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SECTION I

In coniunct ion with the redesign of  sedimentat ion pond rrArr of  the Bear

Cr.eek Canyon Mine si te,  v?r ious in place and laboratory soi l  tests were

performed. Using the parameters obtained from these tests,  s lope stabi l i ty

analyses were performed to conf i rm the stabi l i ty of  the 2H: lV inter ior s lope

and to determine a stable angle for the exter ior s lope.



SECTION I I

CONSTRUCTION

On September 29, 1983, I  v is i ted the si te in conjunct ion with

Wendel l  Owens of the Co-Op Mining Company and reviewed in detai l  the

provis ions taken at the si te dur ing construct ion. I  a lso reviewed with

Mr. Owen the constnuct ion procedu res which enabled me to determine how the

embankment was constructed to i ts present s lope.



SECTION I I I

MATERIAL TEST IT. IC

Whi le  a t  the s i te ,  us ing a  Trox ler  341 1  B nuc lear  dens i ty  gauge,  I

determined the in-place densi ty of  the embankment mater ial .  I  a lso obtained

nnoisture densi ty samples and samples of  the embankment mater ial ,  which I

returned to the lab for addi t ional  test ing. The resul ts of  these in-place

determinat ions indicate that the average in-place densi ty of  the mater ial  var ied

from 89$ to 94t of the laboratory obtained T-99 standard proctor.

I submitted a sample of the embankment material to Chen and Associates,

a consult ing soi l  and foundat ion engineering f i rm, to determine the relat ionship

of the loading to the shear stress, and to determine the internal  cohesion.

These results are included in the Appendix. The material g radation results

are also included in the Appendix.  The gradat ion resul ts indicate that the

material is free draining confirming the on site tests.



SECTION IV

OCCURRENCE OF  CROUND WATER

The resul ts of  the gradat ion analysis indicate that the mater ial  is f ree

draining. This was further observed at the si te through reviewing the

exist ing mater ial  in place and performing percolat ion tests in the embankment.

Because of the geology of the mine plan area the embankment is not effected

by Eround water,  but for purposes of anatysis the soi t  was assumed saturated

by the water occasional ly held in the pond. This assumed extent of  saturat ion

provides for conservative results.



SECT ION V

FACTOR OF SAFETY

A computer model was constructed to analyze the stabi l i ty of  the

embankment and the fol lowing condit ions were assumed.

I . The soil below the maximum water elevation on the interior slope to

the toe of  the exter ior s lope (soi t  #2) was assumed saturat ed.f

2 .  In -p lace so i l  dens i ty  o f  l  lB  pounds per  cub ic  foot  . t '

3.  2H: lV angles were used for both inter ior and exter ior s lopes.r '

A computer s imulat ion was then appl ied to this s i tuat ion to determine

var ious fa i lu re  p lanes.  TherrMethod o f  S l icesr t is  the bas is  for  the modi f ied

Bishop method computer program. Various fai lure planes were invest igated to

determine a minimum factor of safety. The resutts of these computer runs and

a copy of the computer l is t ing is at tached in the Appendix.  The resul ts of

these . computer simulations indicate that the minimum factor of safety with a

.  I  g earthquake loading is 3.  I  for  the inter ior s lope and 2.8 for the exter ior

sfope at the point  of  maximum length.



SECTION V I

CONCLUS I  ON S

In conclusion the sedimentation pond rtArt embankment as now existing is:

l .

2.

3 .

4 .

Free dra in ing.

No water was encountered in test holes dug in embankments.

No movement of the embankment has been detected.

The computer s imu lat ion on fai lure planes indicates that the

factor of  safety is at  least 2.8 with a .  I  g earthquake loading

for 2H: lV slopes for both the inter ior and exter ior of  the

ennban kment.
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4
5
6
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t 6
l 1
t 2

X-ORD
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I  s l o g r e  s r a b i  I  i t y  F r . o g r a r l
B  i  s l rop '  r f i€ t  horJ .  

-

*  SLOPE '

u t f  l i z i n g  r h e  s i r n ; r l i f i e d  o r  , m o d i f i e d

Tlre prof l ra ' t f i  uas un i  t  t  en by Jol rn P.  cross,  p.  E.  ,  proc ess i  ng l ' lanagero f  s r s  c o n s u l  t a n t s ,  N o r l h b n o o k ,  r  r  I  i n o i  s .  T h i  s  p r o g F e r n  q r a s  p r i n t e d  i n  t h eO c t o b e r  l g B Z  i s s u e  o f  . C I V I L  E H C I H E E R I H f : . .

T h i s  v e r r i o n  u a 3  c o p i e d  f n o m  ' c I v I L  E H G I H € E R I H G .  a n d  e d i t . e d  f o r  s h eHeu l€g t -Peckard  9845  des i ( - top  .o ip , r t " "  by  Hopocks  Eng ineers  in  l {a rchl9g3'  The fornat  fon the input  ina the output  uas changed f ron theor ig ina l  v€ r3 ion ,  houever ,  ghe  pFogram i t se i f  i . ras  nog  changed .

HORROCKS ENGIHEERS
OHE I{ESr il8ITI STREET
RHERICRH FORK, UTRH 83003
TELEPHoHE (80r  >7s6-?628

OPT ION BfISE I
OVERLfiP
P R I H T E R  I S  t 6
P R I N T  " S L O P E  S T R B I L T T Y  R N R L Y S I S . .
D I H  P ( 3 e  r Z )  r ! ! 5 6 r  3 ) ,  S 2 ( 5 r  4 ) ,  f i ( 5 0 )  r  F ( 5 0 r  7 ) ,  Z ( S g , 4 ) ,  H f  C B B t ,  S b i  r f  ( O :  I  )  t g tIHTEGER Logo(? )
S b i  t f (  I  ) = x  H O "
S b i  t $ ( 0 ) - " y E S .
5 9 = t g
J6=O
O U T P U T  5 ;  " R "
E H T E R  S i t l r D r T i m e f
I la t  e f  =VRL$i l ' l )  &. / .&VRL3 ( I l  )  &. /gg. .
PR T }ITER .I S g

t l l I I , , ,  L I H ( 4 ) ,  T H B ( 8 € - L E H ( D a r e $ )  )  ;  D e s e f  ,  L I H ( 8 )  ;
999qI Losb !  pRrNr HgFBggKg_ENcTNEERs/ LocoPRINr LIN(s)  '  r f iB(z8)  '  'SLf iFE STf ,Ef  t lT? 

