FORMAT(TIS+4({1XsFlu 0]

QQLeE20CELT FORMAT (T4 4201 5sFl2 e8]

0029,40C1000 FORMATOLX.'SOLUYIUN TO ELLIPSC IN IWhFINTITL PLATE")
TURLGZCOC100T  TORMATUIXL,YUSING NISTTANT ECDY TORKCE METHULDTT = =

DCC@es0C101LC  FORMAT(LIX)

QOC300CL02C FUNMAT(IX «*THL MMBER CF DIVISICONS IN THE CLLIPSE IS *a[4

DOC9220C1020 FOSMAT(IX¢'HALF THE WIUCTH CF THI ELLIPSE 15 Y,WwW12.6)

DDCG240C1030 FORMATIIX.YHALF THE HEIGHT OF THE ELLIPSE 15 ',Fl2.61

0002926001040 FORMAT({IXs*'THE APPLIED STRESS 6T INFINITY IS *,Fl2.68])

QOC%BOT104l FORMAT(IX,*'THE VALUE COF EPRPSILGH IN THE NUNMERICAL®')

Q0CP500CL108B0  FORMAT{IX,*INTEGRATION 18 *,FlZ.6)

TTOUTRGTY 10650 FUAMATUIXRYTHE X ARD Y ODUCY FOHCE DENSTITICE, STARTING AT}
00GC9 440 106&6% FORMAT{IX,,*THE SIDE OF THED ELLIPSE (PHI = 0}s ARE: ")
0009500C1085 FORMAT(LIX,*THE STRESS CONCENTRATION FACTOR IS *s2(F1Z.6+1%))
00Ce520C109C T UGMAT(LX+"THE DETERMINANT CF COFEFFICIENMT MATRIX IS *,EIL12.6)
000954CCI1100 FORMAT(LIX."ERRORT NUMCRICAL INTCGRATION CIO NOT CONVERGE, ')
00C9560C111C FOSMAT(LIX,*ERROR: COEFFICIENT MATRIX IS SINGULAR. ')
Q0CeEB0CC
0009500CC

T ouUCvEeoC T eI ¢ D e x -
0009CcasCL
00C%660CC
QOCPLEOC400  WHITE(G6.1100%

- - QU L9T00C —  “STOP B P LS . g S e
0009 720CC

! 0009740CC

00C9760C450 WRITE(6+1110)

TTTQUGY 78Ut 5TaP ol 0 = 3
| 0009800CC
' 0009820C END




7.2 TYPICAL INPUT
INDEX (MM) = 12
WIDTH (a) = 2.0
LENGTH (b) = 1.0
STRESS (69 = 1.0
FRAC = 0.05

[§}

FORMAT (14, 4(1X, F10.0))

7.3 TYPICAL OUTPUT




SOLJUT ICN TO ELLIPSE

USING NISITANI
THE NUMBER OF DIVISICHS IN THE ELLIPSE IS 12

HALF THE WwiDYH OF THE ELLISSE IS
HALF THE HEIGHT OF THFE £LLIPSE IS

THE

APPiL IED STRESS AT IWNFINITY IS

IN INFINLTE PLATE

BOCY FCRCE METHCD

2.000000
1.G00000
1.000G00

THE VYALUE OF EPS1L0ON IN THE NUMERICAL
INTEGRATION I5

0.0]12309Q

THE X AND Y BODY FORCE DENSITIES. STARTING AT
THE SIDE OF THE ELL [PSE (PHI = 0). ARE:

W=t Llny—

THE STRESS CONCENTRATICN FACTER IS

2.000474
1 .999895
1999652
1 999652
1 + 999895
2.000474
2000474
1.999895
1.999652
1.999652
1.999895
22000474

-1.002336
~1.000864
-1.000324
-1.000324
~1.000864
-1+002336
-1.002336
-1.000864
-1.000324
-1.000324
-1.000864
-1.002336

2.0000% 1

THE ODETERMINANT OF COEFFICIENT MATRIX IS 0.122099E-13




3.0 PROGRAM FOR ELLIPSE OR SEMI-ELLIPSE IN SEMI-INFINITE PLATE (ELL 8)

8.1 LISTING




0000100¢C
0000202CC
0000203CC
0000204CC
0000205CC
0000210CC
0000220CC
0000240CC
0000 246CC
0000260CC
0000280CC
0000305CC
0000310¢C
000031 1CC
0000 312CC
0000320¢C
0000340CC
0000360CC
00003B0C
0000400¢
0000405C
0000420C
0000440C
0000460C
0000480CC
0000500CC
0000520C
0000540CC
0000560C
00 005B0C
0000600C
000062 0C
000064 0C
0000660C
0000680C
0000685C
0000686C
0000700C
0000720C

~ Qo0a7aoc

0000 76DL
0000T7EOC
Q0006 800CC
0C00GB20CC
Q000840CC
a000860CC
0000880C
0000900C
000092 0C
000094 0C
00 00960C
00 00980C
0001 000C
0001020CC

PRCGRAM TC CCOMPUTE SCF FCR ELLIPSE IN A SEMIINFINITYE PLATE.
METHOD OF SOLUTION I5 THE BODY FQORTE METHOD {He NISITANI),

NUMERICAL INTEGRATION IS USED INSTEAD OF ANALYTICAL
INTEGRATION TO DETERMINE INFLUENCE COEFFICIENTS,

INJDEX 1S THE MUMBER GF TNTERVALS INTC WHICH THE ELL IPSE
HAS BEEN PARTITIONED.

WIDTH IS5 HALF THE ®IDTH OF THE ELLIPSE ALONG
THE X AX[S.

LENGTH IS5 HALF THE HEIGHT OF THE ELLIPSE.

CISY IS THE DISTVANCE FaOM THE CENTRE CF THE ELLIPSE TO THE
EQGE 0OF THE PLATE. IF DIST — 0O+ THEN WE HAVE A SEMIELL IPSE
AT THE EDGE OF A SEMIINFINITE PLATE,

STRESS IS THE APPLIED STRESS AT INFINITY.

FRAC IS5 A NUMBER MUCH LESS THAN 1.0 USED IN THE
NUMERICAL INTEGRATION ABOUT A SINGULARITY.

INTEGER INDEX, INCREMyNEW

REAL®¥8 P1lsWIDTH)LENGTH XY »STRESS,EPSIL o SI»SIMLsCaD+PREC,DET,TEST
REAL#E 5,7T,XSUMI0C,THETA.DIST ,FRAC

REAL*8 PHI{L101) MIDPT(101)FORCE{2G0+300)+«EVAL{200+201)

COMMON P1sXs¥ ZELLIP/ WIDTH LENGTH,DIST _

EXTERNAL XSEGXsXSIGY.YSIGX VSIGY XTAU,YTAU

READ(S5,500) INDEX, WIDTH., LENGTH, DIST, STRESSs FRAC

WRITE(641000)
WRITE(6,1005)

WRITE(6,1010) o,
WRITE{G+1020}) INDEx

WRITE(&,1010)

WRITE{6,1025) WwWIDTH

WRITE{(BG+1010)

WRITE{ 64510303 LENGTH

WRITE(H,1010)

WRITE(&,1035)

WRITE(651037) DIST . R .
WRITE({5+1010)

WRITE(6,10480) S5TRESS

KRITE(6:1010)

DEFINE Pls EPSILON. EPSILON IS USED IN INTEGRATION
ABOUT SINGULARITIES.

PI = 3.14159265359
INCREM = INDEX +1

T = LENGTH/WIDTH

EPSIL = FRAC ¥ P1/1NDEX
WRITE(G6+1045)
WRITE(G6+1050) EPSIL
WRITE(6G.1010)



0001 040CC
0001060CC
00010BOCC
0001100CC
00011i20CC
Q00l140CC
0001160CC
0001 180CC
000L200CC
0001220CC
00012490CC
Q001 260CC
0001280CC

0001445CC
0001460C
0001480CC
0001485C
0001500C
0001520C
0001 540C
0001560C50
0001 565C
0001580CC
0001 585C 80
g00: 600C
0001620C
0001640C

0001&60C100

00031680CC
0001700CC
0001 720CC
0001740CC

u—
N
L=
O
O

SoOCLCOLOCooDCooOD
DOOLODOOOODDO0D
coooooooaooooao
N g o N

®

o

o

™

s

COMPUTE VALUE OF PHI(N) FOR N=1 TO INDEX+#1la

PHIIN}] AND PHI{MN#1) ARE PARAMETERS FOR THE VALUE OF
THE ENDPOINTS OF THE NTH INTERVAL ALONG THE ELLIPSE.
X = WIDTH ® COS{(PHI}; ¥ = LENGTH * SIN{PHI)}

MIDPTI(M) 1S THE VALUE OF THIS PARAMETER AT THE MIDPOINI
DF THE {M-13}TH INTERVAL.

X AMD ¥ ARE THE X AND Y VALUES OF THE POINT ON THE ELLIPSE
HAVING MIDPT{M} AS ITS PARAMETER VALUE.

