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ABSTRACT

The Lrn po r t.an c e of stress c oric en t r a t Lon factor's in machines

and s tuc tures 1 ed to the deve 1 opmen t of v a r Lo u s ex pe r Lme n t a l n.nd

analytical techniques for dctecmining them. One of these methods

is the ap p l ic at ion of fini te e L emen l .naLy s is to the v a rt ous s t ruc t u r e s .

A common structural element in a piece of machinery is (1 I'La t plate

with one or more bolt holes, that are often off center.

Us ing c e r ta i n as sumptions f r om S. P. Timoshenko' s St rength

of nat e r' i a 1 s an d t 11e fin i tee I emen t method 0u t 1 in edin J. S.

Przemienieck's, Theory of Matrix Stuctural Analysis, a computer

program was written to help determine these stress concentration

factors. The program consists of a main program that generates

the nodal points, several subroutines that develop the s t l f't'rie s s

matrix, a subroutine that transforms tIle element stiffness matrix

into a system stiffness ma t.r Lx , a subroutine that j_nverts a part

of the system matrix, and a subroutine that multiplies the system

deformations by another po r t t o n of the stiffness matrix.

The stresses computed with the system 00 not correlate with

other t hc o r-e t Lc a.I values. This inconsistency is believed to

be caused by an e r-r-o r in the t ran s f'o rma t Lo u of the element

stiffness matrices into the system stiffness matrix. When

this problem is adjusted, the program should give valid stcess

conc en t r a t ion s .
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INTRODUCTION

T 11 c t 11 e 0 r-e tic e1.1 cal c u 1 a t ion 0 f t 11 e ave rage s t r E_� ssin ci

p l a t o of uniform cross-section is quite simple. Howev e r , if

there is an abrupt change in the c r-o s a-cs e c t Lona I at'ea of a

p1ate, t 11est r esse 0nee n t r a t ion i s far c l b 0v p the ave ragest res s .

The stress concentration divided by the average Rtress is the stress

C oneent r-a t ion rae tor- 1'0 r' t ha t pl ate. The theo ret I c a I cal c u l a t ions of

these s t r-e s s concentration factor'S only exists in a l.'ev} of the s Lmp l e e t

cases. The ma j o rLt y of the Lnf'o rrna t Lon of the Lnfo rma t Lon lia s been

obtained by expel'imentation. These stress concentc8.tion factors can

also be d e t.e r-rn Ln e d by finite element methods w.l.t.h pr uc t Lc al Ly no

limitation on the geometl'Y of the plrtte, or discontinuity in the

ccoss-section.

Finite element anaLy s i s sepacate a continuum into a number

of fini te element, in this case triangles. These elements ar-e

a s s ume d to be connec ted only a t t lie nodal points. A sys tern is

found to determine tIle stiffness matrix for each element, and then

rnatcix structural analysis methods can be used to solve for the

stress concentrations.
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PROGHArUNG PROCEDURES

f":AIN PHOGHA�1

'I'h e i"'irst step in the programing pr-oc e d ur-e was to d e t e r-m l ne 110 VI

to divide the plate into v a r Lo u s t r Iangu l a r clements. If po s s l b Le ,

it would be convenient to mak e this pr-o c e s s v a r-Lab I.e to accommodate

various sizes of plates and various hole diameters while minimizing

the numbe r of inpu t sand re s tr ic t ions. It WC:tS dec id ed to r c defi ne the

p l a t e by d raw i.ng an imaginary "circle" around the hole with a r e Lu t Lv e Ly

1 a elSe en 0ug 11 d i am e t e r S u c 11 that t hest r e ssesal 0ng the c i r C urn fer' en c e

of the "circle" would not be influenced by the hole (see Figun: 1). It

Has hypothesized that if the area of s t r-o s s could be b r okc n up a s in

Figu r e 1, t 11 enth e p1 ate co U 1 d bed i v idedin totW0 c i r C 1 e s 0 f d i f rere n t

d i am C t c r s as in Fig u r C 2. 'I'h e d i am e t e r 0 f t 11 C 0u t ecci r c I o , as de t c rm it i":: d

by S. P. 'I'Lmo s hcriko should be five times larger' than the diameter' of the

hole. 'I'h isis (l de fin i tel imit a t ion 0nth e r ang e 0 f s p e c imens that c (tn

be analyzed: howe v e r , by using this restriction the only inputs n e c e s e a r-y

to detennine each nodal point ace: 1) the distance from the c e n t e r- of the

hole to the edge of the pl a t e (variable name in program, SPR), 2) the

distance fcom the center of the hole to the middle of the plate, or to

the other' edge of the plate if only one hole is being analyzed (SPL),

3) trw c:iiameter of the hole itself (D) and 4) the number' of angu.l a r

divisions of the mesh (Nur1ANG).

(The c cit' te s ian coo rd i na te sys tern for' dete r-m tning the nodal po in t s

is .l oc a t e d at the center of the hole w l t h the x-axis d l r e c t.e d pc�t'pendi-

c u l a r to the d Lre c t Lori of stress, and y-axis d Lre c t.e o t.ang c n t i a l to the

d i r-e c t t.on of s t r-c s s . Each nodal point is defined by tHO numbecs in the

a r r ay POINT(I,J,K): POINT(I,J,l) being the ab s c i s s a and POINT(I,J,2)
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being the o r-d Lna t.e . POIWr(I,J,l) and POINrr(I,J,2) ace d c t e r-rn i ne d by:

POINT(I,J,l) = n*COS(ANGN)
POINT(I,J,2) = R*SIN(ANGN)

(Eq. 1)
( Eq. ;�)

�.:il\;j'e H j_�:; t ho d l s t.u.u c e between the nodal points arid the o r l g t n , and

ANON is the angle between R and the positive x -u x Ls . The initial v a.l ue

f 0 r R, w 11 e r e J = 1, i s D /2 • 'I'h e in i t i a 1 V (11 u e for AN 0N, H 11en 1=1, i s

z e r 0 • �11 e s 11b sequ 12 n t V a 1 ue s 0 I' H when J = J + 1 2. r e R +X S P l\ C E , wh e t' C :

XSPJ\CE 2 .;t R 1:. SIN (ir/ ( 2 * nu r 'I Ii NG ) )

ANON ::'..s held constant and each POINT(I,J,K) is calculated using

Eq. 1 arid Eq. 2 until R is g r-e a t c r than SPR. R is then set equal

to ·SPR .u id POIIJT(I,J,K) is c a l c uLa t.cd u s iug tlll_� f,i-!01C cqu.i t Lor.c •

The same p r o c odu r o for' R is I'o l 'l ouo d for the? no w ANON until

ANON = rr /2. 'l'h o only d Lft'o r cric c for' ANON between'\! /2 a ud -11 is t ha t

SPR i0 replaced by SPL. When this p r-o c e s s ha s been completed each

v a l ue of POINT(I,J,K) is p r Ln t ed out for' future use.