' f iHn[TEi$. ,  
Lrx(a] ,  r f iB(3s)  I  . ron ' ,  Lrp(a

a  

t l

**f IHPUT OF PRoGRfiI ' I  vftRIFBLEs i**

7 g  I N P U T  . E H T € R  T H E  D R T R  F I L E  H g f i E " r F i  t e f79  TNPUT 'ENTER THE PROJECi -XUHEER" ,EN*
8 2  I H P U T  . E H T E R  T H E  u s E R , s  I N I T I f i L s ; ,  U s * " t1 8 6  L I H K  F i l e $ ] S 6 g O  ' Y - i ' v

:$  99  READ H$
I  9  I  p R  I N T  T f i B ( 4 9 - L E H ( H $ )  / 2 ,  i l H t1 9 5  P R I N T  L I H ( 3 6 )  '  T l t ! 3 s )  '  ' i R r R  F I L E :  ' & c H R r ( g 4 ) & F i  I  e f & c H R r ( 9 4 ) ,  L I H (  t  )2 g g  p R I N T  

M ! 2 5 ) ,  " p R o J E C i  H U ' B E R :  i t  p n i ,  t - t H c  t  le O t  P R I H T  T f i B ( 3 2 ) ;  " b y :  . a U s e i l
2 8 3  P R T H T E R  I S  1 6
2T6 REf tB  S8
2 l l  IF  SO=0 THEH ZZO
?39 RERD 56
259  RERD S?
27g REfiD ],IO
298 RERD EI
3 I g  R E F N  P T
3 I 1  P R I N T E R  T S  1 6
3  1  5  P R I N T  - P O I N T  X - O R D  Y . O R D  A  .
3 2 9  F O R  [ = t  T O  p t
3 3 1  P R I N T  S p r t ( t ) , I ;

4 2
. { 4
4 6
4 8
56
52
5 4
56
58
6A
62
64
56
68
78
72
7 4
) ;



sx,z( i r , .? ,?y. i
P ( I r l ) r P ( I r l , -

U s I N G  3 3 2 ; P ( I ,  I  ) r P ( I r 2 )

I # i

T O S O I L EEHERTH "

' & g H R f ( 2 1 0 ) & . SRTURRT I  OH'

CIRCIE D E F I H I T I O N

c0lrEs I oH

RRDIUS OF THE FRIL SURFRCS FORHhT Xr.y ,

I IHE EHII  POIHTS *r r

( U l = P t  ) THEN

TOP .LTNE]  EF |D.  POIh ITS ' ;

f t *  I IEF INE IHTERSECTION OF CTRCLE I . I ITH L IHES * * *

F O R  [ - t  T O  L l
X 1 - P ( L ( I ,  t ) , l )
Y l = P ( L ( I ,  t ) r Z )
X 2 - P ( L (  I  . 2 ) , l >
Y Z I P ( L (  I  , 2 ,  t Z ,
IF X2=Xt THEH 969
GOTO 97s
S=9.  ggE t  O
T F  X z ( > X t  T H E N  9 9 O
G O T O  r o 8 g
S = ( Y Z - Y L l r  ( X Z - X t  )
I F  R B S ( S ) < t . g E - s  r H E i r  l t S g

e9g
9ga
9r0
92s
93A
949
959
968
9 ? 8
9 8 6
9 9 6
I  Bgg



l u l u
! ,3eE'  
1 g 3 g
I  g { g

I  g 5 g

I  g 6 g

|  87s
t  080
t898
t tgs
1 t  to
t  t ? g
t  l 3 g
t t 4 g
I  1 5 6
t t 6 0
t  tTs
t  180
t t 90
tzgg
t2ta
t220
t ?30
t248'1a58

r26s
t27g
r e8g
-t29s
t  3s0
1 3 1 0
t32s
I  339
I  3 4 8
I  35s
I  366
I  378
I  38e
I  390
I  4 A 0
t  * ta
t'429

'  ' t  
4 3 8

t44g
t  450
t468

t l l = . t l - ' ( l l g
t 2 .  t . ' 9 , - ! +  |
C 3 = 2 r C  I  / S - A * X / S _ e * y
C 4 = C  l ^ 2 - 2 * X * C  I  + X ^ Z + y ^ A - R ^ Z
C 5 = C 3 ^ 2 - 4  * C Z * C 4
I F  C 5 ( 6  T H E N  I g g g
G0TO tggg
Z ( l r t ) - 0
I F  C s ( O  T H E N  1 6 3 0
0  t  - ( - c3+s0R(  c5 )  |  r  (2 *E2 l
O2-  ( -C3-SOR(CS >  >  /  <Z*C2}
Q3=8 I  /S+C I
Q4=0.2/S+C I
60T0 r24g
C5=R^2- (y -y l  ) ^z
I F  C s ( O  T H E H  t t S O
GOTo I  190
Z ( l  r  l  ) - 6
IF  Cs(O THEH t63g
03-X+SAR ( CS )
O{-X'SOR (CS }
O 1 - Y l
OZ=Y t
J t = 6
J2=8
I F  ( 8 8 S ( S ) ( = 9 . 9 9 8 9 )
GOTO L29g
J l = [
I F  ( R B S ( S ) ( . 9 . g 9 E 9 )
GOTO 1326
J2= I
I F  ( s < - 9 . 9 g E 9 )  8 N D
GoTO t  35e .
J l - 1
IF  - (g ( -g .  ggE9)  f fHD
GOTO I  380

fiNIt (  03( =X2 ) THEN t ZBg

Rt l t t  (Q+t( -12) '  THEN

.THEH T34O

THEH T37A

t
f
l
I

, f
t

f
t
I
I

R N D  ( 0 3 ) = X 1  )