THETA IS THE ANGLE THE NORMAL ON THE ELL IPSE MAKES WITH THE X
AXI S IT IS ALWAYS TAKEN TC BE IN THE INTERVAL (-PI/2,Pir/2).
THIS IS NDT THE TRUE VYALUE OF THETA IN ALL QUADRANTS, BUT
NG CORRECTION IS NEEDED AT THIS POINT,. '

WE SPLIT INTD TWO CASES FOR THE PARTITION: IF DIST=0, A
SEMIELLIPSE IS5 DONE. OTHERWISE AN ELLIPSE IS5 DONES

IF (DIST.NE:0.0) GO YO 80

PHI(1) = 040
DO 50 N=2,INCREN
PHI(N) = PI&{N-1)/INDEK
MIDPT(N) = PHI(N) - PL/(2%INDEX)

CONT INUE

GO TO 150

PHI{1l) = —-PIf2.0

D0 100 N=2, INCREM _ =" - .
PHI(N) = =P1/2.0 + 2%PI®(N-1}/7INDEX
MIDPTIN) = PHI{N) - PI/INDEX

CONT INUE

PERFORM NUMERICAL INTEGRATIONS TO DETERMINE INFLUENCE
COEFFICIENTSs FOR EXAMPLE. XSIGY IS THE COEFFICIENT IN
THE Y DIRECTION DUE TO A POINT FORCE X.

I+Ea XSIGY IS THE STRESS AT THE (M-1)TH INTEHVAL IN THE
¥ DIRECTICON DUE TO A PDINT FORCE AT THE NTH INTERVAL
IN THE X DIRECTION,

DUE TO SYMMETRY THE {(M-1,N) COEFFICIENTS AND THE
{INDEX~-M+2,INDEX—N+1) CDEFFICIENTYS ARE EQUAL, S50 THEY
ARE EVALUATED SIMULTANEQUSLY.

INDNEW=INT{ INDEX/2.0)

DO 200 M=2.INCREM
J=M+INDEX
MM = INDEX =M +3




0002020C
0002040C
0002060C
0002080CC
0002100C
0002120CC
0002140C
p002160C
0002180CC
0002600C
0002630C
0002540C
000265 0C
0002660C
0002670C
00027060CC
0002720C
000274 0CC
0002800C
0003000C
0003005C
0003006C
0003010CC

0003011C

0003013C
0003014C
0003020C
06003040CC
00030560C
0003080C
0003100C
0003105¢C
0003120CC
0003180C
2003160C
0003180C
0003185C
0003200CC
2003201C
0003203C
0003204C
0003210C
0003240CC
0003260C
0003280C
0003300C
0003305C
0003320CC
D003340C
0003360CC
0003380CC
0003400CC
0003402CC
0003a04cCC

WIDTH * DCOS(MIDPT (M)
LENGTH # DSINIMICPT{H)} + DIST
DTAN{MIDPT (M)

W H

m

HETA = DATAMNIS/T}

MIDPTEM)} + EPSIL
MIDPT{M) - EPSIL

OMn =~ (-dx

L 1]

DO 200 N=],INODNEW
K=N+ INDEX
L=N+2%INDEX
NN = INDEX -N +1
K = KN + INDEX
LL NN + 2Z2&INDEX

IF {M—-1:EQ«N} GO TO 175

CALL ROMBDRG{ XSIGXsPHI{(N]+PHI(N#L ) 1ls0,31eD-T7415:STI,SIMLINDIC+1)
IF¥ (INDIC.ECQG.1}) GO TO 400

FORCE{M=-14N) = SI— 10

FORCE{MM=1sHN]) = SI- 1.0

CALL ROMBRG{ XS5IGY sPHI{N} +PHI(N+1)s1604514D=7415,51sSTML4INDIC 41}
IF (INDICJEGel1) GO TGO 400

FORCE{M-1sK} = S1- 1.0

FORCE{MM—1 KK} = SI- 1.0

CALL ROMBRGE XTAUSPHI(N) s PHICN+1) 010041 aD-741545S1,5IM1,INDIC,I)
IF (INDIC«EQ+1) GO TG 400
FORCE(M—14L) = ST~ 1<0
FORCE(MM—14LL) = l.. - SI

CALL ROMBRG{ YSIGXsPHIIN]) +PHIIN41)51e0+1aD=-F¢15:SI+SIMLSINDIC,1)
[F (INDIC.EQ.1)} GUQ TO 400

FORCE{J—1aN)} = SI~ 1.0

FORCEI[JJ=1sNN} = SI- 1.0

CALL ROMBRG{ YSIGY»PHIIN)+PHIIN%1}31a0elaD=7215sSI+:5IML,INDIC,1)
IF (INDIC.EG.1) GO TO 400

FORCE{ J-1+K} = S1- 1.0

FORCE( JJ-1+KK} = 5I- 1.0

CALL ROMBRG{ YTAUWPHI(N) +PHI{N#1)42203+1aD-Ta15aSI+5IM1,INDIC,1)
IF (INDIC.EQ.1) GD TO 400

FDRCE(J=1sL) = 51- 1.0

FORCE(JJ~1lsLL) = 1.0 - SI

GD TO 200
INTEGRATE QVER SINGULARITIES BY TAKING PRINCIPAL VALUES.

THE INTEGRAL HAS FODUR PARTS: THE FIRST TwD ARE THE NORMAL
INTEGRALS OVER {(PHI{N}«D) AND (CePHI(N+1}) WHICH AVOID




0003406CC
0003408CC
0003410CC
a003420CC

0003500C175

0003520C
0003540C
0003560C
0003580C
0003600C
0003601C
0003620C
000364 0C
0003660C
0003720CC
000374 0C
0003760C
0003780C
0003820C
0003840C
0003860C
00038B80C
0003890C
0003900C
0003905C
0003920CC
000394 0C
0003950C
0003980C
6004020C
0004040C
0004060C
0004 080C
0004090C
0004 100C
0004105C
0004120CC
0004 140C
0004160C
0004 180C
00048220C
0004240C
0004260C
0004280C
0004290C
0004 300C
0008 320C
. 0004420CC
000444 0C
0004 460C
0004 480C
0004520C
000a540C
0004560C

&L

L

Pumn

oM

THE SINGULARITY, THE THIRD TERM INVOLVES THETA AND IS
EXPLAINED iN THE LITERATURE. THE FOQURTH TEHRM IS5 THE
ERRCR IN THE INTEGRAL DUE TO THE CHOICE CF EPSILON.

CALL ROMBRGI XSIGXsPHIIN) 303 1603107 315:51,SIM1,,INDIC:I}
IFf { INDIC&EQ«1) GC TO 400
FORCEIM=1sN) = 51 =1,
CALL ROMBRGH{ KSIGX s CoPHI(N®+L1) 31203 1aD-T21S5s5L:5IM Lo INDIC, 1)
IF {(INDIC.EQa.1) GO TU 400
FORCE(M—1aNI=FUORCE{M=-1+N)#S[-1.0
— {S+4%DCCS{2*THETA)-DCOS{4XTHETA) } /16
+ EPSILXT/{A*PT 2 (S*x&24T%#2 )2 %k3) k{5*kSek6+{I—2%Tx&k2 ) e5¥ks
~5ESEEZRTEX2-TE¥4 )
FORCEI MM—1 «NN)I=FORCE(M=-14N)

CALL ROMBRGI( XSIGY s PHI(NY Dol a2l oD-T215:51:+51M1INDICsL)

IF {INDIC.EQs1) GO TO 400

FORCE{M=13K) = 51 ~1.

CALL ROMBRGI XSIGY s CsPHI(N+*1) 31a03 1aD-Ts15:51451IM1,INDIC,1L)

IF {INDIC«EQs1) GO TO 400

FORCEI[{M-1sK)=FORCE{M—1,K}+S5I—1.,0
+{1-DCDS{(4%THETA)) /16
+ EPSIL*T/{AaxPI*{Sku2+T*2 )25} k{2454 5-{1-6*TEE2)E50 k4
+6EkSEX2ETRE2-TEEG)

FORCE[MM=1 KK )}=FORCE(M=-] K}

CALL ROMBRG( XTAUsPHI(N} +D31404140-7515:,S1+5IMI.INDIC,I)

IF (INDIC+EQ.l) GO TO 300

FORCE(M—1sL) = SI -1

CALL ROMBRG{ XTAUSCsPHI(N#1)s1e05140-T915sSI+s51M1,INDIC,1]

IF (INDIC.EQ.1) GO TO 400 »

FORCE(M=1sL)=FORCE(M-1,L)#SI-1.0
~(2¢DSIN(2%THETAJ-DSIN(A*THETA
+ EPSIL*T##2/(4%PI%(S**24T%%2)
eSEx3 4+ THE2ESH(2-TE%2))

FORCE{MM-1,LL )= -FORCE{(M-1.L)

1716
*3 )%

(=325 eeS—{6H+2:THE2)

CALL ROMBRGIL YSIGXsPHICNDY oD 312031 eD=7315:s514STM1INDICsI)
IF {INDIC.EQ.1) GO TOD 400 N s e
FORCE{ J=-14N} = 51 —1. .
CALL RDMBRG{ YSIGKeCoPHI(N®L) slal0s1aD=7s15:51+SIMLILINDIC,1I)
IF { INDICEG.1l} GO YO 400
FORCE(J-1eN}=FORCE(J=1M)451~1.0

