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J. 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 

wi th 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 tha t report. 

2. DEFINITIONS OF MAIN VARIABLES 

DIST 

EPSIL 

ETA 

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

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

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

EVAL 
FORCE - m:itrices containing influence coefficients or linear combinations of 
FORCE 2 infh1ence coeffic ienfs 

:::RAC - the fraction of an interval which is to be integra~ed analytically over a 
singularity. 

:\DEX - MM - the number of intervals to be u· ed. 

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

,UDPT - the value of y for the midpoint of a crack interval, or the value of¢, for the 
midpoint of an e lliptic interval. 

? HI - ｾ＠ - the va lue of the elliptic parameter at the endpoints of the elliptic 
interva ls. · 

~TRESS - a~ - the applied stress at infinity. 

r1ETA - e - the angle that the norma l to the ellipse makes with the x-axis • 

• DTH - b- half the width of the ellipse along the x-axis or the half length of a crack. 

x. Y - x, y - the x and y values of the midpoint of the crack or elliptic interva l 
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 numericaJ integrations using a library routine ROMBRG, The 

ca!ling hierarchy for these programs is given beJow. 

Program Name Desciption Subroutines Called 

BODY J crack in semi-infinite plate None 
(analytic integration) 

BODY 5 crack in semi-infinite plate FUNC (yXN) 
( numerical integration) xM 

BODY 9 edge crack in semi-infinite plate FUNC 2 (yXN) 
xM 

ELL 5 ellipse in infinite plate PSIGX (aXN) 
xM 

PSIGY (aXN) 
yM 

PTAU ('r\~M) 

QSIGX (aYN) 
xM 

QSIGY (aYN) 
yM 

QTAU (1-YN ) 
xyM 

ELL& ellipse or semi-ellipse in XSIGX (crXN) 
xM semi-infinite plate 

( crXit> XSIGY 

XTAU (~x~M) 

YSIGX (oYN) 
xM 

YSIGY (oYN) 
yM 

YTAU ( t\~M) 

ELCRA I semi-ellipse and crack in XSlGX ( c,'(N } 
xM semi-infinite plate 

( c,'(N ) XSIGY yM 

XTAU ( -r(x~M) 

2 

J.1 



2 
3 

YSIGX (cr \i> 
YSIGY (a Y/'t,) 

YTAU (T\~M) 

XCRAC (a\%e> 
ed 

YCRAC (a Y.//1ie) 

TAUCRA (T ~Me) 

3.1 LISTINGS OF FUNCTION SUBROUTINES 
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1 0006360CC 
0006400( 
0006500C 
0006600C 
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0006630C 
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THIS FUN CTI ON CALCULATES THE INTEGRAND .FOR NUMER tCAL INTEGR.AT ION 
FOR CRACK IN SEMIINFINJTE PLATE. 
IT IS CALLEO SY THE MAIN PROGRAM! S0URCE.B00Y5 

REAL FUNCTIOh FUNC*8- lX) 
REAL*8 X 
REAL*8 MJDPT(l01).01ST.WJDTH,PI 
COMMON MIDPTeOISTeWIOTH.PleM 

FUNC = 1/Pl *(1/(MIOPT{M) - X)••2 - 1/(MIDPT(M) + X>••2 
2 +- 12*MlOPTOO,(M10PHM)+X)•*3 - l2$MIDPTCM)•*2/(MlDPT(M)+XJ**4) 
3 * SQRT(WIDTH**2 - (X - DIST)$$2) Ｍｾｾｾｾ ＭＭｾｾ ｾ ｾＭ

RETURN 
END 
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INFlNI1 [ PLATE. 

REAL tUN : 1ION PS 1 GX*6 (2) 
-RE-At..*e-r-- ---· 

REAL*8 PI .A, B,X, Y 
(~~MON Pl ,A, O,X, Y 

f>S-I 6 X =-1.l(lt:e:PI )vt >t-A".tO(O S t l ) ) S:: C 3*0C-A'*CX:OS ·(Z) >**2+CY-B*DS1N(Z)) 
2 **2 ) /{ ( X-A¢DCOSIZ )) =o2 +( ) - B*DS IN(Z)) ¢C2 ) 0C2 OBCOCOS (Z) 

RET URN I 

- - ~E~!~""9 - ---- - ---- ----- -- --- ---- --, 
I 

- - - ----~ 

___ _J 
I 

I 

···1 



·1 
I i---- -----··---- ------ --· .... --·-·-- ---·--. -····· --· --·---·- .. ·--'·· --- -- -··- ..... ----..... -·· . -· ·--·--·-·- ---··-

0005 920CC 
0006000CC 
0006020CC 
0006100CC 

, 0006120CC 
/ >-- · 0006-200-c- ·--

0006300C 
0006310C 
0006340C 
0 006350CC 
000b3 60C 
0006370C 
0006610CC 
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RE AL*B Z 
REAL*8 Pt.A. B.x.v 
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2 * *2 ,/((X-A*DC0S(Z)) ** 2+ ( Y-8*D SIN(Z) )**2)**2 *B*DCOS(Z) 

- ·-- - ---· --·---- ·- · 
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THI 5 FU~CTlCN CAL C~LAT(S T~ E X 5TRESS AT (X.Y) DUE TO A P CINT 
FORCE X ~T tA *COS(Z) . ~*SINtZ)) IN A SEM[INflNlTE PLATE. 

REAL FUN(1 J CN X$ I ~ XC8 (Z) 

'~&fr-o-6-:t-H)C-~ 
/' OOC6340C 

A[AL*B Z 
--Re-A-t"*&-~i-TJh~rt-rl-• ¥-- --· 

COM~ON PI,x.v /E~LlP/ A, e . ~ 
OOC6350CC 
OOC6360C 
GOC6-37-0C 
00 06380( 
00 (-6 390( 
0006400C 

~--oo a61t 1 oe­
oo :6i+20C 
00064JOC 
00 06440( 
0-006't50CC 
0006460CC 
0006610(( 
00 06630( 
00 Ct,600€ 

1----- ---·-·· 
I 

I 

r 

XSJGX:-l/C4*PI)*(X•A*DCOS(Z))¢((3¢(X-A¢~C0S(Z))*¢2+(Y•8*DSIN(Z) 
- -2 -E) ｾ＠ )1H X-A *0€0S ( l. > )"** r+ ( v-e,:,os It, CZ) -E > ¢:;:2 J ¢*2 

3 + (30(X-AOOCOS( Z ))**2 +(Y+900SIN(Z)+() ~*2 ) 
4 / ((X-A e ocos(Z))0C2+(Y+B~CS1N(Z)+E)C02)¢*2 
5 + 2*((X-A*OC0S(Z))**4 - 2~Y0(Y+B*0SlNCZ>+E) 
6---1:: f lE A;• f. COS E-r+- ｾ＠ *r-+- 6 .:. ¥ ii t Y-+6*°"5-ii'H-l: Mt:--M:::-3 --- - - --- --~ ---·- --- - --- ---- -
7 + 2:.::v::,:;;2* <X-A*CCOS(Z))*~ ' • (Y+ B*DS IN(Z)+E) :;,:;:q 
8 • 6!::Y¢*20 ( Y+B:C:DS l N ( Z) +E H -~2) 
9 / (CX·A ~OCOS (Z))¢*2 +(Y48~CS1N(Z)+E)*C2)~CJ) OBCDCOS(ZJ 

RETURN 
Hffi- ---- ----- ---- ---- --- ---- ---- ----- -------· --- --- - ---- --------- --

·--- -... --· --- ---------- ---- ----- ----

~ - ｾ Ｍ ｾｾｾｾ＠ - ------- - --------

i , ·- --- ---- - -- - --- --- --- - ·-

I_ --- ---- ----- -------- ---- - ------- ·--- - --- -
1 
I 

1--



~-~--
----·- -----

/ __ 
i 
J 

OU tP:, V~' <H. (. 
OD0600 0 CC 
000f>02 0 CC 
0006 100CC 

- --- - -----

.., ·- ·-· -~.-· .. ·---- - ---- -·-··---
- - --- ·• ·---- -

THIS FUNCTI ON CAL CULAT ES THEY STRESS AT ( X. Y ) OUE TO A P OI NT 
F ORCE X AT ~A•COS(Z),B*S[ NCZ )) I N A SE MIJNF lNITE PLA TE . 

------

·~ 0006 200( . REAL FUNCT ION XS 1GY * 8 (2) 
1 ooo63ooc -· --· ·---~ AL• ·s r ·- -- - -- --·· ·-------------~-~---~---
' 00063lOC REAL*B PI.A. B . E.x.v 

0006340( COMMON P1.x.v / ELL IP/ A. B.E 
0006350CC 
0006 360( 
0006370( 
0006380( 

1 0006390( 
,----000640 oc 
. 0006410( 
, 0006420C 
I oo0643 0C I ·- . 0006440C 

! 
0006450CC 

. 0006460CC 
I 0006610CC 

0006630( 
0006800( 

ｾ＠
I 

XS I GY = l / ( 4 • P I ) • ( x -A • OCOS ( Z > )${ ( ( x-A•ocos c Z)) ••2·.:.:-c y-:a•os Itf( ;fl:.;.E··, 
2 **2 ) / ( CX-A• DC0 S(Z)l**2•(Y-B*DS1N(Z) - E)**2l•*2 
3 +((X- A* DCOS( Z)l** 2-(Y+B*DS IN(Z)+El**2> 
4 / ( (X-A*DC0SC Z ))••2+(Y•B*D SI N(Z)+E)$*2)**2 

-·-- -s-- =- ·2-.-rrx=,;•ocos1·z> ).T4 .. 6•v•rv+e• os1Nm+e> --·--
6 * (X-A *0C0 S(Z)J**2 - 2*Y* (Y+8*0S(N(Zt+E)*•3 
7 - 2• v ••2•<x-A•OCOS(Z)>••2 - (Y+B*DSIN(Zt+et•*4 
8 + 6*Y**2*(Y+6*0SIN,z)+El**2) 
9 / (( X-A•OCOS (Z) r••2+lY+e·•cfS' tll( ZT+E )*··2>••.3 ) ··-·· ·e•occfsrzl . ... -----· ··-- ..... 

Rt°TURN 
END 

. - . ·- ~. ·- - ·- ·--- ... ____ . -· ·-·-- - --·-·--·-- · - ·--··-····-·- ---···-·---· .. ... -----·-- - -

---- -----. .. ·--·-·· - · ··- -- ..... - ---· ·- ----··--·--- --·--····-··-. -- ·----

- _ ____ .. ___ # ... _._ •• ,. • . --·--· ___ ..... . "--·-- .. ---- -~- --------- ·-- ----- -·---··· ··-- - · 

·---- - ------------- ------------·--------

- ·---------------------

-= -
uJ 

--



,--· -- - · 
! 

0005920CC 
0006000CC 
0006020CC 
0006100CC 

, 0006200C 
,,- 1f01J6 ~ - - --

0006310C 
00063•0C 
00063SOCC 
0006360C 
0006370C 
0006380( 

THIS FUNCTION CALCULATES THE SHEAR STRESS AT (X.Y) OVE TO A 
POI NT FORCE X AT <A•cos(z>.e•SlN(Z)) IN A SEM JINF[NJTE PLATE. 

REAL FUNCTION XTAU*B (ZJ 
~AL•s--z -- -·- --·- - -- --

REAL•e PI.A.a.E.x.v 
COMMON P1.x.v /ELLIP/ A.a.E 

XTAU =-1/{4•PI>•<<v-e•os1N(Zl-E)•(3*{X-A*OCOS(Z)•**2+(Y-B*DS1N(Z) 
2 -E>••2)/((X-A•OC0SCZJ)••2+(Y-B•OSIN(Z)-E)**2>**2 
3 +(Y+B*DSIN(Z)+E>•<3•Cx-A•ocos(Z))••2•CY+B*DS IN( ZJ+Et••21 
4 / ((X-A•DCOS(Z)>••2+cv+e•ostN(Z)+E)**2)••2 f-- 0006390( 

1 -olr06•lro-c -- ｾ＠ 2*-Wc-=rr-~oSTZT)~--~Y*TV+~fITTTl+EJ --- -- -- -- --- -- -- --- --- -· 

I
' 0006410C 

0006420C 
I 0006430C 

- 0006440C 
0006450CC 
0006~60CC 
0006610CC 

.-- 0006630C 
1 0006800( 

l_ _ ______ _ 

I r­
, ---··--
I 
I , ___ _ 

6 * (X-A*OCOS(Z))**2 + 2•Y*(Y+B•OSIN(Z)+EJ*•3 
7 - (Y+B•OS1N(Z)+EJ••4 
8 + 6*CY+B•DSINCZ)+E)••2•<X-A*DC0S(Z))**2l 
9 / ((X-A•OCOS{Z)>••2+CY+B*OSJN(t)+E>•• 2 >••3) •e•ocos(Z) 

~URN _ 

ENO 

-- - --- - - --- ----- -·--· ---- --- ---·---------

---- ---- ----

r· 

~ ---·-

- -- --- ---- -- -- ---- --------- -------- ----· ------------

- - HU_l\~U~'.,ll'N < __ •_\\\!'-" .. "'\ l•' I "1"4'S!ll "' o,'i) t)\_JF, Tn- ~~ ., 1..,- a,n 
,mttl ¥ -, \A!l!{ ,li\ ,li,l\' , .. i ,1 \ IN - tH;Mlltd'lNtlC PLATt;o 

·-- ----------- -

------ --



r r--
j 

r-- --

---·----- ---- - --- - --... ----- -----

... ~-·- -
-• - - ·-·-·-· ·-- ·- • ,M - ... ··-- ---.. ,,,,,,, -·- . . 

-·-
- --- --- . --------

·----··-. ----------· -- ----- --·--··--- - -
Otl 1,ftl1 U(J(t llil (i fi,1~ t; ll{· t4 (:; A,l, \. v l " , i; ,t, :C '" '" ·al Al <~•V) ilUI TIJ A,,..-
oo•,t.11,,n,!t: 1101, t.': 1: V A'1 (A "7 ( '" Ji (l ) , 11' ... ll\(~)) lN A !,{.MI1M" 1N1Tl. PLATt:.. 

J "9 I '=I 

OU OIOOC.C 
00 oo zooc 
OOC6300C 

'-· --e-o JJ~ 1-o-£ 
00 v6340 C 
OO C6350CC 

REAL fU~ CT!l'•· VS1 1., x::.s (7} 
R l: AL :::8 Z 
RE-AL ~.-S-- c+-t Ji, • :! -. E -. ｾ＠ -- ----
C 0~ ~0 N P ~,~.Y /L~LIP/ A.~, F. 

0 0 Co 36 0 C Y S 1 G X :. - l / ( 4 :::PI ) :',; ( ( Y- [' :;:o S [ I\ < Z ) - C ) ¢ ( ( X - A ·~DC OS ( Z ) ) * * 2 - ( Y • B:;::: S l N ( Z ) 
00 ~6370 C 1 - E >**2 )/((X-A*D~~S(l))*~c+ CY- B*C>S l~ ( ZJ-E ) **2>**2 
00 06380( 2 - (Y+ B~OS JNCZ)+ t ) ¢ ((X•A QCC OS (Z)}C¢2 -IV+BC0SIN(Z}+E)OC2) 
OO C6390C 3 / ((X-\OOC0 5 (Z)J C02 +(Y+ 8'CSIN(Z )+f)002) * 02 
0006400C 4 + 2* (3 ~Y* (X-A CDC0S ( Z) ) *~~ + (Y+BOOSIN ( Z)+E} 

·-·--e-oc6...-ie-e----s -::: tx A,:.eeos+z t>-:--:-~ - 5~~IN<Z> •c,.: . .;.4-- --·----- ---- -
oo c642oc 6 - 60YO C20 (Y+BODS JN( Z )+E) ~ (X-A*DC05 (2))0~2 + 4*(Y+ BCOS1N(2)+E)003 
OO C64JOC 7 ｾ＠ (X-ACDCOSCZ>l*02 + 6*Y~(Y+B*DSINCZ>+E)C*2*(X•A*DC0S(Z))**2 
00 06qJ2C 8 • 3* (Y+ B00S IN(Z)+E>* *5 t 2*Y002*CV+B*DS 1N(ZJ+E)**J ) 
OOC6440C 9 / ((X-..tOOC0S(l'J>>::'*2+(Y+ B'*CS tN(Z)+t.)~*2):::,:t J) :::A::O:OSIN(Z } 
OO C6450CC 
00 06460CC 
00 06610CC 

---f0H0~06 6 JO C 
00 06800C 

r ,. 

I 

'---- . 

RETUR"I 
END 

- -----·- - - - -------- - -

--------

ｾ＠

u, 



-~ 

/---

00 0 592 0 CC 
0 00 6000CC 
0 006020CC 
00 0 6 100 CC 
00 0620 oc 
0006 100( 

\. __ 0006 3 1 oc_ 
( 0 0 06 3 4 0( 
I 00 0 6350CC 

I 
0006 3 60C 

' 
I 
I 

~-
I 

i 

ｾ＠
! 

\ ·-

I 

0006 3 7 0C 
0006 380C 
0006390C 
0006400( 
0 0 0 6410( 
0 0064 20( 
0 006 4 30( 
0 0 0 6 432C 
0006 4 40C 
0006450CC 
0006460CC 
00066t OCC 
OOQ6 6 30 C 
0006 800C 

:. .. , 

tFW+IM · ,- '· 1 
.. :

1
• -MNiii¥:iiN\Bififfi%:.\lt1

:nl'~:/J11 

------

THIS F UNCT I O~ CALCULA T~S TH[ y S TRrss AT cx .Y) DUE TO A PO INT 
FQq CF V AT (A* COS ( ZJ. d * S IN { Z J I N A SE~1 INF 1NITE PLAT~ . 

PE AL FUNCT J O~ YSI(, Y*8 { Z J 
AC AL*8 Z 
RE AL* B P l,A , 3 , E .x. v 
CO ~MON PJ. X,Y / ELLI P/ A, A,E 

YS I GY = -1/(4 * P il+({ Y- B*0SI N( Z )-E )*(( X- A• OCOS(Z)}+ $2 +3* (Y-8 * DS I N( Z 
1 )-E >** 2 ) / { ( X- A*l') COS ( Z J l+* 2+{Y-B*05 IN(4J -EJ!*?J••2 
2 - (Y+ A+DS I N( Z )+F )*(( X- A• DCOS ( Z ))**2+3*(Y+8 * DSIN (Z) +~l** 2 ) 
3 / (( X-A* OCOS ( Z ))**2 +(Y+ O* DS I N( Z )+ E )** 2 >•• 2 
4 + 2 *{(Y+ B* ~S IN( Z )+ F. )*(X- A*DCOS ( Z ) ) **4 + 4*(Y+8 + DS 1N( Z )+ E J** 3 
5 * CX - A+ DC0 S(Z))**2 - 2*Y**2 *(Y+B+DS IN( Z)+E )**3 

-·6 - - - v•Tx--A•bcosTz>T **4 + .:H(Y+8*0SJN( Z )+t) ••s + 3 *Y*(Y+B •D S INT~ - - --- ------
7 +E J**4 - 6 *Y*(Y+ 8 * DS 1 N( Z ,+E )**2*(X-A•OC OS ( ZJ)** 2 
8 + 6*Y** 2 * ( Y+8 *0S t N(Z)+ E )* ( X-A* DCOS ( Z) ) +* 2 ) 
9 / ((X- A*DCOS (Z))** 2 +(Y+O+OS IN( Z)+E l **2 ) * *3) ~ A*DS [N( Z ) 

__ _,R:.:.:E~- TURN 
END ----

.., 
' 

aa--.aaAl.!L.-------------------~---------- - - ._.-.__.....,i-.J.._._. ....... _. .. _.... __________________ ~---



1HHP1•1.•ot <. 
OOOf.>OO OCC 
0006020CC 
0006100CC 

-, . 000o200C 
- --·-00063ooc 

0006310C 
0006340C 
0006350CC 
0006360C 
0006370C 
0006380C 
0006390C 

-----0006400( 

I .. _. 

I 

I 

0006410C 
00 06430C 
0006440( 
0006~0CC 
00 0661 occ 
0006630( 

I __ _Q006800C 

I 

I 
l 
I 

I 

' 

r---·---·-
! 
I 

1- ·-·- ---· - . 
I 

I 

I 
\.._ __ ____ -

--- -·----· 

THl S FUNCT ION CAL CULAT ES THE SHE AR STRESS AT (X,Y) DUE TO A 
POINT FOhC~ Y AT (A*COS(Zl ,B*SI N(Z) [NA SEMIINFINITE PLAT E . 

~cAL FUNCTION YTAU• e (Z) 
REAL*8 Z . 
REAL*8 Pl,A, B ,E,X,Y 
COM~ON Pt,X,Y /ELLIP/ A,8, E 

YTAU = - l/(4*Pl)*((X-A*DCOS(ZJJ*({X-A*DCOS(Z))**2+3*(Y-B*DSIN(Z) 
2 - E )**2)/((X- A*DCOS( 2 ))**2+(Y-8*DS1N(Z)-El**2)•*2 
3 - ( X-A*OCOS ( Z ))*((X-A*DC0S(Z) l**2+3*{Y+B*DSIN(Z)+El**2) 
4 / ( {X-A*DCOS{2l)**2+(Y+8*DS1N(Z)+E)**2)**2 
5 +2*Y * ( x-·A•l:>c os ( Zl ) •< 2*Y'* cx-·A*DCOSC Z) ) ••Z-+~*TY + B*OS IN( Z1+E) -
6 * (X-A+DC0S(Z))*~2 + 10*(Y+8 *DSIN(Z)+E)**3 
7 - 6*Y *(Y+ B•DSIN(Z)+E )*•2) 
6 / (( X-A*OCOS (Z))**2+(V+B*OS[N(ZJ+EJ••2)**3) *A*DS1N(Z) 

RETURN 
END 

----

·--·· ----- .. - - ---

- --- ·- -·---- - -- -- --- - --· .. - · ·-· ----- -- ---· - -· --~·- - - -- -- --- ·- -~--

- -----··- --·--·- ---- ---- - ----· - -·~ --- ·------- . . - ------· 

- ----·- ·--·--- --- -- --·- ------

-..J 



. - .... -

r-
0005920CC 
0006000CC 
000n020CC 
0006100CC 
000f,200C 
0006:JOOC 

THI~ FUNCT[ O~ CALCULATES T~E X STRESS AT (X.Y) DUE TO A POINT 
FORCE X ~T (O,Z) ON A cnACK IN A SE~lINF[N[TE PLATE. 

AEAL FUNCTION XC P AC*8 (Z) 
REAL* S l 

... 

1 V - RE~ p I 1 C' tl.L._X_,_.__, ..,_Y ________ _ >-· _ _QQ0631 nc 
· 0006340( . . COMMON ~ I.X,Y /CRACK/ C,H 

0006350CC 
0006360( 
0006380( 2 
0006400C 3 
000r420C 4 
0006430( 5 
0006432( 6 
0006440( - ----=, 
0006460CC 
00066lOCC 
Q00.66~0C 
0006800C 

1-.. . 

