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FORTRAN programs to calculate differential stress cqncentration factors
around two-dimensional circular and elliptical inclusiouns
in an edge-loaded plate
by
David L. Campbell

U.s. Geological Survey, Denver, Colorado 80225

_ Abstract

" FORTRAN IV listings and check-case outputs are given for user-
interactive programs CIRCLE and ELLIPSE. The programs suppose either
circular or elliptical inclusions, respectively, in an edge-loaded
elastic plate, and calculate differential stress concentration factors
over a 10 x 11 array of physical points which can be specified by the
user. Differential stress concentration factor is defined in this
case to be the amount by which the radius of Mohr's circle expands in
the vicinity of the inclusion. The two programs handle two-dimensional
geometry only. Both programs print extensive prompt-lists to help the
user on input. -

Equations for stresses in the vicinity of a circular cylindrical
elastic inclusion in an edge-loaded elastic plate may be found in Jaeger
and Cookl. Similarly, the solution for an elliptical, cylindrical
inclusion is given by Donnellz. In both cases, the generators of the
cylinder are taken perpendicular to the plane of the stresses, so that
the problems under consideration are strictly two-dimensional. The
stresses depend on the contrast in rigidity, XK, between inclusion and
plate, and on the Poisson's ratios, PRP and PRI,of plate and inclusion,
respectively.

In problems of failure mechanics, it is of interest to know (a)

the direction of stress trajectories and (b) the amount by which the



A}

radius of Mohr's circle has increased due to the inclusion. Programs
CIRCLE and ELLIPSE were written using the equations given by Jaeger

and Cook aﬁd by Donnell, respectively, to calculate these two quantities.
In addition, the Donnell equations were generalized somewhat to allow
plate and inclusion to have differing Poisson's ratios, and td'allow
calculation of stresses at all pdints:when the applied stress is at
right angles to the ellipse's semi;major axis.

It is assumed that principal stresses Pl and P3, where P1>P3, are
applied on the plate's edge. Tensional stresses are positiﬁe. Thug;’
a uniaxial compression of one unit would have P1 = 0, P3 = -1, and the
radius of Mohr's circle everywhere in the plate if the inclusion were '

absent would be R = (P1-P3)/2 = 0.5. We &efine the “differeniiﬁl
stress concentgation factor" at a given point as fhe radius of Mohr's
circle in the presence of the inclusion divided by its radius in iés'

—_

absence, or

2

F T * 1![(oaa- UBB)/2]2 + {us /2

B8 are calculdted normal stresses and TQB the calculated

shear stress of a unit prism at the point. As a flag to the user, the

where o and o
aa

sign of F is output as negative in case Uaa+ G,, has opposite sign

BB
from P1 + P3. A switch is provided to normalize factor F by (P1 + P3)/2"
rather than by R when the user wishes--for example, to calculate the
case P1 = P3; however, then F's simple meaning as Mohr ciréle ampli-
fication factor is lost.

In program CIRCLE, principal stresses Pl and P3 are renamed PX and

PY, and are associlated with x and y-axes. CIRCLE allows either PX or

PY to be the larger. Differential stress concentration factors are



calculated over a 10 x 11 grid of circular cylindrical coordinate
points (RPERA, THETA) which may be set by the user, but have default
values ip one quadrant which are probably adequate for most investiga-
.tions. (Values repeat by symmetry through the other quadrants.)

In program ELLIPSE, the convention P1>P3 should be adhered to.
Results ére again calculated over an adjustable 10 x 11 grid, whose
default values cover one quadrant. Elliptical coordinates (ALPHA,
THETA) are used, where '

x = C cosh (ALPHA) cos (THETA),

y = C sinh (ALPHA) sin (THETA),

c=-Y1-E%,
and E is the ellipticity (= semi-minor axis/semi-major axis) of the
ellipse. The anglé THETA is in degrees. The x-axis is along the long,
or semi-major, axis of the ellipse. Default values of ALPHA step in
10 equal increments from the inclusion boundary to a value whose
x-intercept corresponds t;.B times the semi-major axis. Imput variable
ANGLE is the clockwise angle in degrees between the x—axisAand the
direction of Pl. Figure 1 illustrates the resulting geometrical rela-
tions for the case ALPHA = + 30, when the plate is under uniaxial unit
compression. Unless ANGLE = 0° or 900, a second computation with the
sign of ANGLE reversed must be run in order to see the complete stress
concentration pattern, since the results of a given run repeat by sym-
metry in these cases to only one other quadrant (the opposite one), and
not to all three.

The programs were written in FORTRAN IV and were run on the U.S.
Geological Survey Honeywell 68/80 Multics computer at Denver, Colorado.

