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INTRODUCTION

Both natural and man-made extension fractures are found in a wide
variety of geological settings near the surface of the earth. These fractures
are planar or gently curving discontinuities along which the solid has
separated, primarily in directions normal to the discontinuity. Dimensions
measured in the fracture plane may range from a few centimeters to more than
fifty kilometers. In cross section the maximum width-to-length ratio is
small, generally less than 1/100. These fractures are commonly filled with a
fluid (e.g. water, oil, or gas) or a solid (e.g. ice, igneous rock, or hydro-
thermal minerals) believed to have been fluid before it crystallized. Tﬁe
observed association of fluids and extension fractures suggests that fluid
pressure and pressure gradients played an important role in dilation and
propagation of the fracture. Some natural extension fractures, such as
desiccation cracks in mud and cooling joints in lava flows, initiate at the
surface and propagate downward. Here we consider fractures that initiate at
depth and interact with the surface, but do not intersect it.

This report is a supplement to the paper "On the Mechanical Interaction
Between a Fluid-filled Fracture aﬁd the Earth's Surface" by David D. Pollard

and Gary Holzhausen, Tectonophysics (in press, 1978). . Considerable

discussion of geological applications, previous work, and details of the
method of solution are presented in that paper. 1In this report we present a
FORTRAN computer program for calculating the stress~intensity factors,
stresses, and displacements associated with the pressurization of fractures

near the earth's surface.



THE COMPUTER PROGRAM

Figure 1 illustrates the model geametry and parameters. In the
following discussion, symbols in parentheses are the names of variables and
constants used in the FORTRAN program. A slit of half-length a (2%R) and zero
initial width is positioned at depth-to-center d (DC) below the horizontal
free surface of a semi- infinite, elastic region. The inclination of the slit
from the surface is a (DIP). Orthogonal Cartesian coordinates x, y
originate at the slit center and are parallel and perpendicular to the slit.
A second set of Cartesian coordinates u, v originate on the surface
immediately above the slit center and are parallel and perpendicular to the
surface. In reference to the slit coordinates stress are UXX,OXY’ Uyy
(XX, XY, YY) and displacements are 8, ay (DX, DY). In reference to
the surface coordinates stresses are Cuu ? qu, ovv (uU, UV, W) and
displacements are 6y, S, (DU, DV). Stress and displacement are positive
when directed as shown in Figure 1. Stress-intensity factors for the positive
end of the slit are Kit Ki; (SLKP) and for the negative end are Ky,
Kf} (SLKN). Functions of complex variables are used extensively in the
program. We make use of the complex plane z = x + iy (Z) related to the slit
and the complex plane w = u + iv (W) related to the surface. The material
throughout the semi-infinite region is homogeneous, isotropic, and elastic,
and in static equilibrium. The model is two dimensional and conditions of
plane strain are specified. The surface of the semi-inifinite region is free
of normal and shear stress. The slit wall is free of shear stress but
subjected to an arbitrary normal stress (pressure) distribution -p(x). Minor
alterations of the program would allow shear stresses to be specified on the

slit.



3J04Ins 3344

T TANOI1d

pwbHow 10
‘110 * 13}0M
yhm paliy
3In}a0)




There are several different methods, both analytical and numerical, of
solving boundary value problems in the theory of elasticity that involve

slits. The method used here has been called the Schwarz-Neumann alternatiq&_

technique, Schwarz algorithm, or simply the method of successive

approximations. This method is particularly useful for solving problems in

regions bounded by several contours. Analytical soiutions for several
di fferent regions, each bounded by one of these contours, are successively
(iteratively) superimposed. Each new superposition results in the correct
boundary conditions on one of the contours but alters the boundary condition
on all others. Conditions on these other contours then must be adjusted
towards the desired conditions by succeeding superpositions. The process
continues until the desired boundary conditions are approximated on all
contours. The rapid numerical convergence of the program, the coincidence of
the results with analytical solutions for well known special cases, and the
coincidence of the results with numerical results obtained by others using
different techniques give us considerable confidence in the overall accuracy.
We use two basic analytical solutions because there are two boundaries,
the free surface and the slit wall, that define the region of interest. These
two solutions are contained in two subroutines called by the main program.
The first solution (subroutine SURF) is for the uniform loading of a portion
of the planar surface of a semi-infinite region. The second (subroutine SLIT)
is for the uniform loading of a portion of the wall of a slit in an infinite
region. Both regions have the point at infinity in common and the same
boundary condition of zero stress at this point. The two solutions are used
to approximate non-uniform distributions of normal and tangential loading on

the surface and on the slit. By making the intervals of uniform loading



sufficiently small and by superimposing solutions for different loadings on
adjacent intervals, a good approximation of any non-uniform distribution is
achieved.

The procedure for successively superimposing the analytical solutions
is illustrated in Figure 2. Arrows in this figure are only a schematic
representation of stresses at isolated points on the slit and surface. They
do not necessarily represent the magnitudes, signs, or distributions of
stresses in actual solutions. The basic steps in the procedure are:

a) The desired normal stress distribution n(x) is approximated on
the slit boundary in the finite region by superimposing different loads on
numerous adjacent intervals of the slit wall. The resulting stress state and
displacements referred to x, y coordinates at numerous stations along the slit
and the line v = 0 are calculated.

b) The stress and displacement components on the line v = 0 are
transformed to refer to u, v coordinates. This gives the normal stress Ty
= M (u) and tangential stress Oy, = tj(y) stress distributions on the
line v = 0 in the infinite region.

c) The normal stress distribution -0y (u) and tangential stress
distribution -t,(u) distributions are approximated on the surface of the
semi-infinite region by applying different uniform loads on numerous adjacent
intervals. The resulting stress state and displacements referred to u, v
coordinates are calculated at numerous stations on the surface and the line
Ix, <a, y = 0.

d) The stress and displacement components on the line lxl <a, y =0
are transformed to refer to the x, y coordinates. This gives the normal
stress O,y = n1(¥) and tangential stress Ty, = t;(x)

distributions on this line in the semi-infinite region.
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e) Summation of all solutions considered thus far results in a free
surface along v = 0 as desired. However, on the slit the desired stress
distribution is altered by the excess stress n(x), ty(x).

f) 1If the excess stresses are sufficiently small relative to the
desired stress n(x), the problem is solved. If not,steps a) to e) are
successively repeated using the negative of the excess stress - ny(x),

“Ly(x) for the load on the slit in step a).

