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ABSTRACT

RASSUEL is a computer program developed to assess the "Reliability
of Soil Slopes under Earthquake Loading'. A pseudo-static slope stability
analysis is performed. Significant uncertainties in material and seismic
parameters are recognized and probabilistic tools are introduced for their
description and amelioration. The safety of the slope is measured in
terms of its probability of failure (pf) rather than the customary factor
of safety. The numerical values of Py ate obtained through a Monte Carlo
simulation of failure., The program can accomodate three types of earthquaké
sourcé, namely: (a) point source, (b) line source,and (c).area source.

A detailed presentation of the theoretical background of this program
can be found in the first report of this series, RPI Report No. CE-78-5.
The present document includes a brief description of the program and its
capabilities. The various functions and options available in the program
are presented in the‘form of a flow chart. Guidelines for data prepara-
tion are given in Appendix A.

Furthermore, to illustrate the output provided by the program, the
latter was applied in a case study involving the determination of the
probability of failure of a given slope during a certain seismic event.
The earthquake source was assumed to be a fault (line source) of known
geometry and distance from the site of the slope,

The program was written for an IBM 3033 computer., Special provisions

were made so that it can be easily adjusted for use on CDC hardware.



The computer graphics option was writtem for a PRIME 500 computer. In
Appendix B are listed the subroutines that are required for use of the
program on a PRIME. 500 computer and for the computer graphics option.

Finally, a complete listing of the program is given in Appendix C.



1. PROGRAM 'RASSUEL'

1.1 Program Description

RASSUEL is a computer program which provides a reliability analysis
of s0il slopes under earthquake loading. The safety of the slope is
measured in terms of its probability of failure Pe rather than the
customary factor of safety. The numerical values of pe are obtained
through a Monte Carlo simulation of failure. A pseudo-static, limiting
equilibrium stability anal&sis is performed; Failure surfaces are assumed
to folloﬁ a logarithmic spiral of the form (Figure L

r=re
vhere t is the tangent of the ¢ parameter of soil strength,
r is the initial radius of the log spiral, and

8 1is the angle between r and r .

The geometry of the slope is defined in the program by means of its
height H and angle B. The location of the water table is specified

through the dimensionless pore pressure factor T, defined as

u
W Ya
m
where u is the pore pressure at the failure surface,
Ym,is the moist unit weight of the soil, and
z 1is the vertical distance from the failure surface to the

boundary of the slope.
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So0il strength is introduced through the two strength parameters,
¢ and $. Both c and ¢ are assumed to be independent random variables

following a general beta distribution. This is expressed in the form

£() = ¢ a)® (b-x)® (1
where o and R are the parameters of the beta distribution,
a and b are the minimum and maximum values of the strength
parameters, respectively, and

¢ 1is a normalizing constant and is equal to

T'(ot+8+2)
T(@+L)T(R+1) (b-a)

o+R+1

where
T{ ) denotes the gamma functiom.

The center of the failure surface is defined through its polar
coordinates ho and 80 (Figure 1). Both ho and Go-are also assumed to
be random variables following a beta distribution. The limits and stat-
istical values of b and 60 can be specified by the user. If a zero (0)
is read for the mean values of hO and 60, the distributions of the two

geomettric parameters are taken to be symmetric within the following limits:

0<h <3m
(2)
B =328, <8
where g = g-— B , and

H and B are the height and angle of the slope, respectively.

In such a case, the coefficient of variatiocn of both hO and 80 is assumed

to Thave a value equal to 35%.



The seismic load on a soil slope is expressed in terms of the
maximum ground acceleration amak assumed to be a (random) function of the
earthquake magnitude. Three types of earthquake source can be examined
by the program, namely: {a) point source (which models a known single
earthquake source), (b) line source (whigh medels a known fault), and (c)
area source (which simulates an ill-defined seismic threat).

The attenuation relationship which is used to obtain the values of

the maximum ground acceleration has the following form:

. b2m —b3 ’
= . ' 3a
a_ =be " (Rb,) (3a)
where 2 is the maximum horizontal acceleration at the site of the slope,
m is the magnitude of the earthquake (random variable),
R is the distance between the earthquake source and the site

of the slope, and

bl’b2’b3’b4 are regional. parameters.

The option of using a probabilistic attenuation relationship is
also available. This is derived by multiplying the maximum value of
the ground acceleration Aax? given in Equation (3a), by a log-normally
digtributed random variable £; i.e.,

b2m -b3
a e = ble (R+b4) £ (3b)

The mean value (23 and ccefficient of variation (Ve) of € must be specified

by the user,



The following two options are available for the frequency-magnitude

relationship:
(1) Richter's log-linear relationship; i.e.,
log n = am + b {4a)
{(b) A log-quadratic relationship expressed in the
form
2
log nm = am + bm+ ¢ {4b)
where o is the number of earthquakes having a magnitude larger

than m, and

a,b,c are regional constants.

1.2 Program Capabilities

RASSUEL is capable in providing both static and pseudo-static slope
.stability analyses. When it is used for a static analysis, the program
can only account for the uncertainties around the exact location of the
failure surface and for the variability in the numerical values of the
s0oil's strength parameters. When a pseudo-static analysis is performed,
the user must specify the type of the earthquake socurce (i.e., point,
line or area source) and provide the necessary seismic parameters. Detail-
ed information on the preparation of the data is given in Appendix A.

The option is also available for a sorting of the results obtained
during the Monte Carlo simulation. If a value IPRNT = 0 is specified in the
data, a sorting routine is used and the values of the length of the fail-

ure surface (L), safety factor (SF), and safety margin (SM), determined



during each iteration, are printed in ascending order. The statistical
values {(i.e., mean value and coefficient of wariation) of the same quanti-
ties are provided in the program cutput even if a use of the sorting
routine is not requested.

The possibility for the existance of an initial discontinuity inside
the slope can be also considered by the program. This may be achieved by
specifying a value for INIT equal to unity (INIT = 1). In this case, the
initial discontinuity is assumed to start at the toe of the slope and
have a length U modeled as a uniformly distributed random variable that
can receive any value between zero and the total length L of the rupture
surface (0 < U < L).

The graphics capability of the program consists of a pictorial dis-
play of the boundary geometry of the slope and of a random sample of failure
surfaces. This can be achieved by specifying a value for the parameter
ITERM equal to two (ITERM = 2) as is shown in the section on data prepara-
tion (Appendix A). The graphics part of the program was writtem in the
Diynagraphics Language supported by the Imlac graphics terminals which are
a part of the Interactive Computer Graphics Center of Rensselaer Polytechaic
Institute. The subroutines required to run the program on the Prime 500
computer and those necessary for the Graphics option are given in Appendix B,

In Figure 2 is shown the flow chart of the program. An explanation
of the various symbols appearing in the floﬁ’chart iz given in Table 1. The
values of the cumulative beta distributions of HO, THETAO, PHI and C are
generated on the basis of the information provided in the data. The value

of the maximum ground acceleration ACC is found with the aid of the sub-



routine ACCEL in the case where Richter's log-linear frequency-magnitude
relationship is used. 1f a log-quadratic fréquency-magnitude relation-
ship is specified, then the value of the ACC is determined in the

NYACC subroutine.
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FIGURE 2 TFLOW CHART FOR PROGRAM 'RASSUEL'
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TABLE 1. GLOSSARY OF VARIABLES APPEARING IN THE FLOW CHART

ACC Maximum ground acceleration
C = C-parameter of soil strength
HO = Vertical coordinates of the center of the failure surface
K = Iteration number
L = Length of potential failure surface
M = Counter for the number of failure surfaces
N = Total number of trials in the Monte Carlo simulation
P¥ = Probability of failure of the slope
PHI = ¢~-parameter of soil strength
R = Total résisting force along potential failure surface
§ = Total driving force along potential failure surface
SF = Safety factor (=R/S)
SM = Safety margin (=R-5)

T = tan(d)

THETAO = Angle between initial radius T, and vertical direction



2. TLLUSTRATIVE EXAMPLE

The output provided by the program is shown in the following illus-
trative example:

In Table 2, are listed the data used for the example. Part (a) shows
that a quasi-static stability amnalysis is requested. Part () gives the
geometry of the soil slope, the unit weight of the material, the value
of the pore pressure parameter, the number of iterations® requested for
the Monte Carlo simulation and the statistical values of the two polar
coordinates of the center of the failure surface (ho and 60) and of the
two strength parameters (¢ and ¢). Part (c¢) lists the values of the two
parameters (& and B) of the beta distribution for each of the four random
variables (i.e., ho, 90, $ and ¢). In Part (d) are given the specified
earthquake data. This includes the type of attenuation relationship, the
values of the regional seismic parameters, the statistical values of the
error term £ (i.e., a probabilistic attenuation relationship is used) and
the lower and upper limits of the earthquake magnitude. In this example,
a line earthquake source {fault) is specified. This is shown schematically
in Figure 3. It is assumed that the depth of the fault is equal to zero
{h = 0), the orientation of the slope site with respect to the midpoint
of the fault is 90° and the length of the fault is taken equal to 100 km
(Figure 3).

The results obtained by the program are listed in Table 3. Part (a)

shows the values of the various quantities for the first ten iterations

*For the purposes of this example, the number of iteration was specified
as N = 10. TFor an actual case study, the number of iterations should be
at least one thousand (N = 1,000).