~~-----· 

XCRAC=(l/(PI*(X**2+(Z- Y)**2) **3) 
*(-3*X**4 +6*X**2*(Z-Y)**~ +( Z-Y )**4J 
+ u<P1•fx••2+cz+v·1•*21••·4·; · · · 
*f-5*X**6 +(13*( Z+Y J**2+12*(Z+Y)*Y-12*Y*•2J*X**4 
+ (Z+Y)**2*( 17*( Z+Yl**2-72*CZ+Y>*Y+72*Y**2)*X**2 
-( Z+Y)**4*((Z+Y)**2-12*(Z+Y)*Y+12~*~Y-*~*..:...=2~l~)~)._ _______ ~_ 
* OSQRT {(Ct**2 -(Z-HH*2J --

RETURN 
EN D 

--·-----

~- --- ---{ 

-· -·-·- -- ----· --··-~--- ·-- ·-·-··- ..... ..... - .. ·--· -· .. -· ........ , --··-- ---·- - -··--- -··· - ·----- ·- --- · ·· .... ----·-·-·--··-

-- --- -··-· . -· -- ·- ---··-·-----··--.-·-·_ -______ ,, __ ,, __ ·--··----- .·-····"· ... ... __ ------ .. --·· --... =l 



r-, 
I---· 

~
n••~,iiot t 

1() H'd.10 v1. ,t 
,U ~111 II l1 Ile f 

O<>or; tOOc_( 
OOOt,JOO<.. 
OOOuJOOC 
0006310C 
0006340C 
00 Ob.350CC 
0006360C 
0006380C 
0006.\00C 
0006o\20C 

- 0006o\3<fC -
0006432C 
00064.\0C 
00064-60CC 
00 0661 occ 
00 06630C 
0006800C 

•- r- ·-- ----·-·- ----,.. -·--- ··· •·• _ ... ___ ___, ______ ._ ____ _ 

HO Li r, u ,K; llr~N lAllUL/\ 11 ' • lHI '( !,lMU,!. Af (X,V) nut Ill fl. POINl 
f! llf1Clr ')( A f (0 l) ON A CP AC~ IN A SEM llNl"INIT l PLAT t. , 

RcAL rUNCTI ON YCRAC*8 (l) 
Rt;AL*8 Z . 
REAL*8 PI,C. H ,X,Y 
COMMON PI.x.v /~RACK/ C,H 

VC RAC= (l/(Pl*{X**2+{Z-Y}**2)**3 ) 
2 
3 
4 ·s ·-

•< x••• -6•x••2•<Z-Y)**2 +(Z-Yl**4) 
+ 1/(PI*(X**2+(Z+Y)**2)**4) 
•c-x••6 +(5*(Z+Y)**2-36*(Z+Y)*Y+l2*Y**2)*X**4 
+ < z+-Y J ••2•Ts•rt·.:v-r••2+s6•-Cz+v,-•v=-1 ·2..-v••2-r.xu,2 
-(Z+Y1**o\*l(Z+Yl**2+4* ( Z+Y)*Y-l2$Y$*2 J)> 6 

7 * 0SQRT(lC)**2- ( Z-H)**2) 

RETURN 
END 

r -
-- ---- -··- --·- . . ·- ·---·----· . ···-- ·---- ~ 

- -----· - ----· .. - ·- -- ---

--·- ----- --~----- -------- ---··~ ---·-------- -·----:a. 
c.o 

\., 



i-

i 
I 

0005 920CC 
00060 00CC 
oo 06 02 0cc 
00061 0 0CC 
0006200C 
000630 0C 
000631 oc 
0006340C 
00 06:JSOCC 
000636 0C 
0006400C 
0006 4 10C 
0006420C 
0-006432 C 
00 06460CC 
00066lOCC 
0006630( 
0006 80 0C 

1-----

1 

T HJ S FUNCTION CAL CULATES THE SHEAR ST~ESS AT (X . Y ) out 10 A 
POI NT FOACE X AT (O,Z) ON A Ck ~ CK I N A SE M1 INFINI TE PLA TE . 

AEAL F UNCTI ON TAUCR A•S (ZJ 
REAL*8 Z 
REAL* 8 PI.C,H.x.v 
COMMON Pl,XtY /CRACK/ C ,H 

TAU C~A = ( 2 /( P [ * ( X*•2 +( Z-Y)** 2 )**31* X*(Z- Y)*(3* X**2-(Z- Y)** 2 ) 
2 - l/( P l*( X**2 +( Z+Y)**2 1**4) 
3 • ( 2*(3*CZ•Y)+2•YJ•x•• s +4*( Z+YJ•< CZ+Y> • •2-1 ••< Z+ Y>•Y 
4 + 12•v••2> •x••3 - 2•(Z+V)••3•((Z+Y)••2- 1a •( Z+Yt•Y+ 2~•v••2J• X>) 
5 * DSORT(fc)••2-< z.:.-Hl••2) - - -- --

RETURN 
END 



4. PROGRAM FOR CRACK IN SEMI-INFINITE PLATE USING ANALYTIC 

JNTEGRA TION (BODY 1) 

4.1 LISTING 

; 1 
' • 



~ . : 

oo:oic~cc 
00 : 0 2 oocc 
oo :::o·::::u2cc 
oo : 021occ 

P~JGRAM TL COMPuTl 

~ETHO~ OF SCLUTIO~ 

S!f FG~ CJ:clCK Pl S EMIU,fPHTE PLA TE . 

rs THC E1~Y FD~CE ~ETHOC (if. rnS IT.\N I). 

co :::o.::2occ 1:; :J EX IS THE NUH'.f.:_;; Of I 1'.,E:~V4L :'., 1·,n: wHI CH TH[ CRACK HAS ::: t.EN 
00 :0 2 4 :)CC ~~ ~ T I TIS~EO. 

-- "1TC0 ... 4..!CL---:J13T rs· ,-,.-,~E-0~1~s~1~7.r·N...,.....C .... E--,F~- .... r:.rr;r I H[ ccn-;rr- OF TTT!:l:'ITTrCT--nJ- TH::. 
00 :0244CC E~GE OF THE PLAT ~ . 
00 :.. o , 4:iCC ·~1:HH 15 hALF THE lt:: NG TH 2F T Lff.: (~.:.CK . 
00;0243CC s T;lESS IS THE APP L I ED ::; TRESS ~T I ~F INITY. 

-··uu·-cozc·:: cc --· · · 
OO COiOOC rNTE~CR l~DEX ,INC ~EM 
00'.)0JC:)C :(E:. L D I ST,llt'ID TH,STr.c t:ss , P J ,.A, G , C ,D, [ ,F,G, H,X, TE5 r,;:;lT, SI F l ,S IF2 
00:)0 3 :JC i<!:..~L E TA C 101 l ,M ICP T< 101) ,FL~C( lC l, 101) ,FORCE( 100 ,1 01) o c vu J 4 :n:1:· -- · - --- - - - --------· --- - ------ --- - - -------· 
00 vOJ 60CC 
OO C0400C 
OO CU 4::)CC 

·cro?o421 - c 
OO C0422 
OO C0440 
OOC0460 
Ol)""CU'l+1f:J 
oo cosoo 

I 0Q ()Q ~Q5 
l OOC052 0 
! . -· - -UO"O'O"S'4·u--· 
I OO C0545 
i 0000560 
I 00 00500 

r gg~g~rr-

ru :: .~D (S,50 0) JNOEX, DI S T. \olIDTH , SH./ESS 

'" R ITE C 6 ol 000 I 
,m;TE C6 , 1C:.05) 
WRITE(6 ,1 01C ) 
WRlfE(6,1020) 
WRITEC6,101C) 
WRITE (6,1 025 ) 

I NOE. X 

~RiTE C6,1030) D IS T 
\4 R I 1 E. t 6 , 1 C 1 0 ) ------·---------- ·--··- ----- -- ---- ·- ·- - -----.. - · ·· - · ---· 
WAITE(6, 10.35) 
WRITE(6t1040) 
WRIT[C6,1010) 
WRI IE (6, 1050) 
WAITE(6, 1 0 10) 

w IDTl-1 

SIRE SS 

1 

00 !)0720(( 

. - __ g.g.g.g~g~- ---{~~~EA~bl·~~~+i J A!~f • ｲｾ Ｍ ｾｾｾｲｾｾ Ｍ ｾｓｾｧｾ＠ ~~~-i8nJ~~~~;l_• ___ .... ______ -·· . -··---- __ .. --
1 OO C0780CC OF THC NTh INTERVAL ON THE V ~XIS ALONG THE CRACK. 

occoeoocc 

ｾ＠
OOC0 62 0CC MI DPT(N ) IS THEY VALU E OF THE MIDPOINT OF THE (N-l)TH l~TERVAL. 
00 G08lf CCC 
00 00 860CC 

I 
OOCO?OOC E TA(l) = DIST - wlOTH 

- .g~{{g~g_§~----···-·-·-·-··-·- - ------·--··---·--·-·· - .. ---,-·-·- ---- ---- ------ - - ---. ··-····------- ---- -· ·--- ·---- - ·-··---··----
00 ~1021 ~l = 3.141593 
OO Cl Q;,!ic INCREM = INDEX +1 
0001040(( 
00 Cl l O'OC' 
OO Cl ,OOC 
OOClJOOClOO 
0001-.00CC 

- o cnrrsm1 rr · · -
OOC l oOOCC 
0 0 )1020 C 
00:1 7 00( I .... --

DO 100 N=~ ,INCREM 
ETA(N) = !:. TAC 1) + 2t.•W 1 0 Tt-::: ( N -1 )/INDEX 
l1I 0Pl<Nl = ETA <NJ - WIOH· /['mEX 

CACCU1:'l.TE"'"f1Jf::C f M,N J. "TR'J"S1s-T RE ANA[Yf ItALLV I NT"t'GR1iTED. 
BOD Y FORCE FUNCTION, 

DO 200 M=2,1NCREM 

--------- -------

j"-.) 

"-l 



oo : 1 3C OC( 
C O _; 1 ·; 0 0 C C 
CO J2vC'OCC 
0 C ] 2 l 00 C 
oo :22,;oc 
00:.2 :.i :::oc 

~ . 3 ,C, O , [ tF, ~ t h , A•Y 

ｾ＠ = Ml n PT(M) + J IST 
3 = MIDPT( HJ - ~IS T 
: = SQ~T(~I 8 Th**~ -

. --
'"' r"' ~ I r-,, T ':: '~ 1.; '":D i A-=< Y ~ Li ~ i CT IO f\. S • 

; ,::::: z ) ,... 
OO S2?+0:lC . ·.., ::A°::': 0::7 - r.TCT-n=r:::::,..; - - . -··----- -
OO J 2t..20 C 
0 0 ·:.2 ~OJCC 
Ou ·:;260~C 
00 '.;2700C 
00'.)2 3 (.)0( 
CO :;;;: '; 0 0 C 
G O:)JCCOC 

- - o o-: :n-o-c C 
oo :32oocc 
00 CJJOOCC 
00 03400( 

-OD :Y3 51i :JC 
OO C:3oOOC 
OO C3700C 
00 03 8 00( 

T " ..., ... 
) 

'+ 

.) 0 2 0 0 ~,= 1 , IN On. M 

C = '.::TACN) - D I ST 
r= = !: T A ( N ) t ~· I (, P T ( M l 
::; : 'HDPT(M) - E TA( N) 
ｾ＠ = S ~RT(WIOTH**2 - E**2 ) 
x - =-·-:\KS'Tfiff( WI D l R:,::,:Z-+ Ji. :,:::.) 7 C vr:::rTFl"!';':FTT' 

FUNCCM,N) :: l/ P l * ( H/G + C/C 
-· ~ -A'L0GfA8Sl{W1DTH::,:~2 ;; ·g,:.( .-·· t::::H )/( \.10TH:!; Gr1 n 

- l/ P l * C-H/F + A/SO~T(D ) * X) 
+ 6* MIDPTCM)/ PI * (-h/F** 2 *<1- A*F/0 ) 
+ WI DTH :;:::,2/0:;::::1. 5 ,:: X l - 2:::M I DPT(H)::::::2/ PI 

00 u390oC 
00 ) 4 000( 

l_ 
5 
6 

--~TH / F::,:f3'~r--2---t= A :;: F 7 D '+ t 2>:: w l D I H :;:~ 2 + A:;::;: 2 ) :;, F :f;'!,: 2 I D ~' !; c: ) 
+ 3* WIDTH**2 *A/D**2 • ~ * X) 

00 0 4 I 00 CC 
0 0)4120(200 
0 0041rro-(' 

CONTINUE 

00 04200CC E VALVATE &CO Y FORCE MATRIX AS FO LLOWS: 
oo:4 JOO CC (INDEX BY INDEX) MATRIX CC~TA I ~S FORCE FUNC TI O~ (INFLUENC E 
0004320 C COEFFICIENTS); 
00J4400(C C INl:H:X BY ONET- p;ocn, rx ~rn-n:rs- NE:GAI IVE. OF STRESS. 
0004 500CC 
00 0 4 600( DO 300 M=l ,INDEX 
OOC4700C FORCE(M,INDEX+l) = - STRESS 

-·-·-oo·:rtnnrm:····-------··rro---"3UO~=I i TNDEX - .. -·-
0 004900( FORCE(M,N) : F~NC(M+l,h+l) - FUNC(M+l , N) 
00 04 9 40 300 CO~TINUE 
0005000CC 
00 05100(( -------- - - - -- - - - ----

0005 200 CC CALL SOLV E SUBROUTINE FROM F TNL I D TO SOLVE SYSTEM OF 
00 05300CC LINE AR EQU ATI ONS . ON RE TU RN FROM SO LVE , SOLUTIDNS WILL 
0 0 0 5 .3 2 0 C BE F OU N D I N T HE ( I ND E X 8 'Y Ct J E ) M A T R I X • 

- ---1TO'U5"3""Z.CI-C------- -··-· · - - -·----------- ··-·--· - - ·-----·- --- -- . ···-·-···. -···· 

0005400C CALL SOLVE(FORCE,100 ,J NDEX,INOEX +l,0 ,DET,T EST ) 
0005 500( IF (T EST.NE. O) GO TO 400 
0 005!i20CC -- --------

;., 

OO C5545 WRITEC6.1060) 
00 0b550 WRI TE (6•1 065 ) 
00 0555 1 WRITE(6.1010) 

- ------ - ------ --- -

--- - -crtn:r55c·rc------------- --- - - - · - -·- -- - -----· - · ·- --- ·-·- ·-- · ·- · .. -- ·· · ... - ·----··· ~-- · - -- -----
o o os ｾ＠ a o C COAREC TI ON FA CTORS FOR STAESS INT ENS ITY FA CTOR S ARE NOW l~ 
00 05600 C THE LAST COLUMN OF THE MATR IX. TH EY ARE TO BE PRINTED, 
00 05620 C AND USED TO DE TERMINE THE s.r.F. AT TH C TIP S 0~ TH £ C~AC~. - -- - . ·--

\.~-- ------------------

~ -­
(.J.l 

--------- ------ -------

.\ 



/" 

0005 625 C 
00:0 0 4::JC 

-·o-o -: 5 u; o 
00 J 5..: o JC J 5 C 
OvC57CO C 
oo:s,2oc 

~O 350 M=l,lNOEX 
FO~CEPf ,INDEX+l) = FCr.c::ct..1.1r: r,:.:x +1 }/S T RESS 
,,q 1TEC6,bOO) ,..,,F uRC I (!-l , H-D[X+l) 

N,H TE(6, l 0 1Cl 
'---u-c~:J- · - - -::-rFT ==rOf,CETl,-H,TkE ITT"" ::, - -::;~TTPT::!W 1 DI A) 

SIF2 = F~RCE(lNDlX,lNCRE~) 0 SQRT(Pl*~ICTH) 

i 
I 

oo o~ 7cO 
OOGS7 u 0 C 
o o oseoo 
O-u-::r51>2D 
OO J~.5 4:) 
OOC5660 
OO .)o J so 
00 ... 570';) 
00 05920 40 0 
00 :)5940 C 
00 :)5960 cc 

"'1RlTEC6,lC7Cl 
- T;RITEC6,10751 SlFl 

,iRlTE(5, l C lOl 
Wf< ITE(otlOBOI 
w;:;1TEC6, 1C851 S1F 2 
~RI1EC6 ,IOIOI 
WRITE(6,700) DET 

- oo·osvc0c-c ·· ·· · · ·-· · --· 
OOCbOOOC50C FOQMAT(I4,3(1X,F1u.OJJ 

i 00 06C01 740 FOAMAT(811X,F6.3)) 
I 00:6005 BOO FORMAT(lX,F12.6J 
;- ·- 00050.;:J~60u f0RMAICl4,1X,F12.6) 

oo::-6040 70 0 F GRMAT(lX,'THE DETERMir~A·H CF TH E COEFFICIENT 1-!ATRIX IS 1 ,1X,E1Z,6l 
j OO C6060C1D OO F ORMA T(lX,'SOLUTJ O~ TC CR ACK IN SEMIINFINITE PLATE•) 
j 00~6080 lOOS FO~MAT(3X,'BY N1SI1ANI BCDY FORCE METHOD'} 
,·- --vootSIOO ton. FUfilJtAI ( IX) -- ----------------.... -- --·--··. 
I 0006120 10 20 FORMAT(lX,'THE NUMBER OF DIVISIONS lN THE CRACK l$',1X,I4) 
1 0006140 10 25 FORMAT(lX,•THE DISTANCE F~(~ TH [ EDGE OF THE PLATE TO'> 
I 0006160 lOJO FORMAT(3X,'THE CENTRE OF T~E CRACK 1s•,1x,F12,6) 
! 0006180 IOJ5 FO~MATllX,'fHE OISIANCE H~CM IHt Ill-' Uf- IHt:. C.HAI..K. To•, 

'I OOC6200 104 0 FOAMATt3x,•THE CENTRE CF T~E C~ACK 1s•,1x,F12.6> 
0006 220 10 50 FORMAT(lX,•THE APPLIED STRESS AT INFINITY 1s•.1x,F12.6) 
0006240 1060 FORMAT(lX,'THE CORRECTION FACTO RS FOA EACH INTERVAL,') 

, · -· oo o520-o-ru6 :; ·- r-rm,u.-mx---;---sTI1nnrc;- -wTTR- 1 Fe-uRC ~E uics r rRr·r OGc. J.1n., > -----·- ---------
. 000628~ 10 70 FORMAT(lX,'THE STRESS INTE~SITY FACTOR AT THE TIP OF') 

00063 00 10 75 FORMAT(3X,'THE CRACK NEA~E~T THE EDGE 1S',1X, E 12.6) 
I 0006 320 1080 FORMAT(lXt•THE STRESS lNTEhSITY FACTOR AT THE OTHER') 
r -----rro 06 3 4 0 1 0 S ~ FURM A f ( 3 X , ' I IP IS' , 1 X, El 2 • e ) - . 

I 

00 06360 C 

. - gg g~~g~ C .• - f~gp -----------·-· ---·· -·-· ·-·---·-· 
I 

! 

ｾ＠
' 
! 

I 

ｾ＠ N 
.-



4.2 TYPICAL INPUT 

INDEX (MM) = 12 

DIST (e) = 1.0 

WIDTH (b) = 0. 8 

STRESS (cr~) = 1.0 

FORMAT (14-, 3 (IX, FlO.O)) 

4.3 TYPICAL OUTPUT 



L+. "2 
.- --~ ·--- ---

,,,,---

s:.L v T! Q"J Tu C.-U,CI< 1 ..... S[MI1"1Flt.IH: PL,H r:: 
f.iY tHSIT,..IJI '.:iC ~Y FO~CI::. t-l(THGD . . 

T~t NUMOC~ : F ~ IVI S IO~~ IN THt (RA C ~ rs 1 2 

Tht D ISTMK[ F~ 1 11 THE l(.)(,E OF lH[ P LAT[ TO 
I H L m,n:~~J"F-T R::-C-R7;-CK" rs . - - - T;-:;u-c; ~ ---- ·-------· - --· 

T HE D!S TA :KE :.-:. :1· THE TIP OF TliE (h"A(K T: 
T HE CE N TRE O F T~E C~ACK I S Q . 8 0JOGO 

H •E APPL! :::C ST :H~SS AT H~F I ~I TY I S 1. JOJC, -J~ 

T~L C~RP ECTION FAC TO RS FOR EACH INT[RVALo 
--- .5 f ~r.-G-wn:..:r--· r HE ORE- lQtARE ST rnr:--nr·-...,~E-,- ........ , ~R~L 

l 
2 

" "") 

1.J8501:> 
l • .3S 059'J 

··- ··-r;·"J17J"q7 - --·- -
1 . , 8 7'.JS ,'.3 
1. Z609o? 
l . ;-:· JS289 

r--- · 

4 

5 
6 
7 
5 
9 

I . ... 1 S6 lto - ----­
l. , J 14 8 ? 
1.185427 

i 

10 . 1. 1 7 Jo ·n 
, 11 I.lblTo.J . · 
I 12 1.1 502 14 
I 

l 
! 

Tl-iE STRESS llJTENSHY FACTOR AT THE TIP CF 
I RE CR?fek----rJEA ,~EST TAE ED GE 1S 0.219';;/1E OI 

I Tl-iE STRESS !HTEHSI TY fAC TOR AT THE OTHE~ 
1 TI P IS 0 . 132J47 E 01 I -· --------· . -· ... ----------·--- ------- ··-·- -- -· -

--- ------· ----- -------- ----

1- TSE DETE AM; ,i,:;r OF TH[ COEFF IC I tNT >A Tfi IX [ S O .! 971 O ?( 0 9 

I 
I 

I 
I 
[ _________ -----

-- - --··-- - ------ .. - .. ----·----· 

····--·------ -------------" ·--- -··· .. ----·--·----------- ·--~----· ----. ---- -------·------·- --- ····----···-··-----· --·-· -------- -

-----· ----- .. 

f',..'l 

O') 
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5. PROGRAM FOR CRACK IN SEMI-INANITE PLATE USING NUMERICAL INTEGRATION (BODY 5) 

.5.1 LISTING 



00001 oocc 
0000200cc 
0000202cc 
0000203 C 
000020• C 
0000205 C 
000021 occ 

PROG~AM TO COMPUTE SIF FOR CRACKIN SEMIINF[NJTE PLATE. 

METHOD OF SOLUTION IS THE BODY FORCE METHOD (H. NISITANI). 

NUMERICAL INTEGRATION 15 USED INSTEAD OF ANALYTICAL 
INTEGRATION TO DETERMINE INFLUENCE COEFFICIENTS. 

--0-0-0<> Z2."0CC - INDEX IS THE NUMBER OF I ~TERVAL S f NTO •H ICH THE CRACK --HAS- Be'.EN 
0000240CC PARTITIONED. 
0000242CC DIST IS THE DISTANCE FROM THE CENTRE OF THE CRACK TO THE 
0000244CC EDGE OF THE PLATE. 
0000246CC WIDTH IS THE LENGTH OF THE CRACK. 
0000248CC STRESS 15 THE APPLIED STRESS AT INFINIT~. 
0000250 C FRAC IS A NUMBER MUCH SMALLER THAN leO USED IN THE 
0000252 · C NUMERICAL INTEGRATION AROUND THE SINGULARITY. --cro-0026occ------ - - - - - -· ---- --- -- - ·--
00002soc INTEGER INDEX.INCREM 
0000321C REAL*8 PI.DIST.WIDTH.STRESS.EPSIL.SI.SlMleAeBePRECeDET.TEST 
OD00322C REAL*8 ETAllOl).MJDPT(lOl)tFORCE(lOOelOl) 
0000340( COMMON MIOPT.OIST.W[DTH.PleM 
0000360C EXTERNAL FUNC 
0000380CC 
0000400CC 

--lRr~o--c-- -- --1:ff:Ar5rs.sooJ ]Nt>Ex;,n-sr-; WIDTH. STRESS. FRAC -
0000421 C 
0000422 C 
0000423 
0000424 
0000425 
0000426 
0000427 
0000428 
0000429 -
0000440 
0000460 
0000460 
0000500 

I 0000520 
·1 0000525 
--~00540CC 

WRITE(6.1000) 
WR[TE(6e1005) 
lllRITE(6e1010) 
WRITE(6el020) INDEX 
WRITE(6.t010) WRlTEl6.1025l ______ --

WR1TE( 6e 1030) DIST 
WRITE(6el010l 
WRITE(6.1035) 
WRITE(6e1040) WIDTH 
WR1TE(6e1010) 
WR1TE(6e1050) STRESS 
WRlTE(6el010) 

·------- - ·- -·-- - -----·-----·--·-- . ·-· - -· ---

I
I OOOOS60CC 

0000580CC 

1 
0000600CC 

I 0000700CC 

COMPUTE VALUE OF ETA(N)e MIOPT(N) FOR N=l TO INOEX+l. 
ETA(N) ANO ETA(N+l) ARE THE VALUES OF THE ENOPOINTS 
OF THE NTH INTERVAL ON THE V AXIS ALONG THE CRACK. 

i gggg:~g~~ 
0000840CC 
0000860CC 
0000900C 
0001000cc 
0001020cc 
0001021c 
0001022 C 
0001025C 

NIDPT(N) IS THE Y VALUE OF THE MIDPOINT OF THE (N-1 )TH INTERVAL. 