Four arbitrary parameters (ERSL, ERSU, ERDP, TDS) control the precision
of the final results. The interval length on the slit is adjusted using ERSL,
and the interval length on the surface is adjusted using ERSU. As ERSL and
ERSU is decreased, so is the interval length. The lengths are not unifomm,
but vary inversely with the stress gradient on the slit or surface. The
acceptable magnitude of excess stress is adjusted using ERDP. As ERDP is
decreased, the number of iterations (NIT) is increased and the precision of
the boundary conditions is increased. The total distance considered on the
surface is defined as TDS.

The output is normalized by factors supplied as data. The stresses are
normalized by SNORM, displacements by INORM and stress intensities by KNORM.
Although the method of solution allows one to calculate stresses and
displacement s anywhere in the region, we only calculate the stress-intensity
factors at the ends of the slit, the stresses and displacements of the slit
wall, and the stresses and displacements of the free surface. Variations in
these stresses and displacements are related most easily to practical

problems.



The computer program is listed on the following pages. We have
included numerous comment statements within the program to supplement the
preceeding remarks. The output from two runs of the program are included to
aid users in checking their results. The program may be adapted easily to
solve the problem of a slit with uniform or linearly varying shear stress. To
do this, replace the lines marked with asteriks in theright margin with the
lines listed at the end of the program. The author of this report would be
pleased to offer assistance with further interpretations of the program, and

its results. Please call (415) 323-8111, ext. 2635.
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CALCULATE THE TwO-DIMENSIONALes LINEAR ELASTIC (PLAIN STRAIN)
DISPLACEMENTSs STRESSESe AND STRESS INTENSITIES ASSOCIATED
WITH A SLIT SUBJECTED TO AN ARBITRARY PRESSURE DISTRIBUTION
AND ORIENTED AT AN ARBITRARY ANGLE TO A NEARBY FREE SURFACE.
USE THE SCHWARZ-NEUMANN ALTERNATING METHOD OF SOLUTION
{SOKOLNIKOFF, 1956 PPe 318-326; MUSKHELISHVILIs 1975,

PPe 389-390)e HERE WE IMPOSZ A UNIFORM GR LINEARLY VARYING
PRESSUKRS DISTRIBUTION,.

~

DIMENSION PD(5000)+S0(5000) R¥S{(5000)+DPD(S00)RZS(500),
OPL(100)eDSE(10C0) sDP(100) +sDS(100)

REAL*Q KNORM¢XX(100)/7100%06/:YY(100)/100%0.7¢XY(100)/7100%0.7
OX(100)/7100%Q04/¢DY(100)/100%04/
XXN(100)/7100%0+4/¢DXN(100)/100%0+/+DYN(100)/100%0/¢
UU(500)/500%¥0e/sVV(500) /S00% 06 /sUVIS00)/500%0e/
DU(S00)/500%04/+DV(S500)/500%0,/eTILT(S500)/500%0./

COMPLEX WOQCDlprZI.ZZQZOSXYZ.DXY,KP.KN.'S(1002)tZS(ZOZ’o

WILoWI2eW oW1l oW2sSUV2,DUV¢SLKPSLKN,ZF,
CMPLX,CEXPCONJG

FORMAT(5G12.4)

FORMAT(1HO»® R = 9,G12.4+°% DC = *,Gl2.4:° OIP = *,G12.4)

FORMAT(1HO.* SM = *,G1l12e4¢% PR = *,G12e49"' DPC = *4G12.4,

* DPG = *,4,G12.4)

FORMAT(1HO+® TDS = ?,G12689s? ERSU = *,G12.,4s° FRSL = *,G12.4,

' ERDP = ' ,G12.4)

FORMAT(1HO+* KNORM = *4G12es4+° SNORM = *,G12.4+* DNORM = ¢
2

]

G12.4)
FORMAT{1IHOs* NSURF = 16)
FORMAT(1HO+* NSLIT = 16)
FORMAT(IHO+* NIT = ¢ »®* NSUPER = %,110)
FIRMAT(1HO,* KP = ¢, 2ed4e¢' KN = *,2G12.4)
FORMAT(1IHO.® X

YY/XY?)

FORMAT(1H0¢5G1S4)
FORMAT(1HO15X+4G15.4)
F?RMAT(IHO-' U (919) a1V
)

SUPPLY THE FOLLOWING DATAZ
R = o25%SLIT LENGTH
DC = PERPENDICULAR DISTANCE FRCM SURFACE TO SLIT CENTER

DI® = INCLINATION OF SLIT FROM SURFACE (DEGREES)
SM = SHEAR MODULUS

PR = POISSON'S RATIO

DPC = DRIVING PRESSURE AT SLIT CENTER *1
DPG = DRIVING PRESSURE GRADIENT *2
TDS = TOTAL DISTANCE ON SURFACE (EG. 20%DC)

ERSU = ADJUSTMENT FACTOR FOR STATIONS ON SURFACE (EGe. +01)
ERSL = ADJUSTMENT FACTOR FJR STATIONS ON SLIT (EG. +01)
ERDP = ADJUSTMENT FACTOR FOQR ITERATIONS (EGe «01)

KNORM = NDRMALIZATION FACTOR FOR STRESS INTENSITY

SNORM = NORMALIZATION FACTOR FOR STRESS

DNORM = NORMALIZATION FACTOR FOR DISPLACEMENTY

REAL(S e2)RsDCeDIP4SULPR
READ(5+2)0DPCsDPGe TDS
READ(S5+2)ERSUERSL s ZRDP
READ(S+2)KNORMs SNORM s DNORM

e
e
16
G1

XX/ XXN DX/DXN DY/DYN

oV
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WRITE(6+10)RDCDIP
WRITE(6:612)SMPR4DPC+DPG
WRITE(6214)TODSeERSUIERSL +ERDP
WRITE(6:15)KNORM SNORM, DONORM

CALCULATE COORDINATZS wWS(I) OF STATIONS ON SURFACE.

STATION SPACING VARIES IMVERSELY WITH THE VARIATION OF

ME AN NCEMAL STRESS P AND MAXIMUM SHEAR STRESS S ON THE

SURFACE DUE T) UNIFORM PRESSURIZATICN OF THE SLIT.

CALCUALTE ABSOLUTE DIFFERENCE FOR P AND S BETWEEN 5000
UNIFIRMLY OISTRIBUTED ADJACENT POINTS OVER DISTANCE TDS.