12



of the program. The mean values and coefficients oflvariation of the
length of the failure surface, safety factor, and safety margin are
shown in Part (b). In Part (c¢) are listed the same quantities in an
ascending order (as use of the sorting routine was requested). Part
(d) gives the total number of failures and the numerical value of

the probability of failure. From the ten iterations performed in
this example, one unstable condition was generated, Thus, the prob-
ability of failure of the slope is 1/10. In Part (d) is also given
the number of failures that correspond to each of the eight possible
cases.

Finally, the computetr graphics output for this example is given

13

in Figure 4. This shows the specified profile of the soil slope and the

ten failure surfaces that were generated during the Monte Carlo simula-

tion.
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SITE

FIGURE 3. SCHEMATIC RE?RESENTATION OF THE LINE SOURCE

(FAULT) USED IN THE ILLUSTRATIVE EXAMPLE (perspectiva)
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FIGURE 4.

COMPUTER GRAPHICS QUTPUT OF ILLUSTRATIVE EXAMPLE
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USE CONSISTZNT UNITS

FIRST CARD

FOLL SORTING OF LENGTHS, SAFETY FACTCRS, SAFETY MARGIMS

IPRNT = ¢
IPRNT = 1 NO SOEBTING
IPRAT SORTING REGULATOR
IATTY = € DETERNMINISTIC ATTEMUATION RELATIONSHIP
IATTY = 1 PROBABILISTIC ATTENUATION RELATICNSHIP
IATTIN ATTENUATICN RELATIONSHIP REGULATOR
IDIN = @ STATIC ANALYSIS
IDYIY = 1 QUASI-STATIC ANALYSTS
DYy A¥ALYSIS REGULATOR
ISOUR = 0 EOINT SOURCE MODEL
ISoUR = 1 AR®A SOURCE MODFL -
isoug = 2 LT NR SCURCE MODEL
IS00R S0URCE REGULATOR
ISEIS = O LINEAR MACWITUDRE~FREQG. RELATIONSHIP
= QUADRATIC RELATIONSHID . '
ISBIS SELECTS MAGHNITUDE-FREQ RELATIONSHIP FOR QUASI-STATIC ANALYSIS
ITER® = © BATCH J03B
ITERM = 1 TERMINAL JO3
ITERY = 2 GRAPHIC TERMINAL JOB
ITER# . SWITCH FOR TERMINAL TYPE

NOTE:; FOX GRAPHICS OUTIPUT THE ACCOMPANYTNG GEAPHICS SUE-
BOOTINES MUST BE USET AWD LINES 333 AND 570
MOST BE CHAYGED '

431 PORMAT (411)

SECORD
i
BETA

47 PORHM

\\.

CARD. v
BEIGHT OF SLO2PR
SLOPE ANGLE (DEGREES)
AT(F10.5,F10.5)

THIRD CiaD

HHS
UAN
TUW

SATURATRD UNIT WEIGHT
MOIST UNIT WEIGHT
ONIT WZIGHT OF WATER

42 FORMAT(F10.5,F10.5,F10.5)

FOTRTH CARD

RO FORE ERESSURZE PARANET ©R
421 FORMAT {(F10.5)
FIPIH CARD
ISEED SEED NUMBER NEEDFD BY RANDOM NUMBER GENERATOR GGUB
| NOMBER OF TRIALS 1IN THEZ #ONTE CARLC SIMULATICY

43 FORMAT (£10,110)

SIXTH CARD
AHO MIN. YALUE OF THE RANDOYM VARIABLE HC
BHO MAY. VYALUE CF THE RANDOM VARIABLE HO
METANTIO MEZAN VALUE OF THE RANDOU VARIABLE HC
CVARHO CCEP. COF YARIATIONY OF THE RANDOM VARIABLE HO
HOTT: LEFANLT YALUES ARE ASSUMED IF THE HEAYN VALUF = 0.C

G4 FORHUATIFI0.5,FP10.5,F10.5,F10.5)

SEVENTH CARD

ATO

MIN, VALUE OF THE RANDOW VARTABLE THETAC (DEGREES)
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8TO MAX. VALUE OF THE 3ZANTOM VARIABLE TEETAO (DEGREES)
MEANTO HWEAN VALOE OF THZ RANDOM VARIABLE THETAC (DEGREES)
CVARTO COEF. CF VARLATION OF THE RANDOH VARTABLE THETAO

MOTE: DEFAULT VALUES ARE ASSUOMED IF THE MEAN YALUE = 0.0
45 PORMAT(P10.5,F10.5,F10.5,F10.5)

EIGHT CARD
AP MIN. VALUE OF THE STRENGTH PARAMETER PHI (DEGREES)
ap MAY. VALUZ QOF THR STREYGTH PARAMETER PHI (DEGREES)
MEANP MEAN YALUE OF PHI (DEGREES)
CYARD COEF. OF VARIATION OF PHI

NOTE: POTNT VALUES MAY BE OSED BY SETTING THZ CCEF. CF VAR, =0.0
46 FORMAT(F12.5,F10.5,7F10.5,710.5) s

NINTH TARD o
AC - MI¥. VALUE OF THE STRE&GTH PARAMETER C
BC MAY., VALUER QF THE STRENGTH PARAMITER C
MEANC MZaN VALU® OF C
CVARZ CQEF. CF VARIATION OF ¢

HOTE: POINT VALUES ®AY BE USED BY SETTING THE CGEF. CF VAR, =0.0
47 FPORMAT(F1C.5,F10.5,F16.5,F10.5)

THE TENTH ,ELEYERTH, AND TWELVETH CARDS ARE USED IN THE
GEMERATYON OF RANDOM MAYXTHMUOM EARTHQOUAKE ACCELERATICHS

TENTH CARD '
Mo EARTHCUARE MAGNITUDE LOWER EOU¥D

21 EARTHQUAKE MAGNITUODE UPPER BQUND
RR RALTAL DISTANCE FROM SOURCE 7O SITE(RILOMETERS) s ISOUR=0

OR RADIOS OF THE AREA SOURCE ,ISCUBR=1
CrR DIST TC THE MILILLE OF THE LINE SOURCE ,ISOUR=Z
AEQ ANGLE BETYEEN ACCELERATION YECTOR AND HCRIZONTAL
48 FORMAT(F102.5,718.5,F10.5,F10.5,F10.5)

ELEVYENTH CARD

DEPTH DEPTH GF THE ARFA SOURCE 0% LINE SCURCE
THE Th ‘ CRILSNTATICN OF LINF SOURCE
LLEN LENGTH OF THE LINE 3S0QURCE

441 FORMAT(3IF10.5)

TWELYETH CARD
BBETA,31,82,RB3, B4 REGIONWAL ATTENUATION CCEFFICIENTS
MO TREr IF(IS2TS.Z2Q.1) B(EBETA) AND C ARE TO BE SET @WITHIN
THS NYRCC SUBHRONTING
49 FPORMAT(F10.5,F103.5,F10,5,F10.5,F10,5)

THIRTEEANTH CARD
EPSH MEAN VALUE OF PRROR TERM
EPSCY CCEF. OF YARIAFICH OF ERROR TERY
491 FORMAT{F10.5,F1C.5)
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APPENDIX B: SUBROUTINES REQUIRED FOR USE OF THE PROGRAM

ON PRIME 500 AND FOR COMPUTER GRAPHICS
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¢ THESE SUBROUTINES ARE REQUIRED FOR USE ON THE PRIME 51340
c******k*****k**i*t*t***i*t**t***i*i**t********k*ik***k**tk******ti****
€ GGU3 IS THE RANDOM NUMSER GEMERATOR ON THE IBM 3033 (I9sL)
C RND IS THE RAN # GEN. ON THE PRIME 50D

SUBROUTINE GGUR(ISEED_ N,RN)

DIMEMSION EN(MN) '

o 1 1=1,M
1 RNCI)=RND{M)

RETURN

END

FUMCTION TARN(X)
TAN=SIN(X) /COS(xX)
RETURA

END

FUNCTION ARCOS(X)

ARCOS=ATAN (SQART(1 .=X*%2) /%)

RETURN '

END .
C********t***k*********tti*t*tt**ii****************t***t***f**tf*t****t
C THESE SUBROUTIMES ARE RERUIRED FOR GRAPHICS
C***#*k*********#******k*i****t***********ii*******************i****t*i
e THIS SUBROUTINE DRAWS THE SLOPE

SUIROUTINE GRID(HX,3X).
¢ DIMENSTION ITIT(2D) '

CoMM0ON /GRAF/ H ,8,SL,XL,X0RG,YORG,SCALE,RAD
CALL GRESET
CALL ENTGPA
RabD=3.1416/180. :
SCALE=CHX/TANCEX))/(3,75-,.05%*3X/RAD)
I=8X
H=HX/SCALE
XORG=-5.3
YORG=-3.5
DRAA THE SLOPF
CALL OPEN(1)
CALLL SLINT(?)
XL=H/TAN(B)
SL=H/SIN(B)
TL=X0QRG+9 .5
CALL MDVE(XDRG,YDRG)
CALL MOVE(YORG,SL*+YORG)
CALL DRAW(SL+XORG,SL+YORG)
CALL DRAJ(SL+XORGHXL ,SL+H*+YDRG)
CALL. DRAW(TL,SL+H+YORG)

(e NeNel

TX=51L/2.+X0RG
TY=SL+YORG

CALL MOVE(TX,TY)
CALL RORAW(.1,.2)
CALL MOVE(TX,TY)
CaLL RDRAJ(-.1,.2)
TALL ™OYE(TX,.TY)
TY=Ty+d

CALL DRAW(TX,TY)
CALL "DRALS(,T,-.2)
CALL 4QVELTX,TY)



1 N0

-

CALL PPRAW(-.1,-.2)
CALL MOVE(TY=,L,TY=H/2.)
CALL TEXT(1,'H")

CALL MOVE(TX+2.,TY+1.)