ETACl) = DIST - WIDTH 

Pl = 3.141593 

1NCREM = (NOEX +1 

,; ... ·r 
CD 



00 0 1 04 0(.(.. 
0 0 0 11 ooc 
0001200c 
0001300C 10 0 
00014-00CC 
0001402 C 
0001404 C 

- -- o-u-or4o6 c 
0001410 C 
0001420C 
0001460 
000146 5 
0001480 C 
0001600CC 
00 01620CC 

--·--- 0001630<:c -

000163 2 C 
0001640CC 
0001650CC 
0001655 C 
0001660 C 
0001665 C 
0001670 C 

DO 100 N=2 , 1NCREM 
ETA( N) ; ETA(l) + 2*WlOTH*(N- t ) /INDEX 
MI OPT{ N} ｾ＠ ETA(N) - WI DTH/INDEX 

EP SI L IS THE VALUE OF EPS I LON FOR INTEGR ATION AB OUT 
THE S1 NGUL ARI TI ES . 

EPSIL = FRAC * WI DTH / INDEX 
WRI TE ( 6 .1 0 55) EPS IL 
WRIT E( 6 . t0 10) 

EVA LUA TE BODY FORCE MAT RIX AS F OLLO WS: 
. ---, INor x- a v-- H ,fO EXf MATR IX- CON! AINS FORCE FUNCTI ON ( fNFLUENCE 

COEFFICIENTS); 
(INDEX BY ONE) MATRIX CONTAINS NEGATIVE OF STRE SS, 

NUMER I CAL INTEGRATION IS PERFORMED OVER THE WHOL E NTH INTERVAL 
UNLES S (M-le EO.N) IN WHICH CASE T~E INTEGRAL 1S DlVlDEO INTO 
THREE ?AR TS ABOUT THE SINGULARITY. 

000167-S--C-__________ -- --· --- ---- -----

0001700C 00 200 M=2,INCREM 
0002600C 00 200 N=l,INDEX 
0002700CC 
0002720C 
0002740CC 

IF (M-laEQaN) GO TO 175 

0002800C CALL ROMBRG( FUNCeETA(N), ETA(N+lJ.1.0.1.0-7.15.Sl.SIMlelNDIC,L) 
0003000C IF (INOIC.EQ,lJ GO TO 450 

-~01)0300~C----------- . 
0003005C 
0003020C 
0003040CC 
0003080C175 
0003JOOC 
0003120C 
000314-0C 
0003145 C 
0003160C 
0003180C 
0003200C 
00-03220C 
0003240C 
0003400CC 
0003520C20 0 

--000• roocc 
0004600C 
0004700C:JOO 
0005000CC 

-·o·oosaoocc 
0005200CC 
0005300CC 

2 

FORCE( M- 1 • N) = 
GO TO 200 

SJ- 1 

A= MIOPT(M) + EPSIL 
8 = MIOPT{M) - EPSIL 
CALL RO~BRG( FUNC,ETA{N>, a .1.o.1.o-7.14tSI.SINl.lNDIC.L) 
IF ( INO[C.EQa 1 J GO _ TO 450 ---------··---- -----· 

FORCE{M-1.N) = Sl -1, 
CALL ROMSRG( FUNC.A, ETA(N+!)tlaOtl,D-7.14.Sl,SIMltINOJCeLJ 
IF (lNOIC,EQel) GO TO 450 
FORCE(M-l.N)=FORCE(M-l.N)+$ 1-t. - 2*SQRT(W1DTH•• 2 
-CMIOPT(M)-01 ST)*•2> /(PI* EPSIL) 

CONTINUE 

DO 300 "'=I.INDE X 
FORCE(M,lNOEX+l) = -STRESS 

• CALL SOLVD SUBROUTINE TO SOLVE SYSTEM OF LINEAR EQU4T[ONS, 

---· -· ----- -- -- - ---· - .. . --- ---·- -·-- -- -----· ··--- ·---·---- -- -- --------

'-----

t-....... 

(.Q 



,-
! 

1-
i 

0005400C 
0005500C 
0005520CC 
0005540C 
0005545 
0005550 
0005552 C 
o-oos-56oc 
0005570 
0005600C350 
0005602 C 
0005604 C 
0005606 C 
0005608 
0005610 
01>~11 -c 
0005612 C 
0005620 
0005640 
0005660 
0005680 
0005700 
0005720 
0005740 
0005760C 
0005780 C 
0005800CC 
0005820CC 

CALL SOL.VD(FORCE,100,INDEX.INDEX+l.O.O,OET,TEST) 
IF (TEST.NEeO) GO TO 400 

ilfRITE(6, 1060J 
WRITE(6,1065) 
WRITE( 6, 1010) 

00 350 lf'=l ·,TNOE)C -· ... - --~·- . 
FORCE(M.INCREM) = FORCE(M,CNCREM)/STRESS 
WRITE(6,600) M.FORC E{ M.INCREM) 

CALCULATE STRESS INTENSITY FACTORS AT TIPS OF CRACK. 

SlFl = FORCE(l,INCREM) • SQRT(Pl•wIDTH) 
SIF2 = FORCE(INOEX,INCREMJ • SORT(Pl•WIDTH) ----- -··· ·-- - ---- --· .. -· - -- . . - -- ---- - -· 

WRITE(6.l010) 
WRITE( 6, 1070) 
~RITE(6,l075) SIFl 
WRITE(6.10l0) 
WRITE(6el080) 
WRITE(6,1085) SJF2 
WITTTE(6-, t-oro,--- -· 
WRITE(6al090) OET 

0005840C500 FORMAT{I4.4(1X.Fl0•0l) 
0005860C600 FORMAT(l4.lX.F12.6) 
0005880C700 FORMAT(lX.•ERROR! NUMERICAL INTEGRATION DOES NOT CONVERGE•) 
000590_0_800 FIJRNATUx.•ERROR: COEFFICIENT MATRIX IS SINGULA-R' ) 
0005920C1000 FORMAT(lX••SOLUTION TO CRACK IN SEMIINF(NITE PLATE•) 
0005940Cl005 FOR~ATC3X.•BY NlSITANI BODY FORCE METHOD') 
0005960 1010 FORMATC1X) 
0005980 1020 FORMATClx.•THE NUMBER OF DtVISlONS . tN THE CRACK ·1s•.1x~ 14) 
0006000 1025 FORMATC lX.•THE OtSTANCE FRON THE EDGE OF THE PLATE•) 
0006020 1030 FORMAT (3x.•To THE CENTRE OF THE CRACK 1s•.1x.F12.6) 
0006040 1035 FORMATCtX.•THE DISTANCE FROM THE TlP OF THE CRACK't 
~06060 10-40- -FOR"1AfT3-X·• •Tb I.HE CENTRE OF THE CRACK ls• .1x.F 12.6) - --- --· 
0006080 1050 FORMATC1x.•THE APPLIED STRESS AT INFINITY 1s•.1x.F12.6) 
0006100 1055 FORNAT(1x.•THE VALUE OF EPSILON USED FOR INTEGRATION 1s•.1x.F12.6) 
0006120 1060 FORMATUXa•Tt£ CORRECTION FACTORS FOR EACH INTERVAL,') 

-·· -·· 0006140 1065 FORNAT(3X.•START1NG WITH THE ONE NEAREST THE EOGE, ARE'l 
0006160 1070 FORMATClX. •THE STRESS INTENSITY FACTOR AT THE TIP OF') 
0006180 1075 FORMAT(3x. •THE CRACK NEAREST TttE EDGE is•.1x.E12.6) 
0006200 1080 FORMAT<1x.•THE STRESS INTENSITY FACTOR AT THE OTHER') ---o-o~o·li22m_s ___ F_DRNAY·n -x.;-rTP - TS' .1x-.Ei2.6r - - -----·- ·-- ------- -- -----·-----· 
0006240 1090 FDRMAT(lX,•THE DETERMINANT OF THE COEFFICIENT MATRIX 1s•.1x.E12.6) 
0006260 C 
0006280CC 
0-006300C 
0006320 C 
0006340 C 

STOP 

. ---- --~-· - - -·-- --·---·--· -· --- --· - .. ---- - ·- ·------- - ----------·------..----------·· 
._J ) 

C) 



- -0 0 
0 0 
Cl) .... 
• . 

'° '° 
w w 
... o_ ... 0. 
-o -o 0 
ill- a: i,.. z 
.V) .U'l lJJ 

0 0 
0 I{) 

<t V'Ct V 
V U 

0000000 
ｾ＠ Cl) 0 (\l<t -0 IX) 
,., I") <t <t ct ct ct 

,0 '° '° -.() -0 '° I() 
0000000 
0000000 
0000000 

1 1 

I 

-· -_J 



5.2 TYPICAL INPUT 

INDEX (MM) = 12 

DIST (e) -, 1.0 

WIDTH (b) = 0.8 

STRESS (a~) = 1.0 

FRAC = 0.01 

FORMAT (I4, 4(JX, FIO,O)) 

5.3 TYPICAL OUTPUT 



S:L~TION TO C~ACK I~ SEMIINFI~llt ｾｾｾｔｾ＠
bY ~dSlJ,-•j; ,i,~DY F Cl~CE METhl~1 

TI--E t: 'Jl·'SC!·: :)!= Jl '/I~IO' . $ Ir, Tl-'t Cf<l-(f,:, ::.: l ,; 

T 1-- E ;:: : ST t. ;, C :: r ~: !·I T r1 C EOG E :l F 1 r. t.: r L ! l ._ 
r;:; · TR:: cr--:r::r nr-·· ri::i= ·T;:;"Acr;--r-s- - - 1. :::c::;o-:>:·------ --- ----·--···- -

T h t. .::- I S T t. t. C C r Q .J M T HE T l P OF T H E: C J'... ,\ C ;,.;. 
T 2 H ~ !:: C [ • n ;~ L fi f' TH !: CF; ACK l S 'J • e C :; CC('; 

T t-E ,.:., r.;PLH.C· SH,:-.s :; t.T 11',FINI TY I!:> , .~a.J c:: 

T f- [ YALU[ Uf' CP3:~:N USED FOR l~T[ G~AT I C~ IS 

n •E c:ifmEC T IO~J F-1C Toq:; FOR EACli JNT 1:" RVAL, 
STA~TING WITH TH E: ON::.. r,..,EARE.~T TH E :D(;E., A::::C 

·1 

2 
3 
4 

. 1 ; ::rn !5 4 :3 J 
l.J5112.3 
l. :} 17J 55 
1. 2072 ':)7 

-----..,.-----.,-.-, 15 I I 6 I --- --· 

6 1. Z3S45J 
7 1. 2 1 8806 
8 1 • .201747 

· ------- 9 1-.-rrro7:r?- · -
lO 1.17.1547 
11 1.161893 
12 1.l51842 

C . OJOt,67 ----·---

-------- - - - ----·--------
T 1--E STRESS !NTE:~SITV FACTOR AT TH E TIP CF 

THC CRACK NE A1EST THE EDGE I S 0 . 2198C3E 01 

. - ··- ---TFiE STR"f:SS - HHE'~S rTY-F 1KTUR· -:n.--r··n-ff ::nrEr: 
TIP IS 0 .1 826J5E 01 

T~E DETERMI NANT OF THE COEFFICIENT MAT RI X IS 0.196455E 09 .______ - - - ------

. -----·-- ... - -· - -·-·------ ·-- ·-- -~- .. --···-·· 

-------- ------ --

. - - ......... ... ---·----· ·--........... ____ •_ --··-- ---·-··-----U-.. ···----•• 

l.....> 



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

6.1 LISTING 



oo co . ;:.occ 
0 0 co 2 0 J cc: 
co :.: o.:02cc 
oo.:.o;~oJcc 

PRJGRA M TL COMP UTL S ! F Fe ; CR ACK Al TH[ LGG[ Cf A 
~EMil~FINITE PLA TE . 

'.,1ETHO:J '.JF SGL:J T IO!. I S TH!: F.':!)Y FC k CE M'.:T i iOD (H. tHSITA~!l . 

OOC.0204(( :H, : lf.RICAL If--T :_ Gf..A11c r, : s L~ r. ::: :r.~TEAD OF A/'1ALYTICAL 
oo::o,.;oscc a;T[$1VTlCI\, T C ;:., f:.T E.h'.-'1' ,E :'J'J!)Y F:.;rlCE: CCEFFI(It:r-..TS . 
oo,;o, .. ·ro-cc------ ·-- ---- ·-·-·- --·----- - -- --- - ··- ··- - --- ·- ---· -- ------ - --------·--· 
oo:o.::2occ I~~or:x IS ThE · ;'.Jf'.··c:L.:.- Of rr : 7[(JV>\LS 1:Hc WH 1CH THE. C~,'\CK Hi. '; "-[['I 
oo::;o:4JCC ?A~ T ITI G~ED . 
0 0 :: 0 2 4 b CC II I :H H I S T HE U:: I', G T h OF l' h '.: C r. ,, 0( • 
00 00,4SCC STRESS I S THE APPLIED srr;-::: ~s AT IfffI~ITY . 
00:::0 ~5~ C Fi--?AC I5 ,.\ NUH 8EJ:· HL,(H L E'.;;S Th:,:, 1.0 '..'S E ) 1~. TH£ 
00.J0 .'52 C ~~U '-ICRICAL I\ITlGHATll:f\, AeCLT A S!~ .. (,ULl. ~ ITY. 

i-

OOJ0260CC 
-· ··-u-cr:1r71.nrr­

o o -::; o 3.: 1 c 
oo:o.322c 
co ::o ::;4~c 
co ·:::o:.roo·c 
C 0 ~0.380CC 
OOC0400CC 
OO C0420C 
mrao 4 2 1 c 
OOC0422 
000042 J 

. 0 000424 
- ---uuim-i:.zs 

I 
0 000440 
0000480 
00 00485 
001;0500 

! 0 000580 
0 000680(( 
OOC0700CC 

--·,ro--oo,zo cc 
OOC 0 7 4 0CC 
0 000760CC 

, 0 000 600CC 

. ··--·- ··n~T'.:~TRUEX.Tf..-rcR~- - - --- ----- .... -----

RE AL* 3 PI . ~IOTH t S T~ESS . EPSll,51,SIMl , A, B , P~EC,DET ,T EST , F~AC . SlF 
RE AL :::s E T A ( l O l ) • Ml (;PT ( l O 1 ) , FORCE C l JO , l O 1 ) 
COM MON ~IDPT , ~IDTH , PI,M 
EXITR'NAL - FUNC2 . -

RE A0(5,500) I~DEX , 

WRITE ( 6 . 1COO ) 
WRITE:(6 , 1005 ) 
WRITE(6 e l Cil0) 

wrDT il , ST~[SS , FRt..C 
- - -4-----------···---~k·--- - ----·--

~R I r E c 6 . 1 021:rr-rrmrx ··· - -- -- - ---­
w RI TE C 6 , 10 1 0 , 
WR1TE(~ e l030l WIDTh 
WR1TE(6 e l010 l 

---.nn-n:r 57rD7i'CJ1 ·-s-rn-t-s ::;- - - ------------ -------
WRITEC6 . 10 1 D J 

COMPUTE·· -v"A:LUt' or· ET:tdt-f) rCh N=r·,u-·INU'EX+ 1. 
:: TA(~) AND £ T A ( N+l) ARE THE VALUES Of THt. ENDPO I NTS 
OF THE NTH I NTEPVAL Or-. TH[ Y AXIS .t. L CNG THE CA ACK• 

ｾ＠ .0.0 0 0 S2 0CC M IDPT ( N > IS I RE V VALUE OF I ffE - p;i-rnPUlN 1 OF -rHF- C-~ITTI1- TN"TERVAC • 
OOCD840CC 
0 0 00860CC 
0 000900( ET~ Cl) = O . O 

·-·o·u-o-io·cnrcc- ·····---··--· ------ --- ··- ·· - ·-------·-··--
oo c 1 02occ 
0 00102 1C PI = 3 .1 4159265 
OOC l O~SC INCREM = INDEX +l 

- ou-OTIJOC EPSIL : FR AC * WIDTH 7T2--:::t~mExr --·---- ----·- -·---·----·-----
0 001031 WRI TE ( 6 .1 045) 
0 001032 WRITE C6. 1 050 ) EPS l l 
000 1 033 WRITEC6 .1 010) 

-----u-uCTIY:Pi ·-·--· ·-- ---w-R'"ITET0.·1Ubv>·--·- -·--- - -- . 

l 
0 00 1 DJ5 WRITE(6 .1 065) 
000 1 040CC 

-~- OOCllOOC 00 100 N=2. [ NCAEM 
--·------ ------- -

-----·----· 
( '--~---,.-----· - ·· --------------- ----

._t) 

u, 



~- ---· ---·---- -

CO Cl :'v:>C 
OO C1 .:! 0'.) C1 00 
00 :, 1.:.oocc 
00 ~1cc:.cc 
00 .: 1..:.::::;~c 
oo .:~tt, J~c c 
OU ~ I (:;4 'JCC-
00 ::}l 6 SJ C C 
00 .: 1 7 1., :)( 
00 02 6(; J C 
OO J2 7 0::> CC 
00::;2?2:>c 
00 C274 :) C 
00 0 2 3 0 0 ( 
oo .,z9 oocc 
0 0 0.3 00::> C 
OO C.3 CO~C 
00 ~3 C2:> C 
OO,JJ 040 CC 
OOC3 C80 C 1 7 5 
OO C31 QOC 
OO C3l ~OC 

E T~( ~) : ~I D TH* ( ~ - l l/ I N:Ex 
' I I :->PT ( ', l = ET A ( '\. ) - " ! '.) 7 f- 1 ( 2 :;. I :. v [ X l 

[ V -\ L U ATE u OC: Y F u k ( t MA T R IX AS FGLL::J w S : 
!I NDE X ~ Ylr-. OEXJ MA TR I X (~!\ T~I '.,S F::J~C[ r iJ LCTl O t... ; 

~ ri~O- "t Y ----uN ~1 ,... ,n in-Y.~~s- '1',EG A I IV:. [; F ~'1'hESS . 

~U JQ O ~ =2 , JNCR t ~ 
DO 20 0 N= l,l NO t A 

Ir ("4 - 1 . E~ . -.. l C.G T r 17 ~ 

CALL R :J MBf.G C FUNC2, l TA (ll.) , EiAO~+l),1. 0 ,l. (> • 7 t1 6 , S I, Sl ."1 l tl ND l C ,Ll 

ff CI'i 0 IC . E0 .1J GO T C 4 00 
F ORCE( ~ - 1 , N) = S I - l 
,0 TO 2 CO 

A = MI OP llM) + tPSl l 
9 = ~ l ~P l ( M) - E P S I L 

- - · - - --

CA L L R OMB~G ( , ~~ C2 , LT a (~) , 9 , 1 . c , 1 . ~ - 7 , 14 , Sl , S I Ml, IN D 1C , L l 
cro-c;-3-1 4 D C ---· rr-lTNUTC . EO .rr-c;u- I C 4 JC --- -- - -- ---- ---
0 0 0 :3l vJC 
0 0 C3 l c ::J C 
OO C3 2CJC 
0 0 0 3 2 2 DC 
00·:3240( 
0 0 03 400CC 
0 0 C35 ~ JC 2 0 0 

FO RCE ( M - 1, N l = S I -1 . 
CALL R~ M8 RG ( FUNC 2 , A , E T A( ~ + l) , 1 . o ,1. c - 7 , 14 , 5I , S I M1 ,1 N0 1C ,L) 
1F (I NOIC . EO. l) <:,O T O 4 0 C. 

-,:-olTCET'if-I .~ J - f ORC E t ,r;T.!T,+"Sl-;; 1 . - £.;.DScmT{ l•r"TDTH::<::: z --
2 • MI OP T( M)C02 ) / CPI * E P SI Ll 

co·..ir l NUE 
.-- - 00 C4 IO t.11 ... C ·-- ----- ---------- - -- - -
: 0 0 0 4 1 20 C 

I
' 0 0 0 4 l 4 0 C 

0 004 600( DO JOO M= l•lNDEX 
OU-00.T COC:lOO .. - - r U-::? CE( M, lROEX':t ll -= -STR E SS 
OOJ5 COOCC 
oo::s1 oo cc 
00 05 2 00CC C ALL SOL VD S UBROUl lNE TO S CLV C SV S T~M OF LI NEA~ E OU ATI ONS . 
0 0~5 3 0 0 (( - ~ ~ --
OO C54 00C 
0 0 05500( 
0 0 05520(( 
01rc!5'5 rr:rc c · -

CA LL SOL VD ( FORCE , lOO ,l ND E X , IN DEX+ l , . 50 - 6 , DE l, TEST ) 
IF IT E ST . NE . O > GO TO 4 5 0 

OOC5 5 6 0C DO 350 M:l , I~DEX 
, 0 005 57:> FORCE(~ , INCREM ) = F C ~CE ( ~ ol NCR EM) /S TRE S S 
I o o c5 6o o c J 5o wRilEC 6 ,~oo > M, FOACc l M, l ~~o~E~x~•-=-1~>~ --~ --

1

- g g gg ｾ＠ g~-c-f---- --- -
00 05 707 5 If = FOR CE(l NDtX .I NC R EM) C DSQRT { P I O ~J OT H ) 

I 
0 0)o70S C 

-·· oo o5 n o 

I OOOt,720 
0 0 05740 
0 0 ~5 7 42 

t,----- --

1 

·,nn Tc c 6; 1 u-rai-· 
WR1T f: (6,l 0 70) 
WRITC (6e l 0 75) S I F 
w i:n 1 c16 .i v 1 0 > --- -

--- --···--- ---------- ·- --- --

..J.) 

en 



00 : '::J 74 ,~ 
OO C574~, C 
00'.:5743 C 
00'.:,57GOCC 

~~iTC(G,i090l OCT 

00~57A~C50 C FJ1MAT(l 4 . J(lA • flu.O)) 
OO C570~> 74C FQ:.MA T( Sl lX.F b .3)) 

- ---0-0-::-~i:-::rccO'"t;- -- -r:n1:rA TTT<'i.rx ,F 1 ;:-.-5 Y - -- - . . -
oo;,;5s2:> lOG ~ F Gl"..:.T(lX,•SC LJ TLJ N T () rr:, ,::;[ C:"( •\ (K ｉｾｾ＠ sr:: :J.Il:-..fP.,IJ T[ PLATf.') 
00·:;t, 3 4:) 1oc:, f":.iRM,H(JX ,'US IN G ', I$1T.'..NI !::OY F2RC( ~~ E T!11;D 1

) 

OO C5b 6J 101 J FO~~AT(lX) 
oo::. .s::::::i ·102v F:'.:'?f-lAT(lX,-THE ~iU:--IE ER :)F D"TVISrr::~:-s nr THE CRACK IS'tlX,lft} 
0 0 C ::> ,,; 0 '.) 1 0 JC f" ~1 ｾ＠ ' ·1 A T ( 1 X , ' T HE Lt. i'i G T H 2 F H - ｾ＠ C ｾ＠ ..'.CI\ I S ' , l X , f l 2 , 6 ) 
0 0 C 5 ·:;::. 0 l O 4 0 f :.:, ｾ＠ t I t, T ( l X , ' THE AF PL I E ( ' S T At S S A T I !\IF l t~ l TY I S ' , l X , F l 2 • 6 ) 
00 ::0·;4:) 104 ~ Fom:A T(lX,'THE VA;_L,f. er EP~ILON I 1-.J THE r,tn-11::rnct.L') 

---·---- -· ·-- -- -·-···-- - · ·- - ···-------

o-o "C"S r; Gu T'{)""5v -"1""'D.1;7iTTJ'"X ·;-rnnrw.;-.,,u r: --rs-r.rx.FT7.;cn---------------------------- ----- - -
00 ~59~:J 1060 FOR ~ AT(lX,'THE CL R~ECTlON FACT O~S FOR [ACH INTt~VAL,STARTi~G•) 
OO CbOOO lOb S FO~M .:.T ()X,'\dTH nH:. ON [ r~ (A~ES T THE l:OG[, ARE') 
00 Cb020 1070 FOR~AT(lX.•TH E S TRESS INTE~Sl TY rACTGR AT T~E TIP OF') 
OO'J6C4~ -107'.: 'F:JITT1~T(3X,."TH~ CRACK lS',lX,F"lZ.!:) -
OO :bG60 108C FORHAT(lX,'FRROP: NUME ~ ICAL INTEGRATION DID ~OT CONV[RGE' 
oo ::.6CUO 108~ fOqMAT(lX.•ERRQR: COEFFICIENT MATQIX IS S l~GULA R ') 

