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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

cmalysis 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 Pf are obtained through a Monte Carlo

simulation of failure. The program can accomodate three types of earthquake

source, 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-S.

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.

1



The computer graphics option was written 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.

2



1. PROGRAM 'RASSUEL'

1.1 Program Description

RASSUEL is a computer program which provides a reliability analysis

of soil slopes under earthquake loading. The safety of the slope is

measured in terms of its probability of failure P
f

rather than the

customary factor of safety. The numerical values of Pf are obtained

through a Monte Carlo simulation of failure. A pseudo-static, limiting

equilibrium stability analysis is performed. Failure surfaces are assumed

to follow a logarithmic spiral of the form (Figure 1)

-8tr = r e
o

~mere t is the tangent of the ¢ parameter of soil strength,

r is the initial radius of the log spiral, and
o

e is the angle between rand r .
o

The geometry of the slope is defined in the program by means of its

height H and angle S. The location of the water table is specified

through the dimensionless pore pressure factor r defined as
u

u
r =u Y zm

where u is the pore pressure at the failure surface,

Y
m

is the moist unit weight of the soil, and

z is the vertical distance from the failure surface to the

boundary of the slope.

3
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Soil strength is introduced through the two strength parameters,

c and ~. Both c and ~ are assumed to be independent random variables.

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

f(x) = c (x_a)a (b_x)8 (1)

where a and 6 are the parameters of the beta distribution,

a and b are the minimum and maximum values of the strength

parameters, respectively, and

c is a normalizing constant and is equal to

c = _r~(a..;...+..:.::6_+_2)<--_

r (a+1)r (8+1) (b_a)a+8+1

where
f( ) denotes the gamma function.

The center of the failure surface is defined through its polar

coordinates hand e (Figure 1). Both hand e .are also assumed to
a 0 0 0

be random variables following a beta distribution. The limits and stat-

istical values of hand e can be specified by the user. If a zero (0)
o a

is read for the mean values of hand e , the distributions of the two
a a

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

o < h < 3H
o

(2)

s' _!. < e < 8'
3 - 0

where 8' = ~ - (3 , and

Hand S are the height and angle of the slope, respectively.

In such a case, the coefficient of variation of both hand e is assumed
o 0

to have a value equal to 35%.
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The seismic load on a soil slope is expressed in terms of the

n~ximum ground acceleration a assumed to be a (random) function of themax

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 (which models 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:

b m -b
a = ble 2 (R+b

4
) 3

max
(3a)

where a is the maximum horizontal acceleration at the s{te of h Imax ~ t e s ope,

m is the magnitude of the earthquake (random variable),

R is the distance between the earthquake source and the site
of the slope, and

The option of using a probabilistic attenuation relationship is

also available. This is derived by multiplying the maximum value of

the ground acceleration a , given in Equation (3a), by a log-normallymax

distributed random variable E; i.e.,

b m -b
a = ble 2 (R+b

4
) 3Emax (3b)

The mean value (s) and coefficient of variation (V ) of E: must be specified
E:

by the user.
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The following two options are available for the frequency-magnitude

I'elationship:

(1) Richter's log-linear relationship; i.e.,

log n
m am + b (4a)

where

(b) A log-quadratic relationship expressed in the
form

2
log n = am + bm + cm

n is the number of earthquakes having a magnitude larger
m

than m, and

(4b)

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

soil's strength parameters. When a pseudo-static analysis is performed,

the user must specify the type of the earthquake source (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 (1), safety factor (SF), and safety margin (SM), determined
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during each iteration, are printed in ascending order. The statistical

values (i.e., mean value and coefficient of variation) of the same quanti­

ties are provided in the program output 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 written in the

Dynagraphics Language supported by the Imlac graphics terminals which are

a part of the Interactive Computer Graphics Center of Rensselaer Polytechnic

Institute. The subroutines required to run the program on the Prime 500

c.omputer 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 flow chart is given in Table 1. The

values of the cumulative beta distributions of HO, THETAO, PHI and Care

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-
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routine ACCEL in the case where Richter's log-linear frequency-magnitude

relationship is used. If a log-quadratic frequency-magnitude relation­

ship is specified, then the value of the ACe is determined in the

NYACC subroutine.
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PRINT DATA AND OPTIONS SPECIF ED

GENERATE TABLES OF CUMULATIVE DISTRIBUTIONS
FOR HO THETAO PHI AND C

YES DRAW OPE GEOMETRY

r-- ....-....jSELECT VALUES FOR: ACC,PHI,THETAO,HO,C
FROM CUMULATIVE DISTRIBUTIONS

STABILITY ANALYSIS
FOR CREST FAILURE.

FIND RANDS

STABILITY ANALYSIS
FOR SLOPE FAILURE.

FIND R AND S

PRINT K,HO,THETAO,PHI,C
ACC L,SM,SF

NO

YES DRAW A SAMPLE OF FAILURE
SURFACES

CALCULATE MEAN VALUE AND COEFFICIENT
OF VARIATION FOR SM SF AND.L

YES SORT

FIGURE 2 FLOW 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

PF = Probability of failure of the slope

PHI = ¢-parameter of soil strength

R Total resisting force along potential failure surface

S Total driving force along potential failure surface

SF = Safety factor (=R/S)

SM = Safety margin (=R-S)

T = tan(¢)

THETAO = Angle between initial radius r and vertical direction
0



2. ILLUSTRATIVE 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 analysis is requested. Part (b) 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

eoordinates of the center of the failure surface (h and e ) and of the
a 0

two strength parameters (¢ and c). Part (c) lists the values of the two

parameters (a and S) of the beta distribution for each of the four random

variables (i.e., h , e , ¢ and c). In Part (d) are given the specified
a a

earthquake data. This includes the type of attenuation relationship, the

v·alues 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. For an actual case study, the number of iterations should be
at least one thousand (N = 1,000).

12
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of the program. The mean values and coefficients of variation 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

Cd) 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 computer graphics output for this example is given

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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FIGURE 3. SCHEMATIC REPRESENTATION OF THE LINE SOURCE

(FAULT) USED IN THE ILLUSTRATIVE EXAMPLE (perspective)
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FIGURE 4. COMPUTER GRAPHICS OUTPUT OF ILLUSTRATIVE EXAMPLE
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**~t******>(. OAT' PREPARAfICN ********** 19

IPRNT = C
IPRNT = 1
IP a:u
I! I!~l = C
tATT:l = 1
lA. TTN
lOY N = 0
ID PI _. 1
lOY ~l

IS0UR = 0
ISOUi:l = 1
ISOUH = 2
15001
ISEI S = 0

= 1
ISE:IS
rr E!H'l = 0
I TERM = 1
IT ERL1 = 2
I TERM

USS COnSISTENT OMITS

FIRST \:ARD
FULL SORTING OF LENGTHS, S\FETY FACTORS, SAFETY ~ARGI~S

NO SOBrING
SO~~I~G 1EGUL\TOR
D8TEB~IMISTIC ATTE~U~!ION RELATIONSHIP
PROBABILISTIC Al1ENU\TtO~ RELATIONSHIP
ATTENUATICN RELATIONSHIP REGULATOR
STATIC A~ALYSIS

QUASI-S'rATIC ANALYSIS
ANA~YSIS REGutATOR
FaINT SOURCE MODEL
AgEl SOURCE nOD£L
lI~~ SOURCE MODEL
SOURCE REGUL~Toa

LINEAR MAG~TTijDE-FR~Q. RELATIONSHIP
QUADRATIC RELATIONSHIP
SELECT'S MAGfIITJJDE-FREQ t1ELATIONSHIP FOR QUASI-STATIC ANALYSIS
8~TCii JOB
TER!'!I~AL JOB
GRAPHIC TERMINAL JOB
SWITCH FOR t£RMIN~L TYPE
NOTE: FOR GRAPHICS OUTPUT THE ACCOMPANYING GE1PHICS SUE-
ROrJ'TTNES MUST BE USED !I'm LINES 333 AND 570
MUST BE CHA:lGED

: 431 ~OR~AT(411)

SECOND C,\ RD
U HEIGH'r OF SL:ffiPB
seTA SLOPE ANGLB (DEGREES)

41 FORMAT(F10.5,P10.5)

c

c

C

T BIRD C~RD

UWS S~TURAT~D UNIT WEIGHT
OW~ MOIST UNIT WEIGHT
UWW UNIT WEIGHT OF WATER

42 FO EU1.\T ( F10. 5, P 1 0 .5, P 10 • 5)

C FOfJltr Ii CARD
... R 0

C 421 fORMAT(F10.5}
PORE fRESSORE PARA~ET~~

c

c

c

c--c
c

FI1"rH Cfl.EtD
rSEeD SEED NU~EER ~EEDED BY RANDOM NUMBER GENlRA10R GGOB
:i NU~8ER Of TRIALS IN TEtE !MONTE CARLO SIttUIATICN

43 PORMT(I10,I10)

SIXTH CARD
AHO MIN. 'lALUE OF THE RANDOM VAlUABLE He
BHO MI\X. VALue OF THE RANDOM IftARHI.aLE HO
ME~NHO ~E~N VALU8 OF THE RA~DOM VARI~BL8 se
CV~RRO COE? OF ~ABIA~IO~ OF ~gE RANDOM V~RIABLE RO
~:OTE: CE:PAflLT V:'LUES ARE ASSUM3D IF THS MEAN VALUR = O.C