CALL TEXT(19,'NEGATIVE LOG-SPIRAL?Y)
CALL MOVE(TX+1.5,TY+1.5)

CALL TEXT(4D,TTITY

CALL CLOSF

CALL PSPICT(1)

CALL EXITGR

RETURM

FND

SUFRQUTINF LOGSP(XI,YI,THO,RX,T)
DRAW THE LOG-SPIR:AL

CDIMENSION YA(AD) , YACLDD)

CoMMON /GRAF/ H,B,SL,XL,X0RG,YORG,SCALFE RAD

X=XI/SCALE+SL+Y0OREG
Y=YI/SCALE+SL+YORG
RO=RX/SCALE

X=X

Ye=yY

THONO=00.*R &P -THO

CALL PCLAR(THON RO YX,YY)

XQ=vY

Y==X¥X

TH=S,+RAD

DO 10 I=1,40
RERD*EYP(TH*T)

THH=TH=-THN _

CALL POLAR(THH,R,X1,Y1)
DY=¥1-YC o
DY==(X1-X0>

XCp=X¢

Yep=Y({

XC=XC+DX

YC=YC+DY

CALL CHECK(XCP,YCP, XC,YC,IERR)
XALTIY=XC

YACI)=YC

IF(IERR.NE.O) WRITE(S,100) I£9oR
FORMAT(?® IFRR=Y,15)
IF(1ERRY €9 _ S 20

¥Yo=Y1

X3=x1

TH=STH+S.*RAD

CONTINUF

CALL ENTGPRA

CaLL SLINT(S)

PLOT FTHE LOG-SPIRAL

CALL MOVE(X,Y)

o0 I0 3=1,1

CALL DRAWIXACIDI, YACIID
CALL FXITGR

RETUPN

FMD

THI® SURROQUTINF CALCULATES ¥ AND Y GIVEN R AND THETA
SUBRQUTINFY FOLAP(TH,R,X.Y)

23
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N

Y=R*STN(TH)

X=R*COS(T#)

RETURM

END

SUPROQUTINE CHECK(XO,YO0,X1,Y1,1ERROR)

COMMON lfRAFI H, BETA SL XL, XOQG YORG,SCALE,RAD
XD=x0=X0F%

Y2=Y0-Y0ORG

X41=X1-X0RC

¥Y1=Y1-YORG

IERROR=0

CHECKS TO SEE TIF BREAKS THE ROTTOM
IF(X1.GT.SL) &C TO 1

TF ERROR IS LESS THAN ZERO, BAD SPIRAL
IF(Y1.GT.SL) TERROR=-100

60 T0 2

CONTIMUE

CHECKS TQ SEE IF BREAKS THE ToP

XXL=SL+XL

YL.=SL+hH

IF(XT.LT.XXL) €0 TO 3

IF{y1.LT.YL) 60 To 2

IF PEACHES HERFE THE CURVE GOES THROUGH THE TOP
BELTA=(YL-YC)/ (Y1-YDD

X1=X0+PELTA*{X1-X])

Y1=YL

TERROR=100

60 TC 2

COMNTIMUE . .

TWE CURVE IS5 SOMEWHERE UNDER OR ASQVE THE SLOPES
SLEST ST ' :
B=SL* ({-SM)

Y=SM*X1+B

ITF(Y.GT.YTY GO TO 2

PM=({YT-Y03}/(X1-X0)

BE=YC-pm+)(

X=(B~BB) /{P¥=5M)

Y=PM*Y +ER

CHECKS TQ SEE TF THE INTERSECTION IS ON THE SLOPE
IF(Y.ET.YLY GO TO 2

IFCY.LT.SLY GO TO 7

Yi=Y

X1=X

TERROR=50

CONTINUE
X0=X(+¥0PG
YO=YO+YORG
X1=X1+X0RG
Y1=Y1+YORG
RETURM’
END
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DR RN
W~

30

LS L W
L2 W -

14y
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
16C
161
162
163
164
165
166
167
168
169

UnunuaUdaaouauaadoROUaU UGGl ad

[}

26
S EE RS E R AR R AR E R R RS E RS RS R RS RS RS E RS SRS LR R E SRS LD

£ -
* PROGRAM RASSHFL ‘ =
* RELIABILITY ANALYSTS CF & SCIL SLOPE *
= UNDER EARTHQUAKE LOADING ®
o= *
% -3

EHAEXA RS AT AR TR B AR XN ERTTE R e R R Akt xRk kR R kR R R AR AR w R

THIS PEOGRAM GIVES THT® PROBAEILITY OF FAILURE OF
A SOIL SLOPZ BY ¥FANS OF A MONTE CARLO SIFULATICN

RUOPTURE SURFACE IS aN EXPORENTIIAL CURVE CFP THE
FORM R=RO*ZY(P (-THETA*T), WHERE RO IS5 A REFEREINCE
VECTIR, T=TAN{(PHI) IS THE STIRENGTH PARAMITER C¥
THE SQIL MATERIAL, ANLC THETA IS THE ANGLE BETHIZEN
THZ VECIORS 2 AND RO

TRT SEQUENZE OF OPERATIONS LEADING TC THE
DROBABILITY CF PAILURE IS AS FOLLOWS
1. PIND RAKDOMLY THE CENTIRR CF THE FAILUSE SURFACE
2. GENERATE THE C AND T STRENCTH PARAMETERS
(T AND C ARE BETA DISTIRIBUTED)
3. GENERATE THE MAXIMUM ACCZELERATION AT THZ SITE
USING A TRUNCATED EXPCHNCNTIAL DISTEIBUTION
4. CCHMVPUTE THE LENGTH OF THEZ RUPTURE SURFACET
5. GENERAT® THE LENGTH XLU OF THF INITTIAL DISCCNTINUITY
TP (INTT.V¥E.0), SET WITHIN TEE PBOGRAM (LINE172)
6. PIND THE RESISTING AND DRIVING FCRCES RLONG THE
RUPTURE SURFACE
7. FIND THE PPOBABILITY CF FAILURE

REAL MEANHD,MSZANTO,MTAND ,MEANC ,HEANT,NO, M1
DIMEZNSION XLENGT (1601),SM(1001),SF(1CC01) ,RANDNO (1
CIMENSION HX (101} ,HP (101),THETAZ (101) ,THETAF (101},
*PHT K (101) ,PHIP (101),CX {101, CF(101),Z2 (1007

COMMON H,BD,THETAO,T,BETA,BETA1,ISEED,CALPHA,CRETR, RC,UWN,UWM,UHS
= ,RU,THETAC,ACC, 380, GRAV, THET A, DEDTH, XLEN

EXTERNAL F1,F2,GAA,3BA,HAM,HBR,FIC ,SEARCH

INTEGER CASE

RAD=3.14159/18¢C.

SUML=0.

SOML 2=0.

SUM3¥=0,

SUMSE2=0.

SHKESP=0.

suMsrz=40, : o T Reproduced from %
NOF=0 best available copy.

111=9
I12=0
I113=0
Ir4=9
115=9
T16=0
177=¢
I1T6=9




t70
171
172
173
174
175
176
1717
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
202
201
202

203 ¢

204
205
206
207
208
209
218
211
212
213
214
215
216
217
213
2139
220
221
222
223
224
225
226
227
228
229

(@]

M

(S KR NS

ti¢y 12

431

41

421
53
44
45
46

47

SET INIT=0 FCR HO DISCONTINOITYYM

READ I¥ DATA

READ (O ,%31)IPRNT,TATTN ,IDYN ,ISOUR,ISEIS,ITERN
FORMAT(6IT)

READ (5,41)H,BETA
FORMAT(F1C.5,F10.9)

READ {(5,42)UWS,UWN,0WY
FORMAT(F1C.5,P10.5,F10.5)

22AD (5,421) Ry

FORMAT{FIC. D)

REAL (5 ,#3)YISEED, N
FORMAT(I{C,T10Y

READ (5,84 )2HO,BH0, MEANBO, CYARKO
FURMAT(F1C¢.5,010.5,F10.5,F10.5)
RTAD (5 ,45YATC,BT0, MEANTO, TV ARTO
FORMAT(Fi0.5,F10.5,F10.5,F10.5)
READ (5,U6)}2P,BP, MEANP,  CVARP
FORMAT(F1(.5,F10.5,F10.5,F10.5)
READ {5,87)yAC,BC,HEANC,CVARC
FORMAT{F10.5,F10.5,F1G.5,F10.5)
R2AD (5,48)40,11,8R, LEQ
FORMAT{L4F 1D, 5)

RE&D (5,441 DEPTH,THET3,YLEN
FORMAT{3F1Z.5)

RIAD (5,49)ER,R1,B2,B3, R
FORMAT({5F10.5)

READ (5,491) EPS¥,EPSCV
FORUAT(2F10.5)

PRINT 20T DATA

WRITE(6,51)

27

51 FORMAT ('1',25%,'--2 CIMENSIONAL SLOPF STABILITY ANALYSIS--',/,

750
751
52
61

62

=35, "PROBABILITY OF FATILURTS',/,
*32¥, YISING MONTE CARLO SIMILATION',///)

IF{IDYN.EQ.0) WRIT® (6,750)

FORMAT(38%,"'STATIC ANALISIS',///)

IF(IDYN.T®Q.1}) WRITE(6,751H

FCRMAT({35X,'CNASI-STATIC ANALYSIS',///)

W2IT=EZ (6,52

PORMAT(2X,'PRCFILE PARAMETERS',//)

WRITE(6,61)H,BETA

FORMAT(SX, *HETIGHT OF SLOPE =! ,F6.2,5%,"SLCPE BANGLE =',¥F5.2,/)
WEITE (6 ,62Y0¥S ,U4H,UUW

FORMAT({S5Y,'UNIE WSIGHT SATURAIRD =!',FE.2,5X,'UNIT WEIGHT®,
*' MOIST =',F6,2,5Z,'UNIT WEIGHT OF WATER =',F6,2,/}
HRITE(6,622) R0

FORBAT (5% ,!' PORE PRESSURE PARAMETER =',F4.2,/)
WRITE(6,6N Y

FORMAT {5X,' NUMBER QF TBIALS =',16,/)

IF{42ANHO.GT.0.}) GO TOo 71

AHO={.