'IIhema i n p r- 0gram is a I sou sed to c a l L sub 1" 0uti n c s , TR IG, STF 11X ,

INVERT and FORCE.

SU3Rou'rINE TRIG

'I'hr: second step wa s to determine the celationship b e twe e n ti single

element K, Cind the three nodal points. By using the system of obtain-

in2; the nodal po In t s illustrated in the pr ev Lou s section, a n ulgocithm

could be made to determine the ordinate and the abscissa of each nodal

point for' e ac h element. 'These v a l ue e are then t r-an s f'e r cd down to the

subroutine KAPA wh e r-e the individual stiffness ma t r Lc o s a r e computed.
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Thc: ue x t s t c p , and pe r ha.p s the mo s t important, VIC-iS to decide the

met 11 0din j l;vel 0 p i u.; t 11 e illd i v i d u [i 1 s t iffn e ssm ct t l' ice s 0 f e ac 11 (; 1 e-rn e n t .

'I'he no t ho.I ou tLl ue d in J. ,S. Przemieniecki' s book �heor'Y of fIatl'ix

,Str'uctural Analysis VIas chosen. 'I'h i s method has no r'estt'ictions on the

o l' i t; n t (i. t i 0 II 0 f tile 1 0 c a l coo r cl ina t e s y s tern .

y

I------+) �
o

Figure (3)

Teiane;ular Plate Element

lJode (1)
Nod c (2)
None (3)

(Xl,Yl)
= (X2,Y2)
(X3,Y))

XIJ XI-XJ

YIJ YI-YJ

1.'l1e t r t angu.l a r clement is situated as s hown in F::_guce (3). I�hc element

stlffness ma t r Lx is I'o i-rnu l a t e d on the basis of the d Lf'T'e r-c n c o between

each nodal c o o r-d Lna t e and not on the basis of Node (1) being b c l ov and

to the left of Node (2). This indicates that the orientation of the

e 1 eme u t VI i t 11 l' e s p e c t tot h e 1 0cal coo rdinate s y s t ern is un imp0 r tan t ;1 S

lone:;; (LS the abscissa :u1d o r-d Lna t e of each nodal point of the t r Lang l e

is known. In addition, the displa.cements Ul, U3, and U5 will r ema l n

pal>; J.l1 e 1 Hit h the x - axis, and the d j_ s p1 acemen t s U 2, U 4, rt 11 cl U () 'yJ ill

terna i n pa r aLl el to the y-axiS.

The o Leme n t stiffness matrix (EL�TF) was d c t e rm l ne d by:

K:::: ) bT><. b dV (Eq. 3)

wh e r-e b r-c p r o e e n t s a ma t r t x of the exact strains due to a un it d l p l a c cme n t ,
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T
rep r e � e 11 t ing tho transpose of b, and X of the form:b is a ma t r i x

1-v v v 0 0 0

v 1-v v 0 0 0

E v v 1-v 0 0 0

X -

(1+v)(1-2v) 0 0 0 (l-2v)/2 0 0

0 0 0 0 (1-2v)/2 0

0 0 0 0 0 (l-2v)/2

wh e r e E i� Young's modulus and v is Poisson's ratio. For o onv e n Lc n c c ,

the s t Lt'f'rre s s ma t r Lx vias s c pe r-a t e d into two parts:

K = K" + Ks
VI 11ere K'1 r' epre sen t s the s t iffn e s s d ue ton0 r In a 1 s t r o sse sand K s r e pre sen t s

stiffness due to shearing s t r e s s e s , After' the Ln t c g r-a t i.on of' Eq . 3, K"

and K S ,-it' e g iv en by:

z 1Y32

-v*Yj2*X32 X32Z snnmTRlC

�

-Y32*Y31 v*X32*Y31 Y31
z

K�=f1 v*Y32*X31 -X32*X31 -v*Y31*X31 X31

Y32*Y21 -v*X32*Y21 -Y31*Y21 v*X31*Y21 Y 212.

-v*Y32*X21 X32*X21 v*Y31*X21 -X31*X21 -v*Y21*X21 X21z

X32'Z.
z.

SY�mETRIC-X32*Y32 Y32
'Z-

-X32*X31 Y32*X31 X31
z,

K =\1 X32*Y31 -Y32*Y]1 -X31*Y31 Y31.

.s
1

Y31*X21
z,

X32*X21 -Y32*X21 -X31*X21 X21

-X32*Y21 Y32*Y21 X31*Y21 -Y31*Y21 -X21*Y21 Y2{



n = Et

4(A123) (l-v�)

Et
----g�(1\-1-2-3)IT+VT

A123 = ((X32)(Y21)-(X21)(Y32)) /2

N =

'vi 11ere tis the t 11 i c kn e S s 0 f tile pl Ci teand allot h c r v a r: i ;:J_b 1 esat' e d S

defined e a r l Le r . /\.S s t a t cd previously the o r-Le n t a t Lon of the t rLangu.l a r

element 11clS no effec t on the computation of the stiffness ma t r i x : thcr'e-

1'0 r o , if 'the same local coo r-d Lnat e sys tern is used I'o r' e a c 11 e 1 ornen t, the

t r-an s I'c r-ma tion rna t r i x )., is not necessary. This local c oo rd Ln.r te sys tem

is the same system used in the main pr-ogr-am to generate the no d a l points.