ADD DIFFERENCES FOR P AND S RESPECTIVELY FOR ADJACENT

INTERVALS UNTIL EITHER TOTAL JUST EXCEEDS THF PRODUCT ERSU*DPCe.
USE THE SUMMED INTSRVAL DISTANCE AS STATION SPACING.

ADJUST SPACING FOR SYUMZTRIC GEOMETRY TO BE SYMMZTRIC.

ZERO=0.

Uwo==DC

wWO=CMPLX(ZERO,UWOD)
UDEIP=(D1P/360.)%6.,28318S
COIP=CMPLX(ZERO.UDIP)

RZ1=2.%R

Z1=CMPLX(RZ1+,ZERD)

Z2==-21

WS1=.5%T0DS

RWS(1)=wS1
Z={WS1=-WO)XCEXP(=-CDIP)

CALL SUIT(ZsZ1+Z2:RsDOPCIZERDISMiPRsPL1 ¢SXY2+:DXYsKPoKN)
S1=CABS(SXY2)

DO 110 1=2,5000
wWS2=wS1~-YDS/75000.
2={¥S2=-WO)XCEXP(=-CDIP)

CALL SLIT(Z0Z1+¢Z22eR¢DOPCIZERDeSMIPRIPZ2¢SXY2eDXY KPsKN)
S2=CABS(SXY2)

PD(I1)=ABS(P1=-P2)
SO(I)=ABS(S1-52)

RWS(I)=wS2

w¥S1=wS2

P1=P2

S1=82

CONTINUE
wS(1)=CMPLX(RWS(1)+ZERD)
NSURF=2

POT=0.

SDT=0.

DPRER=ABS(OPC)XERSU

COo 114 1=2,5000

POT=POT+PD(I)

SOT=SOT#+SO(1)

IF(PDT LT OPER«ANDSDT.LT.DPER)Y GO TO 114
WS(MNSURF ) =CMPLX(RWS(I)+ZERDO)
NSURF=NSURF+1

PDT=0.

SDT=0.

CONTINUE

WS(NSURF )==~uwS(1)
IF(DIPeNE e90e eAND+DIPsNZ0e) GO TO 119
DO 116 [=1,NSURF

NSUH=1~}

IF(REALI(WS(I)).LT.0s) GO T2 117
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CONTINUE

NSURF =2%ENSUH

DO 118 [=1.NSUH
WS(NSUH+I )=~uS(NSUH+1~1)
WRITE(6+16)NSURF

CALCULATE COGCRDINATSS ZS(I) OF STAVYIONS ON SLIT.

STATION SPACING VARIES INVERSELY WITH THE VARIATION JF
MEAN NOFMAL STRESS P AND WAXIMUM SHEAR STRESS S ON THE
IMAGE SLIT DUE TO UNIFORM PRESSURIZATION OF THE SLIT.

IT ALSO VARISS INVERSLY WITH THE VARIATION OF PRESSURE OP.
CALCULATE ABSOLUTE DIFFERENCE FOR P AND S BETWEEN 500
UNIFORMLY DISTRIBUTED ADJACENT POINTS ON IMAGE SLIT AND
ABSOLUYE DIFFERENCE FOR OP BETWEENM S00 POINTS ON SLIT.

ADD OIFFERENCES FOR Ps Se AND DP RESPECTIVELY FOR ADJACENT
INTERVALS UNTIL ANY TOTAL JUST EXCEEDS THE PROOUCT ERSL*DPC.
USE SUMMED INTERVAL DISTANCE AS STATION SPACING.

ADJUST SPACING FOR SYMMETRIC GEOMETRIES TO BE SYMMETRIC.

ZS1=2 %R

RZS(1)=ZS1
WIl=CONJG(ZSI2CEXP(CODIP)I+WO)
Z=({wli1=-wWO)*CEXP(=CDIP)

CALL SULIT(ZsZ1+sZ2+ReDPCHZERDISMePRIPL1sSXY2,DXYeKPoKN)
S1=CABS(SXY2)
DP1=0PC+DPG#*2S1

00 120 1=2,50

252=ZS1~4 %¥R/50.
wiI2=CONJG(ZS2%CEXP(CDIP)+%w0)
Z=(W1I2-WO0)XCEXP(-CDIP)

CALL SLIT(Z3Z1+Z2sR+DOPCsZERT+sSMiPRIP2sSXY2:DXY KPKN)
S2=CABS(SXY2)
OP2=DPC+DPG*2S2
PD(I)=ABS(P1-P2)
SO(1)=ABS(S1-S2)

CPO(I )=ABS(DPL1~DP2)
RZS(I)=2S2

ZS1=ZS2

Pl1=P2

S$1=52

oPi=DP2

CONTINUE
ZS(1)=CMPLX(RZS(1)+ZERO)
NSLEIT=2

PDT=0.

SDT=0.

DPDT=0.

DPER=ABS(DPC)®ERSL

DO 124 I=2,50

POT=PDT+PD(I)

SDT=SDT+SD(1)
DPOT=DPOT+DPD(I) .
IF(PDT e LT eDPERcANND«SDT LT+ OPERJAND.DPDT LTLOPER) GO TO 124
ZSINSLIT)=CMPLX(RZS(I)ZERO)
NSLIT=NSLIT+1

PDT=0.

SOT=0.

DPOT=0.

CONTINUE

ZSINSLIT)==-ZS(1)

12
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IF(DIP.NE.O.) GO TO 129

DO 126 I=1,NSLIT

NSLH=I=-1

IF(REAL(ZS(I)).LT+0s) GO YO 127
CONTI NUE

NSL IT=2%NSLH

CO 128 I=1.NSLH
ZS(NSLH+1)3=ZS{NSLH+1-1)
WRITZ(6.18)INSLIT

DEFINE THE DESIRED BOUNDARY STRESSES ON THE SLIT.
THESE MAY BE ALTERED TJ SUIT THE PROBLEM AT HAND.
CALCULATE NORMAL BOUNDARY STRESS DPI ON SLIT DUE TO AVERAGE

CRIVING PRESSURE AND GRADIENT. SET TANGENTIAL BOUNDARY STRESS
TO ZERO.

NSLMLI=NSLIT=-1

NSUML =NSURF=1

D0 130 I=1sNSLMIL *3
DPI(1)=0PCH+OPG¥REAL(+S*(ZS(I)+2S(1+1))) ' *4
DPLI)=DPI(I)

DSI(I)=0.

DS(1)=DS1(1)

CONTINUE

CALCULATE STRESSES AND DISPLACEMENTS ON SLIT AND SURFACE

DUE TO NORMAL AND TANGENTYIAL STRESSES DP{DS ON THE SLIT.