44 FORM~Trf10.5,f1J.5,F1n.5~P10.5}

C
SBveNTH CART)

Aro rEN. VALUE OF l'HE R,\NDOi1 VARIABLE TIIETAC (l2'ZGREE~)



20
£lTO ~AX. "l11UE OF 'THE 3AnrOM VARIAnLf TE'EtAO (DEGl?£.eS)
M~A~rO ME~N VALO~ OF THE RA~DOM VARIABLE THETAC (DEG~EES)

CV~RTO ~OeF. OF VARIATION OF l'HE RANOOH VARIABLt THETAO .
NOTE~ IJEFA[JL't VliLtn:S I\RE: ASSOMED IF THE Me~N v~tUE = 0.0

45 FORM!T(F10.5,F10.5,F10.S,F10.S)

EI~HT CAIID
AP l1IN. VALOE OF THE STRENGTH PARAl.H:TEB PHr (DEG~fES)

SP MAX. VALUE OF r8~ ST9EHGTH PARA~ETER PHI (DEGREES)
MEAN~ MeA~ VALOE OF PHI (DEGREES)
tVARP C08F. OF VABIATIO~ OF PHI
NorE: POInT VALUES MAY Be USED BY SETTING THE CCEF. OF VAR. =0.0

46 PORM~T(Fl0.5,Fl0.5,Fl0.5.Fl0.5)

NINTfI ,";l\RD
AC M111. VAL UE OF THE STRENG TH PA RAtlETE B C
Be ~!X. VALUE OF l'HE STRE~GTfl PARAMETER C
~el\n::: MZMf Il!LOE OF C
CV!R: COEF. OF VARIATION OF C
NOTE: POINT VALues ~AY BE USED BY SETTING THE COEP. OF VAR. =0.0

47 FOn~~T(F10.5,F10.5,Fl0.5,Fl0.5)

'"'.....
c

THE TENTH,ELEVENTH, AND TWfLVETH C.BDS ARE USED IN THE
GENEnATION OF RANDOM M~XIMUM E~RTHQUAKE ACCELERATIONS

e

e

C

C

TENrH C.\RD
~o EARTHCOAKE ~AGNITODE LOWER EOUND
Ml EARTHQU~KE ~!GNITUDE UPPER BOUND
RR RADIAL DISTANCE FRO:1 SOORCE '!O S1TE(KILOME'IERS) ,1500R=0

OR ~ADIOS OF THE ARE! sounCt ,ISCU&=1
CR DIST TO THE MIrrLE OF 'THE LINE SOURCE, ISOUR=2

AEQ ANGLE BeTWEEN AceELE~ATION veCTOR aND HCRIZONTAL
48 FORM~T(Fl0.S.Pla.5.Fl0~S,F10.S.Fl0.5l

C

e

e

ELEV~NTH CARD
DeptH
THeTA
:<L~N

- 441 FORM~T{3Fla.5)

DEPTH OF THE AREA SOURCE OR LINE SCUBeE
CRI~NTA~ICN OF LINE SOURCE
LENGTH OF THE LINE SOU~CE

e
TIoIEL llETH CARD

BBETA,81,82,R3,B4 REGIONAL ~TTENOATION CCEFFICI£NTS
~0'I2: IF(ISZIS.8Q.l) 8(EBETA) AND C ARt: TO BE SET WITBIN

THZ NYaCC SUBrlOUTIHS
49 FORM~T(P10.5,F10.5,F10.5,Fl0.5,F10.S)

e

C
TflIRTEeN~m CARD

EPsn MeAN VALue OF e~~OR TER~

EPSCV CCE:F. OF VABlATION OF ERROR "rERIM
C 491 FORMhT(Fl0.S,F10.S)

C

c

c
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c********************************************************************** -~~.
C THESE SUBROUTINES ARE REQUIRED FOR USE O~ THE PRIME 530
C*******'~**************************************************************
C GGU3 IS THE RANDOM NUMBER GENERATOR ON THE IBM 3033 (IMSL)
C RND IS THE RAN # GEN. ON THE PRr~E 500

SUBROUTINE GGU8(ISEEO,N,RN)
DH~ENS ION RN 01 )
DO 1 I=1,N

1 RN(Ij=RND(Q)
RETURN
END

C
FUNCTION TAN(X)
TAN=SIN(X)/COS(X)
RETURN
E~JCi

c
FU~CTION ARCCS(X)
ARC a S=ATAN ($.Q RT(1 • '":'X* *2 ) I X)
RETURN .
END

c******************;********************************** *****************
C THESE SUBROUTINES ARE REQUIRED FOR GRAPHICS
c**********************************************************************
C THIS SUBROUTINE DRA~S THE SLOPE

SU3ROUTINE GRID(HX,3X)
C D1~E~S1a~ 1T1T(2J)

CJM~ON fGRAFf H ,8,SL,XL,XQRG,YORG,SCALE,RAO
CALL GRESET
CALL ENTGRA
RAD=3.1416/180.
SCALE=(HX/TAN(5x»/(3.75-.J5*BXfRAO)
'3=8X
H=HXfSCALE
XQRG=-S.J
YORG=-3.5

C DR~~ THE SLOPE
C CALL QPEN(1)
C C~LL SLINT(7)

XL=H/TAN(8)
SL=H/SI~un

TL=XORG+9.5
C_LL MOVF(XORG,YJRG)
CALL MOVE(XORG,SL+YORG)
CALL DRAW(SL+XORG,SL+YORG)
CALL DRAW(SL+XORG+XL,SL+H+YORG)
CALL DRAW(TL,SL+H+YORG)

c
rX=SL/2.+XORG
TY=SL+YORG
CAll. ["'OVE( TX, TY)
CALL RDRAW(.1,.2)
CALl. MOVE(TX,TY>
C~LL RDRA~(-.1,.2)

Oll. ~·O\/f. (TX, TY)
TY=T'Y+H
CALL. DkAW(TX,TY}
CALL ~D~A~(.1,-.2)

CAi.. L .J! 0 VE ( TX, T Y)



1 r"'. r:,.

s

10
20

,..
'-

3D

999

C

CALL Pfq~W(-.1,-.2)

CALL MCV~(TX-.',TY-H/2.)

OLl 1EXT(1,'H')
c

CAll MOVE(TX+2.,TV+1.)
CAll TEXT(1 Q ,'NEGATIVE lOG-SPIR~l')

CAll ~OVF(TX+1.5,TY+1.S)

C CALL TEXT(4Q,ITIT)
C CAll CLOSr
C CALL DSPICT(1)

c,~lL EXITGP
RETUP!'\
END
SU8ROUTINF lOGSP(XI,Yl,THO,RX,T)

C DRAW THE lOG-SPIRAL
• DIMENSION YA(4G),YA(40)

CbMMON {GRAFf H,B,Sl,XL,xnRG,YORG,SCALE,RAD
C

X=XI/SCAlE+Sl+XORG
Y=YI/$CAl~+Sl+YORG

RO=RX/SCAlE
XC=X
yc=y
TH90=90.*P Ar-THO
CAll POlA~(THOn,RO,XX,YY)

,XO=y Y
Yr)=-XX
TH=5."'PA{)
DO 10 1=1 ~4r

R:R!J*£XP OH*T)
THH=TH-THO
CALC POlAR(THH,R,X1,Y1)
t)y=y1-yC
DY=-(X1-XO)
XCP=XC
YCP=YC

• XC=X C+Dx
YC=YC+DY
CALL CHECKeXCP,VCP,XC,YC,IERR)
XA(I) =XC
YA(J)=YC
IF(1EqR.NE.Q) WRITEe6,100) IEQR
FORMAT(' IFRR=',15)
IF(IEPR) Q99,5,20
YO=Y1
XO=X1
TH=TH+5.*R~D

CONTINUE
CALL E~TGI;lA

OLL SLINT(6)
PLOT THE LOG-SPIRAL
CAll MOVE(X,Y)
00 30 J=1,I
CAll DRAW(XA(J),YA(J»
CALL E'XITGR
RfTUpr,1
O:D
THIS 5U8ROUTINE CALCULATES X AND Y GIVEN R AND THETA
SUPROUTINf POLAP(TH,R,X,Y)



C************-*********************************************************
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Y=R*SP1(TH)
X=R*COS(nn
RfTURN
END
SUBROUTINE CHECK(XO,YO,X1,Y1,lfRROR)
COMMON IGRAF I H,BETA,SL,XL.,XORG,YORG,SCALE,RAD
XO=XO-XOPG
Y;)=YO-YORG
X1 =x1-xoli r-
Y1=Y1-YORG
IERROR=G

C CHECK~ TO SEE IF BRfAKS THE BOTTOM
If(x1.GT.SL) GO TO 1

C IF ERROR IS LESS THAN ZERO, 8~D SPIRAL
IF(Y1.r..T .SU IERROR=-100
GO TO 2

1 CONTINUE
C CHECKS TO StE IF BREAKS THE TOP

XXL=SL+XL
YL=Sl+H
IfO<1.LT.XXL) GO TO 3
IF(y1.LT.Yl) GO To 2

C IF PEACHES HERE THE CURVE GOES THROUGH THE TOP
DELT~=(YL-YC)/(Y1-YO)

X1=XO+OELTA*(X1-XO)
Y1=YL
IERROR=1QO
GO TO 2

3 CONTPWE
C TH~ CURVE IS SOMEWHERE UNDER OR ABOVE THE SLOPES

SM=H/Xl
B=SL*(1-SM)
Y=SM*X1+B
rF(Y.~T.Y1) GO TO 2
PM=(y1-YO)/(X1-XQ)
BB=YQ-PM*XfI
x". (8-88) I (?r<'~$"D

Y=PM*X +88
C CHECKS TO SEE IF THE INTERSECTION IS ON THE SLOPE

IFCY.GT.Yl) GO TO 2
If(Y.lT.SL) GO TO 2
Y1=Y
X1 =X
IERROR=50

2 CONTINUE
X']=XQ+XOPG
YD=YO+YOR6,
X1=X1+XORG
Y1=V1+YORG
RETURN
END
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26
*.***************************.******************~*****#******

...