+{1-DCOS{A=THETA}) /16

+ EPSILYT/[(A*PI*(S*%24T®22)*x&J ) x(-S*H+{6~-Tk#2 jJ#5%47

aTE®2 + 62SE%4RTRAR2~-2%TREQ)
FORCE( JJ=1NN)=FORCE{ J-14sN) N B
CALL ROMBRG{ YSIGYsPHIIN) D31 20aleD=7 31353451 +SIML,INDIC,T)
IF (INCICLEQ.1) GO TO 4060
FGRCE{J-1+K) = S1 —1l.
CALL ROMBRG( ¥YSIGYsCoPHICN®1) 010041 .D0=7515¢51oSIML,INDIC+I)
IF { INDIC.EQ.1) GO TO 400
FORCE{J-1sK)=FORCE{J-1+KI+5[-1.0




0004580C
0004a5600C
Q004a620C
2004625C
0004640CC
Q004660C
0004680C
0004 700C
0D004T40C
0004 760C
G004 780C
00G4800C
Q004EZ2C
aco04840C
00 U4 86 GC
0004560CC
0004980CC
co05000C200
000504 0CC
0005180CC
D00LR200CC
0005220CC
 9005240CC
00052a5CC
000524 6CC
Qo00S24TLC
000524 8CC
000524 9CC
g005250C
0005260CC
Q00528B0C
00G5300C
Q005320C
0005325C
0005326C
0005340CC
0005360C
0005380CC
0005400C230

- Q005

0005425CC
00 0S5440C
0005460C
0005480C
G005500C
Qo o0s5520C
000554 0¢C
00 05560C
0005580C
0005600CC
0005620C
000564 0C
0005660CC
0005680C

Wl

&

~{5-23DCOS{2¢THETA)-DCOS(4%THET A} ) /16
+ EPSIL®YTA(A*D] 2(S5*2+TH¥2 %3 ) *(-SEkGH[2-TH&¥2) &5%%2
ET*%2 — CFSEFAFrTRE2+6%T %4 )

FGRCE{ JJ~1 +KK ) =FCGRCE( J=1+K)

CALL ROMBRG! YTAUSPHI{N} eUe1e0+1e0=-7: 15,51 +SIML,INDIC.I)

IF (INDIC«EGas1) GO TD 400

FGRCE(J=1sL3 = 51 =1«

CALL ROMBRGL YTAU ,CoPHIIN#L)s 140 14D=Ts15:5[+SIMI+INDIC,I)

IF (INDIC:EQ.1) GO TO 400

FORCFEFL{ J-14+L)=FDORCE{d-LlsL}+51~-1.0
~[2%DSIN{2HTHETAJ+DSIt{a*THETA) }/
- EPSILA{4%PI*{Sek24+Tuxx2)jxe3)%{ (1]
F{L+IRTREZ ) 26T 2%Skx] + ORSET * &

FORCE{JJ=1slL)= —FDRCE{J-1.L}

i6
—28TH%2 ) 45545
43

CONTINVE

INSERT INFLUENCE COEFFICIENTS AND STRESSES AT INFINMITY
INTG EVAL MATRIX ACCORDING TO HOW THEY MUST APPEAR
IN THE SYSTEM OF LINEAR EQUATIDNS. =
THETA IS AGAIN THE ANGLE BETWEEN THE NORMAL YO THE ELLIPSE
AND THE X AXIS BUT IS IN THE EINTERVAL (-PI/2,3%P[/2).
THIS 15 THE CORRECT VALUE OF THETA.

INCREM = 2%INDEX +1

DO 250 M=1,INDEX
=M+ INDEX
THETA = DATAN{OTANIMIDPTI(M+1]))-/T)
IF {MIDPT{M+Ll}eLE.PL/2) GO TO 230
IF {MIDPTI{M#+1).GT.3%P]/2) GO TO 230

THETA = THETA + P{

EVAL (M. INCREM} = —STRESS*DCOS(THETAI
EVAL(JSINCREM) = .

DD 2SO0 WN=1.:INDEX
K = N+INDEX
L = N+2%INDEX

EVAL{M,N) = FORCE{MsN)*DCOS(THETA]}
+ FORCE(M:L)FOSIN{THETA)

EVALC{JsN)} = FORCE(M,K)*DSINCTHETA} i
+ FORCE(M,LY*DCOS{THETA)

EVAL(MsK} = FORCE(J+NI®DCOS{THETA)
+ FORCE(JL)*DSINITHETA)

EVAL(J,K) = FORCECJ+KI®DSINETHETA}



0005700C
0005720CC
0005740C250
0005 760CC
0005780CC
0005860CC
0005880CC
0005900CC
000592 0CC
000594 0CC
0005945CC
00 05960CC
0005980C
0006 000C
0006020CC
00056022CC
0006024C
0006025C
0006026C
0006027C
000604 0C340
0006060C345
0006080CC
0006100C
0006120C
0006 140C350
0006160CC
0007 320CC
0007 340CC
0007360CC
 0007380CC
0007200CC
0007420C
0007460C
0007465C
0007480C
0007481C
0007482C
__0007485C
0007490C 360
0007492C
0007 540C
0007 560CC
0007580C365
0007600CC
0007620C
0007640CC
0007660C
0007680C
0007700C
0007720CC
0007740C
0007760C
2007780C

+ FDRCE(J.L)Y*DCOS(THETA}

CONT I NUE

CALL SOLYD SUBROUTIME TO SOLVE SYSTEM DOF LINEAR EQUATIONS.

ON RETURN FROM S50LVDs THE PART OF THE MATRIX THAT BEFORE
CONTAINED THE APPLIED STRESSES WILL NDOW CONTAIN THE
SOLUTIONS FOR RO-SUE-X AND RO=-SUB-Y, THE DENSITIES OF
THE BODY FORCES.

CALL SOLVD(EVAL s 200+ INCREM—L s+ INCREM; « 5D—-6,DET,TEST)
IF (TEST«NE«Q) GO TO 450

WRITEL &: 1055)

1IF (D1SY.EQ.0.,0) GO TD 340
WRITE(6.,1060)}

GO TO 345

WRITE{L 6. 1065)

WRITE( 6,10101}

00 350 M=1s:1INDEX
J=M#+ INDEX
WRITE{G,600) MLsEVAL{M,INCREM) sEVAL{J, INCREM)

PERFORM NUMERICAL INTEGRATIDNS TD DETERMINE INFLUENCE
CDEFFICIENTSs FOR EXAMPLEs PSIGY IS5 THE COEFFICIENT IN
THE ¥ DIRECTION DUE TO A PDINTY FORCE P

INDNEW = INT(INDEX/240)
X =
IF (DIST«EQ.0.0) GO TO 360

¥ = DIST ~ LENGTH

NEW = 1

C = —PI/2.0 + EPSIL

GO TD 365 ) . )
¥ = LENGTH

D = PI/2.0 - EPSIL
DD 380 N=1:+INDNEW
1F (N.EQ.NEW) GO TO 375
CALL ROMBRGH XSTGXsPHICN) sPHI{N#+1) 21404 1sD-75104SI,s5IM1,INDIC+1)
IF (INDIC.Efal) GO TC 400
FORCEC1+4N) = SI- 1.0

CALL RCMBRGIL YSIGXK sPHI(N) sPHI{N#1}p1a0aleD=7310+51,SINLINDIC,I)
IF {(INDIC.EGa.1) GO TD 400
FORCE{2+M} = S5I- 1.0



0007800€CC
0007820CC
00078a0C
0007860CC
2007 8B0CC
0007900CC
0007920CC
0007926C 375
0007926C
0007928C
0007940C376
0007960C377
0008040C
0008060CC
0008080CC
0008100¢cC
0008102C
0008104C
0008106C
0008120C378
0008140C379
2008220C
000824 0CC
00082B0OCC
0008300C380
0008320CC
0008340CC
0008400CC
000B420C
0008440CC
0008460C

0008ABOC

0008500C
G00B520C
0G08560C3T0
0008580CC
0008600CC
000B620CC

0008640CC
B008660CC

0G08680CC
0008700C
0008720CC
0008740C
0008760C
0008780C

. 0008800C

0008820CC
Q00884 0CC
0008860CC
0008880CS500
0008885 Ta0
0008900C555
O00B9Q200600

2
CONTINUE

GC YO 380

INTEGRATE CVER SINGULARITIES BY TAKING

IF (DIST.EQ.U.0) GU TC 375

CALL ROMBRG(
GO YO 377
CALL ROMBRGH

IF {INDIC+EQel} GO YO 400

FORCE(1.N)=

IF (DIS5T.EQ«0.0) GO
CALL ROMBRGY{
GOD TO 379

CALL ROMBRG{ YSIGX,PHI(N)sDs1a0s1eD~Ts15:s51+SIMIsINDIC+I}

TO 378
YSIGX pCasPHIINF L) 912D alaD—=T415sS5T+SIMILINDIC,1)

IF (INDIC=EQ.1) GO TO 400
EPSIL*T/{4%PI)

FORCE{(2.N) =

CONTINUE

XSUM90 = STRESS

DO 370 M=1, [NDNEW

J=M+INDEX

XSUHSD = XKSUM90 ¢ 2.0 % EVAL(M,INCREM) * FORCE({}],H)
+ 20 * EVAL(J» INCREM) % FORCE{2:M}

DETERMINE STRESS CONCENTRATION FACTOR BY DIVIDING THE EVALUATED
STRESS IN THE X OIRECTION AT S0 DEGREES BY THE STRESS

AT INFINITY,

WRITE(6+1010)

KSUMS0 = XSUMSO/STRESS
WRITE(E,1085) XSUM90
WRITE{6.1010)

WRITE(©6,1090) DET

FORMAT (1450 1X.Fl0<01})
FORMAT{811X.F6.3})
FORMAY (14)
FORMAT {1824 1X.F12.56})

5i-1.0 ~

SI-1«0 + 3%EPSIL*¥T/{2%P1)

PRINCIPAL VALJUES.