R.ND (04}'cXt )

(Q l  )=YZ) "  RHI I

( Q 2 ) = Y Z )

1qr6

J 2 * 1
t F  ( s > g .  g g E g )
G O T O  1 4 1 6
J l - t
I F .  ( S > 9 , 9 9 E g )
GOTO l {49. . ' -  . . .

f iNI t  (81)cYl  )  RHD (Ot<=yZ) THEtf  t4gg

(82)=Yt  )  RND 1 430

Jzt I
Z ( l r l ) c J l # J z
I F ' J l + t  T H E H
GOTo 1480

l 4 7 g  Z ( l  , 2 )  - 0 S  .
1 4 8 6  I F  J l - t  T H E H  t s g g
1 4 9 8  G O T o  t s t o '
1 5 0 0  2 ( l  r  3 ) - 0 1
1 5 t O  I F  ( J t - B )  R H I |  ( J 2 = t )  T H E N  t 5 g 6
1 5 2 6  G O T O  r 5 4 o
l 5 3 O  Z < I  r  2 ) - 0 4
1 5 4 0  I F  ( J t = 8 )  R H D  ( J Z - t )  T H E N  t S 6 0
1 5 5 0  G O T O  t s ? o
1 5 6 8  Z ( I r 3 ) = e 2
1578  IF  (J t - t  )  f iH I f  ( J? ,c t  )  THEH tS96
I  580  GOTO l60a
t 5 9 e  Z ( I r 4 ) - 0 4
1 6 9 0  I F  ( J l - t )  R N D  ( J ? - t )  T H E H  t 6 ? : g
t 6 t g  c o r o  1 6 3 8
1628 Z(  I  ,  3)  -OZ
1 636 NEXT I
t 6 4 A  X 4 = 0
I  6 5 9  X 5 = 9 .  9 9 E 2 0
I 6 6 9  I t = l
l 6 7 E  F O R  I = t  T 0  L t

t47g



-
t F  Z r :  I r t ) . } = t  T H r H  l r g u
Gf lT0 I  7 l  r i r
t l ( I l ) = 2 ( I r g )
I F  Z ( l r l ) ) = I  T H E I I  l 7 3 g
6 0 T 0  r ? 4 9
I l = I l + t
I F  Z ( 1 ,  l ) = 2  T H E N  t 7 6 g
GOTO r77g
f f ( I 1 ) - Z ( I r 4 )
I F  Z l l r t ) = 2  T H E H  t 7 9 g
GOTO 1800
I l s I l + 1

Tsgg HEXT I
l E l g  I F  I l - l  T H E H  t 8 3 A
1820 GOTO 1840
I83g  PRTHT 'CTRCLE DOES NOT TNTERSECT SLOPE'
l g 4 0  I F  l t r t  T H E H  4 3 8 0

TI*  SET UP SLICE RRRf iY *T*

1 8 6 6  F O R  [ - 1  T O  [ l - l
t 8 7 s  r F  R ( I ) X { 4  T H E N  1 8 9 0'  1880 GOTo tgas
1898  X4=R(  I  )
I9gg IF f i (  I  ) (X5 THEH L92g
l 9 l 8  G O T O  1 9 3 0
l92g XS-R( I )
I  936 HEXT I
t 9 4 g  F O R ' t = l  T O  P l
t 9 5 g  I F  ( P ( I r l ) ( x 4 )  R H D  ( P ( I r 1 ) > x 5 )  T H E H  t 9 ? g
1 9 6 6  G O T O  t 9 8 g
l 9 7 g  R { I t ) - P ( I ,  l )
1 9 8 0  I F  ( P (  I  '  1 ) ( x 4 )  f i N D  ' ( P (  I  '  I  )  > x 5 )  T H E N  I a g g
t99g ::GOTO zgtg
2 g g g  I  t - I  t + 1
z g L g  N E X T  I
2829  I  1= [  t - l
2938  FOR I - t  T0  I t
2g4g  FOR J - l  TO I  I  - l
zgsg  . ' IF  f i ( J+ t ) )R(J )  THEH 2698

. '  2g6g  .  J t  =R(J+  I  )
2 g 7 g  R ( J + 1 ) = R ( J )
zgeg R(J) . rJ l
2A9g HEXT J
zLgg HEXT T
2 l t g  U l . = 8
? t ? g  F O R  [ - l  T O  l t - t
2 T 3 g  I F  R ( I } < R ( T + t )  T H E N  2 T 5 O
2 t 4 g  c o T o  2 1 6 0
2 1 5 6  U l - U l + t
2 1 6 0  I F  R ( I ) < R ( t + t )  T H E N  2 r 8 g
2 t7s  GOTO 2 t9s
2 l 8 g  R ( U l  ) - f t (  I  )
2T9g HEXT T
2 2 g g  U l - U l + t
22tg f i (Ul  ) - f f (  I  t  )
2229 I  l=Ul

T * T  t r E F I N E  S L I C E  E O U H D R R I E S  * T *

2 2 4 9  O 1 = R ( I l ) - R ( l )
2258 G2 =r l  t  /Sg
? 2 8 1 3  L l l = I t

I d.:38
161?r l
t  ?6tl
1 7  t g
l7?tj
t73g
t 7 4 8
t73g
t76g
t77g
t78g
t79g

7:.
I

' g
l
t
i

' r

f:
+*
3t
j

f
l

t
b
3

F'.
..
i
I

,.