*
'":/<
'"

Reproduced from
best available copy_

PROGRAM ~ASsnfl.

RtLI~mILITY ANALYSIS or ~ SOIL SLOPE
fJNOe"R f~R'['HQUAl<E LOI\DING

TH~ SEQUEN:E OF OPERATIONS lEADING TO THt
PBOBABILITY OF FAILUBE IS AS FOLLO~S

1. FIND RANDOMLY THE CEN'IER OF THE FAILUEE SURFACE
2. GENERATE THE C AND T STRENGTB PARAMETERS

{T AND C ARE BETA DISTRIBUTED}
3. GENERATE rHE MAXIMUM AC:ELER~TION AI THE SI'IE

USING A TRUN:ATED EXPCNSNTIAL DISTRIEUTION
4. CC~~UTE rHE LENGTH OF TRE RUPTURE SURF~C~

5. GENER~TE THE LENGTH XIU OF THE INITIAL DISCONTINUITY
IF (INIT. NE.O), SE! 't:lTEIN TEE PROGRAM (LINE172)

6. FIND THE RESIS~ING AND DBIVI~G FORCES ALONG THE
HUPTU BE SU RF ACE

7. PIND THE PPOBABILI~~ OP FAILOR~

RUPTURE SURFACE IS AN eXPONEN1IAl CURVE CF THE
FORM R=Ra*EXP(-TH~TA*~), WHERE RO IS A REFERENCE
VeCTJR, T=TAN (PHI) IS THE S'IRENGTH PARAMETEF C~

TRE SOIL MATERIAL, ANt THETA 15 TRE ANGLE BETW?EN
THE VECTORS R ~ND RO

THIS PEOGRAM GIVES TH~ PROEAEJLITY OF FAILURE OF
A SOIL SLOPE BY MEANS OF A NONTE C~RLO SI~UIATICN

'"
*

'*

~~'L MEANBO,~3ANTO,~~~NP,MEAN:,MEANT,MO,M1

I)IMEN5IO~ XLSNGT (1001) ,SM(1001) ,SF(1001) ,RANDNO(1)
DIMENSI::>ti HI(101) ,HF (101) ,THEIAX (101) ,'IHETAP (101),

*PHlX (101) ,PHlF (101) ,ex (101) ,CF(101) ,Z(1001)
CO~MON H,RO,TRETAOIT,BE'IA,BETA1,ISEED,CALPHAICEtTA,RC,UWW,ow~,uws

*,BU,THETA:,ACC,~EQ,GRAV,TH~TA,D~rTR,XLEN

EXTERNAL F1,F2,GAA,3BA,HAA,HBA,FTC ,SeARCH
I ~T3 GERe AS E
RAD=3.141SQ/18C.
SOf'1I=O.
SU:1L 2=0.
SU~S :1.::0.
SUMSL': 2=0.
SIlMSF==O.
SUM·SF2=O.
NOF=O
111=0
1I2=O
113=0
II~=O

115=0
1I6=0
117 =0
118=0

C

C

C

C

c

C

c

..,...
1

3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
1B
19
20
21
22
2~

24
25
26
27
28
29
30
31
32
33
34

144
145
146
147
1!18
149
151..i
151
152
153
154
155
156
157
15&
159
160
161
162
163
164
165
166
167
168
169



170
171
172
173
t74
t75
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
lq 1
192
193
194
195
196
197
198
199
200
201
202
2:> 3
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229

c
.....'-
C

c

27
SZT INIT=O FeR NO DISCONTINUITY"

BEA DIY lJ Al' A

nt1lD (S,~31)IPRNT,Illl'T1o.I ,IDYN ,lS0UR,ISEIS,I'IERM
4 3 1 fo RM ~ T ( 6 I 1)

READ (5,!+1)H,BETA
41 F03.M~·.r(F1C.5,F'10.S)

READ (S,!+2)HWS,UWM,UWW
4 2 FO ~l1 AT ( F 1C• 5 , F 1 C• 5 , F 1 (1 • 5 )

R~AD (5,421) BU
1.121 Fa RM !\ 'l' ( F 1C• 5)

E£ AD (') ,4 3 } IS EED, N
4 3 Fa T:: M! T ( I 1 C, I 1 (')

READ (5,Q4)AHO,BHO,MEANHO,CVARHO
44 FORMAT(F10.S,r10.S,Fl0.5,Fl0.5)

~EAD (S,45) l\TC,BTO,~EAN'rO,CVARl'O

45 FOR~A~(F1C.5,F10.5,Fl0.5,P10.5)

REA D {S ,4 6 }AP , BP, ME 11 NP, CV ARP
46 FOR~AT(Fl0.5,Fl0.5,Fl0.5,P10.5)

READ (5,!.l7)AC,BC,MEANC,CVARC
47 FORMA~(Fl0.5,Fl0.5,F10.5,P10.5)

R!:1'.D (5,48)MO,Ml,RR,AEQ
4;3 FORMAT{4P10.5)

READ (S ,441) DEPTH,THETA, XLEN
441 FOHMAT(3Fl!J.5}

HZ!D ~5,49)EB,E1,B2,B3,B!.l

49 FOR~AT{5Fl0.5)
READ (5,1191) EPS~,EPSCV

4q1 ~a:l~~'r(2F11).5)

P::rINT JOT DATA

WRITE (6,51)
:>1 FOBMlI.T('1',.2SX,'--2 tIMENSIONAL SLOPF STABILITY ANALY5IS--',/,

~35x,'PRaB~BILITY OF F~ILUR~',/,

*32X,'1SING MO~TE CARLO SIMULA~ION1,///)

IF ( I DY ti • EQ • 0) WR I TE (6 ,750)
750 FORMAT(38X,'STATIC ANALYSIS',///)

IP{I~YN.EQ.1) 'WRITE (6,751)
751 FORMAT(35X,'QoASI-STArrc ANALYSIS',///)

WR IT E (6 , 52}
:;2 FaR~lAr(2X,'PBOFILE PARA~ET~RS' ,1/)

WRl~E(6,61)H,~gTA

61 FORMAT(5X,'HEIGBT OF SLOPE =' ,F6.2,5X,'SLOPE ANGIE =',1"5.2,/)
WEIT£ (6,62) U'i'/S ,U'ilM,UWW

62 EORMAT(5x,'UNI~cWEIGHTSATURATED =',F6.2,5X,'UNIT WEIGHT',
*' MOIST =',F'6.2.,SZ,'UNIT ~HIGHT OF WATER =, ,F6.2,1)

Hg IT E ( 6, 6 2 2) R U
622 FORBAT(5X,'PORE PRESSURE PARAMETER =',F4.2,/)

WRIT E ( 6, 63) N
63 FORMAT(5A,' NUMBER OF TRIALS =' ,16,/)

IF(821\NHO.GT.O.) GO TO 71
AHO=O.
EHO=3.*H
MEA NHG=1. 50>;<H
CVAR BO=O. 35
WRITE(6,73)



28

=',F7.1,3X,'MAX VALUE OF C ='
=',F7.1,3X,'COEF OF VAR =',F5.2,;)

=',F7.1,3X,'MAX VALU~ OF PHI ='
='·,F1.1,3X,'CCEF CF 'lAB =',F5.2,j)

30
:31
:32
~ 33
!34
!35
!36
~ 37
na
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
26~

265
266
267
268
269
270
271
272
213
274
275
276
277
278
279
23:)
281
282
283
204
285
286
287
288
289

c

73 FOR~AT(5X,'*~0T3~ - DBP\ULf V\tUE PO~ He')
71 WrnTE: C6 ,6 U ) ~HO,PH(1,t"!EANBO,':VAHP.O

fJ4 rQBh";1'(SX,'~n VALU':: OF I~O :=',F7.1,3X,'rAX VALUE ct: HO ='
~',F7.',3x,'~f.:i\~J VALUE OF HO =',F7.1,~Y,'COr;F OF Vf.R =',F5.2,/)
IF(i"1~';,N'TO.GT.0.) GO TO 72
ATO=q0.~- (BSTA+60.0)
BTO=90.0-3?TA
MEANTO= (ATO+I3TO)/2.:)
CV 1\ RTO =0 • 3S
VlRIT~ (6, 7 1l)