BEO=3.%H

PEANHO=1.50=1

CYARHO=0.35

WRITE (6,73)



' 2
3 73 FORMAT(SX,'*!MTE* - DSFAULT VALUE FOT HCH) 8

131 71 WEBITE(6,64)AH0,RHO0, ¥EANBQ, ZVARFO

132 b FOREAT(SX,'UIi ViLOUT OF O =',F7.%1,3%,'¥AY VAIUE C¥ HO =t
134 « ,F7.1,3X,"¥0AY VALOE OF EO =1,F7,1,2Y,'COEF OF VAR =',F5.,2,/)
134 IF(NIRETO GT.0.) GO TO 72

135 AT0=90.0~ (BRETA+690.,0)

136 BT0O=30,0~37TA

237 MEANTO= (ATC+BTQ) /2.9

238 CVARTO=9.35

239 WRITES (6,74)

240 74 FORMAT{5X,'*NOTY* - DLCFAULT VALUE FCR THITAC')

241 72 WRITE(6,65)ATC,BTO,MEANTC,CVARTO _

242 55 PORMAT(S5X,'MIN VALUE OF THRTAO =',F7.1,3%,*MAX VAIUT CF THETRAQ =
243 *,F7.71,3X," 24N VALDOFE OF THETAO =',F7.1,3X,*COEF OF VAR =!,F5.2,/}
244 9RITE(6, 66) AP ,BP ,MEANP ,CVARPD

245 66 FORMAT(5%,'MI% VALDE CF 2HI =t,F7.,1,3%,"MaX VALUE OF PHI =1
245 #,F7.1,3%, "MZAN VALUST OP PHI =* F7.1,3¥%,'CCEF CF VAR =',F¥5.2,/)
247 WBRITE (6,67)AC,BC,MEANC, CVARC

248 67 FORMAT(SY,'MIN VALUE QF C =!,P7.1,3%,'MAX VALUE CF C =1
249 #*,F7,1,3%,""22A% VALUE OF C =',F7,1,3%,'COEF OF ¥AR =7',F5.2,/)
250 ATO=ATO*RAD

251 BTO=BTO#*RAD

252 MEANTO=MEANTO*RAD

253 BETA=BETA*RAD

254 AED=AZQ*RAD

255 THITA=THETA*RAD

256 ISIID=ISEED

257 ¥EITE (6,53)

258 53 FORMAT(1X,//,2X,'PRRAMATZ2S FOR BZTA DISTIIBUTIONS',//)

259 z

250 c GEJZRATE THE RANDOM VARIASLIS HO,THITAC,T AND C

261 z

262 CALL INBETA{AHO,BHO,MEANHO,CVARHC,HX ,HF)

263 WRITE (6 ,540) CALPHA,CBETA

264 54 FORMAT(5X,'DISTRIBUTION OF HO ' 10?,'ALUHA =', FJ.4,5%,

265 =t BETA =' ,F9.4,/) :

266 CALL I?B“TA(ATO BTO,MEANTO,CVARTC,THETAX TQ“TAF)

267 WRITE {6,55) CALPHA, CBE*A

268 55 FORHAT(5Z,'DISTRIBUTION OF THETAC ',10X, YALFHA =1 ,F9,4,5X,

2693 *1BETA =4 ,¥9.4,/)

27¢C IT(CYLRP.EQ.0.) GO TO 112

271 CALL I NBETA(AP,BP,MEANP, CVARP,PHIX,PHIF)

272 WRITE(6,56) CALPHA,CBETA

273 56 PORMAT{5X,'DISTEIBUTION CF PHI *,10X,'ALPHA =Y ,FS8,4,5%,

274 ®#1BETA =V,F9.4, )

275 112 IF (CVARC.Z2Q,0.) GO TO 113

270 CALL INBZTA(AZ,BC,HURANT,CVARC,CX,CF)

27 WRITE {6 ,57)CALPHA, ZBETH ‘

278 57 FORMAT(S5X,'DISTRIBUTION OF C ',10%,YALPEA =1, F9.4,5%,

279 #'BETA =' ,F3.4,/) ' -

230 113 IF{IDYN.EFD.D) GO TO 82

281 IF (LATTN.Z2C.0) GO TO 80

282 CALL LGNRM(N,ZPSM,EPSCV,7)

283 83 CONTIRUE

204 WBITE(6,611)

285 611 FORMAT{'-',5X,47X,"EARTHCUAKE TATA')

286 IP{IATTN.EQ.Q)Y MRITE (6,612)

287 612 PORMAT('0!',5%,*REGIONAL PARAMETERS TETERMINISTIC ATIENUATION ¢,
288 #T2TLATIONSHIP ')

289 IF(IATTN.EC. 1} WRITE(H,625)

Reproduced from
best avalable opY.
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€25 FOIMET('0Y, 5%, 'REGIONAT DARAMETSRS  DRCEADBILISTIC !
£, ATTINUAIICN RELATIONSHIDT)
W2TTZ(6,613)

613 FORMAT(*Q?,5X,9X, "2, 16%, 21 13X, 'B21,14%," 33 ,18X,'B4a', 16X

*!'DADTAL DUSTANIE!

Wi
614 ¥O

ITo(6,b10) EB,B1,E2, B3, B4, BR
mnY l-’l‘

RNAT('C',5X,6X,F5.3,11%,F6.1,12%,FU.2,12%,Fl.2, 15%,F6.2

*,16%,F8. 1)
IF (IS2IS.50. 1) WRITE (6,619)
619 FORMAT(' NOTE: QUADPATIC MAGNITUDR FR2G. RELATICNSHIP USEL!

G,/

0¥,V PARAMETERS B AND € ARE SET IN THE HYACT

IF(IRTIN.EQ.0)Y GO TO 81
WRITE (6,626)
626 FORMAT('(G?',S5%,'ERROR TERM PARAMETIERS")
WEITE (6,627)
627 FORMAT('0',S5X,34%,"MEAN VALUZ!' ,20%X,'2CEFFICIENT !
* 'OF VARIATIQN')
WRITE(6,628) EPSM,EPSCV
628 FORMAT (*0',5%,35%X,F7.5,35%5%,F7.9)
81 CONTINUE
WRITE (6,615)
615 FORMAT('C',5X, 'BOUNDS FOR TARTHCUAKRE MAGNITUDE ')
WRITE (6,616) :
16 FORMAT{('0',5XY,34X,'LOWZE LIMIT',20%,'UEETE LINTITY)
RRIT=Z(6,617) HOo, M1
617 FORMAT('0',5X,9X,28%X,F8.2,27%X,74,2)
IF (ISCUR.EQ.D) GO TO 75
IF(ISOUR.EQ.1) GO TO 86
I? {ISOUR.EQ.2) WRITE(6,78)
78 FNRMAT('OY,5X,'MODEL USFD ... LINE SCURCW!)
CREN=THETA/BAD
WRITE{(6G,84) DEZPTIH,OREN,XLZH
B4 FORMAT(*'D',5X,'DEPTH~= !, F4.1,5X,'ORIENTATION= 7,

®*FYy,

GO

1,5X, 'LENGTH OF FAULT= ! ,F5.%)
TG 82 :

86 WEITE(6,76) :

75 FOBRMAT{'0',5Y,'MODEL USFD ... AREX SOURCE')
WRITE(6,8%) DIDTH '

85 FORKAT (*0',5%, 'DEPTH= ', Fi. 1)

GO

TO 82

75 WRITE (6,77)

77 FOR

MAT('0',5X,'MODEL USED ... PCINT SCURCEY)

82 CONTINUE
C#*GRAPHICS** IF(ITERM.GT.1) CALL GRID (1,BTTA)

o0

1 II=1,%

CHECKX IF THE RUPTURT SURFACE TERMINAIES AT THE SLOPE
OR AT THT HORTIZONTAL BCOUNDARY

IF(IDYN.2Q0.0Y GO TO 83

CALIL ACZEL {MO,¥1,BB,B1,R2,B3,BY4,RR, N,AL,AU,ACT,IS0OUR,ISRIS)

83 CONTINUE
IF (LATTH.50.0.0R. IDYN.EQ.0) Z(II)=1.0G
MERNT=TAYN (MEANP*RAD)
IF (IDYN.EC.0) ACC=0.

31 IP(CYARP.GT.C.) CALL RAMWO{PHIX,EPHIF,PHI,ISIIC)
IF (CYARP.EQ.0.) PHI=HMEANP
CALL RANWO(THETAX,THETIAF,THETAO,ISIID)

MLERE

SULE THE FAILURT SURYACE IS BELOW THF SLOPE

IP(PHI-THEZTAO/RAD.GT.BETA /RAD) GC TC 31

SUBROUTING')

29



150
151
152
353
3154
155
156
357
3158
isg
igl
3€1
362
363
364
365
366
367
364
369
37¢
371
372
373
374
375
376

377

378
379
386G
381
382
383
384
385
386
387
3EY
389
390
391
392
393
394
393
396
337
3¢8
333
400
401
402
4o3
404
405
406
ug7
403
503

e R ECRE

Gl

1001

[\

SE

1302

ZALIL RAMNC fHX,HF,H40,ISIIL)
TP(IVERT.GT.0.) 2

1F
T=
SN

{(CVARZ.EC.CLY <

~TAN (PHI*JAD)
KV=7 (II)

ACT=ACZCHSNEY

-~
e

C=AIT/CCS (REQ)

ALL ZARHO(CX,CF,C,I51I1D)

=MIANC

BETA1=90,.*RAD-BETA-THETAD

RO

AB=(HI*TAN (THEZTAO) -H

AB
BZ

[ Al g
PR

= C/205 (THSTAQ)

=SQRT (AE)
=H/SIN (BRTA)
= (AR+DC+RO) /2.