XSIGRsC+PHIIMN+1) 91200 1e0-7+419450+5IM14INDICs1)
XS!GX-PHI(N!10-1-0.1.0—7- 15, SI'SIM1 IINDICII)



000BS40CBEL

00QB96CCADDQ

0008980CL000
0009000C1005
200Q9020C1L1010
0005040C1020
QoQs060C1025
0009080C1030
0009 100C1035
0009120C1037
Q009140C1040
0009 160C1045

0
09240C1065
09260C 1085
09280C 1090
09300C1100
0009320C1110
0009340CC
0009360CC
0009380C
0009400CC
0009420CC
0009440C400
0009460C
0009480CC
0009500CC
0009520C450
000954 0C
0009560CC
0009580C

FORMAT{(2({1X.F12.61})

FORMAT (1 X.F12.6)

FORMAT (1 X,*50LUTION TO ELLIPSE IN SEMIINFINITE PLATE")
FORMAT{3X, 'USING NISITANI BODY FORCE METHOD*®)
FORMAT { 1 X}

FORMAT{1X,,?*THE NUMBER GF OIVISIONS IN THE ELLIPSE IS *
FORMAT (1 X+ "HALF THE WwIDYH DF THE ELLIPSE {5 *,F12,6)
FORMAT {1 Xy "HALF THE HEIGHT OF THE ELLIPSE IS *,F12.6})
FORMAT{1X,?*THE DISTANCE FROM THE CENTRE GF ELL I2SE TQO1*
FORMAT {3X,*THE EDGE OF THE PLATE 1S ‘sF12.6)
FORMAT{1X»*THE APPLIED STRESS AT INFINITY [S ¢,Fl2.56})
FORMAT {1 X4 *THE VALUE OF EPSILON IN THE NUMERICAL?®)
FORMAT {(3X+? INTEGRATION 15 ' ,Fl2e6)

FORMAT{1X,'"THE X AND Y BODY FORCE DENSITIES, STARTING?
FORMAT (3X,'WITH THE BOTTOM OF THE ELLIPSE, ARE"')
FORMAT (33X, *WITH THE SIDE OF THE ELLIPSE. ARE®)
FORMAT{1X:*THE STRESS CONCENTRATION FACTOR 1S5 ',2(Fl2a
FORMAT {1X+*THE OETERMINANT OF COEFFICIENTY MATRIX IS 1,
FORMAT (1 X4 "ERROR: NUMERICAL INTEGRATION DID NOT CONVER

FORMAT(1X,*ERROR:

5TOP

WRITE(6+1100})
STOP

WRITE(&,1110)
sSTOP

EMND

COEFFICIENT MATRIX IS SINGULAR,.?')

)




3.2 TYPICAL INPUT
INDEX (MM) = 12
WwIDTH (a) = 1.0
LENGTH (b) = 4.0
DIST {e) = 0.0
STRESS (0%) = 1.0
FRAC = 0.01

FORMAT (14, 501X, F10.0))

2.3 TYPICAL OUTPUT

RS



SOLUTIUN TC ELLIPSE IN SEMIINFINITE PLATE
USING NISITANI BODY FORCE METHOD

THE NUMBER OF DIVYISIONS IN THE ELLIPSE IS i2
HALF THE WIDTH OF THE ELLIPSE 15 1.000000
HALF TYHE HEIGHT OF THE ELLIPSE IS 4.,000000

THE DISTANCE FRCM THE CENTRE OF ELLIPSE TO
THE EOGE OUF THE PLATE IS 0« 000000

THE APPLIED STRESS AT INFINITY 1S 1.000000

THE VWALUE OF EPSILON IN THE NUMERICAL
INTEGRATION IS 0.002618

THE X AND Y BODY FORCE DENSITIES, STARTING
WITH THE SIDE OF THE ELLIPSEs ARE

1 10.479455 6.235629
2 10.021310 1.518940
3 9752178 0.286842 i
& T 9.599312 -0.247939%
5 94515675 -0.492201
6 D.478575 ~0.58938S5
7 94478575 -0.589385
5 94515675 -0.492201
9 9.599312 -0e24 7939
10 94752178 0.286842
11 10.021310 1518940 el - e
12 10479455 £.235629
THE STRESS CONCENTRATION FACTOR IS 9.4990%6

THE DETERMINANT OF COEFFICIENT MATRrX I[5 0.139862E-16




I
—

9. PROGRAM FOR SEMI-ELLIPSE AND CRACK IN A SEMI-INFINITE PLATE (ELCRA 1)

9.1 LISTING




(aYallaNala]
OO

Crey ey

OoCo
N F -
[ Rl - N )
[ SES R
IEATANAT Rld]

b}

afalalialia

4
F

QOCZOL06T

TUUSOTUSCC

00COLI0CC
00C20£20CC
DOGD24DCC

CTOTOELITC

00G0ca2CC
G0 20246CC
DO0GOZE0CLC

LATE

HISITANLDY .

SEMILLLIFSE

PROGRAM TC COMPUTE SIT FCR CRACK JN A SEMIINFINITE
HAVING A& SEMIELLIPTI L ORITOMH.
METHUD DF S0oLUTIud IS TH EaDy FORCE METHOD (Ha
NUMERICAL INTEGRATION 1S LEZO INSTLAD OF ANALYTICAL
T T T AINTEGRATION TO DETERVINT  THFLULRCE COCFFRFICTEWRTS .
INDEXL 15 THE NUMuER COF INTCRYALS INTG WHICH THE
HAS BEEN PARTITIONED .
INDEX2 15 THE NUMBER COF INTORVALS INTC WHICH THT CRACK
HASZ BEEZN FARTITICNED
HIDTH 15 HMALF THE wWICTH OF THE SEMIELLIFSE alOkG
THE X AXIS.

UUTUZGUL0

CEAGTH IS THE HETGHT

8]

F

THE SEWMIECUTIFSCE .

e e e e e

ILOJ].SIMI!; sDsPRECs DETLTEST
2 AGWATe AR AD

YEVALT30T,301)
101} »FORCE2{100+3001

CRAC'HEIGHT

sYTAU,XCRACs YCRAC S TALCRA

0000c20CC CRAC I5 HYALF THE LENGTH OF THE CFRACK.
00o0300CC HEIGHT IS THE DISTANCE FRCM THE CENTRE GOF THE CWRACK TO THE c0GE
0GCO20ECEC OF THE FPLATE.
< UPDHOITZCC T T STRESS IS THE APPLIED STRESS AT INFINITY.
00 30220CC FRAC IS5 A NUMBER MUCH LESS THAN 1.0 USED IN THE
Q0C0240CC NUMERIZAL INTEGHRATICH ADCLT A SINGULARITY.
0030200 CC
T OOGODIEDC T IRTCGER LNDEXI» IKDERZ sy INCREW, HALF TS
0030400C REAL=8 PlsWIDTHSLENGTH X e Y +»STRESSEPS
00L0405C REAL:=:8 S.T-THETA.leI.CQAC.Q[-&E.&J AL+ AD
00C0410C REAL=8 FRAC+HEIGHTY yS1F31+S1F2
TooUToacoT T TTREACTEE PHITIUI T WHITCPTII0T ) WFORCTTZ00, 30T
0000425C REAL:8 ETA{101) «CENTRE(1C01)+FUNC(100,
00C0440C COMMOMN PIsXeY FELLIP/ WIDTH,LENGTH.BIST /CRACK/
0000460C EXTERMNMAL XSIGXs XSI1GYYSIGXYSIGY XTAU
DulLuqalDCl i S o o
00C0S00CC
0020G20C READ{S+65C) INDEX] s INPEX2 ywIDTHLENGTHsCRAC+HE IGHT
gOCpseshc READ{5+650) STREab.FRAL
L T L TR e
QO uDS60C WRITE{S6,1000)
00005c0C WRITE(6s1005)
00 00600C WRITE{6.1010)
I o 1 s N oo FIP<R 1@ WRITET G, TU0IS) ITRUEXT S
GOC0640C WRITEIG&«1010)
Qoo0645C WRITE(S,1020) INDEXZ
coopenoC WRITE(6«1010)
“poToLLacC TTTTWHITETBL,T0ZDY WIDTH S T - -
0000680C WRITE(G,1C10)
00C0&L05C WRITELG,1G30) LENGTH
00306E5C ARITE(G+1010)
— OO oo729C 0 ®ERITEUSGTIUISY TRAT i -

cosovEnC ARAITE(6s10G10)
00 30730C ARITE(G6B21027) HELIGHT
00C0740C WRITE(G1C10)

‘POTDVCOC WRITETSE,104U)Y STRESS TR EEa
BoG078GC WRITE(G:1C10)
0QLOB00OCL
o g m g e T ECTHME DT . EDCTI1 A%y . FDRD=TICR IS 1'FD I K

IMNTEGRAT 100RE




— S = SO P —— S T T -

QUIODE&DCC ADDUT SINGULARITIES CH TrE SEMIDLLIPSS.