74 FORMAT(5X,'*NOT~* - DeFAULT VALUE FCR THrTAe')
72 WRITE(6,65)ATO,BTO,MEANTO,CVARTO

65 FORt1AT{5X,'~IM V!LUE OF TH~TAO ::',F7.1,3X,'~AX VAIUr: CF THZTAO ='
* ,F 7 .1 , 3 X , , !'! B d N V A1U F OF T i! £T A0 =', F7 • 1, 3X , , CO EF OF V1\ R =',F 5 • 2 ,j}

WRITE(6,66) ~P,BP,r.::SA~p,CVr,qp

66 FORMAT(5X,'MI~ VALOE OF PHI
*,F7.1,3X,'''lSAN V~.LU:S OF PHI
WHITE(6,67)AC,BC,~EANC,CVARC

67 FORMAT(5X,'~IN VALUE OF C
*,F7.1,3x,'M3AN VALUE OF C

ATO=AT3*RAD
BTO=BTO*RAD
~3~NTO=~EANTO*RAD

BETA=BETA*RAD
AEQ=AEQ*RdD
THZTA=TH ETA *at. D
ISIID=IsEED
'WRITE (6,53)

53 FOR~AT(1X,/j,2X,'P~RA~~:~?S FOR B2T~ DIST~IBUTIONS',//}

GENERATE THE FA~DOM VARIA~t3S HO,TH3TAO,T AND C

CALL INRET~(~aO,BHO,~EANqO,CVARHO,HX,HF)

WRITE (6,54)CALPHA,CBETA
54· fORMAT(5X,'DISTRIBUTION OF flO ',10X, 'ALPHA =',Fg.4,5X,

*" BE T A =, , F9. 4 , I)
CALL INRETA{ATO,BTO,~EANTO,:VAB!C,THETAX,TRETAF)

WEITE(6,55)CA~PHA,CBETA

55 FORiiAT(5X,'DISTRI90TION OF THETAC ',10X,'ALPHA =',F9.4,5X,
*'BETA =, ,1"9.4,/)

If(CV7,UP.:;Q.().) GO TO 112
CALL INBETA(~P,EP,MEANP,CVARP,PHIX,PHI~

WRITE( 6,56\ CALPHA ,CBEn
56 FORMA? (5X,'DISTBIBUTION OF PHI ',10X,'ALPHA =',F9.!.l,5X,

*'BETA =',F9.4,~

112 IF (:vr,R::.~Q.O.) GO 1'0 113
CALL INBETA(~:,BC,~~A~~,Cv~RC,CX,CF)

WRITE(6,57)CALPHA,~BETA

57 FOR~AT(5X,'DISTRIBOTIO~OP :: ',10X,'AIPHA =',F9.4,5X,
*'BRTA =, ,F9.~,/)

113 If(IDYN.EQ.O) GO TO 62
IF UATTN.EQ.O) GO TO eo
CALL LGNRM(N,3PSM,£PSCV,1.)

sa CONTI NUE
wP. IT E ( 6, 6 11)

611 FORMAr('-' ,5X,47X,'EARTHQIJAKE DATA')
IF ( I ATTN • EQ • 0\ WIl I T~ ( 6 , 61 2)

612 PORMAT('O',5x,fFEGIONA~?ARAMETEBS rETERM!31STI:: A1TENUA!IO~ ,
*'33LATIONSHIP')
If (IA'-r.T~. EO.1) WBITE (6,625)

Reproduced from
best availa blecopy.



c
CHECK IF THE RUPTUR~ SURFACE TEFMINATES A1 THE SLOPS

C aa ~T rH~ HORIZONTAL BOONDARY

IF(IDYN.EQ.O, GO TO 83
CALL AC:El(MO,M1,EB,B1,B2,B3,B4,RR,N,AL,AU,AC~,ISOUR,ISEI~)

83 CONTIN UE
IF (IATTN.SQ.O.OR.IDYN.EQ.O) Z(11)=1.0
MEANT=TAN(MEANP*RAD)
IF (IDYN.EC.O) ACC=O.

31 IF(C7~RP.GT.C.) CALL RHINO(PHIX,FHIF,PHI,ISIID)
IF (CVARP.:SQ.O.) PHI=MEANP
CALL uANNO(THETAX,THE!AF,THETAO,ISIID)

MAKE SULE THE FAILURE SURFACE IS BELOW THE SLOPE
IF(PHI-THETAO/RAD.GT.BE1A/rtAD) GC TO 31

29PRCBADILIS'l'IC '

AREA ~01]RCE')

f25 Fa?MAT('~',5X,'~EGIONALP;R'tlET:RS
*,'ATT~NUAIICN R~LA~IaN~9Try,)

W;; TT:: ( 6, E 13)
61 3 F0 fl MAl' ( , ~ , ,5 X,9 X, , !!' , 16 X, I !3 1 ' , 13 X, , B2' , 14 f., , D3' , 1PX, , R4 ' , 16 X

*'RADI~L D~STA~CE')

~RIT:{&,b1!.1) EB,B1,E2,Bl,D4,P.R
6 1 4 FO 11:'i AT (' 0' , 5 X, 6 X, F ') • 3 , 1 1 X, F 6. 1 , 1 2X, F l.J • 2 , 12X, F 4 • 2, 1 5 X, F 6 • 2

*,16X,F8.1)
IF (IS::::IS.:::O. 1) WRITE (h,61Q)

619 FORMAT(' NOTE: QOAD?A.TI2 MAGNITUD~ FB:SQ. RELlI.TICNSHIP USEr'
&,/,10X,'PARAMETERS B ANC C ~RE SET Iq THE RYACe SUBROUTINE')

IF ( I ATTN. EQ • 0) GO TO 81
wRITE (6 .. 626)

626 FC>~MAT('O',5X,'ERrtOR T2R~ ~ARAM21ERS')

.. RITE (6,627)
627 FORM.1\T('O',SX,34X,'i1EUl V~L(]:::',20X,'c;CEFFICIENT '

*,'OP VARIATIDN')
~RITE(6, 628) EPSM,EPSCV

628 FOR 11. AT (' 0 I ,5 X, 35 X, F7 • 5, 35X, F7. 5)
81 CO!'lTINUE

WRITE (6,615)
615 FORMAT('O',SX, 'BOUNDS FOR EAR'IHCUAKE M~G~~ITUD:E ')

~RITE (6,616)
616 FORM.AT('O',SX,34X,'LOW~BLIMIT',20X,'UFP~n LI~IT')

~RIT3 (&,& 17) MO, M1
617 FORMAT('O·,SX,9X,28X,F4.2,27X,F4.2)

IF (I SOUR. EQ. 0) GO TO 75
IF(ISOUlLEQ.1} GO TO 86
Il (ISOUR.EQ.2) WRITE(6,78)

78 Ff)RMA~('O',5X,'~ODEL US~D ••• LINE SCUr.Clo""}
OREN=THETA/RAD
W?ITE{6,84) DBP'IH,OREN ,XL:::N

84 FOR 11. Al' (' 0 ' ,5 X, , DEPT H:: " F 4. 1, 5 X, • 0 R1 EN TAT ION = r

*F 4 • 1 , 5X, • LEN GTHO F FA UL T:: r, F 5 • , )
GO Te 82

86 WRIT'Z(6,76)
76 FORMAT('O' ,5X,' MODEL USED

WRITEl6,B~} D3PTH
85 FOR~AT('O',5X,'DEPTH= ',F4.1)

GO 1'0 82
75 WRITE (6,77)
77 FORMAT{'O',5x,'~ODEL USEv ••• POINT SOURCE')

82 CONTI NO::
C**GRAPHICS** IF{IT~RM.GT.1}CALL GRID (H,B~TA)

DO 1 II=1,N

2':hl

291
292
293
294
295
296.
297
29&
299
300
301
302
303
3C4
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
32\J
321
322
323
324
325
3

'"
... 0

327
32a
329
33C
331
332
333
334
335
336
337
330
339
340
341
342
343
344
345
346
347
348
349



150
151
152
J53
35~

355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
37C
371
372
373
37q
375
376
377"
378
379
380
381
382
383
38~

385
386
387
3 ea
389
390
391
392
393
39!l
395
396
397
398
33'J
1400
401
402
1403
404
405
1+06
~07

408
1+09

C

c

CAll. HANNCfHx,HF,}lO,ISIIt) 30
!:' ( .: '{ r. R-: • Gl' • U• ) .: 1\ L L :-.!'.~; n0 (C X, CF , C , I ;, I I D)
IF (C V!\ R.:. Fe. (; .) .::= ~ t: ANC
T=-'l'iHi (PHI#\.gD)
S~RV=Z (II)
:tCC= ACC'i'S~RV
A;:C= !l.·::C/C CS p.. 'SQ)
BETA1=90.~~AD-BE~A-TH~Tr.O

FO=HC/COS (THsrAO)
~B=(H1*T~~(TH~TAO)-H ITAN(BETA»**2+ (HC-H )**2
AB=SQRT (AE)
DC=H/S IN (B RTA)
SS=' (H\tDCtRO)/2.
7.I=2.*ARCOS(SQRT(SS*(SS-DC}/CAB*BO»)
CRIT=RO*ZXP(ZI*Tl-A3
IF(CRI.r.LLC.) GO TO 2