%I=2.*%ARCOS{SORT(SS*(S5~DZ) / (AB*L0)})
CRIT=RC*ZXP (ZL%T) -A3
IF(CRIT.LE.C,.) GD TO 2

A=
B=

COMPUTE THETAZ,THEL T2H ,THETAI,AND THARETAS FCF 2 EUPTURE

SURFACE TIRMIN

.01
3.1

ATING AT

THE HORIZOKTA

JTAN (BETAY ) %2+ {HC-H ) *%2

L BOUNDALRY OF TRE

CAIL MRGFLS {F1,A,B,1.E-4,1.E-5, 100, IFLAG)
THETAH=(A+B) /2.
ALINGT (TT)=RO*SORT (1.4 1. /T*%2) % (~EXP (THETAH*T) +1.)
SUML=30ML+XLENGT (II)

SUML2=SUML2+XLENGT {IT)**2
THETAS=0.0
IF{INIT.2C.0) 6C TO 1001
CALL GGUB(ISEZD,1
TAZTAS=RANDNQ (1} +TFET AH
TLU=RO=SQRT(1.+1./T**2) * {~TXP (THETAS*T)+1.)

Ay
BR

=0.

=THETAH

,RENDHO)

CALL MRGFLS {(FTC,33,EBB,1.E-4,1,5~5,100, IFLAG)

TH

ETAC={AA+BB) /2.

THEETAT=THITAO+ATAN (T)

IF(THETAT.LT.O0.) THETAI=0.

GO TC 3

CCHUPUTS THITAH
TEIMIRATIRG AT

{A+B} /2. -

s

HET AS,

m
B
TH

30

£10oP:C

ANE TEETAI FOR A RUPTIURE SURFACE

SLOPE

i
MRGFLS(F2,A,B,1.2-4,1.8-5,10C,IFLAG)
H=

XLENGT{II) =RO*SQRT(1.+1.,/T**2) % (-TXP {THETAH*T) +1,)
T A MINIMUM LENGTH FOR THE FAILURE SURFACES
TP(XLaNGT(IT) .LT.0.50%H/SIN (BBTA)) GC TC 31
SUML=SUML* {LENGT

TH

ETAS=0.9

(IT)

SUML 2=SUML2+XLENGT{II) *=*2

IF(INIT.EQ.0) GO TO 1002
CALL GGUB{ISEED,1,RANDHNO)
THETAS=RANDNO (1) *THIT2H

XLU=BO=SCRT {1, +1./T*%x2) % (~EXP (TAFTAS*T) +1.)
TRETAT=THETAO +A TAN (T}

IF
GO

(THETAL.LT.C.
TO 707

THET AI=0Q.
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13
11
12
13
14
15
116
117
118
113
120
121
122
123
3124
125
426
427
428
429
43¢
431
532
433
534
435
436
537
438
439
440
441
442
443
yuy
y43
446
447
448
449
4590
451
452
453
454
455
456
4s7
4586
459
860
461
462
863
u6y
465
B66
467
468
569

Lt

GO OLa

701

703

CHETZK FOR EXISTING CASY AND PEPFNIM INTZGERTICHNS

3 IP(YH"TAI.LT.IASTAZ .AND.IHCTAC,.LI.THETAS) GC TC 781

IF(ITHSTAZ,LT.THETAI. ANC.THETAILLT.THETASY Gn I 7C2
IF(THEETAC.LT.THETAS,AND, TH2ZTAS, LT. THZTAT) GC TC 7C3
LF (THZTALI.LT. THETAS, AND.THETAS,LTI.THETAC) a0 TI0 704
IF{THETAS.LT.THZTAT.AND.THSTAT.LTI.THETAC) GC TC 705
IP (THETAS.LT. THETAC. ANL. THETAZ.LT.THEITAL) GO 10 786

CASE 1 IS FOR A TOP FAILURE WITH THETAI < THEE1AZ <
CAST 2 IS FOR A TOP FAILURE WITH THETAC < THETAI <
CASE 3 IS FOR A TOP FAILURE 4ITH THETAC < THETIAS <
CAST 4 IS FPOR A TOP FAILURE WITH TAETAL < THETAS <
CASE 5 IS FCR A TOF FAILORE WITH THETAS < THEIAL <
CASE 6 IS FOR A TOP FAILURE WITH THETAS < THETAC <
CASE 7 TS FOR A SLOPE FAILURE WITEH THETAI < THTZTAS
CASE 8 IS FOR A& SLOPZ PATLURD WITH THZTAS < THITAIL

II1=IT1+1

CASE = 1

CALL STINP{GAA,O. ,TH®TAT,8,RTC)

=ALL SIMP (GAA,THETAI,THETAC,8,RT1)
CRLL SIMP (GBA,THETACZ,THETAS,8,RT2)
CALL SIMP{GBA,THETAS,THETAL,8,RT3)
RO=RTO=MEANT

R1=RT1=MZANT

R2=RTZ%METAYT

R3=RTI3=ABS(T)

CALL SIHMP(HAR,O. THETAT ,8,51)
CALL SIMP(BAA,THETAL,THErCAT, 8,52)
CBRLL SIMP({HBA,THZTAZ,THETAH,S3,53)
R=R1+R2+RI+ C*{A{LENGT {(IXI) -{LU)-51+R0
5=32+53

GO TC 401 : . .
112=112+1

CASE = 2 |
CALL S5IMP{GAXA, Q. , THZTAZ ,8,R1I0Q)
CALL SIMEB({GEBA,THETAC,THETAT,B8,RTT)
CALL SIMP{GBA,THZTAT,TH=TAS,8,312)
CALL SIMP(GBA,THETAS,THETAH,8,RT3)
RO=RTJI*MEANT

RI=RTix MEANT

R2=RTZ#MLCANT

R3=RT3*ABS (T)

CALL STI¥DP(HAA,C. s THETAZ ,2,81)
TALT SIMP(HBA,THETAC,THETATL,8,52)
CALL SIMP(HBA,THETAI,THETAH,8,53)
R=R2 +R3+C* ({LENGT (II) -XLU) =S 1-S2+RC+P 1
S=53 .

G0 TC 401

IT3=11I3+1

CASE = 3

CALL SIMP{GAA,0. ,THTTAZ, 8, 3T0)
CALL SIMP(3EA,THETAC,THFTAS,8,RT 1)
CALL 3IYP(GB&,THETAS,THTTAI,S,RT2)
CALL SIMPIGBA,THETAI,THETAH,8,RTI)

RO=RTOEMIEANT
Reproduced from
: best available copy. ‘

R1=RT1= MEANT
R2=RT2*AKBS(T)

31

THETIAS
THETAS
THETAIL
THETAC
THETIAZ
THIDAI



470 RI=RTI3I®ALS (I)

471 CiLL SIMP(Paa,d, LT TR ,8,581)
472 ZR1L SIMP{YBA,THETAZ,THETAL,S,S52)
473 CALL 3ImP{UBA,THZTATL,THZTAH,8,S83)
474 R=R3 4+ 2% {ALINET(II) ~XLU) ~-S1-52+N0+R1+12
475 . §=53
476 GO TC 601
477 704 TYTIL=ILY+1
478 CASFE = 4
479 CALL SIMP{GAA,OQ. , THETRI ,8 ,RTO)
48§ CALL SIMPIGAA,THETAI,THETAS,B,RTN
481 CALL SINP(GiA,THETAS,THETAZ,8,7T2)
482 CALL SIMP{GBA,THETAZ,THETAH,8,RT3)
483 EO=3T "#MEANT
444 R1I=RT1=MEANT
485 EZ=RT2®ABS(T)
486 R3=RT3*ABS (T)
hg87 CALL SIvP(HAaA,C. ,THETAT ,8,51)
488 CALL SIMP(HAA,THETAI,THETAZ,8,52)
489 CALL SIMP({HBA,THETACZ,THETAH,8,53)
42g R=R1+R2+ R3+ % (XLENGT {IT) -XLU) -S14RE
491 5=52+53
492 G0 TC 401
493 705 IIS=II5+1
494 CASE = 5
4395 CaLL SI3P(GAA,0. ,THETAS,8,RTG)
496 CALL SIMP{(GAA,THETAS,THETAI,8,RTT
497 CALL SIMP (GAA,THETZI,THETAZ,8,RT2)
4¢p CALL SIMP(GEA,THETAZ,THETAH,8,RT3)
499 RO=RTOXRMFEANT
5040 R1=RT1=ABS (T)
501 R2=RT2=ABS(T)
502 R3=RT3I*ABS (T)
503 CALL 5I¥P(HAA,O. ,THETAI,B8,51)
504 : CALL SIMP{J3A,THETAL,THETAC,8,S2)
505 CALL SIMP(HBA,THETRAC,THETAH,8,83)
506 R=R2+R3+C* (XLENGT (II) -XLU) -51
507 S=S52+534R0+31
508 GO TC 401
509 706 II6=11I6+1
51¢ CASE = 6
511 CALL SINP{GAA,Q. , THETAS,8,2T0)
512 CAlL SIBP(GAA,THETAS,THEPAZ,8,RT 1)
513 CALL SIM4P(GBA,THETAC,1IHZTAI,8,RI2)
514 CALL SIMP(GBA,THETAI,THETAH,8,RT3)
515 RO=RTO*MEAYT
516 R1=RT1%AB5 (T)
517 R2=RT2*ABS(T)