: 00:0100 109C FORMAT(lX,'THE D~lERMINANT OF COCFFICI E~T ~ATRlX I5',1X,El2,6 l ;---o-oc·orz-o- ----------------····-- -------·-· - -------·--- -- ·- - -------
, OO C614'.:>CC 

oo ::. e>160 
OO oJt> l &::> C 

- -- 0-0-05 2 o o· -c·· 
, gg gi~igct+OO 
L 0006260 C 

STOP 

WAITE(6,1080) 
STOP 

---vo J6280 C 
I oo ::.o3ooc1+5o WRI TE<o.1cs5> 
i OOG6 J20C STOP 

I ________ g.g_gi ~; g cs_. _____ C::NO ___ - --- -- -·· 

I 
i 

L __ _ 
I 
I 

1--------- ----··-----·---·----- ------ . ---··---· ---· --

l---- --------· ---- --. ·-.. ----··----- .. - ..... --- -· ---- -

I 
I 
...... --- --------- ｾ＠ -----~-------

----·--·· 

:.:_µ 

"' 



6.2 TYPICAL INPUT 

INDEX (MM) = 12 

DIST (e) = 1.0 

STRESS (a~ = 1.0 

FRAC = 0.01 

FORMAT (14, 3(IX, FIO.O)) 

6.3 TYPICAL OUTPUT 



SOLUl ION TO EDGE CRACK IN SEMllNFINITE PLATE 
USING N ISITAN ! BODY FC~C~ METHOD 

THE NU~BEk Of DIVISIONS IN THE CR ACK IS 12 

THE LENGTH UF THE CRACK IS 1.000000 

THE APPLIED STRESS AT [NF[N)TY IS 1.000000 

THE VALUE OF EPSILON l~ THE NUMERICA L 
lNTEGRATlUN IS 0.0004 l 7 

THE CORRECTION FACTORS FOR EACH INTERVAL.STARTING 
WITH THE ONE NEAREST THE EDGE, ARE 
l 1.356457 
2 1 • 318769 
3 1.281655 
4 1.249164 
5 1.221302 
6 1.197477 
7 1.177049 
8 1.159454 
9 1.14422 1 

10 i.130968 
11 lall9419 
12 1.109599 

THE STRESS INTENSITY FACTOR AT THE TIP OF 
THE CRACK IS 1.966713 

THE _ DETERMINANT OF CQ~fFIClE~T M"TKIX _l~ Qel3rt03E 12 

· .. ,., 
c:D 



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

7. 1 LISTING 



C0-.101(::JCC 
00-: 0202::c 
oo :oz:::3cc 
00.:.0..:.04(( 
00 ::Oi'C S CC 
oo -.:.oz 1:JCC 
00:c:2::;cc 
oo ·:o.::..:.occ 
00 ·: 0 2 .:+tJCC 
OO Cv2cOCC 
OOC0280CC 
oo.:.o.:o J CC 
ooc0:::;:::;cc 
o o:o.: •, JCC 

·- -cro·;; 0 3 C. 0 C C 
OO CU.}GOC 
oo co;ooc 
oo :o:.osc 
01lC04ZOC 
oo :o :.4oc 

, COC04GOC 
; oo :o:.aocc 

P!? OG:?A"1 T C (O"IPt.,1 ｾ＠ SCF F C, !, ·:LL! r.:SE I'.: :. r. I '-ir I N I TE PLATE . 
-: E TH JD :J F Sc L U T I L, I" I S T f-':: t ·: ::n r :-:; ;., Cl M:::: T ~<., e, CH • N I S I i A ~JI > • 

·. u~r..-;,~(AL J t·T · · :, i:.t.TIOIJ ~s ;_:; 1~ '..) , ,,:1::: .A c c= h",ALYTI C AL 
!',T :: G•<~ i lO ' J T C [1 (:TEf-YP.: r·;F '._ :_;[t.CE c:CFflCJ[r,rs . 

::: :;:::ic-x ·rs·· THE Nu.,.TB t-;:.· ;JF" rr :T<.;"{v .-..c::;·-r n c ··~mrn;···n-n: Tt:L TPSt ·---- --·­
•-1;.s BE.Et ~ PA q -:- 11 I C~ t[ C . 

" l '.) T :~ I S ti AL F T h L it I C. T h :: f i 1-1 [ :: LL ; P S [ ,\ L ｾ＠ J !\. (; 

THE X AX I S . 
LE!lG TH I S HALF Th E Ht: I GHT CF' r- :: [ LL IPSC. 
ST :~[?.S IS THE AFi-'LIED S T~ E:~S .:..i :•.F I'-1:::T v . 
F ,./ ;.(. I S A NUM o EP :1UCH U":SS T 1·U~'< l.O :JSEC I I\. TH C 

1W'-4EK ICAL I:-.JT E<.,.,>ATICt~ :.::c1.;T A sr;,GULA i'; J TY. 

IN TEGER I~DEX,l~C~EM,HALF1,~AL~2 , QUA~ Tl, ~U A~ T2 
~EAL¢E PI,WlDTH ,L ~~GTH,X,Y,sTn~SS , [PSIL,SI,SIMl,C,O,PR[C , tE T,T EST 
REA L*8 S , T,XSUM9U, TH ETA ,HALF 
R[~L¢S PHIC7l) ,M1 D PT(7l} , Fcncc ,1 4C , 210),(VAL(l40,141) 
CS MMJ ~ PI,WIDTH,L[NG TH,X , V 
EXTE~NAL PSIGX,FSIGY,OSIGX , :SlGY , PTAU , CTAU 

1-- 0 0 C IY'J"uucc--· - . 
I OO C0~2CC rtEAD 15,500 ) INDEX , WID1H, LENGTH , ST::IESS , F RAC 
j OO C0~40CC 
, oo :oscoc ~RITE C6 ,l 000 ) 
! ·-· ---o·o--cu-sni:Tc:--·-· - wm,Fro, ruu-s-r--·-··--------- ··· ·--··-
, OO C0600C WR ITEC6,1010) 

co coe~oc WRITE(6 , 1020) INDE.X 
OOC0 6 40C WRITEC6,l010) 
00 CDC60C WR ITCTc..TTOZSl •n DTf, 
OC C0600 C wRITE (6,1 0 10) 
OO COl 85C WR ITEC6,1030) L£NGTH 
OO SOG90C WRITEC6 ,l 0 1 0 ) 
Q\)"G07DOC ....... -VR ITEToi"l Cl+O) S 1~E SS 
OO C0720C ~RITE(6.l010) 
00 00740 (( 
COC0742CC ::>EFINE PI. EPSILON. EPSILCI\ IS USED IN INTEGRATION 

.-----0-0-cITT li"5CT" 

0000760CC 
00 00 7 60 ( 
0000 800 ( 
uvco·a cr$c 
oo oos;;oc 
00 00 6 40( 
oo uOc 60C 
00 l,0880( 
OO C0940CC 
00 00?6 occ 

I 00 00 900CC 
: ·- - rroc·roo,Jcc 
I oo :a 0 02cc 

I 
00 0 1 004(( 

. 00 () 1 006CC 

r 

A6001 SINGOLARfl'rFS""". · ---·--- ------------------ · 

P l= J.14159265359 
IN CRE M = INDEX ·+i . · , · = --C.TNGTH7WT(HH 
EP 5IL: FRAC * Pl/lNDfX 
i.'RITEC6, 10451 
WRITE C6,1 050) EPSI L 

--- ~ I TE C 6 • 1 0 IO) . -- -

COMPUTE VALUE Of PHl(N) fO~ N=l TO I~DEX+l. 
- -P'RTT~TAl~!r-JYRT(N+T1"--~"FfE PA-kA.ME'. ... rc Rs··-r-m~ 1l{C' vxn.Tt:1'.rf"'"' 

THE ENDPOINTS OF THE NTH INTERVAL: 
X: WIDTH O COSCPHI); Y; LENGTH* SIN(PH I) 

-- -- -·- -- ------·-· 

-'-­
ｾ＠



/ 

oo ::1c.2 occ 
00 J l v 40CC 
00 :: 1:oocc 
00 0 1 C8 'J CC 
oo :: 1~oocc 
00:1~ .2:i cc 

--·-- -- -------- ----· ----- - ________ , 

1 I DPTCM) I S THE VAL UE CF T~I ~ P~~A ME TE R AT THE 
Gr THE ( N-l)TH l~T ER VA L . 

.( Mi D Y A f? [ THE :X AND Y V AL 'J E S Cr THE P J H n ON 
' ~AVIN G ~·IOPT(Po() JI$ ITS j: J.. '• A'·IE T (R VAL U:": . 

'1 l D P rJ l 1H 

THE EL LI ?Sr 

-o-o ::; 11 z : c---- - -""TTIE~-rs-n1E"·AWG1:c THE r-c~- ,n_-· m ~--~ EL L I PSl "'1"A10.:S WTTR11TE---x-- ---- ---
00..; 1:.:: 4 C :.x1s. ll IS ALWAYS TAK[" TO er: H I THE lr...TE R VAL (-PI/ 2 .l'~ l/2 ). 
00 Cll 2 6 C iHIS IS NCT Hit:: TIWE: VALL E or TH ::': TA H, ALL (JUA :>R ANT S , :. LT 

· oo s 11 2s C ·~c COR~[CTION IS N(E: 8 E D tT TH IS POINT. 
OOOllJ'Jc ·· - . - · -
00 J llJ 2 C 
00 J ll40C 
OO CllGOCC 

?'i I(l) = O.O 

0 0 OTra·'JT--- - n-::,-rv0---w~NCRE1-1--
000 l C:: O O C :"HI (N) : 2 ::: Pl:::(N-1 )/I N CEX 
OOOlJOOC MI~PT(N) = PHl(N) - PI/I~DEX 
0001340Cl00 C8~TINUE 
OOCl 400CC -
00 0 11+20( 
OOC1 6 00CC 
OO J 1 6 2 0C C 

w'RITC(6, 1010) 

: - cro-ai 630CC 
PE,~f ORM NUMf.RlCAL INTE GRATI ONS T O DETER /Hr.I:: INFLU E NCE 

CULFFICIENfS, rCR 1:XAMPLE, - P'..,I GY IS IHL COl:.FFICTENT--r1 
0001 6 40(( 
OOG1650CC 

TH !:: Y DIRECTION DUE TO /. POH..T F ORCE P. 

OOJ1700C ~O 200 M=2,INCREM I -·--o-u 01,2-rrc:-· ·-----::r::J.H I ND Ex--·-··- ---·--·- -· .. · -- --- -·-·- ·-·-· --- -

l 
__ _]C1740C. X = W[DTH ;:: OCOSOHOPT(l-1)) 

01760( Y: LENG TH* DSIN(MIDPT{~)J 
01762( S : DTAN(MIOPT(MJ) 
01 7 6 4 C--- . ------· 

1

1 

OOC1772C THETA: DATAN(S/Tl 
0001777 C 

I -- ----g~~~~~-- --·---§ ｾ＠ ｾ＠ rn~;{ ----~-{~ 
0001 8 20CC 
0002600( DO 200 N:1,lNDEX 
0002630( K=~+lNDEX 
0 0 02 5 4 OC L -N +.T,:Th"'UE"X 
OOC2700CC 
0 0 02 720( 
0 0 02740(( 

IF CM-1.EO,NJ GO TO 175 

-- --·-·-- --------------

-··---cnroza-~ 
00 03 oooc 
0003 0 05( 
00 0 3 C l OCC 

-- ------c"ALL . RO-MBRGT--ps·1 GX, PHTTN"r.P'H 1"1 l'HTI.r;u,·1 .·o--T.1."U.STi--sTH1- .-nm,r,1 , · ---. -
IF (INDIC.EQ.t) GO TO 400 
FORCE(M-1,N) : SI- 1.0 

01f0'3 v 11 C ----CA!=.-C-R ~P.B""A""G( PS I GY •P H I ( N) , PH I l rH I > • 1 • o.! ; u-, 7 • lo •SI • SI 41 •IND 1 c, I ) 
0003013( IF (INDIC.EQ.1) GO TC 40C 
0003 0 1; ( FORCE(M-1,K): SI• 1.0 
0003040( ( 

--··cro·n aooc ·· 
OO C3 Cl! Ol 

I 0003l COC 
: OO CJ 1;::oc<.. 
1----··-------- -

I 

- CA LL" "R :JY.B"RG ( PTA O .PTITn:rT;-Pff1TH-:J ... fT,r~-o-, 1 ;-o--7, TOeST.sTTifr.'TKOTc-;TJ 
If CINDIC,E0.1) GO TO 4CC 
F ORCEl~-1,L>: SI- 1.0 

..:-­
N 



OO C3140C 
oo.:,31c) c 
00::03l t OC 
00')3200(( 
oo .:, 32 c, 1 c 
00 : 3202. c 
OO G3 2 04C 
00 ~ 3..:.4 ~i( ( 
00 .:: 32 0:.i ;: 
oo:3:~ :' C 
oo::: :DO::JC 
CO C3 .3 2 :> CC 
00 03J4~( 
00~3 3 60 ( ( 

CALL R 2 !-' 8 R G I OS 1 G X , P !- l { ', i • ｾ＠ H I (: ｾ＠ + l ) tl • v , 1 • L) - 7 • ! 0 • S I , $ l :.t 1 • I I'. C 1 C • I ) 
tr (I"l:'.>lC.E C,l} GC 'T C:.:'" 
F C:RCE(J-1,Nl =SI-I. :: 

( A LL R '.: ~!B J.. G !. OS 1 G Y t 1-' r 1 ( r~ ), P H~ ( ·:+ l ) • l • : • 1 . r· - 7, l O , S l, S I -11 , I ND IC• l) 
r• ( IN::Jl(. [;... .1) ~o TC 4 :)C 
rCFKET"J _.., ,·10 ::·-s 1 - ·-· 1 . J - - ·-- ·- - ·· - --

r~A LL RO t-·or..C. ( OlAi.J oP h I(t; ), PH !( ~.+!),1 . :ol . C. - 7 ,1 0 , Sl , SP;. l, ,I\Dl(.I) 
F (INDIC.EQ.1) GO l:'.: 4 CC 
FORCEfJ- 1 , L ) : SI- 1. 0 

::;:: TO 2CJ O 

, .. --·o-o ': Y3 8~CC - - --- ·-- - - -------
00 ~340:>CC IN TEGRATt OVEk SlNGULA ~ ITIES OY TAKIN G P RINCIPAL YAL v~ s . 
OO C340 2 C THE INTEGRAL HAS FOUr; P AkTS: TH:: FI RS T TWO ARE THE N'J~!v.AL 
OO C340:. C INTEGRALS OVf:R (PHICrn,n> AND (C,PHl(r'Jtl)) WHIC H AVGIC 
003340~ C THE ... SrNGULARITV . 1HE THIRD. T £ RM INVOLvTS THETA AN D T S 
oo : 340 3 C EXPLAlNE:.O IN THE L ITC~ATURE. THE HJUiHH TERM rs Tl ~E 
OO C341J C [RROR IN THE INTEGRAL CUE TC THE CH ~ IC E OF EPSI L ON. 

OO ::J 3420CC 
t-· - --- -0-0 u-:3 S u-D Cl 7 S CAl.:L' RUP.HRG,- P'SrGX.P'RmT,-r,,T;v t, . :; - 7 • 1-c:r.s-I ·.-ST~I NDI C, ! y -. 

IF ( INDIC.E0.1) GO TC 4CC OOC.3 5 2::>C 
OOC3G4::>C 
OOC3560C 

F ORCE(~-1,N) = 51 -1. 

. - uu 03'5'8-:J C' -
CA LL R 'J 1'!1:H< G ( PS 1 G X , C , PH l ( r-.- + 1 ) , 1 • 0 , 1 • D - 7 , l O , S I , S I M l , l ｾ＠ D J C , I > 

··- -rF"TTr-m-TC-.EQ. I) GO IO li av----------- . -- - ···-· .... -
00 G360 DC 
OOC3 t.. 01C 2 

FORCE ( M-1,N)=FORCE CM-1,~ )tSI ·l. C 
- ( 5+4*DC OS ( 2*THE TA) • DC0S ( 4* TH ETAJ )/l6 

1 oo:3620C 3 
r----u'O;J3o..:,c----;-

+ EPSILOT/C4*PI0(SC*2+T**2)CCJ)*(OC5**6+(3-2*TC02)*S004 
- 6 :;i S :;: ::, 2 ¢ I :;, ;;: ·.::--::-r::-:~ --· 

O OG3720 CC 
OO C3740C CALL R8M6RG( PSIGYoPHI(~),D,t.0,1.C•7,lO,SI,SIM1,INDlCo 1) 
oo:3760( I F (INDIC .EGl .l) GO TO 4CC 
OO-C3700·c ·---- - - FORCE (M-1,K) : Sl ·-1.- .... . ·--
00 03 B~OC CALL R~~B RG( PSlGY,C,PHI(h+l}ol.0,1.0-7,10,SI,SlMl,I~DIC,I) 
00 03340( IF (IND IC. EQ.l ) GO TC 400 
OOG3660C FORCE CM-l,K)=FOR CE{ M-l,K)+ SI -1. 0 
uo 03aaac-· - +,r-o·cusT-'+ *TAE 1m11 o ------·· 
OO GJ890C J + fPS1LOT/(4*PI*(SC*2+T**2)*C3)*(•2*S**6•(l•6*T**2)*S**4 
0003900( 4 +6*5**2*T**2·T0*4 ) 

t-
i 
, 0003920CC 
I --·- 01TCJ9'li0-C" .. -- . ·--·-·-o.i:L- R O MBAG < PT AU • PH'Il ffl,-0 ;·r.; er; 1-;-o ;.,, l O, ST; ST~1, nw·r C , r,---. 

0003960( FORCECM-1,L> = 5 1 -1. 

- ------------ -··----· ·-----· 

-----------

-----··----------- - -

I 

0003960( IF (IND IC .EQ .ll GO TO 400 

00 0 40.'.?0C CALL RDMBRG( PTAU ,C,PHI(P..+l)tl. 0 ,1, 0 -7,1 0,SI , S lMltI NDIC,I) 
00 Ol+C?iOC-_ ___ ---rr -TINDTC" ｾ＠ EGl . l > Gn,u-·'li'·;;-c- -- - ···--·--··------------------------ ----· - -- ·-- · -----····- · 

\ 

OOC4 0 60C FORCECM •l,LJ =FORCECM-1,LJ+ SI •l . O 
0004080( 2 ·(2005IN(2¢THETA)-CS IN(4* THETA ))/16 
0004090( J + EPSIL*T*02/(4CPICCS*02+T002)0*3)0(-90S**5-(6+2010*2) 

.... o-ov1+To-o-c- ····-- · q--·- · · · ;:,5t.:{!:3 + r,}~.iT~~rr-,,:::::21 1--·-- - ·- -- - -- ·· ---·-· -· --· ·-
0 00412occ 
OOC4140C 
0004160( 

CALL RO MBRGC OSIGX• PHI( N),O, l. O,l.D-7,1 0 ,SI,SIMltINDIC•l) 
IF (lNOIC.E Q.l ) GO T O 400 

+' 
(.JJ 

'-·------------- ----- ·--------- ------- -----· ---· - --- - - --·--------- ·----·- - ····-·----·--· -·--· 



OO C4~ 80C 
OOC4 .2 i.::>C 
OOC4:40C 
oo : 426:>C 

FORCECJ-1,N) = ~I -1. 
CA LL R Ci MB R G C GS I G X , C. , P 1-1 I I ~. + 1 ) , 1 • C , 1 • D - 7 , l O , S I • S I M 1 , I NO I C , I ) 
IF (lNDIC,E~.l) GO TC ; cc 

oo .:;. 4 zaoc 2 
F O ~CE. ( J - l , N ) :f Ok CE ( J - 1 , t-. l + S 1 - 1 • 0 

+(l-DC05(4~<THf:. TA) )/16 
00:.'+.:?:>C ."3 t EPSIL*T/(4CPIC(S~C2+T*C 2 )**3)¢(-SCC6 +(6-T*C2)*S*Ci 

---;,:r:.:*2 -""o·,::s::n::1+:n,:,,., c: -z-,:, 1 ,., ,.,-r.r-- ----- ----· - - - -·· ----·· · -UCT~"l+31ITIC -·- - ---z. -
00:4420(( 
0 O :,4 4 4 ::> C 
00 ) 446 :JC 
OOC44 80C 
OO C4 5c:JC 
OO C4~i., IJ C 
00 :.4 56:>C 

CALL R::l'°'!B~GC CSlGY,P.-l(Nl, D , 1 .0,l. D-7,l O, SI ,SIMl,J NO IC,I) 
IF ( INDIC,EQ.1) GO TC 400 
FITRCE{J-1,K) : sr -1. 
CALL ROMBRGC GS l ~Y , C ,PHtC,+l),1.0,t.0-7,1 0 ,Sl, S I Ml ,I NDIC ,I) 
IF (I~DIC.EQ.l) GO TC 4CC 
FORCE ( J • l, K) : FO R CE ( J - 1 , K It S I - 1 • 0 

-----o-o-ci.~c ·-----7 ------~--41,,ocuST7*"1"F·E. I-' )-0( ,J:., ( 4,:-iTFE"iAT)/ Io -----·--·---
00 ~4 600C 
00;:)4620 ( 
OOC4640CC 
0004661)( 
0004680( 
OOC4700C 
00 047 40( 
OOC4 /60C 
oo : 47ooc 
00 04 800( 
0004820( 
00046~---.. 
00 04960(( 
0004980(( 
00 05000(2 00 
000502 
0005025( 
00 05040(( 
0005180CC 

3 • EPSIL*T/(4CPIC(S*C2+TCC2)CCJ)*C-SC*6+(2-TCC2l*S~C2 
4 *T**2 • 6CSCC4*l**~•6*T**4l 

2 
J 

C ALL R Ol-4 8 R"G l OT A U , PA I C N J , n , 1 • 0 , 1 • D - 7 , 1 0 • S I • S I M" 1 • I ND I C , I J 
IF (lNDIC,E0.1 ) GO TC 40C 
roRCE(J-1.Ll = S I -1. 
CALL RO..-.BRG( OTAlJ,C,PHI (l\+l} ol ,O, l ,0-7,10,SI ,S1Ml .IND1 .: .I l 
IF ONO Ic;Ea .1) GO TO 4 oc-- - ------
FORCE ( J-1 ,L l =FORCE ( J- l, L) +SI- l. O 

-C2CDS1N(2CTHETA)+CSIN(4CTHETA))/l6 
• EPS1L/(4CPIC(S*C~+T**2>**3)C((l-2*T**2)*S**5 

-..-------,;\Tnr,!1**~-Z:":?T'~::::'2·:..':S:::-:;:T +-· 7:::S:::T:'.f::<"4,· -- . .. - -·-·. - . 

CONTINUE 

'i<IR ITE:(6, 1010) 

. o-o ·cr5·201TCC ··---·nrsERr I NFCUcffCE COEFFICTE"KTS AmY STRESSFS INTO EVAL 
00 05220CC MATRIX ACCORDING TO HOW THEY MUST APPEAR IN THE 
00 05240(( SYSTEM OF LINEAA EOUATICI\S. 

. 0005 245(( 

..-- - -iru-05 2 4 5 -C 
00 05247 C 
OO C52 4 8 C 
000b249 C 
trO'U5""2.5U C 
00 0 b260CC 

nfETA ls AGAIN JAE XN1.>1:E eE l"W!:FN l HE NOHM A[ TO-...-m:.-·rr-c:.TP-SE 
ANO THE X AXIS BUT IS IN THE INTERVAL (-PI/2,~*PI/2). 
THIS IS THE CORRECT VALUE OF THETA. 