'"'"!q1","r:t '-"FFR '''l gt "tilr U I - I I
Z ? E E  r t 3 = R ( t + t ) - f r ( t )

-  2 2 9 &  O 4 = I l { T ( O 3 z G r A } + l
238fi  C I =rt3z04
? 3 1 t 3  C ? = R ( I )
? 3 ? 8  F O R  J =  I  T O  B 4
2338  t  F  J (  04  THEI {  235g
2349 coTo 236A
2 3 5 0  t t * t t + t
?368 IF J(O4 THEH 2380
237s GOTo e39o
2 3 8 4  f i ( I t ) = C e + C l
2390 IF J(04 THEN 24t8
24AA GoTO 2429
24lg CZ-CZ+CI
2429  HEXT.J
2430 HEITT T
2449  FOR l r l  TO t t
2419  fOR J - l  TO t l - t
246A tF  R(J+ I )>R(J )  THEN 2586
2 4 7 9  J l - R ( J + 1  I
2 4 8 9  R ( J + t  ) - R ( J )
249A f i ( J ) rJ t
ASBO NEXT J

.  2 5 I O  N E X T  I

* * *  I }EFINE SOIL  PRRRT. IETERS FOR ERCH SLTCE ** *

2 S 3 g  F l - I l - t  i
2 S 4 A  F O R  I = l  , T O . F l
2 5 5 9  F (  I ,  { } r n (  t + t  ) - f t (  I  )
2 5 6 6  X E = F ( I , 4 l
2 s 7 e  F ( t r Z ) - ( R ( I + t ) + R ( t t t r z
2584  , .X3=F( . I ;  ? )
2 5 9 0  

' Y t = Y - S 6 B c e ^ e - ( f i (  
I  ) - x  > ^ 2 >

26aa  y2=y-SOR(R^Z- in (  I+1  >_X i^a )
2 6 t g  R S - R T H ( R B S ( Y ? - Y  t t  r F  (  I ,  4 )  )
2628. tF Ya(Yt THEN 264s
2638 GOT.O 265,s
264A f iTr:RS-:.

. ' 2650  , . .F . (  I ;a f  : f i s
2669 I F 

'RS-O 
THEII 2689

2679 GOTO 269s
2 6 8 9  F ( I r Z ) - l . O E - s
2699 y3-y-SoR ( Rf A- ( t(g-X i  ^a r
2 7 O g  I 4 - 0
2 ? l g  F O R  J . t  T O  L l
2720 LS=L(J,  t  )
2 7 3 8  L 6 - L ( J ,  A )
2 7 4 a  

I I  
( P ( L s r  2 ) ( - y 3 )  R H D  ( p ( L E r  2 ) ( - y 3 )  T H E H  e B 4 0275s  

I I  
(p (Ls ,  I  ) (X3)  f iHD (p (L6 ,  i  r<x3)  THEH 284s2769  I f  (P (LS ' ' I  )  >N3)  RHI I  (p (L6 ,  t  l  >xs )  THEN zg4g2 7 7 9  y 6 - p ( L 5 r 2 ) + 6 p ( L 5 e 2 ) _ p ( L 6 r e l l t < p ( L s r l ) _ p ( L 6 r 1 ) ) * ( x 3 _ p ( L 5 ,

27eg IF y6(ry3 THEH Zb+g
2 7 9 9  I 4 - I { + t
2 8 g g  Z ( 1 4 ,  l ) - y 6
2 8 t g  Z ( t 4 1  2 ) = l ( J , 3 )
2828 lf -O
2e38 E=g
284A HEXT J
2856  IF  I4 - l  T | {EN Zg?g
286g  FOR J= t  TO 14
7 e 7 g  F O R  J t - t  T O  I 4 - l
2 8 A 9 .  I F  Z ( J t  ,  t t | = Z ( J l + t ,  I  )  T H E I {  a g S Ee 8 9 e  L S = Z ( J 1 ,  t  )

t ) )



'J'r 
r:r i:r

?:{ I €l
,  ?- lZE

t 9  3 g
2 9 4  F
793A
2969
297s
298s
2999
Sssg
3 6 1 6
3928
3g3g
3g4s
3CI59
3866
3A.79
3s86
3699
3 1 0 8
3 1  l 6
3 l  ? 0
3 t 3 s
3 1 4 s
3 t 5 g
3 t 6 9
3r?s
3 1 8 6
3r9g
32ga
32to
3228
3221
3239
324g-
325s

/
l-

L i . = i i . - t l r i , ,
f ( , r l r l ! = E { . r l + l . l }
Z ( . r l  r ? l = Z ( J l + l r ? )
Z ( J l + 1 , l ) = L S
Z ( J l + l r e ) = L 6

I . IEXT J T
I.IEXT J
I 4 c l 4 + l
Z ( I 4 r  l ) , c Y 3
F O R  J l = l  T O  I 4 - t

IF  (  I c l  )  RNI '  ( J r - l  )  f iHD (x3 )=s6)  THEH ggeg
GOTO 3030
I  6=SO-y t
I F  (  I = F t  )  R N I I  ( J t = t  )  R H D  ' ( X 3 ) - S 6 )  a N I t  ( x g ( = s z ) .  T H E N  g g s o
GOTO 3869
J6-S6-yZ
l . l - 1 . 1 + ( z ( J l  r  I  ) - Z ( J 1 + l  r  t  )  ) * x 6 * s 2 ( z ( J l ,  2 ) ,  I  )
IF  <z<J  l ,  t  )<sg)  f iH I r  ( l t 3 )=s6)  f tN I t  ( xg ( :s? )  THEN g69a
G O T O  S t g g
l . l - l . l+(SO-Z(Jt ,  I  )  ) * t15s146
I F  S 2 ( Z ( J I ,  2 t  r  4 )  > . 9 5  T H E H  g t a g
G o T o  3 1 3 0
E 4 = S 2 ( Z ( J t r A ) ,  l )
I F  S e ( z ( J l r 2 r r 4 ) < . 9 5  T H E N  3 1 s C I
G 0 T o  3 1 6 0
E 4 = S 2  < Z < J t , Z ) ,  t  ) - H 0
E - E + ( Z ( J 1 ,  I  ) - Z ( J l + t  r  I  )  ) * 1 5 ; 6 4