They were written for user-interactive use, and print out many messages

to prompt appropriate user replies. Input is by FORTRAN namelist. Listings



of the programs and some check-cases follow; Two non—;tandard features
of Multics FORTRAN seen on the listings are continuation lines without
a continuation character, and the use of both upper and lower case
letters. | ;
Refereﬁces cited
i. Jaeger, J. C., and Cook, N. G. W., 1969, Fundamentals of Rock
Mechanics: Methuen, p. 236-251.
2. Donnell, L. H., 1941, Stress concentrations due to elliptical
discontinuities in plates under edge forces: Theodore von ‘

Karman Anniversary Volume, Pasédena, p. 293-309.



PROGRAM CIRCLE -

calculation of stress concentratiaon around a circular inclusion in a platecceeces
L X 3
c.....equations from Jaeyer and Cook, Fundamentals of Rock Mechanicse
[ (Methuens 1969), Section 10.9» pages 248-251.
real norm
integer problmsswitcarrsdetail
automatic rperastheta
dimension bigft(11,10), rpera(11),thetal(1d) »,traj(11,10),signar(11,10)ssigzat
(11,10, taurt(11,14)
namelist/input/xksprpeprispxs,pyrsproblmsswitchrdetail”
namelist /grig/thetasrpera
CavssnoSet default input values,
problim=1 )
switch=1
px=-1,
. py=0.
deg2rg=3.164159/130.
data {rpera(i),i=1,112/1.0,1. 1'1 201e301e4601.521.60+1.8+,2.0,2.5,3.0/7
data (thetah)n-‘lﬂu)/0.r10.:20.:50.'40.:50.:60.c7b.c30.'90./
CeeaePrint user prompt messages. :
—print 75 :
75 format (////" Stress Concentration around a Circular Incluston.
/4" Program by Dave Campkbetl, US Geol. Surveys, Denver, Feo?7"
/" Equations from Jaeger and Codk., Section 10.7.,"
1/" variables in namelist input:”

1" xk = (Rigidity of inclusion)/(Rigidity of plate)”

" prp = Poisson's ratio of plate.”

" pri- = Poisson'’s ratio of inclusion.”

” px = Force in x~cirection on plate's y-edges. (default=-1,)"

1" py = Force in y-agirection on plate’s x-edges. (default=0.)."

" . (Note: negative forces are compressional, pesitive ones tensional.)")
print 76

76 format ¢ . - : -

- - problm = 1 for pltane strain (default).,”

" T 2 for plane stress,"

I . 0 to stop."

” detail = 0 to outpJt stress concentration factor only. (default)”™

" . " 1 to outpdut stress trajectory angles, too.” :

b : 2 to output stress fielas, tod.”

" switch = 1 to normal ize by (px=-py) /2 (default)"”

m"” 2 to normalize by (px+pyl)/2.™

c.....Subsequent passes enter here,

400 continue
print 10 :

10 format(///7/" type namelist input:ixksprprori...(problm=0 to stop.)",/)
read input . ’
if(problm.eg.0)stop
t=(px+pyl /2. -

-sel{px-pyl)/2.
norm=s
if (switch .eq. 2) narm=t
yo=3.-~4.*prp
yi=3."0.*pri
if (problm .egq. 1) go to 100
yo=(3.=prp)/(1.+prp)
yi=(3.-prid)/(1.+pri)

100 continue
di=xk*yo+1,
d?ge.'xk*yi"l.
az2.*(1,-xx)/d1



bzlyi-T.-xk*(yo=1.))/d2
e=x(xk=-1.,)/d1 )
f22.,%d12d2 }
e=xk*(yo+1,) ’
. h1=((xk2(yo+2.)+yi Yred)/ f
h2=((xk*(yo=2.)-yi+2.)%e)/f
CeseeaY & € eqn (18).
st gmal=hl*px+n2*py
C'o-.-.Y & C ecn (17).
sigma2=h2+*px+hl#*py
y=(sigmal-sigma2)/2.
fbig= (sxgn(y,swgma1+s1gmaZ))/norm
do 1000 i=1,11
xi=rpera(i)
x=1,/(xi**2)
QP:t*(1.‘b*X)
. st=t2(1.,+b*x)
tc=3.%cex*x
frasa(1,-2.%a*x~tc)
ftss*(1.~-tc)
tt=s* (1. +arxttc)
~do TU00 j=1.,1G
tj=theta(j) )
ttts2.*tjrdeglrd
est=cos(ttt)
snt=sin(ttt)
CeoaoesY & € eqn (20).
sigr=sr+fracst
CeecansoY & F eqn (21).
sigt=st-ft*cst
C..-..Y & C eqn (22).
taus-ttrsnt
sigmar(irjl=sigr
sigmat(i,jl=sigt
taurt(irj)=tau
y=sqrt(((sigr-sigt)/2.)**2+tau**2) "'
-bigf(irsjl=(signlyssigr+sigt))/(signinorm.t))
trajlisjl=atan2(2.rtau,sigr-sigt)/ (2. *dengd)*theta(J)
1600 continue
Ceesesprinting of output begins here.
print 40
40 format(////" DIFFERENTIAL STRESS CONCENTRATION FACTORS ARJUND A CIRCULAR 1
NCLUSION",/) .
‘ if (problm .eg. 1) arint 52
if (problm .eg. 2) print 64