- -·- 1 N"CREM"- = - 2::, I NDEx-··+- 1 

00 05280C 00 250 M=l,INDEX 
OOG530 0C J=M+INDEX 

-·· ,rO-CS-370 ( ·-- -·--· -- TRETA-=IDTAN <D TAN (MI OPTTP + t J) /T) 
00 05325 IF (MI DPT (M+l).LE.Pl/2) GO TO 230 
00 05325 IF (MlDPTCtHl ).GT • .3¢Pl/2) GO TO 230 
00 05340 C 

'l)OC5360-
00 05.380 C 
00 05400( 2 3(; 
00 C542~)C 

·-·TAEnr ·:: · -rHETA :Jo pr----

EVAL(M,INCREM) = -STRES S~D COS( TH(TA) 
EVAL(J, INC REM) = O.O -- ·--·-- ------ ------ ------- ·------ - . -- - -· --·--

---- - ·-- -----

. ~- - ·- ----·-------

.s:­

.s:-



- . -- ...... -

0005 425 C 
0005440( DO 2~0 N=l,!NDlX 
OOC546JC ｾ＠ = N+INDEX 
OO C54~0C L = N+2~I~DfX 
oo •.;5$00 ( EVAL(~.r,; } = FOI.CE(M.r~);::OCOS(TH!:TA) 
OO J 5520( 2 + FOwCE(f.',L)::,csrr:c-rHC::TAl 
0 01)5540CC - -- ---···- --· . -· ---·- ------ -- - - --- ----- - ·-- - . 

00 05 560( 
oo~55e :>c 
OOC5600CC 
00 05620 ( 
OO C564'.:>C 
OOC5660CC 
0 0 05680( 

--·-·-oo~5rOOC 
OO C5720CC 
OO C5740C250 
OOC5760CC 
o o o57oo·cc-
o o c5 a 4 o cc 
OO C5845C 
00 05860(( 

ｾ＠

..:. 

... 
,:. 

[\IAL(J .N) 

EVAL ·c t-1 , Ki 

= F O I.' Cf:. ( M • K ) ::. S S ! ~; ( T H E T A. ) 
• FO~CECM,L>,oc~ S(T~C TA.) 

ｾ＠ FOACE(J.N)COC OS (TH~TA.) 
+ FU RCE(J.Ll *D SI ~ (THETA} 

f \lAL(J,K) = FORCE(J,K)*DSIN(THETA) 
-z---··---- ---,- F Oh'CE"T~. C1 :,:DCOS ('lffETA) 

CONT INUE 

WRITE(6, 1 010 ) 

--- - uuu5880CC - --c~LL SOL v D SUBROO I INE" TO SCLVE SYS t~F "L ff.11:AR EOUA I IO NS• 

I­
I 

i 
I 
! 

OCC590DCC ON RETURN FROM SOLVD. THE ~ART OF THE MATRIX THAT BEFORE 
OO C592DCC CO~TAIN LD THE APPLI ED ST~ESSES WILL NOW CONTAIN THE 
OOC5940CC $0LUTlONS FOR RO-SUB-X A~C RO-SUB-Ya 0 0 C5915-uct' ____ - - --- _ .. _.___ . ··---- - ---· .... - ... .. - ..... - .. - .... --· . 

00 05980( CALL SOLVD(EVAL,140 ,I NCREM-l,INCRtM •• 50-6.0ET,TEST) 
0006DOOC IF CTEST.NE.O) GO TO 450 
OO C6020CC 
0006040CC -- ·--- -- ·--··- - -- - -· -·----

00 060 45C WRITE(6.1060) 
00 06046C WRITE C6,1065) 
00 06 050 WAITE(6,1010) 

··· trtrtf6U'S2-- c-....... --·--·-· ·· .. ----- - - --- --- ----·--··-·- ··· ··-·-
oo o6o6oc DO 350 M=l,lNDEX 
00 06080( J:M+INOEX 
0006100C350 ~RlTEC6•600) ~•EVAL(M,lNC~EM),EVAL(J,INCREM) 
00 00120cc · ·-
0006140CC THE STRESSES AT ARBITRARY POINTS ON THE ELLlPSE (HERE O A~C 90 
0006160CC DEGREES) CAN BE EVALUATED AS A LINEAR COMBINATION OF THE 

1 0006180CC INFLUENCE COEFFICIENTS A~D THE ROS. 
i · -·--umro2oocc··-·-·-··--- ·-- -··· ··-· -- ---------.. ----·- .. - - -··---- · 

0006220C XSUM90 = STRESS 
0 0 06J40CC 
OOC6345 C 
OO\.J6J50 C 
00 06352 C 

-·- - -- --- ··-··-----

00 06J60CC PERFORM NUMERICAL INTEGRATIONS TO DETERMINE INFLUENCE 
OOC6 380CC COEFF I CIENTS. FOR EXAMPL E • PSIGY IS THE COEFFICIENT IN 

· --- "'"UlJ1J6"7iOlTCC---·----·--nfE-y-· U"TRECITUf'r-UUl:.O 11'-i:rtJTN f F 0Rcr-P"°~- - - - ·----
! 00 06420(( 
i 00 06440 
I oo 06465 
r -
I 

I 
I 

\ 

INONEW = INT(INDEX/4.0) 
~ ~- HALF: .99*Pl/2._0 _____________ ___ _ 

+" 
+" 

--- - --·----- - - · -

+'"' 
c..n 

·--



,~ 
! 

00 ,:6480( 
0006SOOC 
OOC6S80 C 
0006620( 
00 C6640CC 
00 :66{;0( 

X : WIDTH~ DCOS(HALF) 
Y =LENGTH* DSIN(~ALF} 

D : HA LF - EPSIL 

JO 330 N::ltlNOEX 
0-U"v67,0CC - ·-------- ----------------

00 C6 740C 
COC6760CC 
0 0 C6 780( 
cro -co a o·u-c- - - -
00CC>820C 
OO C08 40CC 
0007020( 

IF (N.EQ.INDNEW) C:.O TC 3 7 :;_ 

CALL RCM8RG( PS!C:.X.~ ' t-,I(1':)oPHIU~+l)o1.0,l.D-7olO,SI,S1"11,INDIC.I) 
IT {WDrc;;·Ec.n GO TO 40C . . -- . -
FORCECl,N):: SI- 1.0 

OOC7040C 
OOC7060C 
00 07080(( 
0007240(( 

CALL ROMBRG( OSIGXoPHICN),PllI( rl+lJ,l.Ool.D-7olO,SI,SIMl tlNDJC,I) 
-----rr-c---rw.n C • E Q • l ) """GO, U-"?+ ｾ＠ C -· - - -- ----- .;:...c~'----· 

- ·oo c726oc 
OO C7280CC 
OO C7JOOCC 

FORCE!2,N) = SJ- loO 

· --Go · To :rn·o· · 

0007 J20CC INTEGRATE OVER SINGULARITIES DY TAKING PRINCIPAL VALUES. 
0 0 C f '• 4 0 CC -- - - -- . ·- - - - -- - - · 
OO C7460C37 5 CALL R~~BRG( PSIGX ,PHI(N),D,l.O,l.D-7010,SloSIMl,lNDIC, l) 
OO C7 480C IF I lNDIC.EG.l) GO TO 4CC 
00 07560( FORCE( 1,N)= SI-1 .o + 3,:,EFS JL•::T/( 2>:•PI > 
UV070"'+"-0-CC" ···-····-···-· -------·-- -·----·-····--- · ------··- -··· ---

0008060C CALL ROMBRG( OSlGX,PHl(N),0,1.0,l.D-7,10 , Sl,SIMl,INDIC,l) 
OOC8080C IF C lNOlC.EQ. ll GO TO 40C 
0008160( F0RCE(2,N)= SI-1.0 - EPSIL*T/C4*PI) r ---g-gg~~:g~~--- -- ------- ----- ------ -=~---

1 0008660CC 
' OOC8680C3B O CONTINUE t - - uurrs-oeo·-c-·-· --· --·· ---
1 0008690 C 
1 OOC8700C 
II 00 08 720( 

0008 740t 
0008760( 
0008780(370 
0008600 CC 

·-·- --01roa s-zu·cc--·-
oo oe e 4occ 
0006860(( 
00 08880 C 

DO )70 M=ldNDEX 
J:M+INDEX 

--XSUM90 = XS0M90lEVAL(M.II\CREMJ :.: FOFKECI,MJ 
2 + EVAL(J,INCREM> * FORCE(2,M) 

CONTINUE 

. --01:Tf:R"JfTNF STRESS '"CUN"Cl:l'•rTR"A"Tlm'l ·r ACTOR BY- DTV TD"'TNG THE - "EVA C,::ATEO­
STRE SS IN THE X ~IRE Circ~ AT 90 DEGREES BY THE STRESS 
AT I NF IN IT Y. 

oo oe 9 oocc--·--·-· 
0006920CC 

-·-·--------

00 09 020( 
0009040(( 

·-cnrcr91Hmc · ---
- 00 09080 
: 0009100 
I OO C9 120C 
ｾ＠ -~. ---·-·- ------

t 

WRITE(6,1010) 

- X"Sl}p;(liro--= · xsU~90/S T AEs-s ·· 
W~lTE(6•10851 XSU~90 
WRITE (6,1 0 10) 
~R ITE(6•1090) DET 

•·--·--~- r --- - -------------

------------------- -

+"" 
.Q2 



0 0 C9 1 4:) CC 
00;)9160(( 
00 091oOCC 
0009 200 Cf~0 F~l~A TCI 4,4(lX ,Fl u.O l) 
a o ::,9::. 2 o c e 0 c F :J ~1.1..\ r c 1 4 , c.. , • • , F 1 ... 6 > > 
OOS9L4(1Cl00~ t-G:-!-!AT(lX,'S0LUTlU/'. TC CLLIPSC !U H,FINIT [ PLATt ' ) 

1TO C97 c::rc 1 0 0 ｾ＠ ~P.. TT J )(.1 l)S ; ~; G N 1 S rT;.. ••,rr ECD Y r':Jf< CE "RETRrD ...,--
00 :9280 Cl O l C FU~HAT(lX) 
OO G9JOOC 1 C2(; FJ;";MAT(lX , 'THl ,...UM bt:r. er ::nvt src•Js IN THE CLLIP S[ IS •.t .:.i 
OO C9J 20Cl02 :::.. FCnM,,T (l X , 1 1-1.A.LF THE WICTH CF n· : E LLIPSE 1 $ ',fl2,6) 
00 !:9.34::>ClOJC. F O::? '·lAT(lX, "'HA LF THI: HEIGlH OF TH~ ELL1P5E !S ', F 12, 6 l 
00 ~9..!6::>ClO'+J fO;:;MAT(lX, 'T HI:. A~PLI[ (' STQ£SS i-T INFit,, JTY IS •, F12 , 6l 
OOC9J6J(.1C4::.. FOC:.:,,~ T(lX ,' TH( VA LUf C f E.P~I L Or . I N TH( r.JUr!l:nICAL 'l 
0 0094U0Cl05U F U~ ~AT(3X,'INTEGhA1TON I S •,Fl 2 , 6 J 

-0-0-n-9 (.~ :J 1 OoG - ~O'T'·'.~ m X-,,THE x-ANO-Y- B"CC rra~cc - CY1:NSrrn:s , -s-TA:?T 1 N<>~ T'T"'"J 
00 09 !,40 1 06'.., Fo;.;1.1;.T(JX ,'HiE SI DE Of TH( E LLI P$E ( PH I = 0) , ARE : ' l 
00 09500C10oS FDRIIAT(lX ,tTH E:. ST~[SS CON(El'.Tl~ATIO:~ FA CTOR I S •,2cF12.ot1X)) 
OO C9520C l 09C ror(t·IAT (lX, 'lHE DE.T E.R t-<11'.MJT CF COCFF J C I ENT ~ATRIX IS •, E l 2 . 6 ) 
0'0 0 9 5 40Cll0 0 f"O~MAT(lX , -.f:AROP.'! r,.uMC !. ICAL INTC GR ATTON DID NOT CON VERGE.') 
OO C9560ClllC FO~~AT(lX , 'EAROR : COEFFI C l E~ T MATR I X IS S IN GULA q. •) 
OO C9580CC 
00 09600CC 

- --,0""'0,........C9R'OC -----s1m,-·-- - -- -
0009 G4CCC 
OO C9660CC 
0 0 C9 6 e O C 4 0 0 

- --U-UOV700C -

I ,· 

0009720CC 
00 09 7 40CC 
OOC9760C450 
m:ro-97~--
o O 09 8 00CC 
00 09 82 0( 

'---- -----

WR I TE l 6 , 1 100 > 
S T ::W 

E N D 

- ------- -

- ------·- --

~­
........, 

'J 



7 .2 TYPICAL INPUT 

INDEX (MM) = 12 

WIDTH (a) = 2.0 

LENGTH (b) = 1.0 

STRESS (a~ = 1.0 

FRAC = 0.05 

FORMAT (I4, 4(1X, FJO.O)) 

7 .3 TYPICAL OUTPUT 



SOLUTION TO ELLIPSE IN INFIN ITE PLATE 
US[NG NISIT ANI BODY FO RC E METHOD 

THE NUMBER OF DIVISIONS IN THE ELLIPSE IS 12 

HALF THE WIDTH OF TH E ELLl ~ SE 15 

HAL F THE HEIGHT OF TH E ELLIP SE IS 

THE APPL IED STRESS AT INFINITY IS 

THE VALUE OF EPS ILON IN THE NUM ERICAL 
INT EGRATION IS 0 . 0 1 3090 

2 .000000 

1.000000 

1.000000 

THE X AND V BODY FORCE DENSITIES, STARTING AT 
THE SIDE OF THE ELLIPSE (PHI= OJ, ARE! 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

2.000474 
1.999895 
1.999652 
1.999652 
1.999695 
2.00 0 474 
2.000474 
1.999695 
t.999652 
1.999652 
1.999695 
2.000•74 

- 1 • 002336 
-1. 0 00864 
-1. 000324 
- 1 +000324 
-1.000864 
- 1. 002336 
-1.002336 
-1.000864 
-1 • 000.324 
-1.000324 
-1.000864 
-1.002336 

THE STRESS CONCENTRATION FACTOR IS 2.ooooi 1 

THE DETERMINANT OF COEFFICIENT MATRIX IS Oel22099E- 13 

4:­
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8.0 PROGRAM FOR ELLIPSE OR SEMI-ELLIPSE IN SEMI-INFINITE PLATE (ELL &) 

8.1 LISTING 



0000100cc 
000020 2cc 
0 000203CC 
0000204CC 
00 0020sec 
0000 2 1 occ 
0000220cc 
0000240CC 
0000 246CC 
0000260CC 
0000280(( 
0000305(( 
0000310CC 
00003i1CC 
0000312CC 
0000320CC 
00 0 0340CC 
0000360CC 
0000360( 
0000400C 
000040 5C 
0000420C 
0000440( 
1>0 00460C 
0000480CC 
oooosoocc 
0000520C 
0000540CC 
0000560C 
0000580( 
0000600( 

. - 0000620C 
0000640( 
0000660( 
0000680( 
0000685( 
0000686( 
0000700( 
0000720( 

---irn 0074 o<: 
0000760( 
0000780( 
ooooaoocc 
OOOOB20CC 
0000840CC 
0000 860CC 
0000880C 

-0000900C 
0000920( 
0000940( 
0000960( 
00 00980( 
0001000c 
0001020cc 

PR~ GRAM TO CGMPUTE SCF fCQ ELLIPS E IN A SEM II NrIN IT E PLA TE. 
METHOD OF SOLUTION IS TH~ BOOY FOR:E MFTHOD {H. NISIT ANI ). 

NUMERICAL INTEGRATION IS US ED INSTEAD OF ANALYTICAL 
INTE~RATION TO DETE~~INE I NFLUE NC E COEFF ICI ENTS. 

IN~EX I S T~ E NU~BE P CF JNTERVALS INTC WHI CH THE ELLIPSF 
HAS BEEN PAR TITI ONED . 

WID TH I S HALF THE ~lOTH OF THE ELLI PSE ALONG 
THE X AX[S . 

LENGTH I S HALF THE HEIGHT Of THE ELL I PSE• 
DIST 1 S THE DISTANCE FkOM TH ~ CENTRE CF THE ELLIPSE TO THE 

EDGE OF THE PLATE. IF DIST~ 0 , THEN WE HAVE A SEMIELL £PSE 
AT THE EDGE OF A SEM11NFINITE PL~TE. 

STRESS JS THE APPLI ED STRESS AT INFI NITY. 
FAAC 1S A NU MBER MUCH LESS THAN 1.0 USED lN THE 

NUMER I CAL INTEGRATION ABOUT A S INGULA R ITY. 

lNTEGE~ JNOEX, I NCREN ,NEW 
REAL • B Pl,WIDTH,LENGTH,X.Y,STRESS,EPSIL,S(,5IM1,C,D,PREC,DET,TEST 
REAL•B S,T,XSUM90,THETA ,D1ST,FAAC 
REAL*B PH1 (1 01 ),M( DPT (101},FORCE (200,300l, EVAL(200 .20 1) 
COM MON Pl,X,Y / ELL IP/ WIOTH,LENGTH, Dl ST 
EXTERNAL XSIGX,XSIGY.YSIGX.YSIGY,XTAU,YTAU -

REA0(5,500) INDEX, WIDTH. LENGTH. DIST. STRESS, FAAC 

WR1TE( 6 ,IOOO) 
WRITE(6tl005) 
WR1TE(6,1010) 
WRlTE(6,- l020- J INDEX 
WRITEC6.t010) 
WRITEC6,1025) WIDTH 
WRITE(6,1010) 
WRITEC6t1030) LENGTH 
WRITE( 6 -tl010) 
WRITE(6.1035) 
WRIT E(6.1037) 01ST 

- -:wRITE(6, 1010} 
WRJTE(b,1040) STRESS 
WR[TEC6,1010) 

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

Pl= 3.14159265359 
INCREN = INDEX +1 
T = LENGTH/'•I DTH 
EPSIL = FRAC • Pl / INDE X 
WR1TEC6,IO•s> 
WR[TE(6,1050J EPSIL 
WRJTE(6.I0l0) 

.:...n 
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0001040CC 
0001060CC 
00 01 OBOCC 
0001100cc 
0001 l20CC 
0001140CC 
00 01160CC 
000l 180CC 
0001200cc 
0001220cc 
OOO-l 240CC 
0001260CC 
0001280CC 
0001300CC 
0001320CC 
0001340CC 
0001380CC 
0001420CC 
0001440CC 
00014c\5CC 
0001460( 
0001480CC 
0001485( 
OOCfl-SOOC 
00 01520( 
0001540( 
0001560(50 
0001565( 
0001580CC 
0001585C80 
0001600( 

- --,ro-«n t,2ot 
0001640C 
0001660C100 
0001680CC 
0001100cc 
0001720CC 
0001740CC 
0001 760CC 

-OOOf780Ct 
0001800CC 
0001820CC 
0001860CC 
0001865CC 
0001870CC 
0001872CC 
0001874CC 
0001880CC 
0001900(1 50 
0001920CC 
000194 0C 
0001960( 
000l980C 
0002000c 

COMPUTE VALUE OF PHl(N) FOR N:l TO IND EX +!. 
PHI{N) ANO PHl(N+l) ARE PARA~ETERS FOR THE VALUE OF 

THE ENDPOINTS OF THE NTH INTERVAL ALONG THE ELLIPSE. 
X = WlOTH • COS(PH[); Y =LENGTH* SIN(PHI) 

MI~PT(M) IS THE VALUE OF THJS PARA~ETEA AT THE MIDPOINT 
OF THE (N-l)TH INTERVAL. 

X ANO V ARE THE X AND Y VALUES OF THE PO[NT ON THE ELLIPSE 
HAVING MIDPT(M) AS ITS PARAMETER VALUE. 

THETA 1S THE ANGL E THE NORMAL ON THE ELLIPSE MAKES WITH THE X 
AXIS. IT IS ALWAYS TAKEN TO BE IN THE [NT ERV 4L (-P.I/2.Pl/2). 
THIS IS NOT THE TRUE V4LUE OF THETA IN ALL QUADRANTS. BUT 
NO CORRECTfON IS NEEOED AT THIS POlN"T. -- .. 

WE SPLIT INTO TWO CASES FOR THE PARTITION: IF DIST=O, A 
SEMIELLIPSE IS DONE. OT HERWI SE AN ELLIPSE IS DONE. 

IF (OIST.NE .O .O) GO TO 80 

PHI ( 1) = Oe 0 
00 50 N=2 .JNCREM 

PHI(N) = PI•<N-1)/INDEX 
MIOPT(NJ = PHI(N) - P[/(2*1NDEX) 

CON"T lNUE 
GO TO 150 

PHI(l) = -Pl/2.0 
00 100 N=2,INCREM 

PHil NJ . ::: -PI/2. 0 + i•PT~c"CN-U /INDEX 
MIOPT(N) = PHI(N) - PI/INDEX 

CONTINUE 

PERFORM NUMERICAL INTEGRATIONS TO DETERMINE INFLUENCE 
COEFFICIENTS. FOR EXA~PLE. XSIGY IS THE COEFFICIENT IN 
THEY Ol~~CTION DUE TO A PO[~T FQB~F x. 

l•E• XS1GY 1S THE STRESS AT THE (M-l)TH INTEHVAL IN THE 
Y DI RECTlON DUE TO A POJ NT FORCE AT THE NTH INTERVAL 
IN THE X OIRECTION. 

DUE TO SYMMETRY THE (~-1.N) COEFFICIENTS AND THE 
(INOEX-M•2.INOEX-N+lJ COEFFICIENTS ARE EQUAL. SO THEY 
ARE EVALUATED SIMULTANEOUSLY. 

INDNEW-INT(JNDEX/2e0) 

DO 200 M:2,lNCREM 
J .:M+lNOEX 
MM= INDEX -M +3 
J.J = MM + I NOE X 

U-1 

f'v 



0002020c 
0002040C 
0002060C 
00020BOCC 
00 0 2100c 
0002120cc 
0002140C 
0002160C 
0002180CC 
0002600C 
0002630( 
0002640C 
000265 0C 
0002 660C 
0002670C 
0-002700CC 
0002720C 
0002740CC 
0002800C 
0003000C 
0003005C 
0003006C 
0003010CC 

- 00-0-~0TIC -· 
0003013C 
0003014C 
0003020C 
0003040CC 
0003060C 
0003080C 
0003100C 
0003-LOSC 
0003120CC 
0003140C 
0003160C 
0003180( 
->003185C 
0003200CC 
()003201C 
0003203C 
0003204C 
0003210C 
0003240CC 
0003260C 
0003280C 
0003300C 
0003305C 
0003320CC 
0003340( 
0003360CC 
0003380CC 
0003.\00CC 
0003402CC 
0003404CC 

X = WlOTH * DCOS(MIOPT( M) ) 
Y =LENGTH* DS1N(MIDPT{M ) > + DIST 
S = DTAN(MIDPT(M)) 

THETA = DA T 4 ~' ｾ＠ S/l } 

C = M[D PT(~) + EPSIL 
0 = MIDPT(M) - EPSIL 

DO 200 N= l , INDNEw 
K= N+INDEX 
L=N+2* I NOEX 
NN = INDEX -N +1 
KK: NN + INDE X 
LL= NN + 2•INOEX 

IF (M-1.EQ.N} GO TO 175 

CALL ROMBRG( XSIGX.PHl(Nl,PHI(N+l),L.O,leD-7,15,51,SlMl,INOIC,J) 
I F (INOICaE0.1) GO TO 400 
FORCE(M-1.NJ = SI- 1.0 
FORCE(MM-1.NN) = SI- 1.0 

CALL. ROMaRG( XSlGY,PHl(Nl,PH[(N+l),r.o.1.o-1,1s ;~ t.SlMlilNO[C;l) 
IF (JNOI C,EQ,1) GO TO 400 
FORCE(M-t.Kj = SI- 1,0 
FORCE(MM-1,KKJ = SI- leO 

CALL ROMBRGC XT AU •PH I ( N.t t PH I( N+ U , 1 eO t l • 0-7, 15, SI• SIM 1, IND IC, I> 
[F (INDIC,EQ.1) GO TO 400 
FORCE(M-1,L) = S I - 1 , 0 
FORCE( ,o,:.~T.LL) .: 1 • ..; - s I 

CALL ROMBRG( YSIGXaPHl(N),PHl(N+l).1.0,1.D-7.15,Sl,SlMl,lNDlC. l) 
lF (INOICaE0,1) GO TO 400 
FORCE(J-leN) = SI- 1,0 
FORCE(JJ-leNN) = Sl- 1,0 

CALL ROMBRG( YS1GY.PHl(NJePHI(N+l)e1•0•l•D-7e15eSl,SIMl,lNDlC.I) 
IF ( INOtC.EQ.1) GO TO 400 -- . -- . - - - . --
FORCE(J-1,K) = SI- laO 
FORCEC~J-1.KKJ = SI- 1.0 

CALL ROMBRG( VTAU,PHI(NJ,PH!(N+l).1.o,1.o-1.1s.s1.s1Ml,INDIC,I) 
IF (INOIC.EQ.lJ GO TO 400 
FORCE(J-1.L) = SI- 1.0 
FOBC~( ..1.,1~1.,LL) = _ ~-• O_ - s, 
GO TO 200 

INTEGRATE OVER SINGULARITIES BY TAKING PRINCl?AL VALUES• 
THE INTEGRAL HAS FOUR PARTS: THE FIRST TWO ARE THE NORMAL 

INTEGRALS OVER (PHl(N},O) AND (C,PHl(N+l)) WHICH AVOID 

JI 

c.,.) 