SUBROUTINE STFT1X

After' each element stiffness matrix is computed, they must be cocr"e-

1 Ci ted i n tothe s y s tern s t i f fn e ssma t r i x (STF) • In f1. [1. 4 6 7, r 1a t r i x Comput e r:

Analysis of St.r u c t u r-e s , Dr, James r-T. Nash illustrated a technique of

systematically placing components of the element stiffness r.1atrices into

the system stiffness matrix. This technique requires the f o r-ma t Lo n of a

"Topology rla t r i x " (ITOPO), wh I c h must be read f'r-orn a data file. The

"To po Logy lla t r-Lx " Hill be a two dimensional matrix that has a numb e r of

columns equal to the number of element coordinates (NELC) and ;i number' of

COVlS equal to the nUr.lbec of elements in the syster.l (NEL). Befoec the

"To po l ogy lla t r Lx " c an be I'o rme d , the system coordinates must be decided

upon. If all of tno system coordinates ape situated in the positive

x - d ire c t ion an d t he posit iv e y - die e c t ion, all 0 f t h C e 1 Cmen t s 0 f t 11e

"Topology l la t r i x " will be positive. It is necessary to numb e r the

vertical system coor<iinatcs along the x-axis last b e c au s e the forces at

these coordinates a r o the unknown I'o r-c e s the pr og r-am w l l L det e r-m l n o ,
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Th c de f 1 c c t i 0 II a t t 11 e sec 00 rdinatesat' c CJ. s s u.rnedt 0 be z c r0, L-1.1 0ng wit h the

ho r i z o n t.a.l deflection on the y-axis if the hole is centered in the

p l a t e . The pr-o c edu r e s for' developing the "Topology f1atrix" will be

discussed La t e r in the section titled SMIPLE PROBLEf'1.

SUBROUTINE INVERT

One e t h C-� s Y s tern s t iffn c ssm a. t r i x ha s beenco n' e 1 ate d , CL po r t ion 0 f

the s tiffne s s ma t r Lx needs to be inverted as shown below.

= t�
..

I
''2.

I
A'l.l,

P Knovrn Fo r c e s
F Unknown For'ces
u = Unknown Displacements
uC'= Displ(icementt) assurled

to be ze 1"0

-I
u = r\.JI P

The ho rLz o n t a I pa r t l t t on i ng oi' the stiffness matrix is located d i r-e c t Ly

b e l ow the last r o w of the known forces OJ). Since the ma t r I.x A II needs

to be a squa r e ma t r I.x the vertical pa r t i t a on is located an equal nurnb e r of

col umns ove c. Fi r s t INVERT t ransfe r s the e L emen t s of the s t i ffnc s s rna t c ix

to the A matrix. Second, the known forces ar'e read in from a data file

and placed next to the elpments of the stiffness mhtrix in the A matrix.

INVEwr then inverts the ma t r Lx A, using Gauss-Jot'dan elimination '/lbile

c 11 e c king that the piv 0tel ementis not z e r 0 (EPSI LN). In t 11e pro c e s 0 0 I'

inverting tile ma t.ri x , INVEWr multiplies the forces by the .inv e r t o d rnu t r Lx

A, to obtain the unknown d l s p l a c cme n t s ,
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SUBROUTINE FORCE

Now that the un kn own diplacements ar'e known, they a r e mul t.Lp l.Le d by

the po r t Lon of the stiffness ma t r l x that wa s not inverted, and t lie unknown

I'o r-c e s (_-Lt'C prLn t cd out. Fr-om these f'o r c e s and the original I'o r-c e s the

s t r e s s c onc en t r-a t ion fac to r can be found.

SAHPLE PROBLEf'l

The fi r s tinput i n � 0 the s y s t em is t 11 e dis tan c e I' e 0m the c E: n t e r 0 l' the

hole to the edge of t he plate, 4.0 inches. TIle next input is the distance

from the center> of the hole to the other> edge of the plate (since this is

a one hole ex ampl e ) , 4.0 inches. The diameter' of the hole is 0.5 inches

and the number of angular divisions is 2. The pr og r-arn will then pcint

out the points of each node. From these a composite of the system can

b e cl r CJ.vn , cLsin Fig u r e (4). From Figu r e (4) the II 'I0polog y r 1Ci. t c i x can b c

formed.

To pr-oduc o the "T'o po Log y lla t r Lx " each element is considered

inciividually. If the element coordinates are supecimposed on the

system coocdinates, the number of the system coordinate that

c o r r e s pond s to the element c oo r-d ina t e is placed in the "Topology

f1atcix" in the (!Jember Number, Element Co o rd Lnat e ) position. For

eXctmple, if the element c oo r-d Lna t e s f'o r element (1) wh e r-e s u pe r Lmpo s e d

on the system c oo r-d t na t e e , element coorctinate 1 c o r r e s pond s to s y s t ern

c oo r-d l na t e 20. 'I'hc r-e I'o r-e 20 should be placed in the (1,1) posi tion

of tile "Topo l ogy r�atrix!t. This pr oc eo ur-e is continued for each

element c oo r d Ln a t.e and for' c a c h individual element, until tIle entice
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ELEf1ENT COORDINA'TES

1 2 3 l� 5 G

rmrmER NUI1BER 1 20 05 12 27 11 26
2 20 05 19 04 12 27
3 19 04 13 2B 12 27
Lt 19 04 1(3 03 13 2(5
5 1B 03 14 29 L3 2()o
6 H) 03 17 02 14 29
7 17 02 15 30 14 29
8 17 02 16 01 15 30
9 10 25 19 04 20 0[:.-_)

10 10 25 09 24 19 04
11 09 24 1(1 03 19 04
12 09 24 00 23 18 03
13 OH 23 17 02 18 03
14 08 23 07 22 17 02
15 07 22 16 01 17 02
16 07 22 06 21 16 01

"rrOPOLOG Y I'1ATRIX"

"To po logy Ila t r-Lx " is completed. The "Topology r1a. t r ix" for this system

::'s listed above. The "Topology f1atrix" is then stored in a d a ta

file for' the computeI' to rcad.

'rhe next c a t.a file that needs to be computed is the known forcps

file. The only forces necessary to compute, a r e the v e r t I.c aL forces

on the c i r c umf e renee of the "e ire 1 e" and not on the X-(iX is. 'rho sc a r-e

computed by integcating the function of s t r e s s over' the sur-face area.