62 format(1h ,29x," plane strain calculation”)
64 format(lh »,29x," plane stress calculatior")
print 45, xksprpspri
45 format(lh ,2%x,"inclusion rxg1d1tylplate rigidity = ",f8.3,/20x,"Poissan’s

ratio of plate = ",f8.3,/30Gx,"Poisson's ratio of inclusion = ",f3.3)
if (switch .eq. 0) print 46
46 format (30x,"normalization factor=(px+py)/2")
print 30,(theta(k),x=1,1])
30 format (/" theta=",10¢7.2)

print 35

35 format(* r/a '",72(1h_))
print 25, fbiy .

r3 format (1h ,"<1.,0 ", f7.3," everywhere.ocoeeaa")
print 20, (rperaid),(bi3zf(i,jls,j=1,10),i21,11)

20 format(lh +f4.1sxs1h!,10f7.3)



if (detail .eq. 0) go to 300
print 39

39 . format (//" stress trajectory: angle in degrees from x direction™)
print 30,(thetal(k),k=1,10)
print 35
print 21, (rpera(1),(traj(uaj),;=1o1U);1 1,11)

21 format(ih ,£5.3,1h',10f7.2)
it (detail .eg. 1) yo to 300
print 36

36 format ¢ //" rpera compcnent of stress'”)
‘print 30,(thetal(k),k= 1:10)
print 35 S .
print 20, (rperalid,(sigmar(i,j),ji=1,10),i=1,11)
print 37 . ’

37. format(//" theta component of stress:")
print 20,(thetalk),x=1,10)
print 35
print 20. (rpera(l)o(51gmat(1'3)o1 1,10)-1—1 11
print 38

38 — format (//” tau component of stress:”)
print 30,(theta(k),k=1,10)
print 35 )
print 20, (rpera(id,(taurt€(i ,jl,ji=1,10),i=1,11)

Ceeee.Now allow user to change grldpo1nts: in drder to investigate details
in critical regions. -

300 continue

print 80
80 format (/" grid points may now be changed via namelist grid.”™
/" variables in namelist grid:"
1" theta = a3 lu-lengtn vector of values thets as above.”
Y A rpera = an 11-length vector of values r/3 as above.”
" (program gives intorrect ansuers for rpesra points inside inclusion.)™
/11" input namelist grid. (type ",8h"3grids"," for no change.)™)
read grid : '
go to 400 :
end



EXAMPLE AND CHECK CASE: CIRCLE

USER PROMPT MESSAGE

INPUT RESPONSE————>

OUTPUT

USER PROMPT

INPUT RESPONSE ————,

8ECOND PROMPT-\

INPUT RESPONSETO
END PROGRAM

Stress Concentration around a Circular Iaclusion.

Program by Dave Campbell, US Geol. Survey, Denver. Peh77
Bguations from Jaeger and Cook, Section 14.9,

Variables in namelist input:
xk = (Rigidity of inclusion)/(Rigidity of plate)
prp = Poisson's ratio of plate.
pri = Poisson's ratio of inclusion.
px = Force in x~direction on plate's y-edges. (default=-l.)
PY = Porce in y~direction on plate's x-edges. (default=g8.).
{Note: negative forces are compressional, positive ones tensional.}
problm = 1 for plane strain (default),
2.for plane stress,
§ to stop.
‘"detail = 8 to output stress concentration fictor only. (default)
1 to output stress trajectory angles, too.
2 to output stress fields, too.
1 to normalize by (px-py)/2 (default)
2 to normalize by (px+py)/2.

switch =

type namelist input:xk,prp,pri...{problm=8 to stop.) -
$input xk=.1,prp=.25,pri=.d,detail=1$

- DIFPPERENTIAL STRESS CONCENTRATION PACTORS AROUND A CIRCULAR INCLUSION

) plane strain calculation
A - inclusion rigidity/plate rigidity = 9.108
Poisson's ratio of plate = 8.250