- 518 ~ R3=RT3I*ABS (T)
519 CALL SIMP({HARA,C. ,TEETAZ ,8,51)
5249 ' CALL SIMP(HPA,THETAC,TBETAI,S,S52)
521 CALL SIMP(HAZa,TEZTATI,THZTAH,8,53)
522 R=NR3+7% (XLENGD (IT1} ~{LU}-S1-S2+RO4R14R2
523 5=53 '
524 GO0 TC 401
525 707 IF(THZTAS.LT.THITATI) GO TQ 708
5256 IT7=117+1
527 CASE = 7
528 _ CAIL SIMP{Z21,0. +THETAL,3,RTD)

529 CALL ST*P (524, THRTAI,THETES,8,RT1)



53¢
531
532
533
534
535
536
537
538
539
S4¢
541
542
5013
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
5638
569
570
571
572
573
574
575
576
571
578
573
580
581
582
583
584
505
586
587
583
589

401

21

58
620

621

CALL SCIMP{GAR,THETAS,THETAH,8,RT2)
RO=RTO*MZANT

R1=dT1=*MELNT

F2=5T2*%*ABS (1)

CALL SIME(HAA,Q. LTHETAT,E,SN
CALL STIMP(uAA,THZTAL,THETAH,8,52)
R=R1+F2+ 0% (XLFUGT (II) ~X{L1) -5 T+R(
sS=52

G0 TC 401

IT8=11I8+1

CasE=8

CALL SIMP(GAR,0. fTHETAS,B,RTY)
CALL STIMP(GAR,THETAS, THIZITAT ,8,RT1Y
CALL SIMP({GAA,THETAY,THETAR,E, T2
RO=RTORYIANT

R1=RTI1%ABS5 (T)

R2=RT2=ABS{(T}

CALL SIMP{134,0. ,THETAI, 8,51
CALL SIMP{(HAA,THETAI,THETAU,8,S52)
R=R2+T#* ({LEHGT (II)-XLUY~-S1+RO+R1
3=32

IF(R.GBE.S) 60 TC 21

NOF=NDOF+1

SM{IL)=(R-3)

SUESE=SUESH+SE{IT)
SOMSH2=SUESH2+SM (TTy**2
SF{II)=R/S

SUESF=SUMSF+SF{II)
SUNSF2=SUMST2+SF (IT) *=*2
PHI=ATAR(-T)/RAD
PHETAD=THETAQ /RAD

IF{II.EQ, 1) WRITE{6,58)
FOIMAT(V1Y, 2X,'RESULTS JLLIZULATIED?! . ///)
IP(IT.ZQ.1) WRITE(6,620) )
'FORMAT{'~1,5%,"ITERATION® 4%, *CACSE , 4%, "HC,UX, "THRETAC?, 4%, DT
*BY Y00 UYPACCELERATION? U, *LENGTHY , UX, ' SAFETY MARGIWNG',U4X,
*1SAFETY FRCTOR?Y)

WRITZ (6,621 IT,CASE,HC,PHETAQ,PEI,C,ACC, XLENGT(IT} ,SM{IT) ,SF(TL
FOoRMAT(* ',8%,I4,8%,I1,4%,P5%.1,3%,P5,.2,3X,F4.1,2X,F5.1,4%,
=¥7.3,74,F6.1,5X,Fi10.1,9%,¥F6.3)

33

C#*GRAPHICS** IP(ITERM.GT.1.AND.II.LT.Z27} CRLL LOGSP(0.,C.,THETAQ,RO,T

SN R R RS

3

99

CORTINUE

COMPUTE THE MEANS AND COEFFIZIENTS CF VAREIATICR OF
THE LENGCTH OF THE FAILURE SURFACE,TH® SAFETY MARGIN
AND THE SATETY FACTOR

XLMEAN=SUFL/FLOAT (N)
YLYAR=SUML2/FLOAT (N-1)~FLOAT (N} *XLMEAN®%2 /FLQAT (N-1)
STDVI=SQRT (XLVAR) ' :

CYL=STDVL /XLNZAN

SFREAN=SUMSF/FLOAT (N)
SPYAR=SUMSF2/FLOAT(N~1) ~FLOAT (N} *SFMEAN*%2 /FLCAT (K~-1)
SFCVAS=5QRT (SFVAR) /SFMERR

SHHEAN=SUUSH /FLOAT (1)
SMYAR=SUMSM2/PLOAT (N-13 ~FLOAT (%) #*SMMFAN**2/FLOAT (¥~ 1)
SMCVAR=SDRT(SMVAR) /SHMEAN

WRITE (6,90) XLMEAYN,CVL,SFHMEAN,SFCUAR, SHMERY , SKCVAR
FORNAT('1',4%, MEAN VALUT OF LENGTH =',F12.1,5%,
*1COEF OF YARIATICY =',¥8.3,/,5%,'MEAY VALUZ OF SAFETY FACTOR =!
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532
591
592
5313
534
595
596
597
598
599
602
6C1
6G2
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
64t
645
6456
647
648
B4 3

(1 U2

[

[ORERS!

(1t

(2 ¢yl

(SR RN

*F12.2,5%,"20EF OF VARTATION =',F8.3,/,5%, 34
*tMERN VALUS OF SAFETY MARGIP =Y,F12,1,5%,'COFF OF VARIATION =1,
*F2, 3)
SOAT % LENGTHS, THE SAFETY FACTORS ANL THT SEFETY MAGGINS
IF(IPRNT.E0.1) GO TO 95
5311 SORT (XLENGT, %)
CALL SORT(SF,H)
ZALL SORT {SM,N)
WRITS(6,97)
91 FORMAT (1%,//,2%,' PRINT VALUES OF LENGTH , SAFETY MARGIN,',
%1 AND SAFETY PACTOR TH ASCENDING ORDER',/,/,5X%,'TEIAL',6X,
#! LENGTH ' ,5Y,"SAFETY MARGIN',9%,!SF',/)
0O 22 NNH=1,N
ARITE {6 ,92) ANN,XLENGT (NHY) ,SH (NNX} , S F (NN¥)
92 FORMAT(5X,15,5%,F13.1,5%,F13.1,5%,86.2)
22 CONTINUE

CCMPUTE PRCBABILITY OF FAILURE

95 PFAL L=NOF/FLOAT (N}
¥RITR(6,93) NOF,PFAIL
33 FORMAT("1',34¥,'NUMBER OF FAILURES =, 15, ./,
*35Y, 'PROBABILITY OF FATILURE =',F6.4)
WRITE{6,98)T11,112,71I3,T14,115,116,117,118

94 FORHAT(10X, 'NUMBER OF FATLURE SURFACES IN CAST 1 =',1I%,/,
1 10%,* NUMBER OF FAILURE SURFACFS IN CASE 2 =',IS,/,
2 10X, '¥UMBER OF FAILORE SURFACES IN CASE 3 =1,1IS,/,
3 10X%,' MIMEER OF FAILURE SURFALES IN CASE 4§ =',I5,/,
4 10X, '*NOMBED OF FAILURFE SURFAZTS I CASE 5 =',15,/,
5 10X,* NOMBER OF FAILURE SURFAZTS IN CASE b =',IS,/,
6 10X, *YUMBER OF FRILURE SURFACTS IN CASZ 7 =',I5,/,
6 10X," MIMBER OF FAILURE SURFACES IN CASE 8 =',IS,/)
sSTOP | :
END

FUNCTION F1(X)

F1 IS THZ EQUATION FOR THITAH FQR FAILUERE THRCUGH TCZ OF
S1ICPE

COMMCN E,HO,THEETAO,T,BETA,RETAY, ISEFL, CALPHEA,CBETA,RO,UWY, UK, UKS
*,R0, PTHETAC,AC2,AZQ,5RAYV, THETA ,DEPTH, YLIN
F1=8+HO0*CCS (X-THETAO) *EXP (X*T) /COS (TEETAO) -HO
RETURH

TN

FUNCTION F2(X)

FZ2 IS THE ZQOUATION ¥OR THETAH FOR FAILUEZ THECUGH THE SLOPE

COMMON H,HO,THEZTAOQ,T,BETA,BETa1,1SEED,CALPHA,CBEZTA,RC,UWW,UWN,IWS
*=,RU,THETAZ,ACC,AEQ, GRAV,THETA, DEPTH, YL EH

FP2=EXP (X*1T) *CO0S(X-BETA~THZTAQ)-CCS({(BETA+THETACQC)

RETUR¥
END
FONCTICN FT2(X)