Feom Figure ( 1) , the function of stress -, c....
..l..u.

,

o: =CTsin e

wlie r-e tJ is the
182P = J ttr s i no du = t ( sin

A 6,
uniaxial stress Cipplied to

) t'do=-tt'lTcos I
8l.

9,
the plate, and 6, and el. ar-e

the lirni ts of integrat:ion. The 8, and 8l_ values a r e the half angle

between ang uLa r- div::'sions. For' this problem, CIt and (32 would be ir /1.t

and 311/4 respectively. 'I'ho vertical I'o r c e s that would normally be

dPP liedOll t 11 c cit' c urn fer enee 0 f the "c ire 1 e " and 0n t It e x - axis, a l' e

pic ke d up a t t 11 e near'est nod e along t 11e c ire urn I' c r' e nee 0 I' the II cit' C 1 o " .
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'l'n e only f'o r c e for this sys tern is at coordinate 1, wi t h a rnag n i tude

of 2 t t' a--. The f 0 r: cernd t l' i xis set up t 0 11ave six (ji f fer en t loading

conditions, for' various values of c , 'I'hc r-e I'o r-c , the I'o r c o ma t r Lx

for this system l'lill be:

LOADING CONDITION

1 2 ") 4 5 6_)

1 2000.0 lWOO.O 3000.0 12000.0 16000.0 2000.0
2 0.0 0.0 0.0 0.0 0.0 0.0

FORCE 3 0.0 0.0 0.0 0.0 0.0 0.0
4 0.0 0.0 0.0 0.0 0.0 0.0

t, T 5 0.0 0.0 0.0 0.0 0.0 0.0
6 0.0 0.0 0.0 0.0 0.0 0.0

COORDINiTE 7 0.0 0.0 0.0 0.0 0.0 0.0
o 0.0 0.0 0.0 0.0 0.0 0.0o

NurmER () 0.0 0.0 0.0 0.0 0.0 0.0
10 0.0 0.0 0.0 0.0 0.0 0.0
11 0.0 0.0 0.0 0.0 0.0 0.0
12 0.0 0.0 0.0 0.0 0.0 0.0
13 0.0 0.0 0.0 0.0 0.0 0.0
14 0.0 0.0 0.0 0.0 0.0 0.0
15 0.0 0.0 0.0 0.0 0.0 0.0

\tJhell the "Topology r1atrix" and the force matrix have been completed

the pr-og r am ::"s r e ady to run . All manual inputs w l Ll. be p r omp t.ed by the

computet'. The phrases the computer uses to pr-ornp t the user c o r-r-e e pond i ng

to the inputs ace as follows:

INPUT THE DIS'rANC E FR0r'1 THE CENTER OF THE HOLE TO THE EDGE OF r.rHE PLATE.
4.0 (en)

INPUT THE DISTANCE FR0l'1 THE CENTER OF THE HOLE 'ro THE fUDDLE OF THE PLATE.
4.0 (CR)

I NPUT 'THE DIM1E'rEn OF 'fHE HOLE.
0.5 (Cn)

INPUT THE NUi1BEH OF ANGULAR DIVISIONS OF THE tmsH, UP TO H. THE LtUWER
frHE NDrmEH OF DIVISIONS, THE r10RE ACCU�ATE THE ANSWER WILL BE.

2 (Cn)

Each pOint is now being printed out.
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IN PU'll r:L'HE VALUES
OF THE PLArrS.

O -_)
. �'

29000000.0
0.125

FOE POISSON I1ATIO, YOUNG'S flODULS AND THE 'rIll CKNE:3S

(CR)
(CR)
(Crn

'The s t iffrw s s rna t r ix fo r e a c h e l omen tis now be ing pr inted ou. t . 'I'h e

"THE Sf.l.'IFFNES,S r1ATRIX FOR ELEi1ENT K IS", is pro in teo ab ov e eac h el emen t

stiffness ma t r I x for the convenience of the user.

INPUT THE NUf1BER OF KNmJN FORCES (THE NUf'IBER OF SYSTEf'1 COOrWINATES
NECESSARY TO INVERT).

15 (eR)

INPurr AN EPS ILON VALUE APROXH1NrELY SIX ORDERS OF r1AGUrrUDE LES·:) (THAN
THE S'I'IFFNESS f1ATRIX •

. 000001 (CR)

'!'he unkn own t'o r-c e s for' each system c oc r-d ina t c is then listed.

The appr-o x Lma t e stress adjacent to the hole um, can be computed

by dividing the f'o r c e at the ad j ac e n t nodes (in th i s case 25 0(' 26)

by the thickness of the plate t, and half the distance to the nearest

node along the x-axis. 'I'h c s t r e s s c onc en t r a t l on factor' is equal to

STRESS CONCENTRATION FACTOR =

wh e r-o (T is the o r Lg i na l stress used to compute the or-iginal I'o r c c s ,

INTERPRETATION OF DATA

The I'o r-c e s along the x-axis 1"01" the example mentioned above do not

l1g r: e o VI i t 11 est imatedt 11e 0 r' e tic a 1 v Ci 1 ue s • 'I'h e r e Cl son f0 r this v a cia t ion

is not yet appa rcn t . 'I'he pr-c b l em appe a rs to be in the I'o rrna tion of

the "T'opo Log y r1a.tr'ix"} or' all undetected e r r-o r in the STFI1X has not yet

been determined. The ma i n pr-ogr-am and the r-e s t of t he s ub r-o u t Lnc s

<.-1 pp e d. r' tow0 L' k • The 0 u t put f0 t' e :J. c 11 nodalp 0 in tan d e a c 11 s t iffn e s s

mateix has been cllecketi by hand calculations. Subroutines INVERT

arid FOnCE have been unLoud e d into another' file, the input I'o r-ma t s
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changed and a small wo rkab Le ma t r l x Has a s s c s s o d to check the output.