Ni 



0003406CC 
000340SCC 
0003410CC 
0003420CC 
0003500C 175 
0003520C 
000354-0C 
0003560C 
0003580C 
0003600( 
0003601C 
0003620C 
0003640C 
0003660C 
0003720CC 
0003740C 
0003760( 
0003780( 
0003820( 
0003840( 
0003860C 
0003880( 
0003890( 
-Oll 03"9lrlR 
0003905( 
0003920CC 
0003940C 
0003960C 
0003980C 
0004020C 
0004040C 
0004060C 
0004080C 
0004090C 
0004 lOOC 
0004105<: 
0004120CC 
0004140( 
0004160( 
0004T80C 
0004220C 
0004240C 
0004260( 
0004280C 
0004290C 
0004300C 
0004320C 

. 0004420CC 
0004440( 
0004460( 
00 04.\SOC 
0004520C 
0004540C 
0004560C 

THE SINGULARITY. THE THIRO TEAM INVOLVES THETA AND IS 
EXPLA[NED IN THE LITERATURE. THE FOURTH TF~~ IS THE 
ERROR IN THE INTEGRAL DUE TO THE CHOICE OF EPSILON. 

CALL ROMBRG{ XSIGX1PHI(N),0,1.0,1.D-7,15,SI,SIM1,IND1C,1) 
IF ( [NDICeEOe 1) GO TO 400 
FORCE(M-1,N) = SI -1, 
CALL ROMBRG( XS!Gx.c.~Ht(N+l),1.0,1.0 -7 ,15,SI,SlMt,lNOIC,1) 
IF ( [NOICeEO. 1) GO TO 400 
FOACECM-l.N}:FORCE(M-1,N)+SI-l•O 

2 - {5+4*0C0S(2*THETAl-DCOSC4•THETA))/l6 
3 + EPS1L*T/(4*Pl*CS**2+T••2>•*3l*(6*S**6+(3-2*T**2)•s••4 
4 -6*S**2•T••2-T••4> 

FO"CE(MM-t.NN}=FORCE(M-1,N) 

CALL AOMBRG( XSIG~.PH[(N).o,1.o,1.o-1.1s.st,SlMl,lNOIC,l) 
IF ( INOIC.E0, 1) GO TO 400 
FORCE(M-1,K) = Sl -1. . 
CALL AOM8RG( XSIGY,C,PHl(N+l),le0,1.0-7,15,SJ,SIMl,INDIC,l) 
IF {INDIC.EQ.1) GO TO 400 
FORCE(M-1.KJ:FORCE(M-1,K)+SI-l,0 

2 +(1-DCOS(4* THETA))/16 
3 + EPSIL*T/(4*Pl*(S**2+T**2)**3l*<-2•s••6-{1-6*T**2)*S**4 
4 · +6•S•*2-~T-*i2-T**4l . - . --

FORCE( MM-l, KK)=FORCE( M-1 ,K) 

CALL ROMBRG( XTAUaPHl(N),D,leOtl•D-7,15,Sl,SIMl,lNDIC,1) 
IF (INDICeEO,lt GO TO 400 
FORCECM-1,Lt = SI -1. 
CALL ROMBRG( XTAU,C,PHl{N+l)al.0,1.0-7,15,Sl,SIMt.INDIC,1) 
lF (lNOic.ea.1, GO TO 400 
FORCE( M-:;;r~t.:T=FORC-E(~- r;[l+s1-1.o-- - - -- - --- . ----· ---

2 -C2•0S1N(2*THETAJ-DSIN(4*THETA))/16 
3 + EPSIL*T**2/C4*Pl*IS•*2+T*•2>**3)*(-9*S**5-(6+2*T**2) 
4 •s••3 + r••2•s•<2-T••2>> 

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

CALL ROMBRG( YSIGX,PHl(N).o.1.o.1.o-1.1s.s1.stMl,INDIC.I) 
IF (INOIC.EQ.1) GO TO 400 

- F-01ft E ( .J- 1 • N) £ S I - 1 -:0 - --- - - . - - -- . - --

CALL R0"18RG( YSIGX,C ,PHI ( N•ll, 1.0, l .0-7, 15,SI • SI Ml, I NOIC, I) 
IF (tNDICeEOel) GO TO 400 
FORCE(J-l.N)=FORCE(J-1,N)+SJ-1.0 

2 +(l-OC0S(4*THETA))/l6 
3 + EPS1L*T/(4*Pl*CS**2+T**2)**3)•<-S**6+(6-T**2)*S**2 
4 •T••2 + 6*S**4•r••2-2•T••4> 

FORCE( .J.J-1 .NN)=FORCE;( J-1, N t _ 

CALL ROMBRG( YSIGY,PHI(N),O,le0,1,0-7,15,Sl,SIMl,INDIC,I) 
IF ( lNOICeEQ. l) GO TO 400 
FORCEC.J-1,K) = SI -1• 
CALL ROMBRG( YSJGY,C,PHl(N+l),lwO•l•D-7,15,Sl,SIMltINOIC,I) 
[F (INOIC,EQ,1) GO TO 400 
FORCE(J-l,K)=FORCE(J-1,K)+Sl-t . O 

Jt 

+-



0004580C 
0004600C 
00 04620C 
0004625C 
0004640(( 
0004660( 
0004680( 
0004 700( 
0004740( 
0004 760C 
0004780( 
0004600C 
000482 0 ( 
OC04840C 
0004860C 
·ooo4960CC 
0004980CC 
0005000C200 
0005040CC 
0005180CC 
0005200CC 
0005220CC 
0005240CC 
ooos2•fl~cc 
0005246CC 
0005247CC 
0005248CC 
OOOS249CC 
0005250C 
0005260CC 
0005280C 

-0005300C 
0005320C 
0005325C 
0005326C 
0005340CC 
0005360C 
0005380CC 
0005400C230 

·- -:-· oo os42o·c ·- ·· 
0005425C·C 
0005440C 
0005460C 
0005480C 
0005500C 
0005520C 
000554-0CC 
-0005560( 
0005580C 
0005600CC 
0005620C 
0005640C 
0005660CC 
0005680C 

2 
3 
4 

2 
3 
4 

-{5- 4 *DCOS ( 2*THETA)-OCOS (4*THET A))/16 
+ EPSIL*T/(4*Pl*(S**2+T**2)**3)*(-S**6+ (2- T**2)*S**2 
*T**2 - 6*S**4*T**2+6*T**4) 

FORCE(JJ-1.KK)=FORCE(J-ltK) 

CALL RDMBhG ( YTAUwPHl{N),D.l.O,l.D-7 .1 5,SI,SIMl.tND[C ,I) 
IF (lN DfC.EQ.1) GO TO 400 
FO~CE(J-1.L) = 51 -l , 
CALL ROMBRG{ YTAU,C,PH1(N+l}, 1. 0, l,0- 7.1 5,SI.S [Ml,INDIC,It 
l F (INDIC .EQ.l) GO TO 400 
FORCE(J-1,L)=FORCE(J-1,L)+ Sl- l.O 

- C2+0SIN(2*THETA}+DS1 N(4•THETA) )/1 6 
- EPS1L/(4$Pl*{S**2+T**2)**3 l*( (1-2+T**2)+S**5 
+(1+3*T**2 )+2+T **2*S**3 + 9*S*T•+4) 

FCRCE (JJ-1.LL): -FORCE(J-1,L) 

CONT l NUE 

INSERT INFLUENCE COEFFlClENTS ANO STRESSES AT INF[NITY 
INTO EVAL MATRIX ACCORDING TO HOW THEY ~UST APPEAR 
IN THE SYSTEM QF _LJNEAR EQU~T!ONS. 

THETA IS AGAIN THE ANGLE BETWEEN THE NORMAL TO THE ELLIPSE 
ANO THE X A.XIS BUT IS IN THE INTERVAL (-Pl/2,3*Pl/2). 
THIS IS THE CORRECT VALUE OF THETA. 

2 

2 

2 

INCREM = 2*1NDEX +l 

00 250 M=l.lNOEX 
J=M+ lNOtX . - -
THETA= OATAN(OTAN(MIOPT(M+lJ )/T) 
IF (MIOPT(M+l).LEePI/2) GO TO 230 
lF (MIOPT (M+lj.GT.3*Pl/2) GO TO 230 

THETA= THETA+ PI 

EVAL(MelNCREM) = -STRESS*DCOS(THETAJ 
.EVAL(.J • .. [NCRElll) -=--o·.o- - -- . -·-· - - -

00 250 N=l. lNOEX 
K = N+INDEX 
L = N+2*INDEX 
EVAL(M.N): FORCE(M.N)*OCOS(THETA) 

+ FCRCE(M.L)*DSIN(THETA) 

EVAL(J,Nj = FORCE(M,K)*DSINCTHEfA• 
+ FORCECM.L)•OCOS(THETA) 

EVAL(M.K) = FORCE(J9N)•OCOS(THETA) 
+ FORCECJ,L)*DSIN(THETA) 

EVAL(J.K) = FORCE(J. K) *DS IN(THETA) 
-;...J• 
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0005700C 
0005720CC 
00 057 40C25 0 
0005760CC 
0005780CC 
0005860CC 
0005880CC 
ooos-goocc 
0005920CC 
0005940CC 
0005945CC 
0005960CC 
0005980C 
0006000C 
0006020CC 
OOi:i6022CC 
0006024-C 
0006025C 
0006026( 
0006027C 
000604-0C340 
0006060C345 
0006080CC 

. - 0006100C 
0006120C 
0006140C350 
0006160CC 
0007320CC 
0007340CC 
0007360CC 

; 0007380CC 
---- -· ooo7•oocc 

0007420C 
0007460C 
0007465C 
0007480C 
0007481C 
0007482C 
0007485C 
0007490C360 
0007492C 
000754-0C 
0007560CC 
0007580C365 
0007600CC 
0007620C 
0007640CC 
0007660C 
0007680( 
0007700( 
0007720CC 
0007740C 
0007760C 
0007780C 

2 + FORCE(J.L)*OCOS(THETA) 

CONTINUE 

CALL SOLVO SUBROUTINE TO SOLVE SYSTEM OF LINEAR EQUATIONS. 
ON RETU~N FRO~ SOLVO. THE PART OF THE MAT~lX THAT BEFORE 

CONTAINED THE APPLIED STRESSES WILL NOW CONTAIN THE 
SOLUTIONS FOR RO-SUB-X AND RO-SUB-Ye THE DENSITIES OF 
THE BODY FORCES. 

CALL S0LVD(EVALe200.INCREM-l•1NCREM •• SD-6,DET,TEST) 
IF (TEST.NEeO) GO TO 450 

WRITEC6el055) 
IF (OIST.EQeO•O) GO TO 340 
WRITE( 6, 1060) 
GO TO 345 
WRITEC6.1065) 
WRITEI 6, 1010) 

·oo 350· M=l. INDEX 
J=M+INDEX 
WRITE(6.600) ~.EVAL(M,INCREMtwEVAL(~,INCREM) 

PERFORM NUMERICAL INTEGRATIONS TO DETERMINE INFLUENCE 
COEFFICIENTS. FOR EXAMPLE• PSIGY IS THE COEFFICIENT IN 
T,tl~_ Y __ Q!RECTION O_Y.f; :ro ｾ＠ _ _?_QINT F_Q.~~-E __ Pe 

INONEW = INT(INOEX/2.0) 
X : o.o 
IF COJST.ea.o.ot GO TO 360 
V = OJST - LENGTH 
NEIi = 1 
C = -Pl/2e0 + EPSIL 
GO TO 365 
Y =·-l .. ENGTH 
NEW= INONEW 
D = Pl/2.0 - EPSIL 

DO 380 N=t,lNDNEW 

IF (NeEOeNEW) GO TO 375 

CALL ROMBRG( xsrGx .PH fcN f •PHI< NU)• r; 0 • T~-0 =-r,··10, S 1, Sf Ml-; l NOIC;-il" 
IF (INOICeEOel) GO TO 400 
FORCE(l,N) = Sl- 1.0 

CALL ROMBRG( YS!GX,PHI(N),PHl(N+1).1.o,1.o-~.1o~s1.sIMl,INDIC,I) 
IF (INOtC.EQ.1) GO TO 400 
FORCE(2,N) = SI- leO 

:..n 
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0007800CC 
0007820CC 
0007840C 
0007860(( 
0007880CC 
0007900(( 
0007920CC 
0007925(375 
0007926( 
0007928( 
0007940(376 
0007960(377 
0008040( 
0008060CC 
0008080CC 
<f00S l00CC 
OOOB102C 
0008104C 
0008106( 
0008l20C378 
0008l40C379 
0008220C 
0008240CC 
o<n>a2aocc 
0008300C3BO 
0008320CC 
0008340CC 
0008400CC 
0008420C 
0008440CC 
0008460( 

---0008480( 
0008500( 
0008520C 
00 08560C37 0 
0008580CC 
0008600CC 
0008620CC 
0008640CC 
oo oaucfcc -
0008680CC 
0008700( 
0008720CC 
00 08 740C 
0008760( 
0008780( 
0008800C 
o~o<>S8-20tc 
0008840CC 
0008860CC 
0008880(500 
0008885 740 
0006900C555 
0008920C600 

GO TO 380 

lNTEG~ AT E OVER SINGULARITIES BY TAK IN G PRINCIPAL YALJES. 

IF (DlST.ea. o .o• GO TG 376 
CALL RO~BRG( XSIGX,C,PHI(N+l),l.O,l.D-7,15,Sl,SIMl,INOIC,I) 
GO TO 377 
CALL ROMBRG( XSlGX.PHl(N}. U , l.O ,l,D-7,15,SI.SIMl,INDIC,I) 
!F (JNOIC.EQ.1) GO TO 400 
F ORCE(l,N)= Sl-1,0 + 3*EP S1 L* T/ (2*Pl) 

IF (DIST.Ea.o.o) GO TO 378 
CALL ROMBRG( YS1GX.C,PH1(N~1J .1.o.1.0-7el5,S1,SIM1,INDIC,I) 
GO TO 379 
CALL ROMBRG( YSlGX,PHJ(N),D,leO,l.D-7,15,SI,SlMl,INDIC,[) 
IF (INOIC.EOel) GO TO 400 
FORCE(2,N) = Sl-1,0 - EPSIL*T/(4$PI) 

CONTINUE 

XSUM90 = STRESS 

00 370 M=l.lNDNEW 
-- J=N• INDEX . 

XSUM90 = XSUM90 + 2,0 * EVAL(M•I~CREM) • FORCE(l,M) 
+ 2a0 * EVf\L(JdNCREl.t) • FORCE(2,M) 2 

CONTINUE 

DETERMINE STRESS CONCENTRATION FACTOR BY DIVIDING THE EVALUATED 
STRESS IN THE X DIRECTION AT 90 DEGREES BY THE STRESS 
AT _Hif:"J.tjl_I.!~ .. _ - ~-- -···-- --- --······ -

wRITEC6,1010) 

XSUM90 = XSUM90/STRESS 
WRITE ( 6.l085) XSUM90 
WR1TE(6e1010) 
~JUTE( 6.• J_099J_ QET 

FORMAT(14,5(1X,FlO.O)) 
FORMAT(8(1X,F6.3)) 
FORMAT C 1 •) 
F0RMAT(I4.2(1XeFl2e6)l 

CT. 

-.....J 



0008940C866 
0008960(800 
0008980C1000 
000900 oc 1005 
0009020C1010 
0 0 09 0 4 0 C 1 0 2 0 
00 09 060C l 025 
0009080( 1030 
0009100C1035 
0009120C1037 
0009140C1040 
0009160( 10 45 
0009180C1050 
0009200(1055 
0009220( 1060 
00 09240( 1065 
00 09 260C 10 85 
00 09280( 1090 
0009300Cll 00 
0009320C11 l0 
0009340CC 
0009360CC 
0009380C 
o009400cc 
0009420CC 
00 09440(40 0 
0009460C 
0009480CC 
0009500CC 
00 09520(450 
0009540( 
0009560CC 
0009580C 

i---- --- ----

FORMAT(2(1X,Fl2e6)) 
FORMAT ( 1 XoFl 2.6 t 
FORMAT(lXe•SOLUTlO~ TO ELLIPSE IN SEMI INFINITE PL~TE 1 ) 

FORMAT(3X, 1 U5ING NISITANI BODY FORCE ~ETHOD') 
FORMAT ( 1 X) 
FORMAT(lXe•THE NUMBER CF D IVISIONS IN THE ELLIPSE IS•, 14) 
FORMAT(1Xe 1 HALF THE wIDTH OF THE ELLIPSE JS 1 ,Fl2.6) 
FOAMAT(lX,'HALF THE HEIGHT- or - THE ELLIPSE IS ',F12.6t 
FOAMAT(1Xe 1 THE DISTANCE FRO~ THE CENTRE OF ELLIPSE TO•) 
FORMAT(3X,•THE EDGE OF THE PLATE IS •eF12.6) 
FORMAT(lXt'THE APPLIED STRESS AT INFINITY [S 1 ,F12.6) 
FORMAT(1Xe 1 THE VALUE OF EPSILON IN THE NUMERICAL') 
FORMAT(3Xe•tNTEGRATION IS •,Fl2e6) 
FORMAT(lX,•THE X ANDY BODY FORCE DENSITIES, STARTING•) 
FORMAT(3X,'WITH THE BOTTOM OF THE ELLIPSEe AR E' ) 
FORMAT (3X, 'WITH "THE SIDE -UF -""THE ELLIPSE, A""RE 1 ) 

FORMAT(1X, 1 THE STRESS CONCENTRATION FACTOR JS 'e2(Fl2e6e1X)) 
FORMAT(lX,•THE DETERMINANT OF COEFF[CtENT MATRIX IS ',E12.6) 
FORMAT(lX,'ERROR! NUMERICAL INTEGRATION DID NOT CONVERGE,•) 
FORMAT(lX,•ERAOR: COEFFICIENT MATRIX IS SINGULAR.•) 

STOP 

WR1TE(6,1100) 
STOP 

WRITE(6t1110) 
STOP 

END 

c.n 
CD 



8.2 TYPICAL INPUT 

INDEX (MM) = 12 

WIDTH (a) = 1.0 

LENGTH (b) = 4.0 

DIST (e) = 0.0 

STRESS (o~} = 1.0 

FRAC = 0.01 

FORMAT (14, 5(JX, FlO.O)) 

8.3 TYPICAL OUTPUT 



SOLUTION TO ELL(PSE IN SEMI INFINITE PLATE 
USING NISITANl BODY FORCE METHOD 

THE NUMBER OF 01V1Sl0NS IN THE ELLIPSE IS 12 

HALF THE WIDTH OF THE ELLIPSE IS 

HALF THE HEIGHT OF THE ELLIPSE IS 

1.000000 

4.000000 

THE DISTANCE FROM THE CENTRE OF ELLIPSE TO 
THE EDGE OF THE PLATE IS OeOOOOOO 

THE APPLIED STRESS AT INFINITY IS 1.000000 

THE VALUE OF EPSILON IN THE NUMERICAL 
lNTEGRATiON IS 0.002~18 

THE X ANDY BODY FORCE DENSITIES. STARTING 
~ITH THE SIOE OF THE ELLlPSE, ARE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 --,2-

10.479455 
10.021310 

9 .752178 
9.599312 
9.515675 
9.478575 
9-.478575 
9.515675 
9.599312 
9.752178 

10 .021310 
"i0.479455 

6.235629 
1.518940 
0.286842 

-0.247939 
-o .49220 l 
-0.589385 
-0.589385 
-0.49220 l 
-0.24-,939 

0,286842 
1.518940 

-<6. 235629 

THE STRESS CONCENTRATION FACTOR IS 9.499096 

THE DETERMINANT OF COEFFICIENT MATRIX IS Oel39862E-16 

en 
C) 



,; 1 ·~ 

9. PROGRAM FOR SEMI-ELLIPSE AND CRACK IN A SEMI-INFINITE PLATE (ELCRA 0 

9.1 LISTING 



,,--· 

-. 
--- ~------- - --

OOt,OlOOCC 
oo:01 2) cc 
oo ::;or4occ 
oo :02c2cc 
COC02 CJCC 
oo :o:.04cc 
0 0 JO ~.os-cc -·· 
OO C0210CC 

PRUGR AM TC COMPUT l srr FC~ CP~CK IN A SEMIINFINITE PL ~ T~ 
YA VIII.J G A SEMltLLlPTICA~ r--., ·_;rcq. 

:-1:: 1H i'..JD OF SOLUTl-.JN I S Tl-'t 1-:r::~,y r '.:PCE ~[THUD CH. N I S ITA",ll. 

:~U'4ER ICAL l~T[Gf-.ATlON IS L!:~O rr.ST~AD QF ,'.,.l',ALYT!CAL 
1 N I E GRAT I ON T o-· -ocTE R ｾ＠ I r.-C-:-"T"rn::ur::1Kt. Co._ FF IC I u. IS. 

0 0 :: 0 <:: 2 0 CC l ~; J E X 1 I S T HE N U t-1 i:J t f< U F p. 1 C ;;:> Y .\ L S r N T O w H I C H Ti- I t:" S L M r C L LI F S C: 
00 0 0 2 40CC HAS BEE~ PARTITIONED . 

- ·uu-cu-zirrcr . - 1 NDEX2 IS THE NUM BER OF Ir--; TCRV AL 3 INT C '.\H"l CH TH C CRACK 
OO OOZ4 2 CC HAS BEE~ PARTITICN[ G . 
OO ::l 0 2 4 6CC ,,,, I DTH 1 5 ~1ALF THt wl DTH OF THE SDHEL LlP SL ALOls; <..; 
oo co2eocc TH~ x AXIS. 
00t.02 80 CC LE ,lGfHTS- THE- HEluHI OF IHE SEt-tilLCTP"SLo _ _ __ ______ _ _ 

00 00 290CC CRAC IS HALF TH E LENGTH QF TH E C~ACK. 
OOOOJOOCC HE IGHT IS THE DISTANCE FRC~ TH E CENTAE GF THE C~ACK TO THt tDGE 
OO COJ05CC OF THE PLATE. 