ON SLIT STRESSES ARE XXeYYsXYs AND OISPLACEMENTS ARE DX.DYe

ON THE OPPOSITE SLIT WALL CALCULATE XXNe¢DXNyAND DYNe

ON SURFACE STRESSES ARE UU,VV,UVe AND DISPLACEMENTS ARE OU,DVe.
CALCULAYE STRESS INTENSITY FACTDORS AT POSITIVE SLKP AND
NEGATIVE SLKN TIPS OJF SLIT DUE TO BOUNDARY LOADING.

RETURN TGO 132 TO REYQVE RESIDUAL STRESSES FROM SLIT.

NIT=0

NSUPER=0

UZF=R%1,E~10

ZF =CMPLX{ZERQ.UZF)
SLKP=CMPLX(ZERQ,ZERD)

SLKN=CMPLX( ZERO+ZERD)

NIT=NIT+1

CO 144 I=]1eNSLM]

21=2S(1)

Z2=2S(1I+1)

DO 140 J=1,NSIMI
2=eS5*(ZS(J)+2S(J+1))

CALL SLIT(ZeZ1eZ2:ReDP(I)sDS(IDeSMePRpSXY1SXY2sDXY sKP3KN)

NSUPER=NSUPER+1 ’
XX(J)=XX(JI+eSE(SXYL1=REAL(SXY2))

YY(JII=YY(J)+S%(SXYL+REAL(SXY2))
XYC(JI)=XY(J)+SXAIMAGISXY2)

DX(J) =DX(J)+REAL(DXY)

OY{(J)=DY(J)+AIMAG(DXY)

CONTINUE

DO 141 J=1,NSLMI
=¢5%{Z2S(J)4ZS(JI+1))=2F

CALL SLITC(ZeZ1e¢Z2eReDP(I1)eDS{I)eSMePRISXY1eSXY2:DXY KPo¢KN)

NSUPER=NSUPER+1
XXN(JI)=XXN(J )+ eS5¥(SXYLI=REAL(SXY2))

DXN(J)=DXN(JI+REAL(DXY)
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DYN(J)=DYN{JI+AIMAG(OXY)

141 CONTINUE
DO 1842 J=1,NSUMI]
W=eSX(WS(J)+US(JI+1))
2=(u-"wO)RCEXP(=CDIP)
CALL SLIV(Ze¢Z1¢Z2'ReOPCI)sDSUI)sSMsPReSXYLsSXY24DXY oKP¢KN)
NSUPER=NSUPER+1
SUVLI=SXY1
SUV2=SXY2%CEXP(~2.*%CDIP)
DUV=DXY®CEXF(CDIP)
UULJ) =UU(J)+5%(SUVI-REAL(SUV2))
VVIJ)=VV(J)+S5*(SUVI+REAL{SUVZ))
UV JISUVIE JI+.SRATMAGISUV2)
DU J) =DU(J) +REAL (DUV)
DV(J)=DV(J)+AIMAG(DUV)

142 CONTINUE
SLKP=SLKP+KP
SLKN=SLKN+KN

144 CONTINUE

REMOVE STRESSES VV AND UV FROM SURFACE AND CALCULATE
RESULTANT STRESSES AND DISPLACEMENTS ON SURFACE AND SLITe.

DO 154 I=1.NSUMI
wi=wS(I)
w2=wS(1+]
SUN==VV(]
SUT==UV(1]
D0 150 J=1,NSUM1
=45 (WS(J)+WwS(J+1))
CALL SURF (W W1l sW2 e SUNsSUTsSMPRIWO0, SUVLI,SUV2,0DUV)
NSUPFER=NSUPER+1
UU(JI=UU(JI) +#S*(SUVLI-REAL (SUV2))
VV(J)=VVIJI)I+.SE(SUVI+REAL(SUV2))
UV (J)=UV(J)I+.SEAIMAG(SUV2)
CU(J)=DU(J)+REAL(DUV)
DV(J) =DV J)+AIMAG(DUYV)
150 CAONTINUE
DO 1S2 J=1,NSLM1
2=45%({ZS(J)+2S(JI+1))
W=Z*xCEXP(COIP)+WO
CALL SURF(WoeWlsW2sSUNSUT +SMsPRIWO»SUVISUV2,DUV)
NSUPER=NSUPER+®1
SXY1=Suvi1
SXY2=SUV2XCEXP(2+%CDIP)
DXY=DUVXCEXP(=CDIP)
XXCJI)=XX(J)+eS*(SXYLI~=REAL(SXY2))
XXNC(JI=XXN(JI)+5%(SXY]I=-REAL(SXY2))
YY(J)=YY(J)+.SE(SXYLI+REAL(SXY2))
XY(J)=XY(J)+.SkAIMAG(SXY2)
OX(J)=0X(J)+REAL(DXY)
DXN(J)I=DXN(J)+REAL(DXY)
DY(J)=DY(J)+AIMAG(DXY)
DYN(J)=DYN(J)I+AIMAG(DXY)
152 CONTINUE
154 CONTINUE

COMPUTE NORMAL AND TANGENTIAL STRESSES DP:DS NECESSARY
TO RETURN TO DESIRED BOUNDARY CONDITIONS ON SLITV.
IFs AT ANY STATIUN., THESE STRESSES EXCEED THE PRODUCT OF THE
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DESIRED BOUNDARY STRESS TIMES ERDPs ITERATE BACK THROUGH
132 TO DECREASE THE MAGNITUDES OF DP AND DSe

DO 160 I=1eNSLM1
DP(I)=DPIE(I)-YY(I)
CSC1)=DSIC(I)=XY(I)

CONTINUE

DO 162 I=1,.NSLMIL

IF((ABS(DP(1))eGT.ABS(DPI(1)*EROP)) .0R. *S
(ABS(DS(1))GT.ABS(DPI(I)*ERDP))) GO ¥O 132 *6

CONTINUE

OUTPUT IS NORMALI ZED BY CHARACTERISTIC VALUES AND LISVEDe.
NIT [S THE NUMBER OF INTERATIONS,

NSUPER IS THE NUMBER CF SUPERPOSITIONS CF SOLUTIONS.