FTC IS THE BCUATIOY FOR THRTPAC

cCoMMON H,OC,IHETAC,I,B

[ |

TA,BETA1, ISELL, CALPHA,CBEIA,RO,UNK ,URK ,TRS



650 =, Pu, THETAC,ACC, NE0Q,GRAYV, THETH ,DEETH, XLEN 35

651 FETC=RC=TAN({BETA)* (SIN(THETAQ) +SIN(Y¥~THETAO) *EXP (X% T} ) -H
652 RETURN

653 END

654 FUNCTION GAA(XX1)

655

656

GAA IS THE EQUATION FOR THE NCEMAL FCRCE FCR VALUES CF

()€1 ¢y )

657 TH2T2 1=S5 THAW THETAC

658

659 COMUCN H,HO,TRETAQ,T,BETY, BETAT, ISEED, CALPHA,CBETA,RC,UWY, U4M,0HS
660 *,RY, THETAC,A(C,2EQ,GRAV, THETA ,DEPTH, XLEN

661 Z1=RC/SEN{(BETRAV+THETAQ) * (EYP (X{1*T) #*STN(BETE 1+XX 1) ~SIN (BETR 1})
662 XTO0=YX1-THETAD

663 EPS= (TAN(XIC)-T)/ (1. +T*TAN (ITC))

664 EPS=ATAN (=P S)

665 UKB=UWS-1iBW

666 W=RUFZT=0WM LURW

667 ZW=Z1~-H

668 DI=UWH*ZH+UWB %N

669 P2=RC=EZZXP (XX 1#T)*SQRT (1. +T**2) *AES (COS(EPS))

670 DN=P 1*COS{EPS) *P2

671 - DNEQ=P1#ACT#STN {- (AEQ+ECS)) *P2

672 GAA=DN+DNZEQ

673 RETORXN

674 END

675 FUNCTICN SBA (ZX3)

676 <

677 - GBA IS THE ECUATIONN FOR THR NOUMAL FOEZI FOR VALIZS OF

678 2 THZTA GRIATER THAN THITAZ

679 -

680 COMMON H,HD,THETAOQ,T,BRTA ,RETIA1,ISEED ,CALPHA,CEFTA,RC,UWH, UWK,UNS
681 * RU,THZTAL,AZZ,BEC,GRAV, THETR, LEPTH, YLIN

682 Z21=RO/SIN{BE=TA 1+ THETAO) * (EXP (XX3*T)*SI K {BETAT1+¥X3})~-SIN(EETAT))
683 XTO=XZ3-T8ETAC .

684 : DZ=RO*TAN (BETA) *(SIN (XX2-THETAQ) *EXP (¥X3*T)-SIN(THETAC-THETAD)
685 ' 1*E¥P (THETAC*TY))

686 2=71-D2

687 EPS= (TAN{UTO)-T)/ (1. +T*T AN (XTQ))

688 EPS=ATAN (FPS)

689 UWB=UWS-UHW

630 W=RUFZXTUN SURAY

6391 ZW=2-4

692 PIl=UWH*TH+UWB*W

633 P2=RC*IXP(XAI*T)*SORT {1, +I**2) *AES{T0S (TP S) )

694 CN=P 1=COS(ZPS) *P2

635 DNEQ=DP1*aCC*SIN (- (ARQ+TPS)) %P2

696 GBA=DN+DY2Q

697 RITURYN

698 IND

699 FUNCTICYN HAA (XX5)

700 e

701 z HAA IS THE EQUATION FOR THEZ TANGENTIAL FORCE FOR VALUZS OF
702 C THETA LTSS THAN THETAC

703 z

704 couMon H,8D, TH2TAO,T,BETA ,BETAY,ISEEZD,CALPHA,CEETH,RQ,UNN,UWY%,U¥
705 * ,RU,THETAC,ACC,AEC,GRAV,THETL, CEBTH, XLEY

706 Z1=RO/SIN(BZTAT+THETAQ) * (FXP (XAS*TI*= ST N {BETA1+XX5)-STN(EE1 A1)
707 XT0=%45~-THETAD

708 EPS=(TAN(ITO)~-T) /(1.+T*=T2N {XT0))

7(3 EPS=ATAN (225)

Reproduced from
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710
711
712
713
714
715
710
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
T4y
741

7472
743
744
745
746
747
748
789
750
751

752
753
754
755
756
757
753
753
760
761
762
763
764
765
T66
167
768
765

PEREPRE.

{1302

U R=UWS~-UWwW 36
R=ROSZT=URY/UWW

W=7 1-w

PI=HWM%x ZW+THS* W

P2=ROZXP (XY{5*T) *3QNT(1,+T*x%2)*385{CCS{EFS))
DI=¢i%xSIN(EP5)*PE2
DIEQ=D1*ACCT*COS{AZQ+IDPS) =02

HAA=DT+DTZC

RETURHN

EYD

FUNCTION HBA (XX

BEBA IS THE EQUATION FOR THE TANGENTTIAL FCRCE FOR VALUES OCOF
THRTA GREATER THAN THETAC

QOMMCN H,H0,THETAO, T, BETA, BET21, ISEET,CALPHEA,CBETA,RO, UWW, DWW, UW.
*,%0, THETAC,ACC,AEQ,GRAV, THRTA ,DEPTE , XLEN

Z1=RC/SIN (BETAT+THETAQ) * (EXP{XXT*T) *SIN{BETA 1+X{7)~SIN(BZ14a 1))
XTO=XY7-TBETAD

DZ=RC*TAN (BETA)* (SIN(XX7-THETAQO) *EXP({X7*T) -SIN(TEETAC-THETAO)
1=2EXP (THETAC*T) )

7=21-D%Z

EPS=(TaN (3TO)-T) /{1. +I*IAW(XTO))

EPS=ATAN (EPS)

U4 EBE=UWNS~UWW

W=RO=ZxUWM/ 00K

ZR=F~-¥H

P1=UWMx ZW+U¥S=¥

P2=RO*BYP {XXT*T) *SQRT(1.+T*%2) *ABS (CCS (EPSY)

DT=P1=SIN {FPS)*E2

DTEQ=P 1*ACC*C0OS (AFEQ+EPS) %P2

SBA=DT+DTZQ

RETURAN

EKD _

SUBROUTINFE THNBETA(A,B,MZAN,CVAR,X,F)

INBETA GENERATZS BETA DISTRIBUTED RANDCH VARIABLES
DISENSION X (101 ,CR(101),BR{101) ,F (101)

BEAL MEAN
CoMMON K, WO, THZTAO,T,BETA,3CTA1,ISEED,CALEHA,CBETA,RC,UNWW,UWM,UR

*,R0,THETAC,ACC,AEC,GRAV,THETA, DEPTH, YLLEN

XX={¥EAN-3) /(B~1)

STDV=MEAN*CVAR

VAR=STDV*=%2

VV=VAR/ (B-L)*%2

CALP BA=XX*%2% {1,-XY) /VV=-(1.+XX)
CBETA= (CALPHA+1,) /XX~ (CALPHA+2.)
X{N =2

D{= (B-a)/99.

CR{1) =0,

BE {1)=0.

D029 I=2, 100

F{I) =X (I-1)+DX

BR{I) ={X{I)-M) **CALPHA®(B-% (I))**CBETA
CR{I})=BR(I)+CR{I-N)

29 CONTINUE

F(1y=0.
D030 J=2, 100
F({J)=(CR(JI-1}+BR(JI)/2.)/ (CR{99) +BR(100) /2.)



776
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
768
789
790
791
792
793
791
795
796
797
793
795
800
801
802
803
BO Y
805
806
807
808
809
810
811
812
813
814y
815

- Bl .

817
818
819
820
821
822
823
824
825
826
827
823
829

(1N

(13 4d

3n CONTINVE
RETURN
END
SUBRCUTI NE RANNC({X,F, RN, ISEED)
DIMENSION X({101) ,F ({101 ,RLN(1)
CALL GGUB(ISEED,1,RLN (1))
J=2
21 IF(RLW¥ (1) .GT.F(J)} GC TO 22
DF=F(J)-F{JI- 1
PF=RLN{1)-F {J-1)
LP=PF/DF
BN=X (J=-1}+DP= (X (J) =X (I-1))
GO TO 25
22 J=3+1
G To 21
25 CONTIKUE
RETURN
EKD

SUBROUTINZ ACCEL (#4L,MU,BL,BY1,BE2,B3 ,B4,8,N,AL,LU,RBNSWEE,

*ISOUR,ISETIS)

ACCEL GENERATFES RANDOMLY THE MAXINMOUM HORIZOWTAL GROUOND

37

ACCELZRATION USING R TRUNCATED TXPCNENTIAL DISTRIEBGTICN

CoMMOM E,H?,TESTAO,T,BETA,BETA1,ISZZD,CALPHA,CRETA, RC,URW

- * ,RU,THETAC,ACC,3EQ,GRAV, THETA, DEPTH, XL EY
PEAL ML,NU

CAIL GGUB {ISBED,1,ANSHER)
C1=1./(1.-TXP (-BB* (MOI-ML}})
RY=R
IF(ISOUR.EQ.CY GO TO 111
IF {ISOOR.EG.2) GO TO 112
FIND THE DIST., FROM EQ TO SITE FOR AN ARRA SOURCE
CALL GGUB{ISZED,1,RAN)
RY=SORT(KAN) *RX
RX=SCRT (R¥X**2,0+DEPTH*%2,0)
GO0 TO 111
FIND THE DIST. FROM EQ TG SITF FOR & LINE SOURCE
112 CALL GGUB(ISEED,1,RN)
X=R¥*XLEN
Z=Y-XLEN/Z.
D=SQRT (DETTH**%2, +RY**2,)
RY==~Z.0%Z%D*C0S (THETA)
RY=ABS (Z)*%2.+D*=2, +RX
RX=SQRT (RX)