CO~PUTE THETAC,THET~H,THETAI,AND THETAS FCF A BUPTUEE
SURFACE TERMINATING AT THE HOBIZOhTAL BOUNDARY OF THE SLOPE

A=.01
B= 3. 1 f\
CAlL MRG·PLS (F1 ,A,B, 1. E-4, 1. E-S, 100, IFLAG)
T HET AH=(A +B) 12.
XI.:::NGr (II)=RO*SQRT C,. +1./T**2) *(-EXP{TEETAH*T) +1.)
SU~L=SUML+XLENGT (II)
SUMl2=SUM12+XLENGT{II)**2
T H3'" ~S=a•0
IF{INIT.EC.O) GO TO 1001
C~LL GGUB(ISEZD,1,RANDNO}
THSTAS=RA~DNO(')*TPETAH

1001 XLU=RO*SQRT{1.+1./T**2)*t-EXP{1HETAS*T)+1.)
AA=O.
EB=THETA H
c~tL MRGFLS (PTC,J~,EB,'.E-q,1.E-S, 100,IFLAG)
THETAC=(AA+BB)/2.
THETAI=THET~O+ATAN(r)

IF{TRETAI.LT.O.) THETIH=O.
GO TC 3

COMPUTE THETAH, THETAS, ANt TEET!I POR A RUPTURE SURFACE
TERMIN~TIN~ AT TH~ SLOPE

2 A=. C 1
8=3.1Ll
CALL ~RGFLS{F2,A,B,1.S-4,1.E-5,10C,IFIAG)

THETAH= (A+B) /2 •.
XL!NGT(I~=RO*SQRT(1.+1./T**2)*(-EXP(THETAH*T)+1.}

SET A MINIMU~ LENGTH FOR THE FAILB~E SURFACES
IF'{XL:'::NGT(II) .LT.O.SO>l'H/SIN{BETA}} GO TO 31
SUML~SUML+XLENGT (II)
SUML2=SUML2+XLENGT(II) **2
THETAS=O.O
IP(INIT.EQ.O) GO TO 1002
CALL GGUD(ISEED,1,RANDNO)
THETAS=RANDNO(l) *TH~T~H

1002 XUJ= BO'"'S QBT (1. +1. /~** 2) * (-EX P (1' fl ETAS""T) +1.)
T F.~T AT=T HET~.O +~ T1\ N{T}
IF (T H? TA.I. 1.1'. 0 .) THZT AI= I) •

GO TO 707
Reproduced from
best available copy.



3 IF{'i'H":'TAI.LT.'IH~Trt:.A~m.'In:::Tlj.':.l'J.TH;:~~S) GC TC 7/)1
IF (T:i::TA·:.LT.THErAI. ANJ:.THEl'ALLT.THETAS) GO TO 7C2
If(TH~T~:.LT.TH~T~S.AND.I~~TAS.Ll.TH:T~I) GC Te 7C3
iF (THETA.I.L?THETAS. AN~.TIEl'AS.L'I.TP.ETAC) GO TO 7C~

IF(TH~TAS.LT.THZTl\I.AND.THE:TAI.LI.T!IETAC) GC Te 7'05
IF (THtl'AS.L~.'!HETAC.ANt.THETAC.LT.Tfl::TAI) GO '10 7C6

Cl,SZ 1 IS FOR 1,. rop F I. ILU RE WI'I' H THETAI < 'TRE1AC < 'IHE lA 5
·:ASZ 2 IS FOR ll. TOP FAILURE wITH 'IHETAC < THET AI < T nI::: ~s
':ASE 3 IS l"OR A rop FAILURE " IT H TP.5:T:l.C < 'IHE'IA S < 'IRE 1AI
rll""~ 4 IS FOR l\ TOP FAILURE WI1H THET"I < l'HET AS < 'T'HE'l' AC- ....... } .......

CASE 5 IS FOR A rop FAILURE ~ II'H THETAS < THEU.I < 'IHEIA:
CASE 6 IS FOR A TOP FAILUR~ wITH THETAS < THET !lC < THET AI
CASE 7 IS FOR A SLOPE t.~ rIO RE WIT Ii THET..lI < THETAS
CASE 8 IS FOR A SLOPE n.ILU2~ WITH TH;:TAS < T HET AI

Reproduced from
best available copy.

31

111-=111+1
CASE :: 1
CALL 5I~P(GU.,o. ,TH~TAI,8,~TO)

:All SIMP IGAA,THETAI,THETAC,8,RT1)
CALL SIMP (GBA,THETAC,THETA5,8,RT2)
CA LL 51!'!P (G B~ ,THET liS ,THET AIl, 8, RT3)
RO=RT0*MEANT
R1=P.T1*MSANT
R2=~T2*M~~~n

R3=RT3 :t,< ABS fT)
CUt SIMP(HAA,O. ,1H:STA1,8,51)
CAll SI~P(HAA,I'HETAI,THE!A:,8,S2}

CALL SIMP(Ha~,TH~TAC,THETAH,3,S3)

R=R1 +1.12+ R3+C*(XLENG1' (II) -lLU) -51 +RO
S=S2+53
GO Te tlOl
112=112+1
CASE = 2
CALL SIMP{GAA,O. ,THETAC,8,R'IO)
CAll SIMP (GEA,l'HETAC,THETAT, 8 .. BTl)
C~LL SI~P{GBA,THETAI,TH~TAs,8,1'I2)

CALL SI~P (GEA .. THE't'AS,THEfAH,8,RT3)
RO=RTJ*flEA~lT
R1=RT1* ~EANT
R2=RT2*~:CANT

R3=RT3*ABS (T)
C;\LL SPlP{HAi'.,O. ,TRET\C .. 8,Sl)
CALI SIMP (HBA,THEl'AC,THETAI,8,S2)
C~LL SIMP (RBA, 'fHETAI, THE'!'~H,8,53)
B=R2~R3+C*(XLENGT(II}-XlU)-Sl-S2+RO+Pl

5=s3 '
GO TC 401
113= 113+ 1
C~SE = 3
CALL SIMP{GA?1,O. ,'IH:T!..::::,8,ETO}
CALL SIMP (';EA,THETAC,THETA5, 8, RT 1)
C~LL SIMP{GBA,THETAs,TH~TAI,8,BT2)

CALL SIMP IGBA,TflETAI,TH~TAR,8,RT3)

RO-=RTn*~ :::Vi T
R1=RT1*MJ:;A~H

R2=RT2*ABS(T)

703

702

C

1 U
11
12
1 "3

,1 ~

,15
f 16
~ 1 7
~ 18
f 1'3
~20

~ 21
~22

J 2 3
l24
~25

lJ26
~27

~2B

~29

!J3C
!J31
!J32
433
434
435
436
437
IU8
4 3~
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
lI57
45&
459
460
461
462
463
464
465
466
467
468
469



470
471
472
473
474
475
476
477
47e
479
48G
481
482
48j
484
485
486
487
488
489
490
491
492
493
494
495
496
497
4 gS
4gg
500
501
502
503
504
505
506
507
503
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529

R)=Hr1"'AbS (n
ell LL :3 I~ P {f? i\ !I. ~ G• ~ .£[1 ::: 1~ : ~ 8 , S1 }
sr,lL SIl1P IHB.A,THZTA':,TE:;';'I, 8,52)
CALL :3IMP("BA,TH~T~I,THS1\H,8,S3)

R=F 3 +.:* (X 1 ? ~1 Gl' (I I) - j{ LU) - S , - S :' +nO +R 1+:l :2
S=53
GO Te u01

704 114=114+1
CASE = U
CALL SlMP(GAA,O. ,TH£T~I,8,RTO}

CALL SIMP IGAA,TRETAI,TlIETAS,8,RT1)
C~LL SIMP(G~A,THETAS,THET~:,8,~T2)

CALI. SIMP(GBA,TRSl'AC,THETAH,8,RT3)
B.O=EiT"*~EANT

R1=RT1~MJ::l\NT

R2=RT2*ABS{T)
R3=RT3>;<ABS(T)
CALL SIMP{H~A,C. ,THETlI,8,S1)
CALL SI~P(HhA,THETAI,THETAC,8,S2)

CALL SIMP(HB!,THETAC,THET~H,8,S3)

R=R1 + R2+ B3+ c* (XLENGT (II) -XLU) -S 1 +RO
S=52+53
GO Te 401

705 115=115+ 1
CASE = 5
C~LL SI:1P(GAA,O. ,THE.TAS,8,RTO)
CALL S·IMP (GAA,THETAS,TRETAI,8;BTi)
CALL SInp(GAA,THBT~I,THETA:,8,RT2)

CA t 1. SI MP (G E A, TR ET AS, T HEl' AH, 8, RT 3)
FO=:') T'}*M E~N T
R1=RT1*ABS (T)
R2=RT2>;t;\BS (T)
R3=RT3*ABS (T)
C~LL SI~P(HAA,O. ,THET~.I,8,S1)

CAll SIMP(HAA,THETAL,THETAC,8,S2)
CALL SIMP{HBA,TRET~C,THETAH,8,S3)

R=R2+R3+C* (XLENGT (II) -XLU) -51
5=S 2 +5 3+R 0+:1 1
GO TO U01

706 116=116+1
CASZ = 6
CALL SI~P(GA~,O. ,TH~T~S,8,RTO,

C;,IL 51 MP (G A.A, THET AS ,THET AC, 8, RT 1)
C~LL SI~P{GBA,THETA:,TH~TAI,8,RT2)