Poisson's ratio of inclusion = g.4028
th;tat g.80 19.88 28.20 38.080 49.09 S9.00 60.69 78.08 88.28 98.00
r/a 1
1.2 1+ 9.250 everywhere......
1.8 ¢ -1.250 ~-1.148 ~0.856 0.433 49.315 4.841 1.392 1.848 2.146 2.259
1.1t ~-9.884 -3.841 0.736 @.653 B.717 ©8.942 1.224 1.478 1.65¢ 1.7182
1.2 ¢ -8.696 98.713 @2.763 @.847 8.957 1.088 1.201 1.381 1.367 1.391
I.3t P.684 g8.666 0.809 0.965 1.092 1.174 1.21¢ 1.213 1.282 1.196
1.4t 8.565 @.655 @.845 1.933 1.167 1.228 1.219 1.164 1.182 1.375
1.5t 8.556 @.658 9.870 1.072 1.207 1.256 1.222 1.134 1.841 1.803
1.6+ ©8.562 @.669 '9.887 1.892 1.225 1.267 1.220 1.113 1.082 @£.953
1.8t ©9.597 9.698 9.966 1.104 1.238 1.262 1.204 1.085 0.961 0.906
2.9 1 @.641 8.729 ©.918 1.192 1.216 1.243 1.183 1.0866 @.944 @.891
2.51 8.738 9.798 98.936 1.875 1.166 1.185 1.135 1.038 0.948 0.898°
3.8t 9.826 9.848 8.949 1.855 1.126 1.142 1.109 1.823 9.948 @8.917

stress trajectory: angle in degrees from x direction
th;ta- 8.0 19.00 28.890 38.90 4P.60 S0.00 62.08 78.902 88.00 9p.00
t/a |

l.0881 9@.00 .86 164.59 1985.8 65.73 58.51 64.47 72.49 8l1.14 98.80
1.109f 90.96 91.69 91.85 85.57 77.49 73.66 74.91 78.90 84.19 98.239
1.200¢1 99.8@ 86.34 83.16 88.95 8@.00 8@.36 81.82 84.18 86.92 92.92
1.3e61 9@.80 82.82 79.56 79.6¢ 81.33 83.67 85.97 87.83 89.12 99.99
1.4001 90.08 80.98 78.11 79.32 82,23 85.55 88.46 90.32 90.73 90.3¢8
1.5091 99.60 88.29 77.72 79.47 82.93 86.73 98.02 91.92 91.84 94.08
l.680: 93.2e¢ 8@.27 77.86 79.84 83.51 87.52 98.96 92.92 92.55 99.32
1.8001 9¢.69 81.13 78.85 86.78 84.44 88.48 91.94 93.86 93.2¢ 94.00
2.0001 94.09 82.31 83.09 8l.78 85.19 89.01 92.30 94.¢6 93.28 90.920
2.5801 96.80 84.78 82.85 83.98 86.52 89.68 92.24 93.55 92.74 9@.98
3.g0e0: 9¢.8@ 86.33 84.76 85.41 87.39 89.82 91.88 92.83 92.12 98.988

grid points may now be changed via
variables in namelist grid:
theta = a 1@-length vector of

famelist grid.

values theta as above.
tpera = an ll-length vector of values r/a as above.

.

{program gives incorrect answers for cpera point1 inside inclusion.)

input namelist grid. (type °$qrid$® for no change.)

$qrids

type namelist input:xk,prp,pri...(problm=@ to stop.)

$input problm=g$

STOP

r 1528 8.338 3.434 125

8



PROGRAM ELLIPSE

calculation of stress ccncentrationéaround an elliptical inclusion..ees
¢ .. equations from donnell, 1941, von karman valume, pps. 293-309.
real nurm
integer probimsswitcirdetail .
automatic alpha,thets
dimension biyf(11,10),traj{(11,10),alphall1),theta(1d),sigraalll,1J),sigmad
€(11,10)stauab(11,10)
common /jeom/xxkeyOeyiosad
common /point/e2asemlasebasrenbarc2brsbscédasséo
nametwstlwnputlxk.prnapr1¢p1o93'angle,e'aroalm'suttcbodetaxL
namelist/yrid/thetarsal pha _—
acoshi{x)=aloyg(x+tsarti{x*+*2-1.)) . Yoo
CeeesosSet default input values.
data (-theta(”""“ 10”0.'10.'20.’30.'40. '500'630’70o’30.'90-,
probim=1
switgh=1
detail=0
p1=0.
p3=-1,
— angle=90,
ex,5
degdrd=3. 14159!180 -
itime=0
Ceeeeo.print user prompt messages.
print 75
75 format (//7/" Stress Concentration around Elliptical Inclusion."
11" Program by Dave Campbell, US Geol. Surveys, Denver, Feb?7"
/" Equations from donnell, 1941, von karman volume, pps.2%3-309."
17" variables in namelist input:"
" xk = (Rigidity cf inclusion)/(Rigidity of plate)"™