NEXT J I
F ( I , 1 ) = l . f
F ( I r S ) = E
F (  I , 3 ) - S Z ( Z (  I  4 - !  r ? l  , 2 )
F (  [ , 6 ] . Z * P I * ( S 2 ( Z (  I 4 - 1 ,  Z )  r i > / g 6 A ]

HEXT I
HORHffL
IF F9=O THEN gg68
PRINT USING 3258 ;  CHRf  <?LA)
I I ' IHGE ' sL IcE  l ' lE IGHT INcL INRTIoH coHEsIoN HI I I .TH EFF I tE IGHT .R

x x
SZAg o-360t<2*Pt>
3296 FOR t-r To Ft
3300  PRTNT US f f l c  3g2O; . I rF ( I r t ) rF ( I rA ) ro rF ( t r g ) rF ( I r { ) rF : ( I r g ) rF ( I rG ) fo rF ( l rZ )

.""212 *riylr sr, ren.r,zir. ir, rz6,ai. i , i{ i , , i lzn,ir. i ' ' . .  " -. --.-

3350 PRII |T '
3360  D-9 .
3361 PRI|TER rS O
337q FOR lrr  TO Ft
1199  l t - t t +F ( t , . 1 ) *S tN (nBS(F ( I , ?>>>*<F< t .Z> .RES(F ( t , 2 ) ) )
1g?g . ._ t , r l r+El*F(J1r ) rcs516351icr ,e> i i  

- - , - -  
.  e3489 HEXT T

3418 tF t6>g THEN 3{30
3420 GoTo 3440
3.138 ITr l {Ort6*t6r(R-t6/3)/(2rR)
3{40 tF t5)O THEN 3a6e
3450 GOTO 3{70
3{60 DrD-SGN(tr) i  r  z
?4lg lF ( I6>0t RNB (F9.r)  THEI|  3i{9o
3480 coTo 3519
91?0 PRil{r usrNc 3sseir?
?q69 t f iRGE..sp;" tHc r6nce couNTER BaLaNcE oF. , toD.2r !35lO tF J6>s TH€tt  3530
3520 coTo 3540
3530 I  7i l {0fJ5*J6* <R-J6.3> /  <2*R,
35{0 tF J6>6 THEN 3S6e
3556 GOrO 3570
3366  l r -D+SGI { (D t * I z
3578  lF  ( J6>S)  f rND (Fg - l )  IHEH 3596



i,59r1 FF: t t.t T r.t$ I l.tr: .JF;rilJ; 
r I

S€'r-ru I trtrrjE " f iR I ir I l .r; FIJF;CE I l.fcF;Efi:_iE rl,F.,, t r3tr. !t l

***  TTERf iTIUE SOLLITI t ] I . I  F, ]R Ff iCTCIR CIF S| iFETY ** f

3620  Fg=  I
3639  R4=6
3548  I5=6
3 6 5 9  F O R  I = t  T O  F l
3 6 6 0  R t = F (  I , 3 ) * F (  

I r l l + F (  t  1 s ) * 1 6 1 . 1 ( F (  I , 6 )  )3 6 7 9  R 2 = l / C 0 S ( f i B S ( F (  I  , Z r r i
3 6 8 9  R 3 - t + T 8 H ( F ( I r 6 ) ) i r a H ( F ( I  

t ? , t t / | F g3690  R{ -R4+Rt  * (R?r931
3706 NEXT I
37lg FZ=R4ID
3 ? 2 9  I 6 - I 6 + t
3739  IF  F9- l  THEH g?S0
3740 GoTO 3820
3750  tF  IE= l  THEH g??g
3766 GOTO 3809
3779 FR I Ff T. 3 7 8 8  

P R I N T  U S T H G  3 ? 9 8
3 7 9 9  I t l f i G E  ' I T E R R T l g I . l  

1 t x ,  
.  T N I T I R L .  r  t 6 x ,  . C R L C U L R T E I I '

3e6a pRIHT us rHG 38 ls ;  iG ,  ia r i z
38 to  t t { f tGE 3 I r  3D,  1SX,  in .  + t ,  i z i r  3D.4D
3829  IF  15>19  THEH 3840
3830 G0TO 3858
3848  PRTHT - ] , I ILL  HOT CLOSE'
385A IF  t5>r8  THEN 3g7s
3 8 6 8  I F  R B S ( f r B S ( F 0 ) - R D S ( F z ) ) < . 6 0 5  T H E H  3 9 6 03870  F0=RBS(Fa)
3880  R4-8
3e90 coTo 3650
3980  t
39OT IF  HOT F9  THEH
3992 PRTHT€R IS  T6
3e03 ELSE
3 9 9 4  P R I N T E R  I S  8
3905 EHII I  F

.  .39 ta  qRIRr
3929
3938
3948
395s
3 9 5  I

PRIHT USIHG 3930  iF2 tN ,  Y ,  R
I I ' IRGE 'F f i c roR  0F  snFg iv i  " r sD .a l l r "  RT  f i r  , r 4 l l r "  f=  . r {D ,  ,  f t =  , j 4D
P R I H T  U S I H G  3 9 5 6 ; E f  

' - - - - - '  " -  ' - u '  1 ' r
I I IRGE '€RRTHQUBKE* . ,  AI l .  ZI I
TF  F9  THEH 4380

3 9 6 9  P R  I H T
3 9 6 1  R f s . ,
3979 INPUT 'Do YOu l ' l l sH R FoRHf iL  pRINTour  ( I /H) ' ,  Rr3994  IF  UpC$(R f t  t ,  I  !  )= "H ,  THEH 43Ag399 I  PRINTER IS  A
4ggg If iRGE G.l. l f iTER U$lI T l . l€IGHT.-, 3I l .  t I |4CI40 PR I  HT US I  HG 4838;  ] . f  6
4A4T TF 56  THEH
4 6 5 0  P R  I N T
4060 I I {RGE 'suBl{ERGEHcE 

RT .gD.  z l t ,  .  FR0r, l4 8 7 0  P R I N T  U S T H G  . 4 6 6 6 i  5 6 ,  s 6 ,  i t
497 I  END IF
{ O 8 B  P R I H T
4g9g
{ t ag
4 t  l 0
4128 .