CALL SIMP (GEA,THETAI,THETAH,8,RT3)
RO=RTQ"'~EA~!T

R1=RT1*ABS (T)
R2=RT2*A B S(T)
R3=RT1*AES (T)
CALL SIMP(HAA,C. ,TliETl\:,8,S1·)
CALL 51MP(HEA,THETAC,THETAI,8,S2)
C1LL SIMP{Hal,Ta3TAI,TH:T~H,8,S3}

B=R3+':* (XlSNG~ (II) -X1.U) -5 1-S2+RO +R 1+R2
5=53 .
GO Te f.l. 0 1

707 IF (TH3TliS.LT.TH~TAI) GO TO 708
117=117+1
CASE = 7
CALL SI~P(GAA,O. ,TH"ETAI,3,RTO)
CALL SI~P(GA~,THBT~I,THFT~S,8,BI1)

32



C.\ll SIMP (GAA,rHETAS,THETAB,8,~T2) 33
R0=2 TC'*I'I':::.'.N T
R1 =BT1 * !'IE I, NT
F2=FT2*1\.BS(1)
CAll SIrlP(HAA,O. ,TllETAI,8,S1)
C~LL SI~P(H~A,TH~TAI,T"~TAH,8,S2}

R=R1 + P2t C:'I" (XLfrIGT (II) -XLIT) -5 1 +RO
5=52
GO Te 401

7G8II8=I18+1
CI\.S3=8
CALL SI~P(r,AA,O. ,THETAS.8,RTO)
C~LL S!~P(G~h,THETAS,TH:!AI,8,RT1)

C.\LL SIMP (Gi\A,TH'ETAI,THE:r~H,8,~'i'2)

R0=:RTC' *11 ZA ~ T
R1 =: RT1 # lU3 S (T)
R2=:i?T2*ABS (T,
CALL SIMP (Hi\A,O. ,THETAI,8,S1)
ClLL SIMP(BAA,THETAI,THET!U,8,S2}
R=:R2+C* (XIENGT(II)-XLU)-S1+RO+R1
S=:52

401 IF {R.GE.S} GO TO 21
NOF=NOF+1

21 SM(I I ) =(R -S)
surs~=sur.s~:+s~:(II)
SO~S~2=SU~SM2~SM(II)**2

SP (II) =R/S
SUMSF=SUMSF+SP{II)
SU~SF2=SU~SF2+SF(II}**2
PHI=:ATAN(-T)/RAD
PHETA~=THETAo/aAD

IF (II-EQ.1) WRITE (6,58)
58 POR~AT{'1',2X,'RESULTS:AL:ULAT3D',///)

IP(II.~Q.l1 w~ITE(6,620)

620 'po EM AT ( • - , , 5 X, , I TEB A TI 0 N ' , f~ X , 'c: A 51: • ,4 X , 'H C ' ,4 X , 'T IiET :.'\ C • , 4 X, , r HI I

*4 X, , C' ,4 X, , Ace ELERAT ION' , 4X, , L EN GT H' , 1.1 X, , SA FETY MAR GI H' , 4 X,
*'S!PtTY FACTOR')

WRI TZ (6 ,621) II, CAS E, RO, PHET AO, P E!, C, !\CC, XLEN GT (II) , Sl:'! (II) , SF (II
621 FOUMAT(' ',8X,I4,8X,I1,uX,F5.1,3X,F5.2,3x,F4.1,2x,p5.1,4X,

~¥7.3 ,7X,F6. 1,5X,F10.1, 91, i"6.3)
C**GRAPRICS** IP(ITERM.GT.l.AND.II.LT.21} CALL LOGSP(O.,O.,THE1AO,HO,1

1 CONTINUE

530
531
532
533
534
535
536
531
538
539
540
5Ll1
5112
51.11
54~

545
546
541
54tl
51.19
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
57 i
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
581
588
589

c

c

COMPOTE THE MEANS AND COEFFICIENTS OP VARIATION OF
~HB LENGTH OF THE FAILURE SURfACE,TH! SAFETY MARGIN
AND THE SAFETY FA:TOR

XLMEAN=SUr-L/FLOAT (N)
XLVAR=SUML2/PLOAT(N-l)-FLO~T(N)~XIMEAN**2/PIOAT{N-l}

STDVl=SQRT(XLV~B}

CVL=STDVL/XLM~AN

SFMEAN=SO~SF/PLOAT (N)
SFV!R=SU~SF2/FLO~T(M-1}-FLOAT(N} *SFMB~N**2/FIOAT(N-l)

SfCVAE=SQRT(SFVAR)/SFMEAN
SMMJbN=SUtlSM/PLOAT("}
SMV~R~SUMS~2/FLOAr (N-1)-FLOAT{N) *SMMrAN**2/FLOAT(~-1}
SMCVAR=SQRT{SMVAR} /SM~EAN

WRITE(6,90)XLMEAN,CVL,SF~EAN,SFCVAR.SM~EA~,SMCV1R

90 FOn~AT('1',4X,'MEAN VALU~ OF LENGTH =',F12.1,5X,
~'COEF OF 'ARI~TIC~ =',F8.3,/,5X,'KEAR ~~LUE OF S~FETY FA:I0R ='
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COMPUTE PROBABILITY OF FAILURE

COM~OU H,HC.THETAc,r,9ETA,BETA1,ISEIr.CALPHA,caE1A,RO,UWW,ow~,DiS

F2 IS !H£ 2QUATION FOR THETAH FOR FAILUR~ THRCUGH THE SLOP~

FTC IS THE EQUArIO~ FOR TH~TAC

- ,- ,
34'* f 12. 2, 5X, 'CO EF 0 F V!\ RI l\ TION =', F 8 • 3 , / , S x,

~'~£:hN VALU:: or SAFETY MAflGH1 :',F12.1,5X,'COEF OF V.~Rn'IION

*F3.3)

COMMON H,HO,THETAO,T,BETA,8ETA1,ISEED,CALPHA,CEETA,RC,UWW,uw~,nws

*,RU,THETAC,ACC,AEQ,GRAV,THETA,DEPTH,YLEN
F2=EXP{X~T) *COS(X-BETA-THETAO)-CCS(BETA+THETAC)
Rt:TURJ~

END
F ONCTI ON fTC (X)

CO~MCN H.HO,THETAo,r,BETA,EETA1,ISEEt,CALPHA,CBETA,RO,Dw~,Uw~,u~s

~,~u,rHErAc,~c:,AEQ,3RAV,THETA,DEPTH,!lEN

Fl=B+HO*CCS(X-THETAO)*EXP(X*T}/COS(THETAO)-RO
REl'URH
END
FUNCTION F2 (Xl

Fl IS THE EQUATION FOR THETlH FOR FAILUEE THROUGH TOP Of
SLOPE

SalT 1H~ LENGTHS, THE S~FETY F~CTORS AN~ TH~ SAFETY ~ARGINS

95 PF AI 1= NOF /F'T,OAT (N)
WRITE(6,93)nOF,PFAIL

93 FnR~AT('1' ,34X,'NUMBER OF FAILURES =' ,15,//,
*35X, 'PROBABILITY OF FAILURE =' ,F6.4)
WRITE(6,94)II1,II2,II3,II4,II5,II6,II7,II8

94 FO~MAT{10X,'NUMB~R OF p~rLOBE S09PACSS IN CASE 1 =',15,/,
1 lOX,' NUMBER OF FAILURE SURFACFS IN CASE 2 =' ,15,/,
2 10X,'NUMBER OF FAILURE SUBFAC~S IN CASE 3 :',15,/,
3 10X,'NUMBER OF F~ILURE SURFAC~S IN CASE 4 =' ,15,/,
4 10X,'NUMBEr OF FAILURE SORFA:?S IN CASE 5 =',15,/,
5 lOX,' NUMBER OF FAILURE SURFA:rs IN CASE b :;' ,15,/,
6 10X,'NUMBER OF FAILURE SURFAC=S IN CASE 7 =',15,/,
6 10X,' NIJMEER OF FAILURE SURFACES In C!\SE 8 =' ,15,/)

STOP
END
FUNCTION Fl(X)

IF(IPRNT.EQ.l) GO T~ 95
CALL SORT (XLENGT,n)
CALL SDRT(SP,~J)

:A LL SORT (S M, N)
WRIT E ( 6, 91)

91 FORMAT(lX,//,2X,'PRI~~ VALUES OF LENGTH , SAFETY MARGIN,',
*' AND SAFETY P~.CTOR IN .'\S:ENDING ORDEB',II/,5X,'TRIAL',6X,
*' LENGTH ',5X, 'SAFETY M;\RGIN', 9X,' SF' ,1)

DO 22 NMN=1,N
riP-ITE (6,92) :iNN,XLENGT (NN"1) ,SM (NNN) ,SF(NNN)

92 FORMAT(5X,I5,5X,F13.1,5X,F13.1,5X,F6.2)
22 CONTINUE

C

'-

C

c

59)
591
592
S 93
5') 4
595
596
597
598
599
60J
601
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
6~1

642
643
644
645
646
647
648
643



HAA IS THE EQUA1'10~ FOR THE TANGENTIAL fORCE FOR VALU~S OF
TH~TA LESS THAN THETAC

GBll IS THE EQrI1\TTOJ.l FOR TES: ~JOHMAL FOF:=: FOR VALU3S OF
TE~TA GRE~~ER TH~N THETA:

COMMON H,RO,THeTAO,T,BETA#RETA1,ISEED,CALPHA,CEETA,BO,UWi,UW~,UW

*,BU,THETAC,ACC,AEQ,GRAV,TRETA,tEPTH,XLEN
Z 1=H.O /SIN (3 ZTr.. 1+TRE TAO) * {~XP (X X5 *T) :« 51 N(BET lI1 +XX5) -5 I N(E El A1) )
XTO= XX5-TIETAO
~PS=(,{A~ (XTO) -T) J(1.+T*TAN {XTO»)
EPS=ATAN (Z?S)

35

GAA IS THE EQUATION FOR THE NCRKAl FORCE FCR VALUES OF
TR2TA I~SS THAM THE:AC

FUNCTION GAt.. (XX1)

COMMOj H,HQ,THETAO,T,BF.1A,BE1A1,ISEED,CALPHA,CEETA,3C,UWW,UWM,UW~

*,RU,THETAC,A::,AEQ,GRAV,TRETA,DEP?P.,XLL~

Z1=RO/SIN(B~T~1+THETAO}*(EXP(XX3*T}*SIN(BETA1+XX3}-S1N(BErA1»

XTO=XI3-THET AO
D'Z =]0*T]\.1I (B ~TA) * (Snl (X X3- THE TAO) *E XP (XX3 * T) -S1 N (THET lIC-T HET AO)

1 *E XP (THET AC*T) )
Z=Z 1-DZ
E PS= (TA N (~TO) -T) I (1. +T*T AN (XTO»
IPS=~T!~ (EPS)
UWB=OWS-Uww
W=Il'J *z *OWM /Or,iW
Z~=Z-;f

P 1=U'iHl *Z W+UWB *101
F2=RC*EXP (XX3*T) *SQRT (1. +r**2) *AES (:05 (~!lS))

DN=P 1"'CaS (EPSl *P2
DNEQ=P1*';CC*SIN (- r~EQ+::PS» *P2
GB.\=DN +D~ ~Q

RETURN
:~: D
FUNCTICN HAA(XXS)

COMHCN H,HO,TRETAO,r,BET\,BETA1, ISEED,CALPH~,CBETA,RO,Uw~,UWM,O~S
*,RU,THETAC,DCC,AEQ,GRAV,THETA,DEPTH,XlEN

Z1=RC/SrN (PET1,1+THETAO) * (EXP (XX:1*T) *SJN (BETA 1+XX1) -SIN (BE/H.1})
XTO=XX1-THETAO
E PS= (1' At: (Xl' G} -r, / (1 • +T '* T A~~ (X TO} )
EPS=ATi\N (~? 5)
U'tlB= U wS-UWW
W=RU *z 1*U Wi1 /U~W
Zw=Z1-ioj
P1=UWM*Zw+UWB*W
P2=RC*EXP IXX1*T) *SQRT (1. +T**2) *AES (COS (EPS))
DN=P 1*CaS (ZP S) *p 2
DNEQ=P1*AC:*SIN(-(AEQ+EPS})*P2
GAA=DN +DN3Q
RETURN
IND
PfJNCTION GSA (XX3)

~,PU,THETAC,A~C,A~Q,Gn~V,TH~T~,PEFTH,XLEN

FTC=RO#TAN (BETA) * (SIN (THETAO) +SB (!-1'HtTAO) *EXP (X*T»-H
RETURN

c--

650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
68Ll
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
7C9
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36710
711
712
713
714
715
716
717
71H
719
720
721
722
723
724
725
726
727
723
729
730
731
732
733
734
735
736
737
738
739
740
741
7~2

743
744
745
740
747
746
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769

c

c

tHi g= U~ s- {1 WW
\<1= 1<.0* Z1 '" U ,H"/O WI,(
ZW=Z1-W
Pl=nwMliItZW+IJWSo,tll
P2=nO~EXP (XX5*T) *SQr.T (1.+T**2) *~ES(CCS tEl'S)}
Df=Pl*SINIEPS)*P2
DT EQ =P 1 *A C: *co S (A :::Q+EP S) *?2
HAA=DT+DT::Q
RETURN
END
FUNCTION HBA (XX7)

BBA IS THE EQUATION FOR THE TANGENfIAL FCBCE FOR VALUES OF
TH~TA GREATER THAN TAETAC

COMMON H,HC,TflETAO,T,B~T~,DETA1,lSEIr,CALPHA,CEZ1A,RO,UWW,OWM,UW.

*,nU,THETA:,ACC,AEQ,GRAV,TH~TA,DEPTH,XIEN

Z1=RC/SIN(BETA1+THETAO)*(EXP{XX7*T)*SIN(BETA1+XX7)-SIN (B~TA1»

XTO=XX7-THETAO
DZ=RC*TAN (BETA)* (SIN (XX7-THETAO) *EXP(XX7*T) -SIN ('IEETA':-'I>'!ETAO)

1;;<EXP (THETA-C*T»
Z=Z1-DZ
EPS= (TAN (XTO) -T) 1{1.+T*TAN (XTO»
EPS=ATAN (EPS)
UWB=UWS-:-UWW
W=RO*Z*UW ~/U'W~

Z~=Z-H

P1 =U iH!* ZW+ UWS* W
P 2 =R 0 *EXl' (X X 7 *' T) *' SQ R T ( 1 • + T* *2) '*' A B S (C C5 (E P S) )
DT=P1.;<SI N (E PS) *' P2
DTEQ=Pi*ACC*COS(AEQ+EPS)*P2
BBA=DT+ DTEQ
EETUR~

END
SUB&OUTINB INBETA(A,B,M~AN,:VAR,X,F)

IN1H~TA GENERATES BETA DISTRIBUTED RANDGM VARIABLES

DI £'3 ENS10N X ( , 0 1) , CR ( 1 0 1) , B R (1 C') , F (1 0 1 )
REAL MEAN
COMMON H,HO,TDZTAO,T,BETA,BETA1 ,ISEED,CALPHA,CEET~,RC,UWW,~WM,U~

* I RU , TH ETA C , Ace, A EQ, GR AV , T HET A, DEPT H, XL EN
XX={MEAN-A) ICB-A)
STDV=MEAN*CVAR
VAR=STDV*>:<2
VV=VA'J/{B-A}**2
CALF HA=XX**2>\t{ l.-XX} /VV- (1.+ XX)
CBETA=(CALPHA+1.}/XX-(CALPRA+2.)
X ( 1) =A
DX= (B-Al/99 ..
CR(1)=O.
B£(1)=O.
DO 29 I =2, 10 0
A (I 1= X (I - 1 1+DX
E'B ( I 1 ': (X ( I) - A) **c ALP HA* ('51 - X (I) ) ** CBE 'I li
C R (I ) = BR (I) +CR (I -1 )

29 CONTIt-lUE
F(1)=O.
DO 30 J =2, 100
F (J) == (eR (.l-1) +Bfl (J) 12.) 1 (CR (99) +BR (1(\0) /2.)



ACCEL GENERATES RANDOMLY TRf MAXIMUM HORIZONTAL GROOND
ACCELERATIO~ USING A TRUNCATED EXPCNENTIAL DISTRIBUTION

CD~~OM H, HQ , 'IRETA 0, T, BETA, BETA 1 ,IS3 ED ,CA LPH A, CBET 1\ , Be, U{1 W, UW 1-1, UW ~

*,RQ,THETAC,ACC,AEQ,GRAV,THETA,DEPTH,XLEN
PE~L ~L,~u

ell lL GGUB (ISBE D, 1 , ANS WER)
C 1== 1 • / ( 1 • - ::XP (- BB * (M 0- ML) ) )
RX=R
IF{ISOO~.tQ.0) GO TO 111
IF (ISOOR. EQ. 2) GO TO 112

fIND THE DIST. FRO~ EQ TO SITE FOR AN AREA sounCE
CALL GGOB(ISEED,1,RAN)
RX=SQ~T(RAN) *R X
RX=SQRT{RX**2.0~DEPTB**2.0}

GO TO 111
FIND THE DIST. FROM EQ TO SITE FOR A LINE SOURCE

112 CALL GGUB(ISEED,1,R~)

X=RN*:<:LEN
Z=X-XLEtl/2.
D:::SQRT (DEfTH**2. +RX**2.)
RX=-2.0*Z*D*COS{THETA)
RX=ABS{Z)~*2.+D*~2.+nx

RX==SQRT (RX)
IF (ISEIS.EQ.l) USE THE QUAD£ATIC r1AGNITUDE-FREQ REL'IAION

111 RX=BX f-B4
1fUSEIS.EQ.O, GO TO 113
CALL NYACC(B1,B2,93,RX,MU,ML,rSEED,ANSWER}
GO TO 100

11 3 AN SVi Ef{ == ( B1/R X# *B 3) *EXP (B 2 %< (~L - 1 • I BB* Al OG (1 • - ANS In: til C1) ) )
100 ANSiER==ANSVER/981.