1" pri = Poisson's ratio of inclusion.”
" prp = Poisson's ratio of plate.™
™ - pl = maximum principal stress on plate at infinity. (default=0.,)"
A “p3 = minimum principal stress on plate at infinity. (default=-1.)"
1" angle = angle in degrees between p1 and ellipse major axis. (default=§3
y» A ) )
" ‘{negative stresses are compressionals positive ones tensional.”
RY A - - hence default case has compression alang ellipse's major axis.)")
print 76
76 ‘format(
.- e = ellipticity of elliose ( semi~minor axis/semi-major axis)."
" ~ (Must be between O.(thin sawcut) aid 1.(circle). default=.5)"
1" problm = 1 for plane strain (default).,”
" 2 for plane stress.,”
f add 0 to stop.
" detatt = 0 to output stress concentration factor only. {(default)"”
" 1 to outout stress trajectory angles, too.”
m” 2 to output stress fields, too."
" switch = 1 to normalize by mohr circle radius (default)”
” 2 to normal ize by hydrostatic stress (p1+¢p3)/2.")

CeeceeaSUbsequent passes enter here.
400 continue
print 10
10 format(//7//" type nanelist inputixks,pcrisorp...(problm=] to stop.)”,/)
- read input
tflproblm.ey.U)stop
CeseeoBreak aown general case of ellipse at anjle to principal stress
¢ directions in terms 2f bndry loads pxspys 3 tfs for which
c bonnell gyives solutioans.
convention: x-axis is taken along ellipse’s major axis,



oo

px = Normal Force in x-direction on plate's y-edges.
py = Normal force in y-direction on plate's x-edjes.

(Naote: negative forces are compressionals, positive ones tensional )
tf = Tangential (shear) force on plate's eagges.

(Note: equal and opposite on adjacent edges so plate won't rotate.)
angsangle*deglrd«2,

t=(pl+p3)/2. _
s=abs((p1=-p3)/2.) . i
px=t+s*cos(ang) .
py=t=s+*cos(ang) !
tf=t*sin(ang) : ot

norm=sign(s,t) S
if (suwitch .eg. 2) norm=t .

CeesssDOnnell takes prp=pri. The next ? steps, plus changes noteg

(4

100

in subroutines pcons & tconss set up the general case.
xxkSxk*(1.+prp)/(1.+pri)

yo=3.-4.*prp

yi=3.-4.*pri

it (problm .eg. 1) go to 100

yo=(3.-prp)/(1.+prp)

_yi=g3.-prid/ (1, *prl)

continue

CeveesSet up default values of alpha, running from bndry to x-

c

1002
200

value 3 times semi-major axis. Skip on subsequent passes.
if (itime .eq. 1) go to 200

al=acosh(1./sqrt(1.=a*x=%2)) , - ’ N
alpha(1)=a0 !
alpha(11)=acosh(3./sart{l.~e+*+2))

- ainc=(alpha(11)-a0)/10.

do 1002 i=2,10

alpha(id)=alpha(i-1) + ainc

continue . .

continue . .=
-call pt(al,0.)

call pcons(*?:py:y1'y1p;yZayanyS:ySppyk»y4p'y5oySp)
call tcons(tf,tl,t1p,t2,t2prt3.t3 pot‘o;t‘oaotﬁotsp)
call pcons(~- 1,px:x1,x1p:xZ'proxBex3p;xkox4p'x5115p)
call ptCadrs2.,0.)

call ptern(y1p:y29:y3;,ykooySQeys1ga:ysx;b:ytaa)
call ttern(tip,tlrst3psthprtSpstsigartsigbrttau)d
call pterm(x1p,x2psx3poxbpsxSpexsigarxsigbrxtau)
siga=xsigatysiga+tsisga

tau=xtautytau+ttau

sigb=xsigb+tysigb+tsigb

s=sigatsiyb

y=sqrt(((siga~sigbl)/2.)**2 + tau**Z)
fbig=zsign(ys,s)/norm

do 1000 j=1,10 . “

tj=theta(j)

beta=tj*degylrd

do 1000 i=1,11 .
alfa=alpha(i)

call pt(atfarbeta)l

call pteralyl,y2,y3syb,ySseysigarysigbrytau)
call tterm(t1,t2,t3,t4,t5,tsigartsigbs ttau)

call pterm(x1,x2,x3,xb sx5,xsigarxsigbs xtau)

tf C(alfa .ge. al) go to 530

call pterm(ylury2c,y3psybperySpoysigarysigbrytau)
call tterm(tip,t2ps,tiprtépstSportsiyartsighottau)
call pterm(x1psx2ur,x2posxbnsxSporxsigyarxsigbrxtau)d