WRITE(6+20)NITyNSUPER
SLKP=SLKP/KXNORM

SLKN=SLKN/KNORM
WRITE(6+22)SLKP+SLKN

WRITE(6+24)

D3 172 I=1.+NSLM]
X=REAL(,S*®(ZS(I)+ZS(I#+1)))
XXCU)=XX(1)/SNORM
XXNCI)=XXN([)/SNORM
OX(I)=DX(I)/DNORM
DXN(I)=DXN(I)/ONORM
DY(I)=DY(1)/DNORM
DYN(I)=DYN(I)/DNORM
WRITE(6+26)X s XX(L)sDXCI)oDY(I),YY(X)
WRITE(G6s27IXXNUE) sDXN(I) oDYN(TI)oXY(1)

CONTINUE

WRITE(6,28)

DO 174 I=1,NSUM]
U=REAL(+S*(wS(1)+¥S(I+1)))
Uu(l)=UuU (1) /7SNORM
DU(I)=DU(1)/DNORM
OV(1)=DV(I)/DNORM
WRITE(6:26)U»UULL) DU(I),DV(I)
CONTINUE

sSTOP

END

CALCULATE THE X AND Y COMPONENTS OF STRESS AND DISPLACEMENT

AT A POINT Z=X+1%*Y NEAR A SLIT IN AN INFINITE REGION

SUBJECT TO UNIFORM NORMAL STRESS (SLN) AND UNIFORM TANGENTIAL
STRESS (SLT) BOTH ACTING CN OPPOSING PORTIONS OF THE SLIT WALL.
STRESS FUNCTIONS ARE DERIVED FOLLOWING MUSKHEL ISHVILI (1975,
PPes 347-358)e STRESSES AND DISPLACEMENTS ARE CALCULATED USING
THE KOLOSOFF FORMULAE (MUSKHELISHVILI, 1975+ PP. 157=158).
CALCULATE SLIT TIP STRESS INTENSITY FACTOR,.

STRESS INTENSITY FACTORS ARE CALCULATED USING THE FIRST STRESS
FUNCITION AND THE RELATION OF PARIS AND SIH (1965, PPe 37)s
THE END POINTS OF THE LOADED PORTION ARE 213Z2. THE SLIT

IS CENTERED AT THE ORIGINS LIES PARALLEL TO THE X=AXIS wWHICH
1S POSITIVE TO THE RIGHT WITH THE Y-AXIS POSITIVE UPWARD;S

AND THE SLIT LENGTH IS 4x*R,

PR IS POISSON'S RATIO; SM IS THE SHSAR MODULUS,

STRESSES ARE (XXsYYeXY); DISPLACEMENYS ARE (DX¢DV)e

SIGNS OF STRESSES AND DISPLACEMENTS FOLLOW THE TENSOR RULE.
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KPSKN ARE STRESS INTENSITY FACTORS AT Z=+2R:-2Re

SUBRIOUTINE SLIT(Z +Z1+22sReSLNeSLTsSMiPRsSXY] sSXY2:DXYKP¢KN)
COMPLEX Z9Z10Z2¢ZTsZTP2:ZTM1,ZTM2,ZTM3,ZTT1eZTT2:2ZTT3:2ZTT4
ZV Lo ZT2eZTITL ,2ZT2T1 oZTIT2,ZT72T22T7T1T73,272T73,
ZT1TA0ZT2T44ZT12T1e¢ZT12T2sCNTCNeOMOMC,OMP»OMPP,

PH«PHP PHPP ¢PSePSP s SXY2:DXY s KP, KN ZET A
CLOG+CONJIG CNPLX

2T=ZETA(Z +R)

2TP2=27%27

ZTMl=1.727

ZTM2=2TM1%2Z2TM]

ZTM3=ZTM2%2TM1

ZYITI=ZT+ZTNML

2T T2=2TP2+41.

2TT3=2TP2~1e.

ZTT4=14-2TM2

ZTLI=ZETA(Z1.+R)

2T2=ZETA(Z2+R)

ZY1T71=ZT14+1./7271%

2T2TL1=2T2¢1.72T72

ZT1T72=Z2T1=1./2T1

ZT2T12=2T2=1.,/7272

ZTIT3=(2T71-2ZT7)%(1./72T71-2T)

ZT2¥3=(2T72=2ZT)*(1./7272-2T)

ZT1TA4=CLOG((ZT1=2T)/(1./7271-27))

ZT2T4=CLOGC(ZT2-ZT) /(L /72Z72-2T))

ZT12T1=2ZT1=(1./72T1)~2T72+(1./72T72)

ZT127T2=CLOG(ZTY2/72T1)

CHI=3 =4, *PR

CNT==R*CMPLX(SLT,SLN)/6.283185

CT=REAL(CNT) .

RCN=0.

UCN=AIMAG(CNT)

CN=CMPLX(RCN,UCN)}

oM=2

OMC=CONJG(OM)

OMP=RX(1.~-2TM2)

OMPP=2.*R%XZTM3

PHSCNT®( 2, 22TM1I%ZT12T24(ZTT1-2TITLI ) *ZT1TA=(ZTY1=2T2T1)

PHPSCNT®( =2 %ZTM2XZT12T2¢2TMIEZT12TI1+2TTAX(2T1T4=-2T27A

PHPP=CNT*( 2.%ZTM3® (2., %2T12T24ZT1T4~-2ZT2T74)~-ZTM2%ZT12T1

FZTTAX( (ZTLIT2/7ZTIT3)=(2T72T72/727273)))
PS=CTR(4,%Z2TM1%2T12T2/72TT3-ZT12T1*ZTYT2/2TT3
~(2e%¥ZTT1=2T1I1T1)%2T1T44+(2.%2T7T71=-2T7T2T1)%27274)
SCNR(Q 2 ZT/7ZTTIXZ2T12T2=ZT 12V I¥%ZTY2/72TT3=-271TI*ZT1 TS
+2T2T1*2T72T4)

PSPCTH(8 8 (2TM2=3 . )%ZT12T2/7ZTT3%%X234 . %ZTRZT12TLI/2ZTT3IS%2
$22ZTTH%(ZT2TA=ZTITA )~ (2.%ZTT1-Z2ZT1TL)*ZTITI2/ZT7173
CC2.%¥ZTT1~-ZT2T1)%2T2T2/272T13)

PCNR( =4 ZTT2%X ZT12T2/7ZTT3IRX244 % 2T*ZT12T1/72TT3%%2
~ZTLITAISZTIT2/7ZTIT3€ZT2T1RZ2T2T2/7272Y3)

SXY1=4 *REAL (PHP/OMP)

SXY2=2+* (OMCEX(OMP=PHPP=OMPPXPHP ) ZOMPEXRX3I+PSP/OMP)

DXY=e S¥(CHI*PH=OMECONJIG(PHP/OMP)=~=CONJG(PS))/SM

KP=2,%SQART(«¢S/R)XCONJIGICNT R (=2 (X2T12T242T12T1))

KN=2e*¥SQRT («S/R)IXCONJIGICNT R (=2 X¥2T1272=2T12T1))

EEYURN

NOD

x7ZT72T74)
»)

16
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GIVEN THE COMPLEX CARTESIAN COORDINATE 2 = X + I%®Y OF

A POINT, TRANSFORM TO THE COMPLEX PCLAR COORDINATE

ZETA = RHO*EXP(I*THETA) s USE THE JOUKCWSKY TRANSFORMATION
(CARRIER, KRDOKes AND PEARSON, 1966¢s Pe 157) WHICH

TRANSFORMS THE REGION OUTSIDE A SLIT IN THE Z PLANE

TO THE REGION OUTSIDE THE UNIT CIRCLE IN THE 2ZETA PLANE.