The r e sul t s demonstrate that the r-ema Ln I ng subroutines wo rk , vJith

these checks ano the use of computer tr'aces, the only problem

is the formation of the system stiffness matrix. When the cr'ror in

.srTFf.1X is found and c o r r e c t.cd , the program should give r-e a s onab l e

output.
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APPENDIX A

c STRESS COf!1f'·10I'.J BLC)CK ••••..•••.••.••••••.•.•...•. C

C C
DIMENSION POINT(16,20,2),ELSTF(200,6,6),STF(200,210),A(200,210),

* P ( 3 0 , 6 ) , RX ( 3 0 )
COI'1IWN I I POIN'.r, EL,STF, SPL, SPR, D, ANGN,

* R,ANG,HANG,XSPACE,AR,STF,A,P,RX
DOUBLE PRECIS ION PO INT, ELS'rF, SPL, SPR, D, ANGN ,RX, SIGNI, SIGN J ,

* R,ANG,HANG,XSPACE,AR,STF,A,EPSILN,SIf1EQN,AKL,AIL,HOLD,PX,P
r>
v C

c E;JD COr'l r 10 l� • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • c

WRI'j_lE (l , 10)
10 FORr1AT (II' THIS PROGRAf1 IS DESIGNED 'ro cm1PUTE THE STRESS' I

* , CONCENTRATION FACTORS IN FLAT PLATES WITH 1 OR 2 IIOLES USING'I
* , FINITE ELErmNT ANALYSIS BY J. S. PR�E�nENIECKI 'I I)
WRITE(1,20)

20 FOfU1AT(1 I' INPU'T THE DISTANCE FRon THE CEN1'ER OF THE HOLE TO THE' I
*' EDGE OF THE PLATE. 'II)
READ (1,*) SPR
\VR I'TE (l , 3 ° )

30 FORMAT(II' INPUT THE DISTANCE FROfT THE CENTER OF THE HOLE TO THE'I
* , MIDDLE OF THE PLATE. 'II)
READ (l , *) SPL
WRITE (l , LtO )

40 FORI'TAT(II' nn-ur 'rHE DIAr1ETER OF THE HOLE. 'II)
READ (l, *) D
idRITE (l , 50)

50 FORMAT(II' INPUT THE NUMBER OF ANGULAR DIVISIONS OF THE flESH'1
* , UP TO 8. THE LARGER THE NUMBER OF DIVISIONS THE'I
* , MORE ACCURATE THE ANSWER WILL BE. 'II)
READ (1 , *) �m�1ANG
ANGN = 0.0
R = D/2.
ANG = 3.141592653589793/NUMANG
HANG = ANG/2
I N1'1ANG = (NDr1ANG12) + 1
DO 80 1=1, INr1ANG
J = 1

POINT(I,J,l) = R*(DCOS (ANGN))
POINT(I,J,2) = R*(DSIN (ANGN))

60 CONTINUE
XSPACE = 2.�·R*(DSIN(HANG))
R = R+XSPACE
J = J+1

POINT(I,J,l) = R*(DCOS (ANGN))
POINT(I,J,2) = R*(DSIN (ANGN))
IF(R.GT.SPR)GO TO 70
GO TO 60

70 POINT(I,J,l) = SPR*(DCOS (ANGN))
POINT(I,J,2) = SPR*(DSIN (ANGN))
R = D/2
Jf1AX1 == J
ANGN = ANGN+ANG

80 CONTINUE
INANGP = INf"lANG+1
tH1ANG P = NUl'1ANG+ 1
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90

100

110

120

130
140

150
160

170

180
190
200

210
220

230

240

ANGN = 1.5707963267948g6+ANG
DO 110 I = IN JldW P , NI'1 A N G P

R = D/2
J=l

POINT(I,J,l) = R*(DCOS (ANGN))
POINT(I,J,2) = R*(DSIN (ANGN))
CONTINUE
XSPACE = 2*R*(DSIN (HANG))
R = R+XSPI\CE
J = J+1

POINT(I,J,l) = R*(DCOS (ANGN))
POINT(I,J,2) = R*(DSIN (ANGN))
AR = DABS(R)
IF(AR.GT.SPL)GO TO 100
GO TO 90
POINT(I,J,l) = SPL*(DCOS (ANGN))
POINT(I,J,2) = SPL*(DSIN (ANGN))
ANGN = ANGN+ANG
J�1AX2 = J
CONTINUE

WRrrE(l, 120 )J�1AX
FORI'1AT( II' J�1AX IS ' ,14)
DO 140 I=l,INHANG
DO 140 J=1,JI'1AX1
DO 140 K=1,2
WRITE(1,130)I,J,K,POINT(I,J,K)
FOR f1 AT ( II' POI NT (', I 2 ,

,
,
, ,I 3, '

,
' ,I 3 " ) IS', D 1 4 . 7 )

CONTINUE
DO 160 I=INANGP,Nf1ANGP
DO 160 J=l, JI'11\X2
DO 160 K=1,2
WRITE(1,150)I,J,K,POINT(I,J,K)
FORi'1AT(II' POINrr (' ,12,',' ,13,',' ,13,') IS " D14.7)
CONTINUE
CALL TRIG (JI'1I\X1, JT'1AX2, INr1ANG, INANGP, N!1ANGP)
NEL = (Jf1AX1-1)*NUnANG + (J�1AX2-1)*Nur1ANG
DO 200 L = 1,NEL
WRITE(1,170)L
FORr1AT( II' THE STIFFN£.SS I'1ATRIX FOR ELENENT ',14,' IS, , I I I I)
DO 190 IJ=1,6
WRITE(1,180)( ELSTF(L,IL,IJ),IL = 1,6)
FORf1AT(3X,D14.7,3X,D14.7,3X,D14.7,3X,D14.7,3X,D14.7,3X,D14.7,11)
CONTINUE
CONTINUE
N SC = (2 * Jr1AX2 * ( INf·1ANG-1 ) ) + (2 * Jr'lAX1 * I Nr1ANG )
CALL STFMX(NSC,NEL)
DO 220 N=1,NSC,6
NP = N + 6
WRITE(1,210)((STF(I,J),J=N,NP),I=1,NSC)
FORMAT(D14.7,3X,D14.7,3X,D14.7,3X,D14.7,3X,D14.7,3X,Dl4.7,11)
CONTINUE
CALL INVERT(N, NPNV, NVECS ,NPLUS1, SIrmQN)
CALL FORCE(N,NPLUS1,NPNV,NSC)
WRI'rE( 1,230)
FOTIl'1AT (I I I I I I' THE UNKNmvN FORCES ARE 1\S FOLLOWS ' I I I)
DO 2�0 IROW=NPLUSl,NSC
WRITE(1,240)IROW,(P(IROW,ICOL),ICOL= NPLUSl,NPNV)
F0m 1 AT ( , THE FOR CEAT " I 4 ,