10



~ 500 continue
CeeeesDO superposition of oxspy, & tf solutions.
sigasxsigatysiga+tsiga
_ tau=xtau+ytau+ttau
. sigb=xsijb+ysigo+tsigb
sigmaali,jl=siga
sigmab(i,jl=sigb
tauab(irjl=tau
s=siga+sigb '
y=sqrt({(siga-sigb)/2.)**2 + tau'*c)
bigf(isji=signly,s)/orm ’
trajlisjl)=(atan2(2. *tau'stga~sxgb)/2.
OatanZ((exp(alfa)+ex:(-alfa))*s1n(beta),(exp(alfa)-exp( alfa))*cos(beta))
Y/deg2rd
1000 continue
Ceses sOULpUt section begins here,
. print 40
40 format(////" DIFFERENTIAL STRESS CONCENTRATION FACTORS ARDUND AN ELLIPTICA
L 'INCLUSION",/)
if (problm .eq. 1) print 52
if (problm .eg. 2) print 64
62 ~ format(1h ,29x,"plane strain calculation™)

i

64 format(1h ,29x,"plane stress calculation”)
print 45, xksprpsprises,pltsrp3rangle - :
45 format(lh ,29x,"inclusion rigicgity/plate rigidity = ",f8.3,/30x,"Poisson’s

ratio of plate = ",f3.3,/3Cx,"Paoisson’s ratio of inclusion = ",f3.3,/30x,"ellip
ticity of ellipse = ",f5.3,/30x,"principal str2ss pl = ",f8.3,/3Jx,"principal st
ress p3 = ",f8.3,/30x,"ellipse tilt anaole = ",f4,0," deg"™)

if (switch .eq. Q) print 46 .

46 format (30x,"normalization factor=(pl+p3) /2™
. print 30,(theta(k),k=1,10)
30 format(/" theta=",10i7.2)
print 35 - =
35 _ format(” alpha!”,72(1h.))
pcint 2S5,fbig
25 format(" <a0 !",f7.3." everyuhere cceeaea")
print 20, (alpha(id,(bigf(i,}),ji=1,10C).,i=1, 11)
20 format(lh ,fS. 301h'o10f7 3 -~ .
itime=1
if (detail .eq. -0) go to- 300
print 39 _ : - ;
39 format (//" stress trajectory: anqle’in degrees from x direction (along ma

jor axis)™
print 30,(theta(k),k=1,10)
print 35
print 21, (alpha(id.(traj(i,jloj= 1:10):1-1,11)
21 format(1h ,£f5.3,1h!,10£7.2)
if (detail .eg. 1) yo to 300
print 36 . :
36 format ( //" alpha component of stress:™
print 30,(theta(k),k=1,10)
print 35
print 20, (alpha(1)r(s1gmaa(i:j);j=1.1C)oi=1,11)
print 37
37 format(//" beta companent of stress:")
print 30,(thetalk),k=1,10)
print 35 .
print 20, (alpha(i),(s igmab(i,j),i=1,1M,i=1,11)
print 38
38 format (/7" tau component of stress:™)

1L



print 30,(thetalk)sk=1,10)
print 35
print 20, (alpha(id,(tauab(irsjlsj=1,10),i=1,11)
CeeeasasNOw allow user to cnange jrigpoints so h® can Llook at Jetails

¢ of the solution in szall regions,
300 ' continue
print &C
80 format (/" grid points may now be changed via namelist grid,”™
I” variaples in namelist grids"
” theta = a 10~length vector of values tieta as above."
” alpha = an 11-length vector of values alpha as above.,”
/1" input namelist grid. (type ",8h"3gricg3™,"” for no change,)")
read grid : ' ’
go to 400
end
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subroutine pt(a.b)
common/point/elasrenasrebasemnbasc2besibocébrsab
e2azexp(2.%a)
em2azexp(=2.%3)
ebazexplb *a)
embazexp(-6,73)
c2b=cos(2.*b)
s2b=sin(2,*b)
cbb=cos(&.*b)
s4b=sin(4.%b)
return

end

o subroutine pterm(apls,aml,50,bp2,bm2,sigarsigdstau)
Ceeessthis subroutine programs donnell's eqns (14), -
common /point/e2asrem2arebarembarsc2bosdbscéboséb
factr=t./(((e2atem2a)/ 2.)~c20) #*=2
—sigazfactr*x(~apl*((2.+ebda)-2.x(e2a+em2a)rc2o+ciéd)
+amix((2.+emba)=-2.*(e2a+temla) *c2b+céb) = blx(e2a-emla)
“bp2*(3.*e2a-(3.+eba)*c2b+e2arcib)
\ ‘ +pm2*(3.*rem2a-(3.+emba)*xc2b+2m2a*cétd))
sigb=factre(-apl#((2.+eba)~4,*€2a*c2b+céd)
+amia((2.+enba)-4 . *em2arc2b+cét) + H0*(e2a-em2a)
+bp2*(3.ve2a-(3.+eba)*c2btela*céd)
-om2*(3.*em2a~(3,+emba)r*rc2h+omla®chb))
taus-factr*({((apl+taml) »(e2a+em2ad+2.*bU)*s2o
+bp2*((3.+eba)*rs2b-e2a*sib)+bm2*((3.+emba) *s2b-em2a*rséd))
return '
end

subroutine tterm(aplr,aml,b0sbp2,bm2,sigarsigortau)
Cevensthis subroutine proyrams Jonnell's egns (21).