IF {ISEIS.EQ. 1) GSL THE QUA“RATIC MAGLITUV"—FREQ RELTAION

111 RL=RYL +BU
IP{ISBIS.EQ.0Y G0 TO 113 .
CALL NYACC{(B1,32,33,RX,MU,ML,ISEED,ANSHER)
G0 TQ 100

113 ANSHWEA={B1/RX**B3) *EXP {B2= (KL-1./BB*ALOG {1.~ANSHER/C1)))
100 ANSWER=ANSWER/981.

RZTURN
ERD
SUBROULINE SORT(JAN,ID)

THI5 IS5 A BUBBLE OS5SORT

SURMN, OHS



830
831
832
833
834
835
836
837
833
839
840
841
8u2
843
844
8us
846
847
3u8
849
859
851
852
- 853
854
895
B56
857
858
859
8&¢
861
862
863
86l
865
866
867
868
869
370
871
872
273
874
875
876
877
8713
873
880
881
882
883
B84
885
386
687
883
589

REAL JAN {ID) 38
k=0
2 K=K+ 1
1 IF(K+1.GT.ID) RETURM
V=JAN (K +1)
N=K
IF(JAN(K) .LE.V) GO TO 2
m=1
4 IF(M.GT.N) GO TO 30
J= {8+ N) /2
G0 TOo 12
30 JAN(M)=V
GO TO 1
10 IF (V.LT.JAN(J)) GO ro 7
M=d+1
GO TQ 4
7 DO 20 I=J,N
 JAN(N-I+J+1)=JAN (N=T+d)
20 CONTINUE :
N=J-1
GO TO 4
END
SUBROUTINE MRGFLS(F,R,B,XTOL,FTOL,NTCL,IFLAG)

e MRGFLS USES THRE MODIFILED REGULA FALSI METHOD TN

- THE SOQIUTICN OF NOKLINEAR EQUATIONS

IPLAG=0
FA=F ()
SIGNFA=SIGN{1.,FA)
FB=F (8}

C*%*x*xxxCHECK FOR SICN CHANGE
IF(SIGNFA®FB.LE.C.) GO TO 5
IFLAG=3
WRITE(6,601)4,B

6017 FORMAT (14, **=F (¥) IS OF SAME SIGCY AT TUE TWQO ENDPOINTS!
1,3%,E15.7,3%,E15. 7
RETGRY
5 W=A
FR=F2A
pO020 ¥=1,NTOL

Ck*=%xx¥xxJHECK FOR SUPFICIZWTLY SMALL INTERVAL
IFP(ABS(B~3) /2..LE.XTOL) RITTURN

Cx*xxk¥x2CHECK FOR SUFFICIENTLY SMALL FURCTION VALUES
IF{ABS(FW) .GT.FTOL) GO TO 9
E=W
B=H
IFLAG=1
RETURA

9 U= (FA*B-FB#17)/ (F1-FD)
PREVFW=SIGT(1.,FH)
Fd=F (W)

Cr =x#%*4#CHANGE TD N&W IMTERVAL
IF (STGWFA*FW.LT.0.) GO TO 10
A=W
FA=F i
IFP(F¥“PREVPW.GT.0.) FB=FB/2.
Go TC 20

16 B=W
FB=FW



890
831
892
893
894
835
896
897
8938
899
300
901
302
903

904

9@5
906
907
508
909
310
911
912
913
914
315
316
317
318
313
920
321
322
923
324
325
926
327
928
929
939
331
932
333
934
335
936
937
338
933
340
341
942
94 3
a4y
345
346
347
248
ag 3

o R N®)

1yt

[P PUE]

IFP(FW*PREVPW.GT.0.) FA=FA/2, 39

20 CORIIAUE

TFLAG=2
WRITZ (6 ,620) NTOL

620 FORMAT (****ND COVWVERGENCE IN',I5,'ITERATIQNS!)

10

RETURN
END
SUBRCUTLNE SI¥P(F,},B,N,S)

SI®P BERPFCORMS NUMERICAL INTEGRATIOMN BY STIMPSONS RULE

IF (A.EQ.B) GC TQ 10
§=(B-1) /FLOAT (¥)
AOV2=0/2,

S:O‘

HALP=F (X +ECV2)

N® 1=N-1

DO 2 I=1,NM1
X=A+FLOAT{I) *H
5=5+7 (X)

2 HALF=HALF+F(X+HOV2)
SS{H/6.)% (F (A) +4 . *HALF+2. %S +F (B )
ARSTURN
5=0.30
RETURN
END
SUBROUTINE LGNRM(N,EPSHM,EPSCV,7)

LGNRM GENERATES LOSNORMALLY DISTRIBUTED RANLCHM VARTIABLES

COMMON H,HO0,THSTAG,T,RBETA,RTTAT,ISETD,CALDHA,CRITA, RO, UNE,UNA, UWS
* ,R9,TRETAC,ACT,AREC,GRAV,THETA, CEPTH, XLEN
DIMENSION Z(})

SDEES=EPSCV%3ID2SH

XBAR=ALOG(ZPSM) -SDEPS**2 /2,
SDX=SQRT (ALOG (EPSCY*%2+1,))

CALL NORMAL(N,2)

DG 100 I=1,¥

SNDRN=Z (I)

Z(1)=SHDEN®*SDY+IBAR

(1) =2LP (3{I})

190 CONTINUSB

IETURYA
END
SUBROQUTINE NORMAL(N,Z)

TIRUAL GTUHERATES STANDARD NCRMATL RANDCM VARIABLES

DIMENSION Z(N),X(330),PDF (339) ,3DF (330)
COMMCN H,H0,THESTAQ, T, 8ETA,3EPAT, ISEED, CALPHA,CBETA,RO,UWW, UWY, U%S
%, RN, THITAC,ACI,A%0,3RAV, THY TA ,DRETH, (13N
R=1./SQRT {2.%3. 15159)

DX=.025

X(1)=-4,

PDF( 1) =0.

CDF (1)=0.

o 10 I1=2,32¢

X{I)=FLOAT{I-1)*DX~4,

PCF(I) =R€EXP (- (K{T) *x2) /2 .}

CONTT NUE
Reproduced from
best available copy.




959 DO 23 3=3,32¢,2

951 CDP (J)=CDF {J~2)+ (PDF(J~=2) +4*PCF(J-1) +PLF () ) *DX /3.
352 0 CONTIRUE

953 I1=1

954 Do 30 K=1,32¢,2

355 CDF {I1}=COF (£)

956 PDF(IT) =PDF(X)

957 X{IIY=X(K)

958 IT=TI+1

2543 3¢ CONTINUE

960 CALL GGUB{ISETD,N,Z)

961 DO 40 IJg=1,N

962 ORV=2Z(1J)

963 ID=SEARCH (CDF,1,160,0RY)

964 Z(IJ) =X(ID) +{X{ID+1)~X(ID)) * [URV~-CDF {ID})}/ (CDF (1D+1
965 ®)=CDF (ID))

366 40  CONTINOE®

967 RETURN

968 END

569 FUMCTION SEARCH(A,IBOT,ITOP, B)

270 c

871 z SEARTH SCANS AN ARRAY FOR TEE POSITION NUMBER OF
972 c THE ARRAY ELYMENT DIREZTLY BELOW A DESIRED NUMBER
373 z :

974 DIMERSION A(ITOD)

8735 1=IBC?T

376 M=ITOP

g77 40 CCNTINUE

973 TF{L.G5T.3) 30 TO 20

979 IF {B.3E.A (M)Y) GO TO 60

380 K={(L+1) /2

581 IF (B.GE.A (K}, AND,B.LP. 2 (K+1)) GO IO B35

982 IF(B-A{K)})) 30,40,50

983 30 ZONTINUE

984 #=K~-1

585 : GG TC 10

986 50 LCONTINUZR

387 I=K+1

983 GJ) TO 10

989 20 CONTINUE

3990 K={

931 GO TC 4§

992 60 K=M

993 8¢  CONTINUE

394 STARCEH=K

995 RETURYN

996 END

997 z

894 o THIS SUBROUTINTE PROYIDES A QUADRATIC MAGNITUDE~-FEEC RELATICH
399 z o LR (NM)=RA+BeM+Crnn2

1000 c WHERE A,B,C, ARE REGIONAL CONSTANTIS

1601 z AND NM IS THE & OF EQ'S EXCEEDING MAGNITUDE ®
1002 C

1003 SUBRQUTIHE NYACC(B1,B2,83,R,M1,40,1ISEED,ANSWER)
1004 REAL M 1,MN

1005 z THESZ VALUES ARE POR NY STATE
1006 B=0. 203

1007 c=-0.182

1008 C CON=B®{HM 1-M¢C) +C*x (R1*M1-MO=M0D)

1009 CON=1/ (1-EXP {ZCON))



10 10 ZALL GGUB({ISTZD,1,24D) 41

1011 CORS T==B= ¥0 =Cx M) %MD = ALOG (1. =PNL/ CON)
1012 CONST==U,C*C+T0N ST

1013 R=B%=2,+ CHST

1014 M=(-B=-SORT(A)) /(2%1)

1015 ANSHER=BI®ZYP (B2#M) /R%%L3

1016 RETU RN

1017 £ 8D

D OF PILE

Reproduced from A
best available copy.
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