, IS', 6 ( D 1 1 • l� , 2X ) I I )
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250 CONTINUE
CALL EXIT
END

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C C

C THIS SUBROUTINE CORRELATES THE INDIVIDUAL C
C POINrrS INTO EACH ELErmNTAL TRIANGLE. C

C C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C C

SUBROUTINE TRIG (Jf1AX1, Ji1AX2, rm1ANG, INANGP, Nf1ANGP)
C C
C •••••••••••••••••••••••• S1'RESS COr1rl01"1 BLOCK •••••••••••••.••••••..••.•• C
C C

DIf1ENSION POINT(l6,20,2) ,ELSTF(200,6,6) ,STF(200,210) ,A(200,210),
* P ( 30, 6 ) , RX ( 30)
cormoN II POINT,ELSTF,SPL,SPR,D,ANGN,

* R,ANG,HANG,XSPACE,AR,STF,A,P,RX
DOUBLE PRECISION POINT,ELSTF,SPL,SPR,D,ANGN,RX,SIGNI,SIGNJ,

* R,ANG,HANG,XSPACE,AR,STF,A,EPSILN,SIr1EQN,AKL,AIL,HOLD,PX,P
C C
C ••••••••••••••••••••••••••• E.i'JD cor 1 f'10 t� • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • c

DOUBLE PRECISION X1,X2,X3,Y1,Y2,Y3,
* POIS,E,T
WRITE(1,260)

260 FOR1'1AT(' INPUT rrHE VALUES FOR POISONS, ELASTICITY, AND THE '

*'THICKNESS OF THE PLATE.')
READ(l,*)POIS,E,T
INANGl'1 = INl1ANG-1
JrH = JT1AX1-1
JI'I2 = JnAX2 - 1
DO 270 J=l,INANGM
DO 270 1=1, J�H
JP = J+1
IP 1+1
Xl = POINT(JP,I,l)
Y1 POINT(JP,I,2)
X2 = POINT(J,IP,l)
Y2 = POINT(J,IP,2)
X3 = POINT(J,I,l)
Y3 = POINT(J,I,2)
K = JM1*((J-1)*2)+((2*I)-1)
CALL KAPA(X1,X2,X3,Y1,Y2,Y3,E,T,POIS,K)

270 CONTINUE
DO 280 J=l, INANGI1
DO 280 1=1, JrH
IP 1+1
JP = tJ+l
Xl POINT(JP,I,l)
Y1 = POINT(JP,I,2)
X2 = POINT(JP,IP,l)
Y2 POINT(JP,IP,2)
X3 POINT(J,IP,l)
Y3 POINT(J,IP,2)
K = ( J rH * ( (J -1 ) * 2 ) ) + ( 2 * I )
CALL KAPA(X1,X2,X3,Y1,Y2,Y3,E,T,POIS,K)

280 CONTINUE
DO 290 J=l, INANm1
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DO 290 1=1, ,n12
IP = 1+1
JA J+INJ\NGn
JP = J+INf1ANG
Xl POINT(JP,I,l)
Yl = POINT(JP,I,2)
X2 = POINT(JA,IP,l)
Y2 = POINT(JJ\,IP,2)
X3 POINT(JA,I,l)
Y3 = POINT(JA,I,2)
K = (INANGr-1*Jrn*2)+(JH2*((J-l)*2»+((2*I)-1)
CALL KAPA(Xl,X2,X3,Y1,Y2,Y3,E,T,POIS,K)

290 CONTINUE
DO 300 J=l, INANGr1
DO 3 ° 0 1=1, J�'12
IP 1+1
JA J+INANGIl
JP = J + INr1ANG
Xl POINT(JP,I,l)
Yl POINT(JP,I,2)
X2 POINT(JP,IP,l)
Y2 = POINT(JP,IP,2)
X3 = POINT(JA,IP,l)
Y3 POINT(JA,IP,2)
K = (INANGrl * Jm * 2) + cn12 * ( ( J-1 ) * 2 ) ) + ( 2 * I )
CALL KAPA(Xl,X2,X3,Yl,Y2,Y3,E,T,POIS,K)

300 CONTI1�UE
RETURN
END

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C C
C THIS SUBROUTINE CALCULATES THE 8TIFFNESS C
C f'1ATIUX FOR EACH INDIVIDUAL ELENENT. C
C C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C C

SUBROUTINE KAPA(Xl,X2,X3,Yl,Y2,Y3,E,T,POIS,K)
C C
C •••••••••••••••••••••••• STRES S CO I 11 f,10 l� BL0 C K. • • • • • • • • • • • • • • • • • • • • • • • • • • C
C C

DII1EN8ION POINT(l6,20,2) ,ELSTF(200,6,6) ,STF(200,210) ,A(200,2l0),
* P ( 30 , 6 ) , RX ( 3 0 )
COm'1ON / / POINT, ELSTF, SPL, SPR, D, ANGN ,

* R,ANG,HANG,XSPACE,AR,STF,A,P,RX
DOUBLE PRECISION POINT,ELSTF,SPL,SPR,D,ANGN,RX,SIGNI,SIGNJ,

* R, ANG, HANG, XSPACE, AR, STF, A, EPSILN , SH1EQN , AI<L, AIL, HOLD, PX, P

c END C Or"lfl10tJ • • • • • • • • • • • • • •••••••••••.•••••••• c
DOUBLE PRECISION X2l,X31,X32,Y2l,Y31,Y32,

* A 12 3 , XIn , Xr'12 , PO I 8 , Xl , X 2 , X 3 , Y 1 , Y 2 , Y 3 , E , T

X2l = (X2-Xl)
X32 = (X3-X2)
X31 (X3-Xl)
Y21 (Y2-Yl)
Y32 = (Y3-Y2)
Y31 (Y3-Yl)
A123 = ((X32*Y21)-(X21*Y32»/2
X rl1 = (E * T ) / ( ( 4 •