P R I N T  ,  P C I I N T  X - O R D
I f ' IRCE 4 I t ,  ?D .  ZD r?D.  Z I t
F O R  I = t  T O  p t

P R T T { r  U S T H G

Y - O R D '

4 t 3 g  l { E x T  I
4 t 4 F  P R t | f r

4 t € o i  l  r P (  I ,  t  ) r  P (  t  r  e )

" 3 I 1 .  

l D r , TO " f  3 0 .  l L
\



.t | €r:r I |.tf i ,;E 4 (gtf )
. -  . t 1 7 8  F O R  t = l  T 0  L l

4 l8S FR I  r {T US I  t { r l
4 t 98 r. tExT r
4288 PR I r.t T
4? tg  PR I  l . t r  "  sB  I  L
E D "
4229 I I{RGE 3It,  t  5D,
4238  FOR I= t  TO S t
4249 PR I HT US T ]{C

I
" + i ' 5 r r " ' p F . : ' I l , t l  " . ,  L l n E v  L E F T F : l t l l { T  : : . r J I L . .

{ t 6 B i  I  r L {  I ,  I  } r L {  I  r  ! } , L { I  r  g i

U } I I T  I . I E I G H T CTIHES IOt{ ' € . c H R $ ( 3 1 € ) & "
SIITLIRFT

l ? D ,  g n r T N t S R

4 2 2 9 ;  I ,  5 2 (  I ,  t  ) ,  s a  ( t  r 2 ) ,  S ? (  I , 3 ) ,  S b i  r , t ( s 2 (  I , 4 )  )4256 NENT I
4269  PRIHT
4279  PRIHT
428s IHRGE
4299 PRIHT
4 3 9 8  P R I N T
4 3 1 0  P R I H T
{ 3 1  t  R g = ' .

,  C t RCLE ,(-ORD Y-ORII
lz l t .  I l ,  7 I l .  l l ,  ?D.  I l ,  g l l .  2D
UsIHG 4289i  x ,  Y,  R,  Fe

Rf iDIUS FRCTOR OF SRFETY"

1328 IHPUT 'Do yOu HISH f i  I t I f iGHosrIc RUN (y, /H).  r  Rr1349 IF UPC$(f i t t  l ,  t  !  )o,H, THEI{ 4glg 
' ;

{350 Fg= t
4 3 7 9 ^  I F  U P C f ( g f t t ,  t l ) < ) " H .
. [37 ]  R* - ,  r

.  43eg t NPUT 'I to You HRNT TO
4 4 A g  I F  U P C $ ( R s t t r  t  i ) < > . H .
4 4 8 I  D I S P ' F I H I S H E D  I '

THEH 7?.9

c o N T I H U E  ( Y z H ) " r R f
THEH 6g.g

44tg sToP
1I?9 Loso:PL0TTER rs  t3 ,  .GRf ipHrcs*
4538 GRffPHTCS
{ 5 4 6  s c R L E  0 , 5 5 9 , 8 , 4 5 4
4559 LORG 2
4569  FOR [=6  TO s
4 5 7 9  L o g o ( l  ) = : Z l ? S
4 5 8 6  L o g o ( Z ) - - 4 3 5 2
4599  .  R-4S4-  I
4 6 A g ' G L O R I I  L o g o ( * ) r 0 r R
4 5 1 8  H E X T  I
4628. FOR I -6 TO I 4
4 6 3 0  L o g o (  I  ) - - Z l  l S
4649  Logo(2 ) - -4332
{650  R=fS4-  I

;1999 ; 6LbnD Loso6*) r 6, R
4570 NEXT I
4 5 8 6  F O R  I - t S  T O . A t
4 6 9 0  L o g o ( l ) = - 2 l Z S
4 7 g g  L o g o ( Z )  = - 4 3 5 2
4 7  l g  R = 4 S 4 -  I
1 7 2 9  G L O A D  L o g o ( * ) r g r R
,t730 NEXT I
4 7 4 A  C S I Z E  t 5 , r 4 .  5 4 ,  g l l s
4750  HOVE 27 ,49 'A
4 7 6 6  L R B E L ' I { O R R O C K S "
477A f iovE 27  ,437
4 7 9 6  C S I Z E  l 5 / 4 . 5 4 ,  g / 1 5
4799  LRBEL 'ENGIHEiRS '
4866 I lUt ' tP 6RRPHICS 43gr  454
48 T O GCLERR
4829 EXIT  GRf iPHICS
4839  RETURN



]E :OMPUTING BASICS

Slope stability proErarn

JOHN P. CROSS, P.e, M. ASCE g (C 4 X * FI tan f) rcc O
Oata Ptocessltg l'/lanagsr I + tan { tun O
ProiadEngire€r: E_
STS Csrst tantr [: 

P r 
-F

l.lorttrbroofrrfl.= 
. 

E. W sin g

' 
,it,.'...... Whcrc C is thc cohcsion, O ir thc fric.