THE SLIT IS CENTERED AT THE ORIGIN IN THE Z PLANES LIES

ALOMNG THE X AXIS; AMD HAS A TOTAL LENGTH OF 4*R.

THE UNIT CIRCLE IN CENTERED AT THE CRIGIN IN THE ZETA PLANE
AND THETA 1S MEASURED CIOUNTERCLOCKWISE FROM THE X AXISe
CHOICE OF SIGN IN THE TRANSFIORYATION EQUATION CEPENDS UPON
THE POINT IN QUESTION AND THE INTERPRETATION OF THE DIUBLE
VALUED SQUARE ROOT FUNCTIONe THE FOLLOVING CHOICES CONFIRM TD
THE STANFORD FORTRAN WATFIV COMPILERe. THESE SHOULO BE CHECKED
ON ANY QTHER SYSTEM,

FUNCTYION ZETA(Zs+R)

COMPLEX ZETAZ:ZDR,CSART ,CMPLX

RZ=REAL(Z)

UZ=AIMAG(2)

ZDOR=Z/R

IF(RZeGE 0 )ZETA= (S®(ZDR#CSQRT(ZDRE%2~4,))

IF(RZ LT e0e)ZETA= 5% (ZDR=CSQRT(ZDRX%X2=4,))

IF(RZeGT e (=2e%R) e ANDeUZeEQeQ¢ ) ZETA= ¢SX{ ZDR4+CSQRT(ZDOR*%2~4,))
IF(RZeEQe0eaAND aUZ oL To04 )ZETA=SX*(ZDR-CSQRT(ZDR*%*2~4,))
RETURN

END

CALCULATE THE U AND V COMPONENTS OF STRESS AND DISPLACEMENT

AT A POINT w=U+I%xV IN A SEMI-INFINITE REGICN SUBJECTED TO

UNIFORM NORMAL STRESS SUN AND A UNIFORM TANGENTIAL STRESS SUT

BIOTH ACTING OVER A PORTION OF THE OTHERWISE FREE SURFACE.

STRESS FUNC;‘ONS ARE DERIVED FOLLOWING MUSKHEL ISHVILI (1975,

PPs 402-408).

THE END POINTS OF THE APPLIED STRESS ARE Wl ANOC wW2e.

PR IS POISSON'S RATIO: SM IS THE SHEAR MODULUSe.

STRESSES ARE (UUsVVsUV)§ DISPLACEMENTS ARE (DU.OV).

SIGNS FOR STRESSES AND DISPLACEMENTS FOLLOW TENSOR RULFE.

ORIGIN IS ON SURFACE OF REGION WITH U-AXIS POSITIVE TO RIGHT

AND V=AXIS POSITIVE UPWARDO AYAY FROM REGION.

SUBRIOUTINE SURF(WW1 W2 ,SUNsSUT,SM,PReW0sSUVLE ¢ SUV2,0UV)

COMPLEX WouloW29@F 98C S 9SCoDsCLEIWCL2:,WT1WT2,WT3,WT4,
CPHsCPHPsCPS s PHyPHP ¢+ PSsSUV2 ,0UV W0 ,CONJIG s CMPLX »CLOG

RWF =0,

UWF=14E~10

WF=CMPLX(RWF sUWF)
IF((AIMAG( W) eEQeDe)) VW=wW~WF
CHI=3+~4.*PR

WC=CONJG(W)
S=CMPLX{(SUN,SUT)
SC=CINJG(S)

RD=0.

UD=6.28318S
D=CMPLX(RDsUD)
CL1I=CLOG(W~W¥W1l)
CL2=CLOG({w~u2)
wT1l=CL1~-CL2
WT2=1e/(W=WLl)=1e/7(W-W2)
WT3z=(W-Wl)sCLI=-(wW~w2)%CL2
WTa=wWiXCL 1-W2%CL2
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CPH==SCxWT1/0D

CPHR==SC*wWT2/D
CPS=((SC~S)*WT1+SC*w*xwT2)/0

PH==SCEWT 3/0

PHP=CPH

PS=((SC-S)*WwT3+SC*wTA) /D
SUVI=AF¥REAL(CPH)

SUV2=2 s %x(WC*CPHP+CPS)

DUV=e Sk (CHIXPH=WEXCONJIG(PHP)=CONJG(PS) )/SM
CLAI=CLOGI{wWO—-W1)

CL2=CLOG(wW(0—-wW2)

wTi=CL1-CL2

WT3=(WOo-wl )*CL1~(W0=-%2)%CL2

wr4=wilxClL 1l=w2%CL2

PH==SC%wT3/0

PHP==SC*WT1/D

PS=((SC-S)®WT3+SCxWT4)/D
DUV=0DUV=eS2(CHI*PH~WO*CINJG(PHP)=CONJIG(PS))/SN
RETURN

END

INPUT CATA IS LISTED BELOW FOR THE FIRST EXAMPLE QUTPUT.

«5000 15000 90,0000 «1000E+06 « 2500
-1.0000 0.0000 30.0000
0.0200 0.0100 0.0100
1.0000 1.0000 «75S00E-06

REPLACE THE INDICATED LINES WITH THE FOLLOWING IN 3JIRDER
TO LOAD THE CRACK IN SHEARe.