* A 1 2 3 ) * ( 1 - ( POI S * * 2 ) ) )
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xr'12 = (E * r ) / ( O� •
* Al 23 ) * (1 +POI S ) )

ELSTF(K,l,l) (Xtn*(Y32**2) )+(Xf12*(X32**2)
ELSTF(K,2,1) (Xfn*(-POIS*Y32*X32) )+(Xl'12*(-X32*Y]2»)
ELSTF(K,1,2) ELSTF(K,2,1)
E LS r_rF ( K , 2 , 2 ) ( xrn * ( x 3 2 * * 2 ) ) + ( xn 2 * ( Y 3 2 * * 2 ) )
ELSTF(K,3,1) = (Xrn*(-Y32*Y31) )+(Xf12*(-X32*X31))
ELSTF(K,1,3) ELSTF(K,3,1)
E L S 1:1 F ( K , j , 2 ) ( xrn * ( POI S * X 3 2 * Y 3 1 ) ) + ( n12 * ( Y 3 2 * X 3 1 ) )
ELS7F(K,2,3) = ELSTF(K,3,2)
ELSTF(K,3,3) = (Xin*(Y31**2))+(Xf12*(X31**2))
ELSTF(K,4,1) = (Xfn*(POIS*Y32*X31))+(Xf12*(X32*Y31))
ELSTF(K,1,4) ELSTF(K,4,1)
ELSTF(K,4,2) (Xfn*(-X32*X31) )+(Xf12*(-Y32*Y31))
ELSTF(K,2,4) ELSTF(K,4,2)
E LS rrF ( K, 4 , 3) = ( x-u * ( -PO I S * Y 31 *X 31 ) ) + ( Xf12 * ( -X 31 * Y 31 ) )
ELSTF(K,3,4) = ELSTF(K,4,3)
E LSTF ( K , 4 , 4 ) ( XJ'.11 * ( X 3 1 * * 2 ) ) + ( X!'12 * ( Y 3 1 * * 2 ) )
ELSTF ( K , S , 1 ) ( x-u * ( Y 32 * Y 21 ) ) + ( Xf'12 * ( X 32 *X 21 ) )
ELSTF(K,l,S) = ELSTF(K,5,1)
EL3TF ( K , S , 2 ) ( xrn * ( - POI S * X 3 2 * Y 21 ) ) + ( Xf'12 * ( - Y 3 2 * X 21 ) )
ELSTF(K,2,5) ELSTF(K,5,2)
E LSTF ( K , 5 , 3 ) ( xni * ( - Y 31 * Y 21 ) ) + ( Xr12 * ( - X 31 *X 21 ) )
ELSTF(K,3,S) ELSTF(K,5,3)
ELSTF(K,S,4) = (Xrn*(POIS*X31*Y21) )+(Xf-12*(Y31*X21))
ELSTF(K,4,S) = ELS'fF(K,5,4)
ELSTF(K,S,S) = (Xrn*(Y21**2) )+(Xr12*(X21**2))
ELSTF ( K , 6 , 1) = ( xrn * ( - POI S * Y 32 *X 21 ) ) + ( Xf12'� ( - X 3 2 * Y 21 ) )
ELSTF(K,1,6) = ELSTF(K,6,1)
ELSTF ( K , 6 , 2) = ( xm * ( X 32 *X 21 ) ) + ( xr12 * ( Y 3 2 * Y 21 ) )
ELSTF(K,2,6) ELSTF(K,6,2)
ELSTF(K,G,3) (XI'n*(POIs*Y31*X21) )+(XI"12*(X31*Y21))
ELSTF(K,3,6) = ELSTF(K,6,3)
ELSTF(K,6,4) = (Xrn*(-X31*X21) )+(XH2*(-Y31*Y21))
ELSTF(K,4,6) ELSTF(K,6,4)
EL3 'TF ( K , 6 , 5) = ( xrn * ( - POI·S * Y 21 * X 21 ) ) + ( Xf12 * ( - X 21 * Y 21 ) )
ELSTF(K,5,6) ELSTF(K,6,S)
ELS'TF(K, 6,6) = r xrn * (X21 **2))+ (Xf'12* (Y21 **2))
RETUHN
END

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C C
C THIS SUBI10UTINE carmINES EACH ELEHENT STIFFNESS C
C 1"1A'rrux INTO THE SYSTEf'1 STIFFNESS t1A'THIX. C
C C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C C

SUBHOU�INE STFr1X(NSC, NrmH)
c C
C •••••••••••••••••••••••• STRESS cor1r101� BLOCK .•••••••.•••••••••••••••••• C
C c

DHIENSION POINT(lG,20,2) ,ELSTF(200,6,6) ,STF(200,210) ,A(200,210),
* p ( 30, 6 ) , TIX ( 3 ° )
cor-mON / / POINT, ELSTF, SPL, sru , D, ANGN ,

* R,ANG,HANG,XSPACE,AR,STF,A,P,RX
DOUBLE PRECISION POIN7,ELSTF,SPL,SPR,D,ANGN,RX,SIGNI,SIGNJ,

* R,ANG,HANG,XSPACE,AR,STF,A,EPSILN,SIMEQN,AKL,AIL,HOLD,PX,P
C
c END

C
C 0 �1 f'l 0 f� • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • c
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DEm N S ION ITOP0 ( 2 0 ° , 6 )
NELC = G
READ ( 5 ,

* ) ( ( I TO PO ( I , J) , J = 1 , 6 ) , I = 1 ,NrmR)
DO 310 ISC = I,NSC
DO 310 JSC = I,NSC
STF(ISC,JSC) = 0.0

310 C OI'JT INUE
C CONSTRUCT STF
320 I"1BR = °

330 fmB = fmR+l
IFomR-Nf1BR) 340,340,410

340 L = 0

350 L = L+l

IF(L-NELC)360,360,330
36o INDEX = ITOPO U1BR, L)

IF (INDEX)370,350,370
370 ISC = IABS(INDEX)

SIGNI = INDEX/ISC
STF( ISC, ISC) = STF( ISC, ISC) +ELs'rF( HBR, L, L)
r1 = L

3<30 :1 = 1Hl

IF(f1-NELC) 390,390,350
390 JNDEX = ITOPO (f1BR, �1)