-··0-0 -00: n--zcc --· ---sTITS"S 1 S THE APPLI ED STRE~S Al -rNT"fNTTY . 
00~0320CC F R~C IS A NUMBE R MUCh L[ SS THAN loO USED 1~ THE 
00 00J40CC NU MERICAL INTEGkATI CN ABCL T A S ING ULAR ITY. 
OO OOJ60CC 
00 0 0 ~80( 
00~04 00( 
00004 0~( 
0000410( 

n.YLGER l TiDEXl .a::::rFX-Z, J NCfi: E'JI, HALF 1, AXLF ,_ ·-------
RE ALQ8 Pl,WIDTH,LtNGTH,X,Y,STRESS,EPSIL , Sl ,SIMl, C , O, PREC, CET,T EST 
REAL*B S,T,THETA . D1ST ,C QAC,A1,A2 , A3,A4 , A5,A6,A7,A8,A9 
REALQ8 FRAC ,HE1 GHT, S !Fl, S 1F 2 

1 --··-o-u1rcrzrz~rc-----·· 
I OO C042 5C 

RE A[;: 8 PH I (TOTT.WilWTTTOTT, F~CCTZU-O.T.nn ·;cv~.30-0· .3·0 l r -
A E AL ,:,5 ET A ( l O 1 > , CENT RE l l O 1 ) , F UNC ( 100, 10 l ) , F ORC E2 ( 1 0 0, 3 0 0) 
COMMON PI,X ,Y /ELLlP/ WIDTh,LENGTH ,01 Si /CRACK/ CRAC,HEIG~ T 
EXTERNAL XSIGX ,XS1GY,Y S IGX,YSIGY,XTAU,Y TAU , XCRAC,YCRAC •TA LCRA 

I OOC0440C 
1 00 004 60C 
I 0000480CC 

OO C0 500CC 
0000520( READ(5.600) IND EX ltI NP.EX2 , ~IDTH,LENGTH , CRAC ,HE l GHT 

I 
\... 
I 

OOOOS25C READ(5,650) STRES~,FRAC -- oo au-s-z.o-cc-- -- - -·-···-----··-·----·- - - -· ------- - -------- - ·--·-· ·- -·-- -·-·-·-
oo oos6oc wRIT E C6,1000> 
OO OOooOC WRI TE (6,1 00 5) 
00 00600( WRITEC6,1010) 
00 0 0 620( WRIIE(o,1015) tr ... OE XI -- -----· 
00 00640( WRITEC6,1 0 10) 
00 0064~( WRITE C6,1 0 ZO) INDEX2 
00 00650( WRITEC6 ,1 0 10) 

- - ·- - o-o-o!1660C - ----·-wm Tm·.n:rzs1·- .n0Tw· ------
oo oo6aoc WRITE<6,1 0 10> 
00D06C5C wRTTE (6,l OJO ) LENGlH 
00)0686( WR1TE (6,1 0 10) 
1JO 00720-C- A' RTT1:f~5-...... l'"'0...-.3;...5 ........ )---.-C..,..l?~A~C-- - - - -

OOD07~5C ~R ITE(6,1 0 10) 
00 007JO C W~ITE (6, lOJ7) HE I GHT 
00 u07 40C ~RiiEC6,lC10) 

- - ·-ucnm,ooc ----·--w1nTFT6,-,··wroT- STF.E--ss -- ·· ·· ····· --- ·· - ---- - -- --· - -·--- --- --· 
00u0 7 80C WRITEC6,1 0 l0) 
DO COBOOCC 
oo::oa2occ ) EF I NE PI, EPSI LON. EP S IL CI\ I S u:,Eo 11, 

- -
INTEGRAT IO N -------

---

0) 

-r;;;:,-



,;' ______ ---

oo ; oz.4occ 
00 C03G~ CC 
oc ::oan:;c 
00 ::0; 4~( 
0 t, .~ C ·,. 6 0 C 
00 ::0980( 

. 1rO -~ CT79"'J"C-
o o: 1 ~::>cc 
00 Cl 0: !:i C 
oo .: 1cJoc 
oo :; 104-occ 
CO :> l :C.O CC 
o o n ,.:3oc c 
Ov :> 1 1 JOCC 

- 0-0-0 11--zt:rcc-- ---
0oc1122 cc 
00 0 11 24(( 
0001126CC 
O"O :ill 2:JCC-
00 J l l JO CC 
00:1140(( 

- --- .. -··- ·- -~~- -· 

;. 0 :JU T :, l N <, U i.. A Fd l l t. S C N T ｾ＠ I: 3 f' '·I : ::. L L l P S: • 

P I = 3 • 1 4 l 5; 2 6 5 3' · ';; 
r P5I ~ = ~ hA C ｾ＠ Fi/I~ Dl Xl 
,,qrTC (t,, .~4 > 
.,f-? IT [ (6, :G!)G ) ErSIL 
·, ITTT~ • • C10 ) 

:) J 3T = :) , C 
T = L[N~TH/ldDH· 

CCl~ ;::' 'J TE VALUE Of PHI(N) F'J f. '•=l TC IND CXl • l. 
PH I ('J) A',[. P til P-1+1) AP f P,\f.4•;:;crs F ::JR TrL VALL[ GF 

Tt-1 : EN DPO IN TS CF TH[ NH· Ir,T ~RVAL GN T!~t: ELL,ose: 
."'( ｾ＠ ""V1 DTIT ,:: CIJST'P'A I J ; Y : LL !,G f R ,::- SI';~ (PHI) --·-·- --

C(ml'lUT[ [TA I N) FOR N=l T C J r-.:> !:X2 • 1 , 
C TA(N} AND ETA(h+l) AR[ THE Y·VALUES OF TH~ ENDPOINTS GF 

THc NTR 1 NTERVAt ON TH E "(t; ACK • . 

00 0 1160(( MlOf"IT ( N ) ;S THE VALU[ OF Pl-l AT THE MIDPOINT 
01TUT,socc------0F THE ( N'-"TIIH" lf..l ERVAL C'-i IRL EITTPSL -. ------
00 0 1182(( 
00:)1184(( 

; oo::aie6cc 
I - ---U-0 ".IT ZO O CC 
1 OOJ1 2 20CC 
/ 00 0 1 240(( 

00 0 1260(( 

C~~TRE(N) IS THt Y-VALU E CF TH E MIDPOINT OF THE (N·I)TH 
INTERVAL ON THc CRACK. --------

X ANDY ~RE THE X ANDY VAL ~ ES OF THE P OINT ON THE ELLIPS E 
HAV ING MIOPT(M) AS ITS ~A1 AM E TER VALU [ . 

I
t- ~- OOOI280CC IALI A IS IRE ANGLE--r,-;-:-· NQRf,i.AL ON IRE ELCTPSL MAKES WITH TFE X 

0001300 CC AXIS. IT IS ALWAYS TAKI:\ TO BE IN THC H i TERV.\L !-PI/2 , 1=1/2). 
0 001J20CC THIS I S NOT THE TRU E VALl-E Of" THETA HJ ALL Ul..ADRANTS, BLT 

j ｾ Ｎ ｧｧｾｾｾｧｾ＠ -·--- ..:~0 conRE(TION lS NEEDED .AT THI:; POINT. 

I OOC1380CC 

L OOC1385C 
0001400( 

, 00ul480CC 
I 0001 500c 
I 0001520C 
I 0001540C 
I - --oo Ol 55umcr 
· 0001680(( 

~ -

OO C1 681CC 
00 0 1700( 
0001 720( 
00vl721CC 

I NCREM::: I !'JDEX 1 +-1 
PH I(l}:: O.O 

DO 100 N:::2,JNCREM 
PHI(N} ::: P[:::(N-1 )/lNOEXl 
MIDPT(N): PHI(N) - P l/(~ ¢ 1NDEX 1) 

- "CUNTTITTJE"" - ----· ·- - .. -·- ·-··-·. -

l"JCf'?EM=INDEX2+1 
ETA C 1 J : .RE IGR.--CRA" 

00 0 1 840CC 

I 
0001860( DO 150 N~2,lNCREM 

- ou-u1rnc---··--- --c.rrur· = cTm,·T r.-o·,...:c:.o-c:nn--11 /TmYEXZ -

I 
0001900( CENTRECN> = ET~(~) - CRAC/INDCX2 

I 
0001920(150 CONTINUE 

,- 00 0 1940(<;, 

-----------------------
O") 

---- uJ 



_,,,.. . . . 

0001 9 GOCC 
co c fr; ao cc 
oo:2c:occ 
co;::2J c~ c 
00 '.)2C:J C 
oo:2cz:,cc 

'>----ovCZG..-u-c-c·· - .. 
00 :)206:)C 
co ;2c eoc 
OO '.J2lOOCC 
oo czrzuc· 
co-=.214oc 
CO C2 l 60C 

2t~~GRM NUMERICAL lhTEG1,TlCN~ TO DET ~nMI:.E I NFLUC~CE 
~CCFFIC IE NTS 0 ~ THE ~OU~C A~Y -GF THE SE~IELLIPSE DUE TJ 
POIN T FCRCES I~ TH[ X A~[ Y Cl~ ~~TI CN C~ TH[ ELLlPS[. 
FOR EXA~PLE, XSlGY l ~ T~E FOR(~ I~ THEY DI~ECTION 
~UE TO A POINT fORC t X I~ THC X DI ~EC T lL~. 

I NCRCM= I '.WEX 1 + l 
l~J NEW=I~T(I NDEXl/2 . 0) 

~O 200 ~~Z.INCREM 
J = ,•.1 + l N ::) E X 1 
~M = l'l:::it.Xl - M +j 

JJ : MM + INDEXl 
--- ---x- = -wr DT K ::=-otcrsrfifIDPT (P. Tr 

Y = LEN GTH* DSIN(MitPT(~l) 
S = OTAN(MIOPT(M)) 

00 C2 l 80 C 
crovzzuu--c 
0002220( 
00 :)2240C 
OOC2260CC 
O"DD2' 2c3 :JC -
0002300CC 

--- - - -· ---- ---------

i 

00 '.:2 JZOC 
OO C2.J40C 
00 U2 3c5o-cc·-· 
OOC2600C 

, COC2 6JOC 

. THETA = DAT AN ( S/T) 

C = MIDPT(M) + ~PSIL 
D = MIDPT(M) - EPSIL 

DO 200 N=l .INDNEW 
K=N +l NDE.X l 
L=N+2::• INOEXl 

I 
00 !:2640( 

· -·-atPJ215"!5UC" -- -- - ·-· HN = INDEX l . ~n---- ·-- -------- -· -- ·- ·--···- .... - ·-· -- . -~ ...... . 
OOJ2660C 

~

I0:2670( 
002700CC 
0 .., 2120-- -· 

OO C2 740CC 

1 gg g~~882 
l ---ovc:,ou5c-· 
I 00 :'.:3006( 

L
t oo o3c 10cc 

OO C3011C 
00 CJO I3t. 
0003Cl4C 
00 03020( 
OO C3040CC - - ----cro-c 3"'Co"O"'C .. 
OO C3080C 
OOC3100C 
OO C3105C 

KK = NN + INDEXl 
LL= NN + 201NDEX1 

If (M-I.EO.Nl Go--TITT7"5 

(ALL ROM8RG( XSIGX,PHI(Nl,PHI(N+l),1 . 0 ,1.D-7,1 0 ,Sl, SIMl .IND IC,1) 
IF (INDIC.EO.t) GO T O 400 

- ·-rnRCET~--r-,N} ' .. = ·- s 1-· I• o· 
F 8R CE(MM•l , NN ) = SI - 1.0 

CALL AOMBRG( XSIGY.PliI(NJ,PHI(N+l).1.a.1.o-7.10.sr.s1Ml,INDIC,I) 
IF (l!'iD!t.EQ.IJ (,Q ro 40C -
FORCE(M-1 ,K ) = SJ- 1.0 
FORCE(MM-1,KK) = SI- 1. 0 

· -- · t"Al:t.-r?"OPB1<Gc,rr :.ro-;--PHITNJ ,PHl'lN+i> .1.o,r.rr-,~-io-; 51··;srin. --n,1rn:;n 
lF (INDIC.EQ.1) GO TO 4CC 
r-ORCE(~·l,L) = S I - 1.0 
FORCE(M~·l,LL) = 1.0 - SI 

00 J3 120CC -- -- ---
0003140( 
OQC.jl60C 
QC, '.) 31 BOC 

--- ·o-o-c:JTB o C - -• - ··-
00 CJ200 CC 
OO C.3201( 
COG320JC 

CALL ROMORG ( YSIGX, PHI(~~).PHl(~J+1 >,1. o , 1.o-7.l U, S I,SI 1-1l ,lNDIC,l) 
IF ( IN O IC.EQ. 1) GO TO 4CO 
FORCE(J-1,N) = SI- 1.0 
rcm-CTT:r:r-1. ~ --=-·s r ·--·· 1 ·• o· 

CA L L RC MBRG ( VS I G Y •P H I ( N ) , PH 1 ( ·~ + l ) • l • 0 • l • D - 7 , l O , SI , S IM 1 , l ND IC, I ) 
IF ( IN '.)l C.EQ.1) GO TO 4 uC ---- -------- ------ - - · -------· 

cr, 
ｾ＠



I 

I­
I 

' 

I--

I 

OO CJ2C<+C 
00 :;j,2 l :>C 
00 ::.3;-4:;cc 
00 :3,60C 
CO ::Jd~OC 
OOS.3.?COC 

---oo c3JG51:"-
oc :JJ2'.:> CC 
00 :)Jl.2:>CC 
oo .;3e,4oc 
00 :)3CC.OCC 
oo .::30uocc 

FOR(E (J•l ,K) = SJ• l.'." 
FO,i(E (JJ·J ,KK) = SI - 1.: 

CALL R 'J 1 ;(: h G ( YT A v , PI l I ( r, ) , ' ·- i ( I , + : ) , l • 0 , 1 • C. - 7 , l O • S I t ｾ＠ I ·.i 1 • : , J t C • I ) 
If (l'.cJIC, .- .,1 ) C.0 T : :+: c 
rOACE.(J-l,L) = :..,1 - l, ::' 

- ·- TURCET J J- l , Lt:., :!: I ·;-o - ·- :-I··--

;,:, TO 2 t, 0 

00 ~.3700CC INTEGRAH: OVE:n Slr-.C,UU, '? ilI ES E, Y TAKl~-J .:; f>f;I"'Cl~AL VALt- :::.S , 
00 ,'.;j"/;:!OCC Tllr. INT l::.GR AL HA~ FCL:i:: ;-'A J;.TS: Tf-:[ FH~S T TWO A~( 1'HE t-,JR' tL 

-u-o:;374'.Jl:"C' INTEGRALS OVER ( PITTT",'}""'tD"l-;.-rm cc.P1ncr.+ l)) .. ,ncRAVJ:.r. 
00 :)3760(( THE S!N<..U L~ QIT'V. TH( lh!i< D TER~ I r; v o LV(S THETA ~N C, l!: 
OOCJ 76 0CC [XPLAINCD IN TH( LlT [~ATU~[. THE F~URT H TE RH IS TH E 
00 03UOOCC [rtROR lN THI:. lNTEGKAL Cl.E TO THE CHOICE OF EPSILON. 

--u-o·c313zocc ··------ ·-··- ·· · ·· -·--- -
00 0J G40Cl 7~ CALL RONORGC XSlGX , PhTC~) , D,l.O ,l. D-7 ,l O ,Sl• $ 1Ml,l NDIC,ll 
OO~J 8 60C t r (INDIC,E0,1) GOT~ 4CC 
OfrCJb80C FORCEC~-1 ,N) = ~ I -1. 
0 0 C 3 9 0 0-C - - C A LC- R:H•1B R G ( XS-..-1 .,..G'""'X~,-.c-, ..,P""'R...,I,....,( ..... ">i""+~l ..,.)- ,-.1 ..... -~~, .r • 0 - 7 , I O t S I , ':> I M I , I ND I C , T ) 
00 0.3920C IF (IN :)JC .EQ.ll <,Q TC 4CC 
0003940C FCRCE ( ~ ·l,N) :FORC~(M-l, N)•SI -1, 0 
OOC.3960( 2 - (5+4*DCOS(2*TH[TAJ-DC0S(4*THL1A))/l6 

· cnPJ398UC' 3 • EPS I ci::r / ( 4 ;;:p }:.: ( 5':;:;!2 f T :.::::2 p::::,:31 :::( 5::'i'S~(il~- 2::: r::::::2T:::s:::.:, 4 --
0004000C 4 -6050020T C02 - T**4) 
00 0 4 020C FORCE(MM•l,NN)=FORC~(M-1,~) 
00 C4 D40CC 
000li06Dc 
0004 00 0( 
0004100( 
0004120( 

(All RO!-IBAG( XSIGY, Ft,TJ(N J ,D, 1.0.1.n-..,.-ro.~T. 5TM1 , [NOIC, I> 
IF (INDI C,EO,l) GO TC 4CC 
FORCECM•l,K) = S I -1. 

1 • - ---cn::ron 'Zi"'tl'C" ______ _ 

I oo 04 Looc 

CALL ROMBRG( XSlGY,C,DHl(~+l),l.O,l,D-7,10,SI,SIMl,I~DIC,I) 
'"IF ( INOTC";Ea .1, -c;n- rc · 4-uu----·- .. -- ·-

I 

ｾ＠

0004180( 
00 04 zooc 
OO C4 220C 
00 0 4 24 oc 
OO G4 260 CC 

2 
3 

FORCE ( ~-1.K}=FOR(E (M • l, K) +SI-1 . o 
+(l-0(0S(4:::THETA) )/16 
t EPS1L*l/(4*PIC(SCC2+T**2)**3)*(•2CSC06-Cl-6*T** 2 )CSO*q 
Ti":;.5;..::.2:;: I * -~2- f ... :';:4 l 

F ORCE (MM-1.KK):FORCE(M•l,K) 

00 04280( CALL RO~BAG( XTAU,PHI(N).o.1.o,1.D-7,10,SI,Sl~t.lNDIC,I 
UO C~3mrr-- ----·----rr-T mn IC. E O. 1,- GO T aero C - -- -- --- ·-· - - . --- - ------- --

j 00 0 4.320( FOriCE(M-1.L): S I -1. 
1

1 

oo:>4 .3 4oc CALL R01J.BRG < XTAU,C,PHI<t-.+ll.i.o.i.o-7.io,s1.s1M1.INDIC,I> 
00 04360( If (IN D IC.E u ,1) GO TO 4CC 

-----u-umaoc F (JRCcTW- I, L) =FOR CE C M-1, L J 'f SI -1. 0 
00 04400( 2 -( 2t;:0S1N(2¢ THETA>• CS J N(4,::THf.TA) )/16 
0 004420( 3 t EPS ILCT**2/ C4*Pl~(S0*2+TCC2 ) **3 )C(•9*S**5-( 6+20TC02) 
OO C4440C 4 *5**3 + T002CS0(2-l**2 )) 

·, ·----uuu4~60C F DRCETf.fR-T,CC) = -FORCE( P-r.Lr 
00 044BOCC 
0004500C CALL ROMBRG( YSIGX.PHI(N),Dtl,Ot1.0-7tl0,S1,SIM1.JNOIC.I) I 00'.)4520( If (INOI(,EOal) GO TC 4CC 

i 
\ ..__ ____ _ 

O? 
c..n 



~----------- -- ----------·---

oo:;4s4~c 
co:4::6::>c 
oc :4 5~ 'JC 
OO C4l.OOC 
00:4620C 
co:.4c.:.~c 

FO RCE (J-1 , N) : SI -1. 
CALL Rc,-·ehG( YS lGX,C, ,'H,(, + 1 J.1.:,1. c -7,1e,, 51 , s1p.c1,1 ... :>I( ,l) 
Ir (IN~IC.Eu,1) GO TC 4:C 
F C ~CE C J - l , N): f LR CE ( J • 1 , f-.. l + S l - 1 • C 

2 +(l - DC0S(4:::THCTAl )/16 
? + EPS1 L*T/(4*PI*(SC~2+T**Z>**Jl*(-S*06+(6-l*~2)*:~oz 

-·- -0 0-:,; r;oJ C 
OC :-4600( 
OOJ 4 70'.)CC 
OOG472'JC 

-· -..--- -- ;:, T:::~--V- o:;5;:::,t, :;: I:,: :,: '" - 2:::T:;::;;4 ,-- - - -- - ---
FO~CE CJ J - 1 , ~N) :F CRCt ( J- l , \ l 

CALL RC~BAG C YSI<,Y , PHI(l\) , D , 1, 0 ,l . 0-7 , 1 0 ,Sl,SI!~ l ,lr~OIC, l) 

ｾ＠ -

0 0 :; r+7--z+ :re 
oo:4,G:iC 
00 0 4 78:l( 
0004 300( 
0 0 0 4 8 ... o-c-
0 004 6 4 0C 
00 0486'JC 
0 004 880( 
0 0 C4 '900C 
0004 9.20(( 

2 
3 
4 

00 C4 94 'JC 
OOC4960C 
ｾ＠
0005000( 
00:)5.:)20( 
0 00504:>C 
1>U-'J5-m5'0C- - - Z 
0 0 05060( 
0005 1 00( 
0 005 1 20( 

00 05165(200 
OOC5100CC 
0 005ll?5CC 

· -crn-crs rvu-cc---

.3 
4 

-YF - ( I"lOIC . tC. l ) GO TO 4CC 
FORCE (J-1 . K) = S I -1. 
CALL R ｾ＠ ~!Bl-< G ( Y S l G Y • C , fl I f I {" + 1 ) • l • 0 • l • D - 7 , l C • S I , S I~ l , I r-.D I ( • I ) 
IF ( INDIC . EO . l) GO TC 40(, 
F'Trr<"C tT-::r-1 , K'r=-F OR C E ( J • 1 • K l •"S 1 --r;v 

- C~ - 4*DC0S (2C1H~TA)-DC ~ S(4* THETA))/l6 
+ EPSIL*T/(4*PI¢CS,c2 + T**2>**3)*( - S*06+!2-T**2l*S~C2 
*T002 - ~*S*C4*T**~+60T**4) 

- rURCE( JJ-1. KK ) :::FORCl:(J • l ,K) 

CALL R:J~B~G( YTAU ,PHI(N) , C ,l.Otl . D- 7,l v ,SI . SlMlolNDIC.r) 
If ( INO IC.EO.t) GO TC 40Ci 
FORCECJ - I , L): SJ · I . ｾｾｾ＠

CALL RO"'lB~GC YTAU,C,PHJ (1', + 1) .t . o. 1. D- 7.10 , SI ,S I Ml tlNDIC .J) 

IF ( I "'IO IC . E O. l ) GO l O 4 0 C. 
FO~CE(J - l , L)=FORCECJ -1, L)+SI-1 . 0 

- ( zeos IN(.:! :;TRE I A J + LS ltfl ~, ... R-E ..... l_,A ... ,-,n ｾ＠
- EPS I L/(4*PI*(S002+ T0*2 >**3)* l( 1•2Cl 002 ) *S**5 
+Cl +JCT0*2)C2C T**2~S~03 + ~*S*T*C4 ) 

FOACE ( JJ- 1 , LL J::: - FORCE ( J -1, L) 

co•n I NUE 

oo~5!92 CC 
OOC5200CC 
00v5260CC 

[ VAL UATE THE STRESSES ON T~E CLLIPTIC ItJTERVALS DUE 10 
POINT FCRCES ON THE CRAC~ INTCRVA L S . 

0 0 o-578-crcr­
OOC530 0 C 
0 0 05 320CC 
0 00~340( 
oo us:rnoc-···-· 
00 05380( 
000540 0( 
0005420( 
0 0 0~'(' 
00 0o460C 
0005480(( 
OOC5500C 
0 0 CSS2·oc 
0 0 0554 0(. 
00 05560( 
oo:sss~cc 

INDNEW: lNT( INDEXl/2 , 0) + 1 

DO 210 M=2 ,1 NDNEW 
- ~r;r- = - rNUE'Xl ·-~ +·3 ·- - - - ------· -· ---

x =W I DTH* DCOS(MIOPT ( M) ) 
Y = LENG TH * OSIN<~JCPl(~) ) 
DO 210 N=l , INOEX2 

---x ..:. N+INDOZ--­
L = N+2:::INDEXZ 

CA LL RO!-'ORG C X CRA C •E T A ( N l • ET A PH 1 ) • 1 • 0 • l • D - 7 t 20, S I , S I M 1, t 1\0 I C • 1 ) 
-u: c murt ."E'TJ"".-rr-Go HJ i.o-c·- - --· -- - - - --- - -
FOACE2 ( M-1,Nl : 3I• 1 . 0 
FOriCE2(~M-1, N) = SI• 1, 0 

a'5 
O') 



-
OO C~<,C'.:lC 
OO (:b6=:o c 
00 ':5G 4 :> :: 
oo -: 56(,oc 
oo :b,.ti JCC 
OOC!:>70:JC 
0 O"';S"T.::TC 
oo ... t,74:)C 
OO J~76:) C 
OO C57f!OCC 

-o o,:sr:u:>c~ ｾ＠ ;.> 
o o:.s i . .:occ 
o o::~ " 4 '.:' C C 
o o.: ~:.. 6occ 

- u-cr:; 5 <?"B O CC 
00 ~:,?00 CC 
OO C59 ~ 0 CC 
00 05940(( 
01} :5960 CC 
OO C598 0CC 

, oo co..;oocc 

: A - L A ::: I O F: G ( f C,:, A (: , (. T :. I '. l , •: T ｾ＠ ( '. • l > • l • 0 , l • e, - 7 , c O , :; I , $ I ｾ＠ 1 , : I\ ..> I C. , l ) 
IF ( I '" ::> 1 C • [ G. l l <:.u T ;::; 4 : .: 

FCRC[ 2{ ~ ·1,K ) = SI - l, C 
F:~CE2(UM•l ,K) = ~, - 1. : 

::.:..L ~c · ·rJi.. . ., TAuC ... A , E.TA.: 0 , ) , f T ~(t)1-l) .l. '.) , l . C' - 7 , .c O , $i , SlsAl .J NOIC .I) 
-ｾ＠ .- n ~.n::;r c. E c. -.-n <:.o r:: '..cc - ---- · ---- -- ---
r- :J R C E. 2 ( ~-\ - 1 • L l = $ l - l , C 
Fii~~CE2 (~iP.\•l,L) = 1. 0 - S I 

CO';T rNUE" 

. n.s [ h r"TNFL UENC E C OITFTCl n.-•,-zrrn S T~ ES 3 E s-·~.-- n ,irTNTT Y---­
Pi T 8 E V AL MATP J X A C CC~[; I t--~ T ~ HO'J THE:.Y t l U S T APP EAR 
Pl TH!:: SYS TEM OF LI N[ Ai:. E'::.iAT I :lNS . 