OPC = DORIVING SHEAR STRESS AT SLIT CENTER
0PG = DRIVING GRAODIENT OF SHEAR
DPI(1)=0.
O0SI(1)=DPC+OPG*REAL(+5*(2S(1)+ZS(I+1)))
IF((ABS(OP(1))«GT.ABS(DSI(I)*FRDP) ).0R,
2 (ABS(DS(1))«GTL{(DSI(I)=ERDP))) GO TO 132

18
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R = 05000 pC = 1¢5009 oiIP = 9000
SM = 0,1000Z2 06 PR = 0e2500 pPC = -1e¢0 oPG = 0.0000 :
TOS = 30600 ER3U = QQZOOOE‘OX ERSL = 0.[0005‘0[ ERDP = 0+1000E-01
KNORM = 1000 SNORM = 1000 DNORM = 0o 7500E=06
NSURF = 110
NSLIT = 21
NIT = 3 NSUPER = 51123
KPp = 1¢198 -0e¢3080E=-05 KN = 1.094% -0094345-06
X XX/ XXN DX/Z/DXN pY/DYN YY/XY
09800 -1e427 -4 o 462 2381 -0e 9958
-16427 =40462 -24381 0.33075‘07
0e 9400 -16406 =-80246 44074 -0e 2959
-1406 -8 246 -44074 0.82655'07
069000 -1038S -4¢033 Se¢194 Qe 9960
-10385 -44033 5194 0.12625'06
Ce 8600 -10364 -30824 60612 -0e 3961
-1¢364% =34824 -60067 0.13165‘05
08200 -1e384 -3¢620 60789 =0e 9962
=-1¢344% -3¢ 620 -6e789 0.6273E~-06
07800 -1325 ~34419 7 405 -0e 9963
-16325 30419 -7e405 0.15735’05
Je¢7200 -1,298 =-30126 8el82 -0e 9965
-10298 -36126 -8¢182 ‘0.24195’06
06400 -14264 24747 9.016 -0 ¢ 9967
-1264% -20747 96016 -0.6486&*07
065600 -10233 «~2¢380 94675 -0 9969
-10233 -2¢ 380 -9467S 0.65835'07
0e4800 -1205 -2¢ 026 1020 «0e9971
-1¢205 =20 026 «-10e20 '0.63535‘07
0e 4000 -14180 -1e681 1060 «0e 9973
-1.180 -1¢681 «10e60 -0.2343E‘07
0e 3200 -10158 -10347 1091 -0e9975
-10158 -10 347 «10e91 «0e¢ 1 736E=-07
0e2200 -10134 -0e9407 11.18 «0e9977
-10134% -069406 -11e18 -0¢ 9304E~-08
Oe1000E 00 -10108 -0ea678 1133 -0e 9979
~-10108 -0e4678 11633 -0.225‘5-07
~0e2000E=-01 -10087 =0e9100E~02 1132 -0¢9982
-10087 «0e907BE=02 -11e32 '0.35055‘07
-0e1600 ~1066 0e5107 11011 -0e 9984
-1066 05107 eilell ‘0.33765'07
-0e3200 -160646 10089 10659 -0e 9986
-1+046 10 089 «10e59 -0033225-07
-0e5000 -10028 16722 9.618 -0¢ 9988
-10028 1722 -3¢618 ‘002301E’°7
-0e7200 -1e012 24477 7651 -0¢ 9990
=-14012 20477 «-Te651 -0.68565‘07
- 09200 -1¢001 30151 8296 -0¢ 9991
-10001 36151 -40296 ‘0035005-07
U (V]V} DV ov
11653 =0e¢2813E~-01 1¢ 848 e2e742
7038 -0e¢6602E-01 24875 -24401
56471 -0e9076E~01 36515 -24082
40568 -0e1060 3.982 -1e772
34950 -0ell22 40 338 -1e472
304088 -0e1098 40610 -1018¢
3.122 -0¢9855E-V1 40813 -0 e9088
20819 =0e7888E-01 40958 -0 ¢ 6465
24561 -0¢5043E-01 54050 =0 ¢ 3989
2¢336 -0e1351E-01 5¢ 094 «0e1675
24138 0.3‘56E-°$ 54 091 OQQ34SE‘°1
1e901 Ce8462E-01 Se 045 0e2323
16799 0e.1461 40956 003986
1649 Qes2159 4,823 005390



1+5Q8
16373
10247
1139
16052
09798
0e9168
Qe 8598
Qe 8088
0e 7638
Qe7218
0e 6828
06468
066138
005838
05538
0e5238
064938
064668
Qe 5428
Ce4188
03948
0e3708
0e3468
03228
0e2988
Q0e2748
0e2508
02268
02028
Gel 7838
0el578
0+1398
Oel218
0¢1038
0e 8578E~01
0e6778E-01
0e4978E=-01
0e3178E-01
0e1378E-01
00000
«0e1378E~01
-~0e3178E~-01
-=0e8978E~01}
=0e6778t~01
- Qe 8578E~01
-0e1038
=-0ellls
-0e1398
-Q0e1578
=-0e1788
-~0e2028
~002268
-0e2508
~0e2748
=0e2988
-0e3228
-0e3468
«0e3708
«0e3948
-0e4188
-0e4428
~0e4668

02943
063817
0e4746
065629
06389
067037
Qe 7599
003098
08523
0.8873
0e3148
009382
069532
0e9646
09682
009669
069595
0693453
069288
09062
0e8784
0e8449
08055
0e7603
007093
06529
065917
0e5265
0ea584
003890
063200
062595
0e2113
Oel661
061250
008872E~01
0¢5820E-01
0e¢3411E-01}
0e1705E-01
Qe7755E~-02
=-0e1527E-02
0e7755E-02
Oe1706E~-0}
Oe3411E~01
0¢5820E~01
0e8872E~-01
01250
061661
02113
0e2595
063200
03890
004584
065265
05917
066529
067093
0e7603
048055
0e8449
008784
0e9062
009288

80646
40419
40149
30868
36606
30363
30131
20906
20692
20 489S
20305
20123
1951
1e 792
16646
1500
16354
1¢211
1083
09725
0e8648
067608
0e6611
005666
064780
0e3958
043208
02535
0el1944
01436
0e1013
Qe7108E~-01
0¢65018E~01
Ge3356E~-01
0e2088E~-01
0e1175E~-01
0e5675E~02
0e2098E~02
CGed O07TI9E~Q3
«Q0e7381E~-004
068934E~-05
0e9418E~-04
=-063873E-03
~0e2077E-02
-0e5655E~02
~0e1173E-01
~0062086E~01
~0e3354E~01
«065016E-01
~Qe7106E-01
-001013
-0e1436
=Q0e1944
~0e2535
’003208
-0e3958
~0e4779
~0e5666
~0e6611
-0e7607
~-Q0e8648
~0e9725
=10083