QoC0Z60CC

gC 20888 C PT = 2.14155%26530%

0000540C EPSIL = FRAC & F*/[nDﬁxI

BLGI0GLEDC SRITE(Es L USE )

CuLurL0C ARITE(SG. L050) EFSIL
TTTTRONOEYYT T WHTTETE W LOLO)Y ™ 7 — . e S B = | Bt S T S e =

OQCYOEDES

o0Qoiclasg DEST = Ba€

Gos1c30C T = LENS H/hIJTr

OQCICa&DCC .

C02) 6oL CCOM2UTE YALUE OF PHI(MN) FOR N=1 TO O INDEXD + 1.

0510300 C PHIINY AND PHI{N+1 )Y ARE PARGwITIRS FOR THiL wvALLE OF

DUG21100CC THZ ENDPOINTS OF THE NTE INTCRVAL ON THE ELLI®SE R
,"f“gﬁgiléggg"‘_"_ X ETWIDTR % COSTPHITS Y = LENGTH = SITNIPFKRIT ik il R -
, 4] 12

00CLl124CC COMPUTE ETAILN)Y FOR K=l TC INDEXZ2 * 1.
i cgcliencc ETA(N] AND ETAI(N+1) ARE THE Y- VALUE¢ or 1hE EN[PDINT“ CF
I VOTI128CCT 77 7 THE NTH INTERVAL OM THE TRACK,
! C00113QCC

00C21140CC

C001160CC MIDPT(MNY 15 THE VALUE OF PRI AT THE MIDPUINT
:__FTHHH1BUEC T OF THE NI TH IRTERYAL CN THU ECLCIPSE.
| 0sc1182
{ 031184CC CENTRE(N) IS THE Y=-VALUE CF THE MIDPOINT OF THE (N=-1)TH
i glilie INTERVAL (8] TH& CRACK .

X AND Y ARE THE X AND Y YALUES OF THE pGINT ON THE ELLIPSE
HAVING MIDPT(M] AS 1TS FARAMETER VaLUE

[ T OU0UTZ30CT TRACTA IS THE ANGLE w7 NOURWAL UN THE ECtTpSE MEKES WITH TFE X

|
oangnoo

caoa

o

&

CACEia
et
pata b
b
coooo;
ONOomn

0G01300CC AXIS W 1T I5 ALWAYS TAKEN TO BE IN THLD INTERVAL {(-PI/2,.F1/2),.
00G1220CC THIS I5 NOT THE TRUE VALLE OF THETA IN ALL GUADRANTS, BLUT
00012640CC NO CORRECTION [5 NECOED AT THIS PCINT.
ODTTIBDCC SO, ors L Clean S e Sty B ittt S | : et e i A s et
CGGL380CC
00513BJC INCREM=INDEX1+1
0051400C PHI(1} = 0.0
T OoUTwREoOLT S =

00Gi500C DO 100 N=ZsINCREM
0001E520C PHI(N} = PI%(N=1)/INDEX]
0001540C MIDPT(N) = PHIIN) =~ PI/(2XINDEXI}

—GOUIBEDCIUT — CONTTRUE oo = ot e o e e (RS o e SN T e S
000l6BOCC
ooCiéalcc
00017¢0C INCREM=INDEXZ2+1

TToUOTIZU0T T T ETATTY = BEIGART = TRAC 2 = B
ooo1721cC
DDO1840CC :
DOClE60C DO 150 N=Z+1HNCREM

TOOOIEBOC T T TCETAEINY = ETATTIT ¥ ZW0FTRACHIN=-1}/INDEXZ2 —~ — 7 — 77— 0~ S
00C1900C CENTRE(N) = ETA(N} - CRACZINDCXZ
0001920C150 CONTINUE
Ao



o - r
BN1$6000
COC1%30CC PEAFGRM NUMERICAL INTEGRATICHS TD DETERMINE INFLUCNCE
0CC2C000CC IOCFFICIENTS ON THE LOUNCARY CF THE SEMIELLIFSE DUE Ta
60C20CH C PSINT FURCES IN THE X ANE ¥ OIRECTICN ON THE ELLIPSE.
8052C1d C rup EXAMPLEs XSIGY 135 THE FORCE ih THE ¥ DIRECTION
: 00 22C22€C OUE TO & POINT FORCE X If THC X CISRECTILN.
R A A s X gleetiivhe SN NN S — S —— =
0622CEDC INCRCM=INCEXL*1
coz2C80C INONEWSINT(INDEX1Z240)
0032160CC
GOC21Z0C SO0 200 M=Z, INCREM
CCC2145C J=M+ INDE X1
COC2160C M = INDEXI =M +3
00C2180C JJ = MM + INDEXI
CUOUTZZUUC T X = WIDTH % DCOSIMIDRTINT ) .
00C2223C Y = LENGTH % DSIN(MIDFPT(M)) :
00z2240C S = DTAN(MIDPT(M))}
i COC2260CC
[ O0UTZZBIUC THETA = DATAN(S/T) ™ . . :
| 0022300CC
: 0022320C C = MIDPTI(M) + EPSIL
00C2340C D = MIDPT(M) - EPSIL
vz Iepcce—/—/—/—/—/—/——————————— T Sl
| 0CC2£00C DU 200 N=1, INDNEW
00C2E30C K=N+INDEX1
| 0Cc2640C L=N+2#% INDEX1
B L oL e
; 0022860C KK = NN + INDEX!
[ 0022679C LL = NN + 2Z1NDEXL
t 0022700CC
f oOZZ720C T ITF THM=1.EQ.NT GO TO 175 ==
, 00C2740CC
60C23800C CALL ROMBRGI XSIGXsPHI(NI«PHI(N+1),1e0s140~74+10+5T95141+INDICs1)
0023G600C IF (INDICeEGal) GO YU 4CC
- ——BUCICUSC “FORCETM=1+N) = S1= 1.0 ooy e s O PR e
00C3C06C FARCE(MM=14NN} = SI= 1.0

|
|
j 0023C10CC
|
|
i

00C3011C CALL ROMBRG{ XSIGYsPHI(NIsPHI(N+1)21.0+1.D=7+10,5S1+5IM1+INDIC,I)
3 OUTI0T3C — —  IF _(INDICSEU<I1J GO TO 43C
0023G14C FORCE(M=1sK) = SI= 1.0
0033020C FORCE(MM=1,KK) = SI= 1,0
00C3040CC
—TPOCITEIC 7 CALL RORBRG( XTAUSPEITN] FHTIIN+1}41.01.0-7,10.51+vSI¥1, INOTICT) =TT I
| 00C3080C IF (INDICEG.1) GO TO 4€C
| 0053100C FORCE(M=1sL) = 51~ 1490
. 60C3105¢C FORCE(MM=14LL) = 1.0 = SI
GO — FOXC . T =
0033140C CALL ROMBRG( YSIGXsPHI{N)sPHI(N¥1)s12a0:1.0-74¢10+5145IM41+INDIC,1)
0CCI160C IF (INDIC.EG.1} 60 TG 4CC
0633129¢C FORCE(J=1sN) = SI= 1.0 o . _
""" VUCITESC  ~ ~  FORCE(JUI=1.NNY = ST=- 1.0° ~ ~ = oommo s o mmmmeme e S .
' 00C3200CC
! 00032C1C CALL ROMBRG( YSIGY»PHI(N}ePHI(N+1)4140,140-7+20+51451M1«INDIC, I}
| oAC3I2030 IF {INDIC.EG.1) &0 TO 42¢C