. . 
? ' ii:;t. tion rnglc and thc rummation occurl' 

Foe NATUTAL oiirian-madc rlopcs, thc ovcr iaih rlicc of thc faiturc zone. As
inicr of rtebiliti irith rcspcct to l rud- thc factor oi a"i"ty, F. oocuo on both
dcn failure ir lurorrln'er thc rafcty factor. ridcs'of thc cquaiion.- An intcractivc
9f$re:lop*_T!,iqf9t1h9tor nlay \ rolution whcrs'F it initi"lty cstimatad
dcfiird' er thc'.ntio- of the poitntiel end thcn back rubatitutcd until thc cal-
rcsisting fiorg to-thc driyc forcci tcnd- cutatcd F end cstimetcd F eloce within
ing to ceurc moy.cqrcnt. A rlopc on thc i r*an; tolcrancc.
vcrgc of feiture ritltild havc a nfcty fac- Th. oqu.tion can bc modified to hen-
torof 1.0. Tlrc ihtlyft of slopc stability dlc two aACitional aonditions by adding
is, thcrcforc, thb' enelytical- proccdurt . additional factors 

'to 
thc tcrrn dcfininf

of dctcrrninin{'.i[rc mist criiical, i.c.. thc.driving forcc. T-hcsc two conditions
thc lorrcrt. factor'.of safcty of givcn or lrc rtanding pools, i.c.. submcrgcncc of
p-rfp-oscd stopcli;,. : - - - i l,ottion oF ib. sLp., .nd carfhquakc

Manucl'mctho$1'of rlopc stability loiding. For submogtnc", ttrc wcight
enallnir ' wcrg i{.gyctopul prior to thl of watfi acring abovc-trrc iiicc is addcd
advcnt' of.-tti6jSl'ectronic computcr.' . to thc wcight-of thc clicc itrclf. Thc. Tfcsc eep-iq$.:FoTtiod in high an.i- ' io,"i iri;i;;.i;" it ir"r""rcd. oi dc-

. ysis ggtF and iirlprvitivc slopc config-' ."...,.i.'.:;,.:I;:';.: , ,- 
'. 

.

.Thc forccl ecting on each.rliec arr
Illuctratcd lg Figurc l. rvhcrc AX'ir thc.
width of thc.sticc, W is the wcight of
thc rlicc. T ir ttic forcc ecting aloig thc
failurc rurfacc et 'thc bottom of thc
dicc; F[ is thc clT*tivc forcc ecting nor-
melly to 3hc baic of thc dicc end O is
thc inctinetion b[ ttrc failurc surfecc or
dicc basa Thc factor of rafcty is i.,
dcfincd as:

0360-0556/82/00 t040? | / $o l.oo

ererscd by thc wcight of wetcr abovc or
bclos thc cxit of thc feilurc rurfece
fmm thc qlopc. Thc scoond condition of
carthquakc loading can bc handled by
incrcasing thc driving forcc calculetcd
for cach. slicc by EWwO, whcrc E is
thc carthquakc loading factor. Similar-
ly thc rcsisting forci is dccrcascrt by a
decrcasc in thc normal forcc due to thc
carthquakc loading. 

'. 
.

Following thc calculation of thc safe-
ty factor for this.arcr thc ccntcr or
radius of thc are is r;odificd to gcncratc
a ncw failure cdrfacc.. Thc prcvioudy
mcntioncd proednrc is edain followcd
with a ncq fa.gtgl gli{".,y t'.ns dj!;..r;

j,.:; 
i...iii::.,, ,. 

. : . .ii , .. :_.. tDrr !,pfo.crr|r r.trjutsrly.lftyg 5t9F c/olurR- .. j: .. .- ... :;..,.::,:., 
t

. iriationi.rncpciiijit:catcutiiions lcndcd . "'- '' e'-'.'-"

ffffiffi
:; :Til:';r,npirqi$'; ;t : modificd Bishopl
rncthod ir reasi4irbly aocurate for rnoct

. pulpqscs *hcrjjfii riop" undcr analysir
qn.be.a$dmcil td.fail elong e ciicularc*n .6.apgdmclftri.faii etong a ciicrrlar
failuii. ipr.fa*E fhgJ"ctor of safcty is'.Ccfiqod,:Fr.'{.!hc;;iiiitio, 

of thc icsirtins i
, Jnorflcllli .:tg id.qiving moments arpund
,. tho-g9nici..of t!!.f.ailge trc. Initially, i, ;.
crdss'liptibh''di:rth-c' slopc' is' dri*n .:

fqilill1g. nit $i+F rnd pitzomciriEi
rurflccs;'A ccnicr.point ir thcn choscn
igi,p w{ict in.lfp.it iekcn th'rough shq

5
6

. f

I

5' ' : ' . .  6
O .  " 4

7 : . '  3

October

Fquc t. Failro zorn b ffi hto {tces: fu;e,
sctltg tpn r rhc *s l*r/cd,'
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t 'f itlcFA|l vAt{tAFt€s arr

l a r h r D  r a l . l r . . O
I Ol0 l. a::. 4. I raf ., la.l(l
l  ror l  a l t . r  . f  lovf i  r f , .cr t  r  ra  : : . f : : . . t
I  t  l O  0 3 . t  . C . l - g ( l F a C ? l  t / l 3 . C 3 l
l l : O  O l . O l / S r C l
I t t O  O . t O : l r S t C l
l r . o  G o  t o  t f . o
I  I S O  C i r r t ' ? - l  f - Y t  t - :
t l 6 0  l F  c g ( o  r x E , |  t r a o
t t 7 0  G o  t o  t t e o
l l C O  t ( l o l l r O
ltto If c'(o t|r€ra t3to
t2OO Ol.I0SOe(C3r'
l2lO Olrl-3gitg3,

no $rFn€rcfr.c€t .l

c ',..
: l l :O ' .Ol . t t  - . . :  : t  

' . :  
- .  ' ' ;

;! 3lli.?S:I r -''i I :i+.",:'.:'';,
il;l:ii:i:#H#i;
::lf. irlt ( I | (rf r l?801
ItO 1ro.., r 1j o l..t \-S,afi

t clo.: Ce. t r3?lr t i lii.-
roto G;t-t.Cr?3-ttl
to.o'c.tt-t:2rlrc
tOtO.ct.Ct-tlrtc:t
rolo'*lt. ct<o.'tl*r... :a \  'Y tv*47  l ' -

r j . { l c to '90  lO
,, ".-.:riL*lr'tri .: ..:i:i..;

rnincd. Thir cntire scqucncc ic rcpcatcd
until thc feilurc surfacc for tha mini-
rnum factor of safcty ic dctcrmincd.