066501
O0e 7268
0e7609
07509
07091
066467
05680
0ea7473
0e37172
062639
0e1480
0e2649E-01
~0,9815E-01
-0e2232
~0e3460
«0e4776
=0e61772
-067663
=009068
~10037
-1e171
10309
~10451
-1le5964
-1e739
-10884
-200272
-20168
-2¢30S5
-26435
-20558
-2¢652
=2¢735
-2806
-2+868
-2e922
20967
-3,001
-34025
36039
-30042
-36039
-30025
=3,001
~-20966
-20922
~2¢868
-2806
~26735
-2e652
-26558
-2¢435
-2¢305
-20168
-26027
-10884
-1e739
=1¢594
=1e451
-1¢309
-1e171
-10372
=0¢9068
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064938
~-0e5238
~0e5538
~0e5838
=0,6138
~0s6468
~0,68238
~-0s7218
=0e7638
-0s5088
«0,8598
=0e9168
~0e97938
-10052
~1e139
-1 6247
~1373
-‘.508
-1e649
~1e4799
-1e961
~2¢138
-20336
-2e561
-2:819
-3e122
-3+,488
-3¢950
-44568
’5.‘71
-7¢ 034
=-1153

069453
Qe9S595
Qe 9669
09682
09646
0e9532
O0e9382
0s9148
08873
008523
00,8098
067599
0e 7037
006389
05629
Qeb 746
003817
02943
02159
Oelas2
0.8462E-01
063156E~01
=0e¢1351E~01
=065043E~01
~0e7888E~01
-0e9856E~01
-0+1098
-Qell22
-0.1060
=0e69076E-01
~066602E-01
~002813E~01

=-1e211
=14355
=1500
~10646
-1e792
-1e951
-20123
~2¢ 305
~20 495
~20692
-2¢ 905
-3¢ 131
-3.363
-3.606
~3,868
~44 149
~8e4819
-84 646
-84823
-4 9956
-Se 045
-5¢091
-S5e 094
-~54050
-8 0958
~44813
-84610
-4 4338
-3¢982
-34515
-~2¢875
-1.848

~0.7663
=0e61772
~0e4776
~0¢3460
=-002232

~0+9815E-01
0e2649E-01

0ela80
02639
Qe3717
QeO747
05680
Qe 64672
07091
067509
07609
0e7268
046501
065390
03986
0e2323

Q0+4345E-01

~0e1675
~003989
~0e 56465
-0090886
-1¢18¢
10472
-~1e772
-2.082
-2.401
-2e742
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R= Ne¢35209 DC = 1309 oIP = 0.0000
SM = J10272%E C6 PR = 025920 DRPC = =1.000 DPG = 00000
TOS = 30.720 “RSU = 0.1000F=01 ERSL = 0.10C035=-902 ERDP = 2.10CCE=
KNOEM = 1.C2C SENGPM = 1.000 ONORM = 0+7500E=06
NSURF = 116
NSLTIT = 3A
NIT = NSURPFR = 94900
KP = 12553 ~247234F~=)1 KN = 1265 Je73322=01
X XX/ X XN DX/DXN DY/DYN YY/XY
Qe300 -0e4233 -445834 CeIS?7H ~0e9979
-1eR24 ~4,393 -4,034% =0es1571E~-02
JeCs0Q ~-Ne779C ~-40521 2.874 -0.9978
~1.,4C4 ~44137 ~-S 4799 -0.1556E-02
2.50CN -Ne7106 -4,517 4,194 -0e9976
-1+359 -3.9158 -6e922 =-0+1536E~-02
J.850°2 -Ne29 39 -4+393 Se260 =0.9975
~-1.,333 -3,711 -7e«734 =-0.1511E=02
00,3230 ~-1.087 -44254 6.171 -0.9374
-1.296 =3.515 -8+516 -0e1482E-02
Ds7TEND -1.,1C9 -3,1C3 €e972 =0:9372
-14s269 ~3+325 -G4133 -0¢1447E-02
Qe74CY ~-1«1355 =3,343 7 ¢68S -0e9371
-1+249 -3.1431 -9 +571 =-0¢1408E~-02
J.7C2D ~-1.,195 -3,77% 8¢336 -0e9970
~-14233 -2e953 -10.15 -0e1364E-02
NeHELD) -1,232 ~3¢3597 8¢924 ~0e3969
-1.221 -2,781 -10.37 =-0+1315E=~-02
NeHh2GCH =1,2€6 =3.,413 Sed561 -0e5968
-1.,217 =2:594 =1J¢95 -0e1262E=02
Nae38CH -1e2%7 -3.2213 9952 -0e9966
-1+2C1 ~244 39 =-11.25 -0e12084E-02
Ag=ar) -14326 -3422€ 10.4) -0¢996S
=-1.154 ~2:257 =1139 -0s1142E-0Q2
Ne523C2 -1+3%4 ~2:3248 10.31 -0 ¢9964
-1e126 -2:085% -11.97 -0e1076E~-02
N.4408 -1385 ~-2¢511 1136 -0e9963
-1.184 -1.331 -12.23 =0 ¢e9636E~-03
Ds3END -1.827 -2+073 1196 -0,9961
~1.175 -1e04935 =12.62 =-0+8137E~-03
D.22CY -1e462 -1:631 12.44 =0¢9960
-1.16€8 -1+161 -1292 ~0,6463E-C3
Ne1800 -1.4288 ~1.056 12.86 =0.9959
-1e167 ~Q0es7472 -13.18 -0+4234E~-03
0.0009 -1.,488 -0 .6453€E~04 13.16 -0¢9958
-1e¢185 ~0.3553€=-04 -13.37 0e¢6330E-07
~0.1300 —1.689% 1.05% 12.856 «0e995Y
-1.167 Ce7472 -13.18 0.4235E-03
=Je¢2302 -1e462 1631 12.44 -0¢9960
~1e1€8 1161 -12.92 0.6464E-03
~-0e3500 -1.427 2.079 1136 -0e9961
-1e175 10494 -12.,62 08137E~-03
-Ne44090 -1225 24511 1136 09363
-1e.184 1331 -12.23 0.9687E~-03
-N,S57NCH -1.,2%4 2824 10.31 =0.9964
~1el125 2085 -11.87 0+.1076E-02
. =045409 -143225 34225 10.49 -0:9965
~1¢104 20257 =11.59 0el1182E~-02
-JeS5800 ~1,297 3e222 9.952 -0e99366
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