DOCAEGLC FORCE(J=1.K} = 51~ 1.7
goG3I2ince FORCE(JJ=14KK) = %I= 1.C
QGT3ZascC ‘
DOLIZ6OC CALL ROFMERG( YTAUSPRHIIN) ¢RI+ s la0el a0*T7210s5805ImML, INDICHI)
0033800 IF (INDI1C,E%.1) GO TC 62C
0Qc3loac FORCECJ=1L2 = 5GI= 1.0
—ULIILSL SEARCETTILILET > [0 = S - e =
04 7533238¢€¢
0053623CC
0023c40C G0 TO 240
GURdcEgLCT™ = p—— 3
0023eanct
0033700CC INTEGRATE OVER SINGULATITIESDS BY TAKING PRINCIPAL VALUZS .,
Qo33720CC THZ INTEGRAL Mas FCUR PARTS:  THE FIRST TWO ARE THE th* £
e DUTATHOTC 7~ T IRTEGRALS OVER (PHITNTT ) ARD (CPHITHEFTY ) FHITH xw&:f
C003760CC THE SINGULARITY. THC THIRD TERM INVOLVES THETA AND 1G
00C3760CC ”XPLAINED IN THE LITZRATURE. THE FUURTH TCRM 15 ThE
00C03800CC RROR IN THE INTEGKAL CLE 7O THE CHDICE OF EP3ILON.
! Uuuthgcc_ =~ EH Lz, L - p 2
D003E4DCi7E CALL RDMBRG( XSIGXyPRIIN)eD»leDelaD=7+10s51»5IM1,INDIC, 1)
} 0GCAc60C IF (INDICWEQ.1) GO TC &C¢
i 0QL3BB0C FORCE(M~1sN)}) = 51 =1.
T OOUCT3Y00C CACL ROMBRGU XSIGECHPRITNFIT s 10 14 0- 7+ I0SS TS IMT S INDTI 1)
i c0C3s20cC IF {INDIC+EQ.1) GO TL &4CC
| 0003540C FORCE(M=1wNI=FURCE(M=1sN)+51=1.0
[ CoC3TE0C 2 ~ (B5+45:DC0S{2=THI TA}-DCOS{4=xTHETA)Y}/ LG
E O0T3ITB0C T T3 FEPSTURTZ (RSP Il S g F T g T A s (B RS E o F (= 2 T2 Ty~~~ ="
| C0C&00D0C 4q ~OUSUHZuTHu2 =T34 )
OQO&K020C FORCE(MM=1sNN)=FORCE (M=1sN)
D0CuWD&0CC
, e JaJH] JOrYoL o T CALL ROFBRGT ASIGY i ST(NT 0310+ L0721 0.,51-5IMIFINDIC,s IT
i Q004CEDC IF (INDICL.EGa1) GU TCL &CC
| 0004100C FORCE{M=1:K) = 51 =1,
Q00043 20C CALL ROMBRG( XSIGYsCsPHI(N+1)41.0314D-7+10sSIsSIMISINDICVT)
OGOGIL0T TOUTFTTINDIC . EU“TT“GU”TC K - h o
| DOCul160C FORCE(M=-1+K)=FOR CEU--l.KHSI-l 0
: Qpo4185C 2 +{1-DCOS(4=THETA) } /1
, 00C&4200C 2 + EPSIL*Tf(qupi¢£?¢$2+T4$2)$$3)ml—2¢5¢¢6-{1-6$T¢$2)$5¢¢a
[ ¢ 07 =0 o [ GE "SR O /3 LD P33 e ==
COCAZ40C FORCE(MM=1+KK)=FORCE(M=1.+K)
00C4%260CC
000&280C CALL ROMBRG( XTAUSPHI(N)»De140+1.D~7+10¢S51+4SIMI+INDIC,1 )
TTOnCLITDCTT T T TTIF TINDICLEQLYTT GUTTC AT s s
Q004320C FORCE(M=-1sL) = 51 =1.
D0CkI40C CALL ROMBRGU XTAUsCePHI(AN+1) 3104107910953 +5IM1INDIC I}
0004260C IF [INDICEG.L} GO TO 4C0C
"""" ~00Te 380 FORCEL{ =T L T=FURCEIFR =1, L1¥51-1.0
0DOLGOOC 2 'IE»DSI%IZ$THETA) E“lN(4 <THETA) )/ L6
0004420C 3 + EPSIL=TH%2/ (4P 150 o AT HH2) ) & (= 9SG e ( 6425 T52 )
Q0C&4440C nGmmd 4 T*$2*5$(2-13$2)J
“““mwmmmr“—WW“nmaimh.mﬂ_“rmmrmTth “‘ e -
00D44BOCC
0004500C CALL ROMBRG( YSIGX+PHI(NIsDs120s14D=7+10sST1eSIMLI»INDIC,I)
b F el e el ' .V t F T RIP~ T 9~ ™ 2 & ¥l ) T . e




00C4540C FORCE{(J=1sN) = S1 =1.
COCACEOC CALL R BRGT YSIGCK s CoPHI(N41) sl ecalel=Tsl0UsSIvSIMIINDICHT)
OCC45B0C IF {INDIC.EG.1) GO TC &42¢
00Caeool FORCEC(J=1eNIZFLRCE(U=11N)+4S1-1.¢C
O0C4620C 2 F(1=-DCOS{uTHETAY I/ 6
COZ464aacl 3 ¥ EPSILuT/Z(4uP 1ol S 24 a0z )3 (= oo+ (H=Tni2 Yl B2 . 4
TTTUOUTALEIC 0 AT T T T R THED b BT SuLA N TS e s 2 TwEgEY : S — o
i DC2u680C FORCECJI=L #NN)ISFORCE {J=1sN)
DC 34 700CC
0036 723C CALL RCMBRG( YSIGYsPHIIN) Ds140s1eD=7410+51451M141IRDICS 1)
; 00CB7SHUC  — TTIF TINDIC.EG.1) GO TO &4cCcC : :
00C4T76OC FORCEL J=1,K) = 51 -1,
0006783C CALL ROMBKG( YSIGY+sC PHI(N+1) 2L 031 al=7+10sS51+SIML,INDINVI)
; 00C48C09C 1IF (INDICWEQ.1) GO TC 40¢C
I~ OOUABECOC T TORCET ST WKI=FORCETT =TI RI¥FS1=1.0 e ae e e s SS
00C045840C 2 ={5=-4%DCOS(2=THETA)-DLOS(4THETAY )/ 16
0Q0o4860C 3 +EPSIL#T/(4uP IS (54024 Tani2 )i ) =Sah6 12 =T 52 h S
D0C43E0C 4 FT4%2 = OFSUEAuTIR 6B Taua)
‘00T&500C ‘FUﬂtErJJ 1. KK ISFORCE(J=1:K) iaiatis
| 00C4520CC
. 0004S40C CALL ROMBRG( YTAUGPHIIN) 1Cele0slaD=7010s51+5IMIINDIC,I)
L- 00C4560C IF (INDIC.EQ.1} GO TC 400
T OOUSYEUC FORCETJ=IHLT = ST =15 : o : o
00s5000C CALL ROMBRGT YTAUCsPHIIRA43) 2140212074105 1+5IMISINDICT)
| 0035020C 1IF [INDIC.EU.1) GO 10 4QC
j D005SC&IC FORCELJ=1sL}=FORCE(J=14L)+51-1,0
R (13 £o1-Nv i 12 eunte e S I TEDS TN S TRETATICS TN (G S THETAT I 716 — SR e
f 00C5080C 3 - EPSIL/(a=xpIa{SauzeTon2 ) ue3da((1-25Ta22) 25556
! 0005100C COIAIGT R A2 THR2US%ES + FuUSwET L4 )
| 0ocsi2oncC FORCE(JJ=1.LL}= =FORCE(J=1,L)
[ 00USTEUCC S = -3 m——
0005 165C200 CONTINUE

Q0C5180CC
0005185CC

TOOOSI9UTC T T

cgusloacc
QoCs5z00CC
POCH260CC

e r————— 2 - e n b e e =t e e - — b i o e e e A ——— e e . - —

CYALUATE THE STRESSES CON THE ELLIPTIC INTERVALS DUE TO
POINT FCRCES ON THE CRACK INTERVALS

T00UhZaUCT T = N
003C5300C INDHEW = INT({INDEX1/2.0) + 1
; 0005320CC
i D0G5H340C DO 210 M=2+INDNEW
I 0005 IE0C — - WMH-= I'NDEX1 =M +3 — et RS S —— T e 8 e S e e e e o o e i
00Gs280C X = WIDTH = DCOS(MIDPT(M})
D0C5400C ¥ = LENGTH 3 DSIN(MIDPT(m)}]}
0005420C DO 210 W=1.INDEXZ
000554 0T == K = HN¥FINDEXZ .
0005460C L = N+22INDEXE

0005480CC
QoCcssa0L

0005540C
0005560C
00055800

|
i T eeTss2oCcT 0

CALL ROMDRGIXCRACETAIN
“IF UIRDICLEU.TIT GO TO &
FORCE2(M~1sN} = 3I= 1.0
FORCEZ2(MM=1,N) = SI- 1.

T_A{‘J*I}DIJOIII-U 7.20:51’51”1! 3’\DICUI)
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[SRST 8L SRS

o
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o
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o
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joooogooooocoooo

)L'l\_.\(‘c-lljf"l-i

CoOoQRooODooll0

cRasDCC
RO IS EE 0T
C005300CC
| 00C5920CC
0055940CC
VOCBEEICC
! DOCH2EDLC
‘ 0Q0Coo00CC
| boteceacc

ROHBRG{ fCHal+ET { LTAINH1 )0 la0s) b=

TSy
o

ANMND THME X AXIS BUT T35 IN THE INTERVAL (<Fl/2.P1/72).,.

THTIS IS ThHE CORRECT VALLE CF THETA.