common /point/e2arem2asebarenbarcl2brs20scbnssiéh

factr=1./(((e2a+em2a)/2.) ~ c2b)*#+2 ’

siga=factr+(-(apl+anl) »(2.2(e2a+em2a)*s23~s4H) =2, +p)*s2b
~bp2*((3.+esa)rs2b-e2arsib) - sn2*x((3.+emba)rs2b-em2ars4ib))

sigb=factr+((apl+aml) xsdb+2,.2b0*s2b+bp2#((3,+eba)rs2b-e2a*sib)

. +tbm2+((3,.+temba)*s2b-em2a*séb))

tau=factr*(((apl+aml1) xc2b+bl) «(e2a~em2a)tbo2*(3 . *e2a~(3,.+26a)+*c2b

te2arcébb)~bm2*(3.*rem2a~-(3.+enda)*rc2o+em2a*cib))

-

return
end
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subroutine pcons(n,pysaplsaplor,amisamipr,20,b0prsbp2,0p20r,bm2,bm2pr)
€CeeesesThis subroutine programs dDonnell's egns (138), general1zed to in-
clude additional factor n. His eaqgns hold only if load is in y dire-
¢tion, and n=1, uWhen load is in x directions, signs changes, and n=-1,
CaeeessA second generalizations, to include unmatched Poisson's ratioses
changes yo to yi in tne cenominator of the aplar expression.
common /geom/xksyasyisal
common /point/el2asem2asebasembarc2Drs2bschbsshb
aol=-py/3.
bp2=apl*n
if (xk .e3. 0) go to 10C
bigmz(yi-1.-xx*(yo-1. ))/ Cxk*Cyo+1.))
apipr=((xk*yo+t.)re2a+ (1.-xk)*(2.*ntem2a))rapl
J{ yi+tt.)venZa+t(xk*yd+1,)*(bigmt1,)*(ela~em2a))
amis-ebarapl-(bigm+l.) *(1,~-ebad)*aplpr
b0='blgm*(eZa'emZa)*ap1pr :
200 continue
. amipr=-aplpr
prprSn*ap1+emZat(apl-am1 2e *ap1pr)12.
bm2pr=-bplpr :
-—bOpr-U.
bm2=-n*xebarapl-(1.~ebad*bplpr
\ return - :
100 continue :
aplpr=0. .
ami=-apl*s(em2a+(l.~ebad)r(e2a+tem2a+2.)/ (e2a-em2a))
bO=-api*(elat+temla+l. )
go to 200 -
end .

subroutine tcons(tf,aplsapliprramls,amipr,30,50pr.bp2s,002prs,om2,bn2pr)
CeesesThis subroutine programs Donneltl’s eyns (24), generalized to in-
‘glude cases when Poisson's ratios of plate and iaclusipon don®t natch.
CacassOnly egqns for amlpr % aplpr are effected by this generalization.

common/geom/xksyosryisacC

common /point/elasremlavsebarentasc2bss2brtéarsiéd

f2(l.4y0)/(1.+yi)

ap1=0.

b0=0.

bOpr=4Q.

bp2==-tf/é4,

bigp=-bp2/((1.-xk) *end a-(xkryo+1,.))

amtpr=2_+#frxk~(1.-xk)*bigp*rem2a

aplpr==-anipr

ami1==-2,2 (1, -xk)tbtgpt(e?a em2a)

bp2prxxk*(yo+1.)*bigo

bm2pr=~bplpr

bm2zbigp*((1.~xk)*eba~ xk*yo—1 )

return

-end

canm,
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EXAMPLE AND CHECK CASE: ELLIPSE

Stress Concentration around Elliptical Inclusion.

" Program by Dave Campbell, US Geol. Survey, Denver. PFeb77
Equations from donnell, 1941, von karman volume, pps.293-3089.