37
31' CONT IH UE

HE TU RN
EN lJ
SUBRCUTINE 3ANNO{X,F,BM,ISEEQ
DIMtN5IJN 1(101) ,F(101) ,~LN(1)

C~ll GGUD(ISEED,1,RLN(1»
J=2

21 IF(RLlI{1).~T.F(J» GO TO 22
Df=F (J) -f {J-1}
PI' =R L N (1 ) - F (J -1 )
DP=P F IDF
RN=X (J-1) +DP* (X (J) -x (J-1})
GO TO 25

22 J:::J+1
GO TO 21

25 CONTI NUB
RETURN
;:liD
S"BROUTINZ ACCEI.P~L,MU,BU,Bl,B2,83,B4,R,N,Al,I,U,ANSWEB,

*1$OUR ,ISErS)

:E ND
SUBgOUTINE SORT(JAN,ID)

THIS IS A BUBBLE SORTc

C

c

770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
823
829



IFLAG=Q
F!=F (A)
SIGNF~=SIGN(1. ,FA)
FB=F {8}

C********CHECK FOR SIGN CRANG~

IF(SIGNFA"i'FB.LE.G.) GO TO 5
IFLAG=3
\13ITE{6,6C1) A,B

601 FCRMA'I'(1X,'***F(X) IS OF SAME SIGN l"T THE 7'110 ENDPOINTS'
1, 3X, E 15. 7 , 3X , E 1 5 • 7)

RE'ftJBH
5 W"'A

FW=FA
D020 N=1,UTDL

C**~*****CHeCK FOR SUFFICIENrLY SMALL INTERVAL
IF(ABS(B-!) /2 •• LILXTDL) R~'rURN

C********CHECK POB SUFFICIENTLY SMAL~ FUNCTION VALUES
IF(ABS(FW) .G'f.FTOL) GO TO 9
A=W
B=W
IFL'\G=1
RETU Rti

9 T;/= (PA*S-fB*ll)1 (?.\-F3)
PRE1FW=SIGIT (1. ,FlY)
F ~=F (W)

C~*******CH~NGE TO N~W INTERV~L

IP (SIG~Fh*FW.LT.O.) GO TO 10
A=W
fA=F Ii
IP(FW~L'r.EVf\LGT.().) FB=fB/2.
GO 'tC 20

10 ~=W

FB=F W

830
831
832
833
834
835
836
837
833
839
840
841
842
843
844
845
846
847
848
849
850
851
852

. 853
854
855
856
857
858
859
860
861
862
863
86u
865
866
867
868
869
870
871
872
87'3
874
875
876
877
878
879
880
881
882
883
884
885
886
887
88'3
889

c
c
c
c

R E;\L JAN ( ID)
K=O

2 K=K+ 1
1 IF (K+1.GT.ID) eErUR~f

V=JAN (K+1)
N=K
I P (JMl (K) •LE • V) GO TO 2
11=1

4 IF(M.GT.N} GO TO 30
J= (M+ N) /2
GO TO 1:)

30 JA N (M) =V
GO TO 1

10 IF (V. LT. JAN(J)) GO ro 7
~=J + 1
GO TO ~

7 DO 2 () I =J , N
JAN(N-I+J+1}=JAN(N-I+J)

20 CONTINUE
N=J-1
GO TO 4
END
SUBROUTINE MRGPLS{F,A,B,XTOL,FTOl,flTCI,IFLAG}

~RGFLS oses THE MODIFIED REGULA FALSI METHOD IN
TaE SOLUTION OP NONLINEAR EQUATIONS

38



~Jan'L G~NEJATES STANDARD NCRMAl R\NDDM VARIABLES

LGNRM GEN8RATF.S LOGNORMALLY DISTRIBUTE~ ~ANLCM VARIABLES

DIr1ENSIJN' ZeN) ,X(330) ,PDF(330} ,::Df(330}
COM MeN H, E:! 0 ,rHST A0 , r , EETA, :3 E'r d 1, 1.5 EE: , C:\ L P H:\ , CBE'I A , R0 , Il WVi , U\~ M, Dw::

*, RlI, TH":TAC,AC:,A ~Q ,::iRA V, THETA ,lJBPTH, :n3N
R=1./SQRT f2.'l'3.14159}
DX::.025
X(1)==-4.
PDF(1) ==0.
CDP (1)=0.
r:o 1 0 I == 2, 3 20
;( (I) =fLO:\T (I-1P'DX-4.
PC F' ( I) =l{ -« EX!? (- ( X(T) *>,< 2) /2 • )

10 CGllTINUC;;

cnMMO~ H,HO,TH!I~O,T,BET~,R~TA1,ISB3J,CAL2HA,CEETA,RC,UWW,UWM,UWS

*,RU,THETAC,AC:,AEQ,GRAV,TH~T"UfPTH,XLEN

DIMENSION Z (N)
SDepS=BPSCV*2?S~

X3~R=~LOG(EPS~)-SDEPS**2/2.

SDX=SQRT (ALOG (r~I?SCV**2+1.))

C~LL MORM~L(M,Z)

D0100r=1,N
5~1 DUN =Z (I)
ZU)=SNDRN*SDX+IBAR
7; (T) =~IP {i (I) }

11)0 CONTI }We
RSTUR ~l

E"ID
SUEROUTINE NORMAt{N,Z)

39

SI~P PERFORMS NUMERICAL INTEGRATION BY SIMPSON! ROLE

IF (A.EQ.B) GO TO 10
H={B-l) /FL:JaT{N)
80n=8/2.
5=0.
HA LP= F (A +HCV':21
N~ 1=N- 1
DO 2 I::1,tiM1
X=A+FLO~T(I) -*H
5=5+1" (X)

2 HAL F==HAL F +F' (X +ROV2)
S=(H /6 • ).. (F (1\) +4 • * lH.L F +2. * S +F { E} }
RBTUR!:i

10 5=0.00
RE'1'URN
E.ND
SUE~WUTINE LGNRM {N ,EPSI1 ,EPSCV ,Z)

IF(FW*PP.EVFW'.GT.O.) F\=FA/2.
20 CONrr tWE

IFL.~G=2

~~IT;:: (6 ,620) NTOL
620 FORMAT('***NO CONVERGENCE IN',I5,'ITERATIONS')

Re;TUBN
EN D
SUBaCOTINE SI~P(F,A,B,N,S)

c

c

c

c...-

890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908
909
910
911
912
913
914
915
<316
917
918
919
920
921
c}22
923
924
925
926
927
928
929
930
931
932
933
934
935
g 36
937
938
93 J
940
9q1
942
943
944
<)45
g46
947
948
94'3
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THIS SUBRO UTINE PROVIDE S A (JUADRATIC MAG NITUDE -FFEQ RELATIC.~l

LN (NM)=A+B#M+C*I1**2
WHERE A,B,C, ARE REGIONAL CONSTAN!S
AND NM IS THE # OF EQ'S EXCEEDING MAGNITUDE M

950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
99U
999

1000
1 C01
1002
1003
1001+
1005
1006
1007
1008
1009

C

c

C

C

DO 2,) J=3, 320,2
CDP (J) =CDF (J-2) + (PDF (J-2) t[+*PDI- (J-1) tPI:F (J)) *D1:/3.

:2 () CO NT IN UE
11=1
UO 30 K=1,32C,2
CDr (II) =COF (K)
PDF(lI) =PDF(K)
X (II) =x (K)
11=11+1

30 CONTINUE
CALL GGUB{lSEED,N,Z)
DO 40 IJ=1,N
URV=Z (IJ)
ID=SE.1RCH (COF,1,160,UHV)
Z ( IJ) -= x ( I D) ... (X (I D+ 1) - x (I D) ) * (u;] v-C DF (! D) ) I leD F (I D+1

'1') -CDf (ID) )
40 CaNT P1U:;;

Rr;TURN
END
FONe: TI m! SEA Ref{ (A, IEOT, ITor, B)

SEARCH SCANS AN ARRAY FOR TEE POSITION NUMBER OF
THE AURAY ELEMENT DIRE:TLY BELOw A DESIRED NUMBER

DIMENSION A(ITOP)
1.=1 B CT'
~l=ITOP

10 CONTINUE
T!" (L • GT • ~) GO TO 20
I F (B. GE. l\ .1 ~») GO r 0 6 0
K= (L +11) /2
IF(B.::;E.A(K).AND.E.LT.A(K+1}) GO 1'0 4D
IF(S-A(K)) 30,40,50

30 C:ONTI~UE

I1=K- 1
GO TC 10

50 CONTINUE
l=K+ 1
GO TO 10

20 CONTINUE
K=O
GO TC 40

60 K=iI!
40 CONTINUE

SEAIl CR=K
RETURN
END

SUBROUTINE NYACC(B1,B2,E3,R,M1,MO,ISEED,ANSiER)
REAL ~ 1, M()

THESE VALUES ARE FOR NY STATE
9=0.203
c=-O.182
CON=B*{l'l 1-MC-, +C*tt11*M1-MO*MO)
CON=1/(1-EXP(CON})

40



1010
1011
1012
1013
1014
1015
1016
1017

rD OF FIL E

CALL GGUB(ISS~D,1,R1n)

CONS r=-B"" ~0-C~< MO* ~O-ALOG (1. -PNr/Cmi)
CO~ST=-U.r*C~CO~~T

A. == B*<: . + C CHSr
M=(- B- SQ R T PI,) ) / ( 2~:)
ANSwCR=B1*~XP{B2*M)/R**B3

RBTUR~

END

Reproduced from
best available copy.
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