ToeDs Bl s 53TIM1s In0ICs1)

-0 S
IF (INDIC.EG.1) QL TT &30
CRCE2{M=14K)Y = SI= 1.0
F’QCt?(““'l-K) = sI- 1.0
CALL [EMLRGI TN_ICRAttTA{‘rJr‘:T-«(T.'f;] pl.uol.L"7rdJoSI|“=[“l s INDIC. 1)
TITTUTINDGICOEG.TY GU TC 5TC S )
FORCE2{¥=1,L) = S1I- 1.0
FORCE2{MM=14L) = 1.0 = E]
CO T TRUE
TIRSCRTTINFLUENCE CUEFFICTERTS TARD STRESSES AT IRFINTITY
INTD EvAL MATRIX ACCCRIOIMNG TC HOW THLY MHUST aAPPEAR
IM THE SYSTEM OF LINEAR ESUATIONS.
THZTA IS5 "AGAIN THE ANGLE FTETwWZEN THE NHORMAL TO THE ELLIPSE

OUTHOGDC T T INCREM = uINDEXI ¥ TRDLCXZ ¥#1
00C6060CC
0006CB0C DO 250 M=1»INDEXL
00C6100C J=M+INDEX1
== QUSBEIZ0C T T T T TRETE = DATANTOTANTMICFTINFI NI /T el -
00CH14LOC IF (MIDPI(M+1}, LE.P /2) GO TOD 230
Q006160C IF (MIOPT(M+1).6T.32PT/2) GO TO 2302
| C0s6e180CC
|_ QOB Z00C THCTA = THETR ¥ ©° o
! Q0 CK2Z20CC
' Q006240C230 EVAL(Ms INCREM) = =~STRESS#4CCOS{THETA]}
‘ 00CaHZ260C CEVAL(J s INCREM) = 0.0
OO HITC— L eVALLJ e INCREMY = Us . n i R—— el ik
0CC6200C 00 240 N=1l+INDEX1}
! QOCL320C K = N+INDEX1
| 0056340C L = N+2%INDEX1
CTTEUORYE0T T T EVALUYGNT = FORCE(NSNITEOCOS{THETAY pAsDm
j DOCE38IC 2 + FORCE{M+LIZDSIM{THETA)
} ORi64a00Ce
f 0006420C EVALLJIN) = FORCE({M,KIZDSIN{THETA)
LT TOOCe4ETIT T T T T E R URCETML, LY SOCAOSTTRETAT i e
| 00064 EDCC
i 00LeLT0C EVALIM+KY = FORCE(J.N}IZCCOS(THETA)
0036500C 2 + FORCEC(J.L)ZDSINC(THETA)
T OUOLEE2UTE = i == . DRI e, | = IS
00308540C EVAL{JsK) = FORCE[JeK)IZDSIN(THETA)
00C6560C 2 + FUORCE(JyL}%DCDS(THETA]
COCBERCCC
TR0 N6 S 0UC2ZU0 R I O T e D o e S e e

i 0006620C
| 0006640C
003066600

DO 250 N=l+INDEXZ
K = N ¢ INDEXZ
L = N + 2=INDEX2
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SR PTIOm
DO COAOO0

op

QoOoOCdoo o
slalslalainla
o ann

il Lo
COOOONCCOTRCOOT O

GO 0odoOODOO00CoC

aq

COCBS4H40CC
CoCu200CC
TOUCLR52CC
QOCBUELCC
COC6960CC
COouuze0C

o

EvaL{Js1)

| T

v
1
[
l

TINUE

Forae
-t W

INCREM = INDEXZ +
CALCULATE FUNC(M.
TTFUNCTIOR FUR TH
COEFFICIENTS,.
FUNCIMsNtT1) FUN
SIRECTICN AT TH
FORCE X AT THE

oo JUQ_M:E-INCREH

VOSSO 0CT
Doc7o20CC
QD I7040CC
DoL7CH0CC

QOC7490C°C0

1
Nle THIS IS THE ANALYTICALLY INTEGRATED

E EVALUATICN UF THE CTRATUK INFLUENCE

C(MsN} WILL BE THE STRLSL IN THE X
E (F‘i‘TF CHACK INTERVAL DUt TG A pDIhT
NTH CRACK TRTERVALS o

ALrAZ oA ALAS

AbrATesABs27 ARE INTERMEDIARY FUNCTIONS.

It EVAL MATRIX.

ALSOD EVALUATEC ARE THE STRESSES ON THE

N O T T e T R TR E T T T e e e e =l e eSS
Qoo7070C AZ = CENTRE(M} =~ HEIGHT
QOCoT7CEOC A3 = DSGRTICRACH:S:2 = AZ2%¥:2)
0CO7090C A4 = AlZ%g - CRACSZ2
— o HRUTIDOLE T e = = -
ooo7110CC
QOoCTIZ0C DO 300 N=1eINCREM
QCo7130C AS = ETA(N)} = HEIGHT
TTOOCTTIGDC T ETRINTF F LEN T RE T i e o S = = =
0GCT7T150C AT = CEMTRE(M) - LCLTA(K)
GOC7160C AB = CSGRT(CRACHmE = AENm2)
00C7170C AT = CARSINC(CRACH:Z + Al%AS)I/(CRACEHAG))
R 7 T G 13 2 e i S =
0007190CC
0oo72¢c0C FUNCIMeN)Y = 1/ Pl S{AB/A7 + AZ2/A3
0pC7210C b % DLOG(DABS({CRACS%2 = A2WAS + AJ%HA8)/(CRACEATI)))
L B il -3 T Tl PT RET=AB /A ¥ ATZO08QRTTAGY = AQYy 7~ — — /T T — "= R
ooov230C 2 + &3 CENTRE(M)/ PL 3 (=A3/7A6%32 (1= AlZAG/A4)
Q0C7240C 4 + CRACE2/7A6:22) 48 % A ) = 2%CENTRE(M)S%2/ PI
Q0I7250C L H(ABAAGR3 H( =2 + AlZA6/AGH(2HCRACED 4 A2 ) 2AONN2 2 A4%E2)
— OOC7ISE0C & T T ¥ IRNCRACTEEZ RAIFALRTRZ .S = AFY -
0037400CC
DOLTL20C300 CONT INUE
D0CT7462CC
TQgOTTAETICC e " Tl e e e e T e
D0CT74B80CC
00CT7485CC THE STRESSES ON THE CRACK DUE TC THE CRACK ARE NOW INSERTED




Qoc74g92CC CRACK IN THE X DIRECTIOAN SUE T POINT FORCES ON THE ELL [FSE
GoL7ERD C I THE X AND Y OIKECTIiOM:. THESE STRESLES ARE
CooTEl0CC XSIGX AND ¥YS5ICX wlTH ¥=C &NO Y=CENTROC(M)
DOC7540CC
ColTLLCC 1L.CREM = Z%inbEXT 4+ INLDIXE + 1
~ QCcl7Leqc INONEW = INDE2l/C
OUSTCasC———  XTETUL.0T T T T B - . 5 N .
00l 7cZacc
00C744CCC
: 0CLTCo0C Ca 500 =is INDEXZ
i L Jabsly Segche Funn YTETCENTRETM4L)
00C7732C J = M + 2:nINDEXI
00o7720¢€ “VAL(J s INCREM) = =STRESS
| 0G07740LC
CTTTQOECTYeCT T o0 IS TRE1IINURNEW T . — = _—
00G0?780C K = N + INDEX1
i QoCc7a8s0C NN = THNDEX1 =N +1
0057320C KK = KN + INDEXI
0057840C == CALU ROMBRGIXSICXsPHI(N)}yPHI(N¥1)+1.0s1:4D=791535S1+S5T41,INDIC, 10"
00072060C IF (INDIC.EQ.1l) GC TO 4C0
| gocra8dc EVAL(JsN) = 51~ 1.0
Q0g7900C EVAL(JeNN) = 51= 1.0
T OUTTYZOCT ) R S
Q0C7540C CALL ROMBRG(YSIGX+PHI(N)}«PHIIN*1)ele0s3eb=T7s15+51+5IM1 +INDICT)
0acCr7=o0C IF (INDIC.EG.1) GO TD 4G 0
Q0QC75E0C EVAL(J»K) = 51- 1.
TTTOUCBOUUT T T EVAL T »EK) = 5TF I-U T 5 g T
golB0Z0Ca7L CONT INUE
| gcobsd4ocCc
! oogBO60C DC S00 A=1.1NOEK?
' UOUBUBUT = N¥ 2RTHRDEXY T T T T
| 0008100C Ev AL(J LY = FUNCIMtTN+1) - FUNCIM+LILN)
0028120C500 CONTIN
00CBI4GCC
- QDTEIGOTE e N S S U -
000B162CC
00CBZ200CC
0008220CC
i UgUdglaiic TACLC SULYD SUBROUTINE TUO SCLVE SYSTEW UF LINEAR EQUATTONG . =
000BZ&0CC ON RETURN FROM SCLYDe THE FART OF THE MATRIX THAT EEFORE
00gB8280CC CONTAINED THE APPLIED STRESSES WILL NOY CONTAIN THE
00CB200CC SOLUTIONS FOR RO-SUB=-X, RO=SUB=-Y (THE DENSITIES OF THE
“OOCE2TICC T OODY FURCES ALUNG THE ELLTPSE}: &ND THE CRACK TORRECTION & 777777
0008240CC FACTORS»
00¢8360CC
: 00gB2060CC
[ ouIEsuuT TALD SULYTTEVAL 300 INCREY =T+ INCREM, W ED=6,DET»TEST)
| 00i8420C IF (TEST.NE.OQ} GO TO &50
: 00C8440CC
| 00084 60CC
g“‘“'UUUHWBUCh"““*”WFTTETB.IDSST i i e . ENEIE SCnSIERRsE e