T H~TA IS AG AI N THE M.fG1. [ r n 1 
.. ~E ·..; T HE :W:'<MAL ·r o TH E ELL IDSf" 

~NJ THE X AXIS BUT I S I~ THE INT ERVAL (-PI/ 2 , P l/2). 
THI S IS ThE cmm ~CT VA LL£. C F TH E TA . 

, oo soc.:: :>cc 
1--. --O-U-C-6 o 4:, c---·--·-r-:-<crtc A = ..: ::: 1 ｾ＠ o EXT + I NOL X c --rr--- ---------------

I 

I- --
. 

I 

00 Co 06 0CC 
00 0 6 08 0( 
OO Ot,lOOC 
0-0 06T'20 c--· -..... 
OO CC:, 14 0 C 
00 06 160( 
00 06 .lBO CC 
00 :rn.:. OOC 
00 06 2 20CC 
00 0 6 2 4 0 (2 30 
00 :;6,60 ( 
ou:02rnrcr 
o c :o .rno c 
OO C0 3 20C 
00 ~03 40( 

uO 2~0 M=l,lNDEXl 
J =M+IN:>CXl 

--,AE I A "':"'-0:w:1'7.N (DI AN ( WTCiPTTFT'IT) / T > 
Ir ( M l D P 1 ( M + l > • L E • P I / 2 ) GO T O 2 .3 0 
IF (~1 0 Pl(M+l). GT•3*? I /2 ) GOT~ 2 3 0 

-mm-: IAEIA + P' 

EVAL(M.INCR EM) = -ST ~ESSCD COS (T HE TA) 
EVAL(J.INCREMJ = O. O 

DO 2 40 ~ = l,INDlXl 
K = N +INOEXl 
L : N+2*INDEX1 

0 0 o 6-::f6"ITT:' 
OO C6J8 0 C 
oo -: o4 o occ 
OO C64 20C 

-·---. E VT'Cl M tNJ = FORCECl-', N l j;DCUS ( TFlt TA ) 
2 + F ORCE(~ 1LJ CO SI N (THETA) 

- ·-u-o· vo 4- l+"':) c--- . 2 
EVAL CJ,N) : FORCE(M,Kl *D SIN(THETA) 

- - ·--- - --TTO"'HCE l"M, l. J ~tfCITSTTR'E'T A 1 
00 0 6 460 ( ( 
0 0 C,6 4 ooc 
oo C6 ~ooc z 

EVALC M,K) = FU~ CE ( J,N) ~C COS (THETA) 
+ f ORCE (J,L )~DS i N( TNE TA ) 

O'Uu65'2U"CC ·- --
00 06 C. 4 0 ( 
00 Cb 56 0C 
0 006S80 CC 

· - crn :r6 otrerC2'+0 
00 Ot:> 620 C 

. OO G6 6 40C I 00 CbG6 0 C ,---- .. --

'------

2 
(VAL(J,K) = FORCEIJ, K )~DS IN(THETA) 

+ ~ORCE(J, L ) ~D COS(T HETA) 

- c o r-HTfHJE"-- -- ·- - -
DO 2 50 N:1,INOEX2 

K : N + 1NDEX2 
L : N + 2 ;': INDEX2 

~----··------

- -- -·-·------

- ---

- ----- ------

- ---

en 
........ 



,,----- -

OCi ..,666!:iC 
OO CoG3~C 
o o :;570 o·c 
00 !:6705CC 
OC :.o720C 

. c ~::.6,4::>C 
;--- oo~ucr 

00 ::.6780(2 :,o 
oo:.t>C.OOCC 
oo .;tit:.:::J cc 
-0 0 C'6 ::; 4 :l-CC 
co::.o ... 6~C 
0 0 06 f'.OOCC 

.. ,_ 

2 

J = :,.. + 2,:: I "'D C)( 1 
C V AL C I' .I l = f U ;; C C 2 ( M .r, l ,:, D C t) S C T HE. T ;.. l 

+ F ORCE2(M , L)·:,os:r. (TH E 'TA) 

EVAL(J tll = f I) f< C E 2 C 1.• , K ) ,:, C S I I; ( T rl L T ;., ) 
+ FU k C(2(µ,Ll 0DC CS (T ~E TA) 

C:.:·.TINUE 

l!-<CRE"I :: [/IICEX2 • l 

ou .;b ~OOCC CALCULAT [ FUNC(M, N). Th I S I S TH[ ANALYTI CALLY l~T[GRAT E~ 
- - -c O-C6c;::acr----ruNC I I :,p;; F mrTHE. EVA (UTI-r::-~ --uF THE Ch~-0.--H,FL OE NCE 

00 Co ~ 40CC COE FFICIENTS. 
ooce~45CC FUNC ( M,N•l) • FUNC(M,N} WILL BC THE S TR CSS IN THE X 
COCo9GOCC ~ I PECTIGN AT THE c~-l)T~ (~ACK INTERVAL DUt TO A POl~T 
O-O C69!JZCC FOR"CE X AT THE IHfi C~ACl< H ~TE RVAL. --
00 06 954(( 
00 %Y60CC 

DC JOO ~= 2 ,INCR ~~ oo .)o '.;eoc 
trt>C7::- ""'O-..-o..,..c---c- - · 
00 07020(( 
00 )7(;40 CC 
OOC7CGOCC 

A1tA2,AJ ,A4,A5,A6,A 7 ,A 8,A? ARE INTERMEDIA RY FU~CTI0/115. 

. -- -ucnrr~-oc- -·-·--n-~-C:EN I RE IM) ar-H( J GH I 
I OOC7C70C A2 = CEN TRECMJ - HEIGHT 

00 0 7 C80C AJ: DS0RTCCRAC**2 - A2 **2 ) 
0007 090( A4: Al*C2 • C~AC0*2 

I o o o 11-0-0 cc - - ---------- --
0 o 0 711 occ 
OO':J11 ,0C 
00 ~7130( 

-- --cro GTP+1> C 
00~71 ::i:>C 
OOC716 0C 
0007170 ( 
oo cnm 
OO C7190 CC 
00 07200( 

::>0 300 
A5 = 

--- ---· --·-A5· = 
A7 = 
AB : 
A9 = 

l'.=1,INCF-1::./WI 
(TA(N) - HEIGi-iT 
'ETA( N) f "CENTRE"'fl7T-- ·--·- ·-- ·-- -----· - . -
CENTRE(~ l - (TA (I\) 
OSORT(CRAC**~ - AE**2l 
CARSIN (( CRAC**2 + Al0A5)/CCRAC*A6)) 

FUNC(M,N): 1/ Pl C(A8/A7 + A2/A3 
00 07 2 1 oc 1 

-- -.? 
O OLQG (DABS(C CRAC0*2 - A2*A5 + AJOA8 ) /(CRACOA7 )))) 

3 
4 ,. . .., 

-- --1 / --PY-*T'-AS /7'6 • A l 7D"SORTTA4 )~- .49T- -- -------
+ 6* CENTRE(M)/ Pl* C•A8/A6002 C(l- A1¢A6/A4) 
+ CRACC*l/A4 * *1•5 CA~ ) - 2CCENTRE(M) *C2 / PI 
::: (A 8 /A6:::~: 3 :',: (-2 + Al:!; A6/A4+ ( 2¢CRAC::.,::2 + Al ::::::2 )*A6::::::2 1A4:::::,2 1 
~:::CRAC:';i:;::2 m-?'A 4:;d; .:: .'5 ::, A'Tr 

- ----uu;:;7zzuc 
OOJ7 2 3 0C 
OOC7 240C 
0007 250( 
OO L;t, 60-C- --y; 
0007400C C 
OO C7420C300 
OO C744::>CC 

co in INUE 

0 0 C / 4 IS 'JCC 
000748:>CC 
OO C746S( C 
OOC749o .:-

--- ----· - --

THE S TRE ::i$ES ON THE CRACK DUE TC THE CRACK ARE NOW INSEqTf:C 
:•1 EVAL MATRIX. ALS O EVALUATE~ AR E THE STRESSES ON THE --------

0) 

a.,. 



·--·-··-·- --·--- ------------ -· ----·--·· 

·,.. 

0087492(( 
OO S7 SCO C 
00 0752'.)CC 
00 ·:7340CC 

(~ ACK H. TH E X v l hE( T!f~ .. '.;'.J[ -re PQll', T FORCES ON 
I t J TH E X AND Y ;.> I h [ ( T 1 :;: t·, '.: • T H C ｾ＠ E $ TA [ S '... ES A RE 
XSIGX A~C YS IG X ~ I T~ X=C i~D Y= CENTAC{ ~ l 

C O C 7 L. {; C C I ; , ·: R E M = ;::,:, l r-lLJF. XI 
I NDEX l/ 2 o o ,:; 7 t. e ::i c r : ; ;) •, E w = 

- o·o-a7 c-o-'J c----- x- ·=---u-.u -
oo :,1 e, 2occ 
0 0 ·'.: 7 b 4 O(C 
00 C706 0 C 

. 0 0 : 7 .'.:· ,3 :> c - -·- -
OO C7 7G:JC 
0 0 S7 72.0C 

CC 500 M=i ,IN~~X2 
---y- =· CE,;; TR E T '·l+-1 > 

J = 1'1 + 2 ::: I ND I: X l 
-: VAL ( J , H~ C R :: M ) :: 

+ I NL ;'.: X, .,. l 

- sr ;; cs= 
, 0 00774 '.:>CC 
r-- o-o-o71 0::JC-------·-·;JO-r+tS-rr=l. , INDNE Ii 

I 00 07780( K : ~- + INDEX l 
OO C7800C N'-i : !NDE Xl -N +l 

THE ELLii=S[ 

00 0 7 320( KK : ｾ＠ .. N + lNDEX l 
00v7B 40C -· ·- -- . c-;in:L- RUMBR"'G(XSTGX,PHI(N),PH1('.'\l'f'l'J.t.o,1 . n -T,1 '5 iS1 ",SI '-1I ,1ND1 C-,l) 
00 07860( IF <INOIC.E 0 .1) GC TO 400 
00 07 88 ~( EVAL(J,N) = SI- 1.0 f- 00 07 90 ::IC EVAL( J ,NN) = S I- 1.0 

I - g g g ｾ＠ i g ｾ＠ C . - C A L L R O P.\8 R G ( Y S 1() X , P H 1 C !',, } -:-~ H I C N + l~-tl • 0 , l • D - 7 d 5 • S I , S I M I tl ND 1 ｾ＠ • I ) 

1 OOC7 960C IF ( INDJC. EO . l) GO TO 400 

!-- ... -._g~~~~~~--- ---·------~t ｾ＠ 5: ~:): ｾ＠ S ｾ＠ i - l i ｾ＠ C --· ····-------·- ·--- ·····----··---··· .... 

I OOJ8020C4 7~ CO NTINUE 
! 0008 0 40(( 
I O O 08 0 6 0 C DO 5 0 0 I\= 1 , l ND f: X ? 

I
I gg g~ ~gg~ --1~-~L~-l J: L f':; N~t ~·{( M-f 1 • N ~-;;-· -.:-;UNC ( M + l tli) 

00 06120C500 CONT INUE 

I 
OO C8l 40CC 

, ··· -· -cro c ITT 5 o-cc-·-- · -· -- -· 
I 00 08 160CC 

0006 200CC 
0006220CC 
00 08240(( CALL SuLYD SOBROOIINE 10 SOLVE SVSTEP.--uF"T1R'EA ~EQOATI0NS;-· 
OO OS 260CC ON RETURN FROM SOLVD, THE PART OF THE MATRIX THAT BEFO RE 
0008 2 80CC CONTAINED THE APPLIED STMESSES ~ILL NOW CONTAIN THE 
00 08200CC SOLUTIONS FOR RO-SUB-X, h0-SUS•Y (TH E DENSITI ES OF THE 

- uu·o!f3-z~ ·------aauv-·F .. OlKEs AI..·m:n:;·· Tlir:-m""TP·S'El ·.- ~1,ru--TRt·-c ia .. cK ·cm:mrcna " .. -- -- ··· ·- - · ·- -· - · ·-- ··· .. 
00 08J40CC FACTORS. 
OO C8J60CC 
00 08.30:lCC 

I - -uuoa4ooc 
oo ca.:.2oc 

CALL SOLVD(EVAC-, '300, INCR ,r .;....-- · If (TEST.NE.O) GO TO 
450

t. .. , TNClffM , -.-5-0~--6- .Dt:T,TFST,-

! 0008440(( 
! 00 08460CC 1·. .. OU'08480C---·--wi:rrrE { 15, Hf5ST . --·--· ---- - --- ---·- ~---- ---· ----- - ...... ·· - ------· ----· · · ·- ... -- ·· ··-·· ·----·--··-

.1 oocasooc wRITEC6,l065> 
0008520C WRITE(6t1010) 

[ _____ 0008540(( --- -------·-· 

l 
'--.-·--- ---

QI) 

en 
CD 



,-' 

oo :o!;o'.:lC 
OC :;t,.., 8J C 
oo::oeo:::ics::-::: 
00:)8<,;;JCC 
00':BC..'+OC 
oo:eic.oc 

~Q 5JO ~=1,INDEXl 
J = \1 + I 'D E. X l 
'-IRI TE(6,700) M,EVAL('J,!i\(11E!A),1::V4l1J,11~(.~CM) 

>---- 001.a c;ooc 

,. ;dfE(6, 1c.tO) 
,; :. I TC: ( 6 , l 0 70 > 

--~ITT n:-r5-, I O 7 5 J 

L 

~ -

OO'.:o7COCC 
oor::e7.::.ic 
oo:;o740C 

·- oo::-s,co 
OOC873:)C 
ooi::s:oocc)~J 

JO 550 M=l,INDEX, 
K: Mt 2(• 1NOC.X l 
CVAL1K, INCREM) = EVALfK,J~CQCM)/STRCS~ 
,mI TE:( 6 ,750) ~.EVAL(K, 1:-..cr~E"i) 

:: o·n I !'JUE 
00 Jts S 20CC 
00 ~63=2--C-~~~~ 
OOJ8 82 4 C CALCUL~TE THE S TRE SS INTE~~ITY FA CTO RS S 1Fl,SIF 2 AT BOTH 
OOC8826 C TIPS OF THE CP.ACK. 
COC884:JCC 

· Oll :::a-aooc 
oo ::a~rno c 
oo:a?ooc 
00 ;8920( 
oo ..,s,;;4:,;cc--
00 :)6 ?60(( 

· r1=2>'::-Ifil0EX1 . 

S1F1 
s 1r2 

= EVAL(II+l,l~CRF~) t CS1 ~ T(PI:CR~C) * ST~ESS 
:. EVAL(INCREM-1.It-..Cr.E~> ,:, DSC,HCPJ:::Cl{AC) :;: STRESS 

OOG8?00C NRI TE(6,1 Cl0) 
0009000C ~RITE(6,1080} 
0 0 09 C 2 oc 'HIX IE ( t5, I cir.n-s IF 1 
0009040( WRITEC6,1080) 
00 09060C ~RITEC0,1088) S IF ~ 
0009080C WRITE(6,1010) 
0009tOOC ~AI1EC6,1090J D""ET 
00 09 l 20CC 
0009140(( 
00 ~9 160(( 

-uo::g-1u-oc600--·- .. FORMAi(Tli;"TX,Tlf.4(ll(;f'10. ·011 --·-·--· ---
OOJ9200C~50 FORMAT (F10.0,1X,FlO. O) 
OOC9220C700 FORMAT(I4,2(1X,Fl2.6)) 
OOC92 40C740 FORMAT(8(1X,F6.J)) 
00 'J92 60C75u F OAMA T Cl 4 tl X, FI"c:.61 
00:9280CPOO FORMAT(lX,E24.18) 
0009JOOC100 C FORMAT(lX,•SOLUTIU~ T~ CRACK IN SEM1INFIN1TE PLATE HAVI~G A ') 
OOC9J20CI OO~ FORMA T(3X, •SEMIELLIPT1CAL ~OTCH USING NISITANI BODY FORCE ~ETHOO') 
QO"j9":r?+OCl OTC - '"FCJRlflTrnn - - - - - -- - -- --- - --· - -- - --- -- --------
oo:9J60Cl O l ｾ＠ FORMA T(lX.•THE NUMBER Cf ClVIS TON S IN THE SEMIELLIPSE IS •,I4) 
008YJ8QC1D,~ F01MA T(lX•'lHE NUMBER CF C I VIS I ONS IN THE CRACK IS 1 ,14) 
OOC9400C1 0 2 ~ FORP.1A T(1 X ,'HALF T HE WICTH CF THE SEM IELLI PSE IS •,Fl 2.6 > 

-O~li701:'l n-3~ FO~MA TC1X.•TAE HEfGHT OF TFE SEA IELLIPSE 15 ',FI2. 6 ) ｾ ｾｾｾＭﾭ

OOC9440ClC ~ ~ FORMAT( lX,'THE LE ~GTH OF T~E CRACK IS •.Fl2.6) 
0009460C1 C~ 7 FORMAT(lX ,•THE OJSTANCE FRC~ THE EDGE TO C~ACK CEN TRE IS •,F12.6} 
OO C9480C1 0 4 ~ FORMAT (l X ,'THE APPLIED STRESS AT INFINITY IS 1 ,F12.6) 

· ·tnr~t:00( l 04""5··-· Fcr,~r-1,n C nr.-•THE- VACUE' _IJF_ E1!"IT.LOf.f rn~ur:tERICA[ r)- - ---- ---- -----

00 0 9~20 ( ! ｾｾ｣＠ F ORMAT(JX, •INTEGRAT!ON IS •,F12. ~ ) 
000~~4 ~(: 0 ~ FO~MAT(lX,'THE X A~D Y SQ:Y F ORC - DENS ITlf S , STARTING') 
00 G9 ~6_0_(1 0 6_' _ .f ::J qMAT ( ｾ＠ X, ' .~_I ~ _THC SI CE CF TH(~ , L I PS~ A_N_E_• _) __ _ 
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Cv :9~fJC l07: 
00_9e,c~c10 7. 
co:9c:::>c1::;~;:; 
COCQ(,4)ClOU:. 
co ,;c;,c.c,:,c1 :1->-. 
0 0 v9 c., C::, Cl~<.; v 
--o-o---;-"70~ CT1 ｾ＠
C0 -'l7 :::lCl 11, 
00 .:,~; 74~CC 
00 '.;') 76:)(( 
C0j973()C 
CO ,;9._::,JCC 
00 : 9 _2:icc 

FL,d,IAT(lX ,' TH ..'. (d<,-L(liJt; F:\(T 'J S f (;:.- E.\i..:d (r,A('( H,T":~V~L .') 
Fu .:w:t T( 3 X , ' ｾ＠ T;. 

0

{ T ... ｾ＠ "' j T 1~ H- :: l', ;_ NE,..;.. [:;, 1 ｾ＠ L ELL [ P S F , .:. ·K ' ) 
rC?M~T( l X, 1 TH~ ~,~~ss !~T[~SlTY r ACTrR ~T THE TIP OF') 
r :J ~MAT l .3 x , • · r C"' .\ ｾ＠ , , t; t. :. ｾ＠ : · T T I i ,_ !: D G [ 1 : • , F 1 2 • '::' l 
ro;.;1,1 AT ( JX,'i·• (~..i.CK ft, ;it-t<;r r •,·:•• TY( :. L.,t. [$ ' ,f'l2.•;) 
fG;"('-IA T(l X ,' TH , ()f1Eid-i li . .:.'. T ·:r COCFF!(l[~,T !'-'iAH~ l X I S ',E.12.(;) 
F.J~Am1: ,• icr.,, .:r: ;,.;cmL;rc:.1·- _':T::'"i,~Tr--c-r:-c;rr, ', OT ~:'R"GF . • 1 
, ~n M:.T(lX,'H' ,;c. : (.U~f'FICit'."" •.·:.r.:. 1x I'.:> :...I/1,C.,UL;.~. ') 

ST : if> 

00 .'.: '>l~ ... :;;C4v0 ..'hIT r (6 , l lC.C) 

1
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0 0 C9!H3-:)CC 
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COC9900CC 
0 C 0992 0(4 5C 
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CO ~996::>CC 
00 Q',1980( 
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:.RITE ( !. i 111 0) 
::; r uP .. 

cm 
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9.2 TYPICAL INPUT 

INDEX I (Ml) = J 2 

INDEX 2 (M2) = l 2 

wmTH (a) = 1000.0* 

LENGTH (b) = 1000.0* 

CRAC (c) = 100.0* 

HEIGHT (e) = 1500.0* 

STRESS (a~) = 1.0 

FRAC ::- 0.05 

FORMAT (l4, lX, I4, 4(1X, FlO.O) 

FORMAT (FlO.O, lX, FlO.O) 

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

9.3 TYPICAL OUTPUT 



SOLUTION TO CRACK l N S~~IINFINlTE PLATE HAVING 4 
SEMIELLIPTICAL NOTCH USIN~ NIS[TANl BCOV FORCE M~THOO 

THE NUMBER OF DIVlSIONS IN lHE SEM1ELLIPS~ IS 12 

THE NUMBER OF D[VJSI CNS lN THE CRACK IS 12 

HALF THE WIDTH OF THE SEM I ELLIPSE IS 1000.000000 

THC HE I GHT OF THE Sl::~IELLIPSE IS 10 00 .0000vO 

THE LENGTH OF THE CRACK IS 100.000000 

THE DISTANCE FROM THE EDGE TO CRACK CENT~E 1S 1500.000000 

THE APPLIED STRES S AT INFINITY IS 1.000000 

THE VALUE OF EPSILON tN THE NUMERICAL 
INTtGRATION IS 0.013090 

THE X ANDY BODY FORCE DENSITIES, STARTING 
WITH THE SIDE OF THE ELLIPSE, ARE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

3.036725 
3.172604 
3.265192 
3. 335564 
3.368478 
3 . 175544 
3 . 175544 
3 . 368418 
3.335564 
3.265192 
3.172604 
3.036725 

1.454622 
0.424099 
o.089652 

-0.079543 
-0.178077 
-0.148367 
-0.148367 
-0.178077 
-0;079543 

0.089852 
0.424099 
1.454622 

THE CORRECTION FACTORS FOR E~CH CRACK INTERVAL, 
STARTING WITH THE ONE NEAREST THE ELLIPSE, ARE 
1 l .637645 
2 l.625330 
3 1.613797 
4 1.602758 
5 1.592126 
6 1.581854 
7 1.571910 
8 1.562267 
9 1 .552898 

10 1.543769 
11 1 .534818 
12 1.525850 

THE STRESS INTENSITY FACTOR AT THE TIP OF 
THE CRACK NEAREST THE EDGE IS 29.026504 

THE STRESS INTENSITY FACTOR AT THE TIP OF 

..... 
(..I.) 



THE CRACK FURTHEST FROM THE EDGE IS 27 • 0449 94 

THE DETERMINANT OF CCEFFlClENT ~ATR[X lS 0.597485£-05 

- ,.I 
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