IF(JNDEX) 400,380,400
400 JSC = IABS(JNDEX)

SIGNJ = JNDEX/JSC
STF(ISC,JSC) = STF(ISC,JSC)+SIGNI*SIGNJ*ELSTF(MBR,L,M)
STF(JSC,ISC) = STF(ISC,JSC)
GO TO 300

410 CONTINUE
RETURN
END

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C C
C THIS SUBROUTINE INVERTS rrHE PORTION OF rrHE SYSTEf1 C
C STIFFNESS r1ATRIX NECESSARY TO FIND THE DEFom1ArrION.S. C
C C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C C

SUBROUTINE INVERT(N,NPNV,NVECS,NPLUSl,SIMEQN)
C C
C •••••••••••••••••••••••• srrlRE·SS COr1�10I'� BLOCK •••••••••••••••••.•.••••.•• C
C C

Dlf1ENSION POINT(16,20,2),ELSTF(200,6,6),STF(200,210),A(200,210),
* P ( 3 ° , 6 ) , EX ( 30 )
COMMON II POINT,ELSTF,SPL,SPR,D,ANGN,

* R,ANG,HANG,XSPACE,AR,STF,A,P,RX
DOUBLE PRECISION POINT,ELSTF,SPL,SPR,D,ANGN,RX,SIGNI,SIGNJ,

* H, ANG, HANG, X,SPACE, AR, srrF, A, EPSILN, SHmQN, AKL, AIL, HOLD, PX, P
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C
C Er�D c or1r'l0r� •••••••••• • • • • • • • • • • • •••••••••••• c

420

DIr1ENSION JC(200) ,IR(200)
WRITE(l,420)
FORI'1AT(' INPUT THE NurmER OF KNOVJN FORCES (THE Nm1B��R 'I
*, OF SYSTEf1 COORDINATES NECESSARY TO INVERT')',
�EAD(I,*)N
DO 430 I=I,N
DO 430 J=I,N
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A(1,J) = STF(I,J)
CONTINUE
NVECS = G
NPNV = N+NVECS
NPLU·Sl = N+l

READ(6,*)((A(1,J),J=NPLUS1,NPNV),I=I,N)
vJR1TE( 1, 4)�0)
FORl'lAT(/' INPUT AN EPSILON VALUE APPROXD1ATELY SIX ORDERS 'I

* I OF f.1AGNITUDE LESS rrHAN THE STIFFNESS IlATR1X I I I)
READ (1, * ) EPSILN
NfHNS1 = N-1
DO 450 L=l,1'1
JC(L)=O
CONTINUE
DO 550 L=l,N
DO 480 K=l,U
IF (ABS(A(K,L»-EPSILN) 480,460,460
DO 470 KROW=l,L
1F(JC(KROW)-K) 470,480,470
CONTINUE
GO TO 500
CONTINUE

WRITE(1,4g0)L,EPS1LN
FORr1AT( I r1X SINGULAR AT PASS ',13, 'W.R.T. I,E12.5)
SI1'mQN = °
RETURN
JC(L) = K
A1\L = 1.01J\(K,L)
DO 510 J = 1,NPNV
A(K,J) = A(K,J)*AKL
A(K,L) = AKL
DO 540 I=l,lJ
IF (I-K) 520,540,520
AIL = A(I,L)
DO 530 J=l,NPNV
A(I,J) = A(I,J)-AIL*A(K,J)
CONTINUE

A(I,L) = -AIL*AKL
CONTINUE
CONTINUE
DO 560 I=l,N
IRC = JC(I)
IR(IRC) = I
COI�TINUE
DO 610 I=1,NMINS1
IF (IR(I)-I) 570,610,570
IPI = I+1
DO 5UO IRS=IPl,N
IF (IR(IRS)-I) 580,590,580
CONTINUE
DO 600 J=l,NPNV
HOLD = A(IRS,J)
A(IRS,J) = A(1,J)
A(I,J) = HOLD
Cm�rrINUE
IH(IRS) = IR(1)
In(I) = I

COUTINUE
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DO 660 J=l, NrHW31
IF (JC(J)-J) 620,660,620

620 JPl = J+1
DO 630 JCS=JP1,N
IF(JC(JCS)-J) 630,640,630

630 CONTINU�
640 DO 650 I=l,N

HOLD = A(I,JCS)
A(1,J8S) = A(I,J)

650 A(I,J) = �OLD

JC(JCS) = JC(J)
660 CONTINUE

RETURN
END

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C C
C THIS SUBnOUTINE f1ULTIPLIES IrHE PORT10I� OF THE C
C SYSTEi'1 STIFFNESS f1ATRIX THAT ",lAS NOT INVERTED C
C BY THE SYSTEH DEFom1ATINS TO OBTAIN THE UN- C
C KNOWN SYSTEM FORCES. C
C C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C C

SUBROUTINE FORCE(N,NPLUS1,NPNV,NSC)
C C
C •••••••••••••••••••••••• STRESS COf1r10N BLOCK ••.••.•••••••••••..•.••.•.. C
C C

DH1ENSION POINT(l6,?O,2) ,ELSTF(200,6,6) ,STF(200,210) ,A(200,210),
* P ( 3 0 , 6 ) ,RX ( 3 ° )
cormoN / / POIwr, ELSTF, SPL, SPR, D, ANGN,

* R,ANG,HANG,XSPACE,AR,STF,A,P,RX
DOUBLE pnECISION POINT,ELSTF,SPL,SPR,D,ANGN,RX,SIGNI,SIGNJ,

* R,ANG,HANG,XSPACE,AR,STF,A,EPSILN,SIr1EQN,AKL,AIL,HOLD,PX,P
C C
(�. . •....•...........••••••.•• END C or/1I\10I� ••••••••••••••••••••••••••••••••• c

DO 6HO ICOL=NPLUS1,NPNV
DO 680 IROW=NPLUS1,NSC
PX = O.ODO
DO 670 l'1ULT=l, N
PX = PX + STF (InOH , f1ULT) * A (r1ULT, ICOL)

670 CONTINUE
P(IROW,ICOL) = PX

680 CON1rINUE
RETURN
END
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