R e T e T

MY = - W & Y



0OZBSGD 5 1

00 cHL a2 = ]

“pOSEE0ICE3G WRITE COY MpEVALIM,IN(REMI,,EVALTJ»IHCREH)

0GI8c0Ce

0028660C wITE(6, 1010}

0D C8EEDC WRITC(61070)

ST QUTELUOC T T T WRITETGITOTST = == o e e R e ———— — S

00Cs700CC

ot 72ac D0 550 M=-1,INDEX:

C0ca74a0C ¥o= M 4+ 25INDEXD
i ~QO0oBETCO EVAL{K . INCREM} = CVALIK:INCREM)IZSTRESS

C0CeT7T35C ARTTE(S+750) MeCVYAL(K, INCREM)

DOCBZ00CHLO CUNTINUE

posBa2oCc

0T EEa SR e oy~ _ -

posBa2s C CALCULATE THE STRESS INTENSITY FACTORS SIF1.S5IF2 AT BCTH

poges2s TIPS OF THE CRACK,

COCBB4DCC

T QUCBEB6IC - T IEZZINDEXT - " N

i C0CBEED C
| 0GCB700C SIFL = EVAL{II+1.INCREM) & DSART(PIXCRAC) = STRESS
| 00 2B920C S51F2 = EVALUINCREM=1,INCREN) = DSGRATIPIZHCHAC) = STRESS
| T UUTBSETLCC = i e S S e e o R
' DOSBTEDCC

00cazanc ARITE(B»LD1C0)

00CSC0DC WRITE(S, 1080}
OO O T YW RITETSS ITESY SIFYTTTTTT TR S e PR el .
| 00CeCHDC WRITE(G6,1080)
| Q0CeoEnC WRITE(6,1088) SIFZ
: 00C9080C WRITE(S,1010)
R 1L o3 0] ¢ [ S TWRITE(GES 10901 DET
5 0009120CC
- Q009140CC
I 0059162CC
T TOUCTIBOCATO T U FORMAT (TG IX A4 I X, FI0.TUYY - T S e e —a= g
i 005920008550 FORMATIF 100 1X+sF10.0)

DGCS220CT700 FORMAT (14 .2¢01XFl2.61))
| 0DCUZ40CT40 FORMAT(B(I1X+F6.3))
iy T OUDYEBULC750  FEORMAT(TAIXFIZ.06) = =

00C9280C800 FORMAT(1XE24.,18) :

00J9300C1 000 FORMAT(IX.*SOLUTION TU CRACK IN SEMIINFINITE PLATE HAVING a ')
, 0009320C100% FORMAT(3X "SEMIELLIPTICAL NOTCH USING HISITANI B00Y FORCE METHOD®) . e
P ’“00,9340?1015”'FUQHIT(1X1 a0 S PSS S R e N RS T e S S .

Q0CP3I60CI101L  FORMAT{1X.*"THE MNUMBER CF CIvISTONS IN THE SEMIELLIPSE 13 *414)
, C03CY380C102Y FORMAT{1X+*THE NUMBER CF CIVISICNS IN THE CRACK IS5 '",i4)
| DoCY4c0Cloas AT[lX.‘HALF THE WICTH CF THE SEMIELLIPSE IS *,F12.8)
a T DOCSLZ0CIO T TITX .Y "ITGHT OF TFE EFYTEELT'PSE I8 ", FI12.6Y =SS pilais

000waGDClC: AT(Lx.'1HE LENGTH OF THE CRACK IS *sF12.6)
| 0009465C1CS ATCIXsPTHE DISTANCE FRCM THE EDGE TO CRACK CENTRE IS5 "4,F12.6)
| DOCRa4B80C! U4 AT(1X+"THE APPLIED sznﬁss AT INFINITY 15 'sFl2,6) e - N o -

TOTOTDOC1I U4 AT{VXSYTHE VALUE UF £ '-“I_LDN N THE RUMERTICELCT) U T e ) o
l 00 U9s2081 00 IAT{3X «*"INTEGRATION IS %,F12.%)}
! 000YS40C 0L FORMAT(IXs"THE X AND Y 20C0Y FORC™ DENSITIES, STARTING')
. DOCIBE0CILE FORMAT(3X,.*WITH THE SICE CF THC £:LIPSE, ARE®') . |
i

t




GGlebedCio7U FOUMATLIXN « YTHE CORRLCTIDN FAZTL 'S FOR Al CRACC IRTESVal o1}
QG Z90CoCIe 70 FORMATEIX p 'S TA T 0E wiTHd THE O8N NEARLIZT THE ELLIPSE. ARE '}
COTILZICITES FORMATIIX Y THL S7:2c5% INTOANSITY FACTDR AT THE TIP DF®)
COT9642CI 08 FORMATLAX ' 74l CRalrw NEARDLT THT EDGE 17 *"eFl2.n)
CO9CeoCluB8  FORMATIAX T, ChaCk FURTREST PR THL ZUOGE IS5 *sF12.4)
CO0L9L30C1o%C FORMATUELIX " THL. DETERMINANT TF COEFFICICHT MATRIX IS *.EL12 .60
il BU S UUCTI IO FoOMAT U LA 7 ERAOR I NURE I L XL INTEGRATIDR UID _ROT CONYERGE. Y1 77 — — o —
COLOFc0CilLIe FOAMATOLIX s*ERn R, COEFFICIESNT MATRIX IS SIRGULER.Y)
QU ceT743CC
0029760CC
Lo T9TE0c sTaM
06 29<0aCC
CO0I% . 23CC
1 DOCYLuLCLa0T RHITO{Gs130C)
(OUUTY¥CESL - S TOP T T =i T . z - i
COCoea0Ce
CQC9300CC
0C093520L450 WARITE(L,1110)
—QOTRYTROE - mTOR TP oY e R A A LR e 8 et o bR EEE e R ' s
0GoFF00CC
i 00295%82C CHD
flos - =
L)
i - . =




9.2 TYPICAL INPUT

9.3

INDEX 1 (MD) = 12
INDEX 2 (M2) = 12
WIDTH (a) = 1000.0*
LENGTH (b) = 1000.0*
CRAC (c) = 100.0*
HEIGHT (e} = 1500.0%
STRESS (0%) = 1.0
FRAC = 0.05

FORMAT (14, 1X, I4, 4(1X, F10.0)
FORMAT (F10.0, 1X, F10.0)

Program stops due to roundoff errors if smaller values ot a,b,c and e are chosen.

TYPICAL OUTPUT




SOLUTIDON TO CRACK IMN SEMIINFINITE PLATE HAVING A
SEMIELLIPTICAL NOTCH USING NISITANI BCDY FUORCE MZTHOD

THE NUMBER OF DIVISIUNS IN THE SEMIELLIPSE 1S 12
THE NUMBER OF DIVISICHS ir THE CRACK IS 12

HALF THE wWIDTH GOF THE SEMIELLIPSE IS 1000.GCG0000
THE HEIGHT OF THE SEMIELLIPSE 15 1000.00000 0
THE LENGTH OF THE CRACK 15 106000000

THE DISTANCE FFROM THE EULUGE TO CRACK CENTRE 1S 15004000000
THE APPLIED STRESS AT INFINITY [5 1.000000

THE VALUE OF EPSILON [N THE NUMERICAL

INTEGRATION IS5

THE X AND Y BODY FORCE DENSITIES.,
wlTH THE S51IDE OF THE ELLIPSE.

0.013090

1 3.036725 1454622
2 3,172604 0.424099
3 3.265192 0089652
4 3.335564 ~0.079543
5 3.368478 ~0.17BOTT
6 3.175544 -0.148367
7 3175544 ~0s148367
8 3.368478 —0.178077
9 3.335564 ~0.079543
10 3.265192 0.089852
11 3.172604 De424099
12 3.036725 1.454622

STARTING

THE CCRRECTIOM FACTORS FOR EACH CRACK INTERVYAL,
STARTING WITH THE ONE NEAREST THE ELLIPSEs ARE

s
WD OO~OWO & M-

1637645
1.625330
1613797
1602758
1592126
1.581854
1571910
1.562267
1.552898
1.543769
1534818
1 525850

THE STRESS INTENSITY FACTOR AT THE TIP DF

THE CRACK NEAREST THE EDGE 15

29.026504

THE STRESS INTENSITY FACTOR AT THE TIP OF



THE CRACK FURTHESY FRGM THE EDGE is 272044934
THE OETERMINANT DOF CCEFFICIENT MATRIX (S 0«5974835E-05
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