Thc program includcd in this erticlc
follows thc nmc gcncral proccdurc er
prcviously dc6ncd. Thc progrem crn bc
brokcn down into nine rcgmcntr. Lincr
100-6!0 -ar_c input routincr for thc cntry
of dita dcfining thc crosr-ccction. tinci
610-7lO dcfinc rhc ciiclc rher will gcn-

72 Civit Engineeri,ng-ASCE October

crttc thi .failurc.rurfae.. lincl ZZO g gO
pcrform'i icrificatiort ifrat thc failure
rrc falls fully within thc cro'ss-rcction
end lincs 88&1E40 dcfiric rhc intcmcc-
tion poinr bctwccn ttrc linc scgmcntl
rnd thc failurc arc. The dicc erray is
sct up bctwccn linc lt50 and 2220.
with dicc boundarics defincd in lince
2210-25tO. Lincs 2520-3600 includc
thc dcfinition of rhc soil paramctcru for

r982

..cach slie end the ectual itcrativc solo-
tion for-. thc factgr of 

'rafcty 
occurs

bctwccn lincr 3610 and 3950. Thc
. remaindcr of thc program ir thc formal
output of thc rcsults.

Thc progrem includcr e diagnoctic
print.out whcrc ell thc rlicc paramctcrs
can bc displaycd fgr.any givcn failurc
rurfecc, Ar 'currcntly configurcd thc
program can handlc modcls including

f r '  ? .T3
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3 t t o  f f  . { l r < A l l } t t  t } € r f  3 t 5 0
l l a o  s O  I o  l l a o  

J t r O  P e t n t  O r O :  U S t f r G  J . l J O i f  ( l r r t t . O r F l l r l l
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.  . l? l 5 O  U t ' U l r l

3r.o rF .t tr<.(r0rr rH€r. :roo i i i l  #i?t,  
ro' t t t  r3o'3o

arto Go to t t?o ' 
tttc ?itrft 

"{ot3!;3 il l iT^(tr' ' ; i.. ' ' ..::.r ' ' ' .. : ' i.. i:-r..r., -. '.:.: '," i i i:3;! ,-; ,....",..:'.::?:$#::l' ""'..ffi 
l$fiffi;fi;:Iffi

t,' . ::', 1113 .?l:ll:" t t l, ...;.,' . .i: r ;._.'i.rf
: ;i:'i :3i3 ffi:]lru#i$$' .if .'i t4to ol-or/l
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sct ;lt lO, but can bc clurngcrl hy rrrod- l: igurc 2shorvsx typicil l Grrlss-sccti 'rr

ifying thc valtrc of 59 nt l inc | 50 antl and thc inprrt Fitrxrnctcrs rcquirc(l r( '
changingthcdimcnsioningofarr lysA. dcf inc t l rc  cross-$cct ion f i r r  thc pro-
tr and Z. gram. Thc snmplc crccution in thc bor

A cross-scction is dr:twn of thc sloSn shows thc typical input sccprcocc lld
showing all soil stratr and pier-onrctris output formats. This rcsult is not ncccs-
surfrc6. Each intcrscct Point bctwccn rarily thb minimum f:rctor of safcty for
lincs on thc cross-section is numbcrcd, this dopc, but thc factor of safety for
with the constraint that all points along thc spccificd failurs surfacc. Additional
rhc top linc must bc numbcrcd consccu- runs should be madc uring difrcrcnt
tively from lcfr.'td:iieht initiating with ccntcff and radii until thtminimum
point l. Points trcncath thc top linc may factor of safcty is locatcd.
bcnumbcrcdinajribrdcr.Thcscpointt Thc prognm precntcd hcrc is thc

. lre thcn dcfincd .ivith X and Y coordi- nuclcus from whicb slEtcm rpacific cn-

. nrtcs (thc cntir.'E.otot"aion drust fetl hanccments rhoutd be madc. Thcsc cn-
hinccmcnts arc not includcd in tbirvcr-

. Uncs arc thenlpccificd by essigning sion for thc purposc of minimieing thc
. linc numbcr fgr..c1ch linc occurring rizc of thc program prcscntcd. Perticu-' 
bctwccn twoend ipint". Th"* tincr arc larly valuibla cnhinccmcntr includc
dcfincdbyatcfipoint.aiightpointand thc ability to cdit intcracrivc$,.ravc.

; thc numbcr of ;[Ct-soil typc occurring input on e disc or tapc end pciforrn rI bcncath thc lini.iVirtical iin.t or. nol seerch for thc minirnum factorof saf:ty
. altowcd and should bc modclcd by off- without manually ind,utting c.rch circl-cj,sctting'thc 

X*!:oirdin"t. of oni cnd dcfinition:- Additionat bihanccmeirts'
point by i smait iinount,'i.c- Ol. Pi- ooutd inciudc ptotting capabilitics and

.czomctric surfaccs-within thc crois-scc- morc dctailcd diagnostlc fcaturcs. '' 'tion arc triatcd;ii*qy othcr soil strata ' . 
'A'eimputcrizc,I 

oaio"iion of slopc' 'intcrfacq 
with 

'satuiitcd 
soil bcncath ' rtabiliSy should ricver takc placc epart

j  - - r l  . . - - - ' . . . - - .^ , i t ; i . : r . - r *^ .h rL^ t : - -  - - -  t * -  - .a- - l - r^  - . . -1 . . - r !^ -  ^r  . r^  -  - --i. and unsaturatcd'i6il'above thc line scg-. from a:aomptctc cvaluation of ttrc ico-
.-:.:,.T"nt. Soii'typciiiic.dcnncd bf spcci-. .physicat.borididbns involvcd.likcriisc,
llfyinga {ritrwcilh.ffitrcsion, phi angtc , . ihe rcsufq :{,put{. always bc iubjcctcd
;i:iirid hit iirdicati'dr-f,.of whcthcr the soil is ' to cvaluiltiriiilinii.iiitcrpretatior baserl
iti.trt"tfpa.:'i.jt',*ipj{- :. 
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