Vacriables in namelist input:
xk = (Rigtdity of inclusion)/(Rigidity of plate)
pri = Paisson:s ratio o: i?clnsion.
¢p = Poisson's ratio of plate.
USER PROMPT MESSAGE glp- maximum principal stress on plate at infinity. (default=d.)}
. : P3 = minimum principal stress an plate at infinity. (default=-],)
angle = anjle in degrees between pl and ellipse major axis. (default=90)
(negative stresses are compressional, positive ones teansional.
hence default case has compression along ellipse's major axis.)
e = gllipticity of ellipse (=semi-minocr axis/semi-major axis).
(Must be between 8. (thin sawcut) and 1l,(circle). defaults,5)
probla = 1 for plane strain (default), -
2 for plane stress,
§ to stop.
datail = § to output stress concentration factor only. (default)
1 to output stress trajectory angles, taoo.
2 to output stress fields, taoo.
switch = 1 to normalize by mohr circle radius (default)
2 to normalize by hydrostatic stress (pl+pld)/2.

type namelist input:xk,pri,prp...(probla=d to stop.)

$input xks=.l,prp=.2S,pri=.4,detail=l$

-

- e DIFFERENTIAL STRESS CONCENTRATION PACTORS AROUND AN ELLIPTICAL INCLUSION

plane strain calculation
inclusion rigidity/plate rigidity = a.1a0
Poisson's ratio of plate = 9.258
Poisson’s ratio of inclusion = §.408
ellipticity of ellipse = 8.589
principal stress pl = g.09@
principal stress p3 = -1.884

- ellipse tilt angle = 5@. deg

1

OUTPUT theta= ¢.80 19.48 20.00 38.98 48.08 $S8.98 60.38 7.4 84.88 98.00
alphat
.<ad® 1 4.188 everywhere.......

6.5491 ~1.156 -8.841 @8.228 @.55¢ 1.019 1.341 1.551 1.681 1.751 1.773
§.6861 ~@8.528 ~@.634 ©0.763 6.863 0.987 1.135 1.267 1.364 1.423 1.442
$.8221 9.441 9.667 9.939 1.864 1.162.1.123 1.152 1.185 1.2190 1.219
€.9591 @8.497 ©.697 £.977 1.131 1.168 1.148 1.116 1.093 1.#81 1.478
1.095¢ ©.585 9.733 8.977 1.135 1.185 1.168 1.185 1.049 1.811 8.997
1.2321 @.66% 98.775 8.971 1.117 1.173 1.155 1.996 1.827 8.975 0.956
1.3681 #.741 9.816 0.968 1.993 1.158 1.139 1.085 1.216 @.961 2.948
1.5851 6.800 0.853 @8.968 1.872 1.124 1.119 1.973 1.@el1¢ 4@.957 0.937
1.6411 @.846 9.884 0.971 1.854 1.108 1.999 1.861 1.086 ©.968 9.941
- 1.7781 @.882 9.912 4.975 1.4041 1.079 1.688 1.849 1.684 8.964 8.949
1.9141 ©8.983 2.938 3.979 1.431 1.962 1.064 1.840 1.893 a.978 0.957

stress trajectory: angle in degrees from x direction (along major axis)

theta= 6.98 16.60 20.¢06 36.9¢ 40.8¢ S56.08 66.88¢ 70.68 34.0a 90.d8
alphal

. 9.5491 -99.09 195.40 180.25 5B.98 63.87 78.11 75.75 B88.81 85.58 9¢.89
. 8.6861 -94.98 81.3¢ 79.63 78.55 77.94 78.89 81.85 B83.83 86.87 948.08
9.8221 -94.80 76.84- 77.76 81.45 B83.84 8S5.68 86.80 87.1@ 88.47 94.90
§.9591 -90.88 77.39 78.33 82.39 8S5.94 88.17 89.28 89.72 89.89 99.286
1.9951 -93.8@ 8@.18 79.83 83.20 86.82 89.53 91.41 91.36 99.89 943.8¢8
1.2321 ~-90.48 82.59 81.69 84.49 B87.34 98.48 91.74 92.15 91.42 93.02
1.3681 -98.99 84.54 B83.29 85.82 87.74 99.27 91.93 92.38 91.59 98.8¢
1.5851 -99.844 85.98 B84.74 85.98 38.1@ 98.3@ 91.83 92.27 91.54 99.49@
1.6411 -92.08 87.83 85.93 86.69 B83.43 98.28 91.61 92.82 91.37 9d.d8
1.778t -93.06 87.79 86.87 87.37 88.72 90.24 91.36 91.71 91.17 199.98
1.9141 -98.08 88.35 87.6¢ 87.93 88.97 98.19 91.12 91.41 98.96 94.88

USER PROMPT grid points may now be changed via namelist grid. -

variables in namelist grid:
theta = a 19-length vector of values theta as above.
alpha = an ll-length vector of values alpha as above.

input namelistc id. (¢ e idas* h .
INPUT RESPONSE squds a 9r (type °$qrid$® for no change.)

SECOND PROMPT -
‘_-—\\\\-)» type namelist f{nput:xk,pri,prp...(problm=8 to stop.)

RESPONSE TO END -/--> $ta
put problim=335

PROGRAM stor_

- 4 eame~ s ama 1949
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