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4( i .  {10
49"  (10

5f, " (l(J
5 7 ,  O 0
59. {lr:r
6f , ,  O{)
87 .  (10

1 O O .  t l O
87.  IJ IJ

1(J(J. (J(J

61 . rl(:r
86 .  Oc '

l rJO . rle
6 1 .  ( : ) O

Y-FI I6I .{T
( F T  )

3?. t l t l
5r l .  r l ( l
5() .  O(: t
5 i .  O{J
5 i .  Ot l
5I .  ( l ( l
52 .  O( l
40 " rJ(:i
40. t l { )
f,8. {J(j
f,8. (:)(J

50. {_'t(l
f,7. t-tt l
.17. lrrl
5(:). (Jrl

SOIL TYF 'E
BELOT^I END

{
I

I
I

:
:
'"

4
4
4
a

3
?
1
I
1

I
?
3
4
5
A

7
B
I

1 0
1 1
1 ?
t ?
I . j l

1 4
1 5



f 'SOTROFIC SDIL  FAr { r iF lETERs<

4 TYF,E (S}  OF

S O I L  T O T A L
T Y F E  U N I T  I d T .

N O .  ( F C F )

t  B 5 . O
? l?f , .  ( l
.3 7{1. rl
4  I  15 .  t - r

S O I L

SATURATED
U N I T  b I T .

/  F r r -  \\ r L r u

1 0 1  .  ( J
1 4 O .  t l
1 r l f l .  o
1?5.  t - t

cor-.lEsInt1
INTERCEF,T

( F . S F )

i3(:r .  O
::Irl " 

(j
t {1u(J. (l

" ( )

F R I C T I O N
AI'.IGLE
( I]EG )

f , 1 .  n
f , f , . ,J
i r l .  o
^ e  , ' r

+ r J .  t - ,

F.ORE
PRESSURE

FARAT' lETER

. rjo
r t_, t-,

.o0

. {Jo

F,FESSURE
CONSTANT

( F S F  }

. r l
r l-J

r t-f

. { )

F I E Z O M E T R I C
SURFACE

N O .

I

{
{
I

I



Q 
r prEzor"r tsTRrc suRFFrcErs) HA./E FEE'!  r iF,EcIFrED

Ut'l I TIAIE I GH-f OF: trlATEF.: = 5 : .  4 { l

P I E Z O M H T R I C

F O I N T
N O .

1
2

sUF{FACE NO.

X-hIATEE
( F T )

67.  O( l
1(l(J. rl(--t

1  s P E I I F I E D  B Y

Y-t^fATER
{ F T )

50.  t lo
5(l " (lf

?  COORDI I ' IATE FOINTS

A HORIZONTAL EARTHaUA} , : .E  L0ADIN6 coEFFICIENT
OF .Q8( - )  HAS E{EEN ASSIGpED

A VERTICAL EARTI . {T IUAI {E LOADI I {6  COEFFICIENT
OF . ( : )O(J  HAS FEEN ASSIGNED

CAVITA ' | -  ION FRESSURE = .0  F ,SF

Y



\  CRITICAL FAILURE SURFACE SEARCI- { INIG I ' ]ETHi lD,  USIT{G A RAI {DOH
rEcHNIauE FBR GEI ' IERATING c IRCuLr - lR  suF lFA{ :ES,  HAS BEEru  sFECIFIED,

1O(] TRIAL SURFACES HAVE E{EEFI GET{EF:ATED.

1I-1 SUF':FACEs INITIATE FROI,I  EACH OF
ALONG THE GFOUND SURFACE BETWEEN

AND

EACH SURFACE TERI' I I  NATES BETIAJEEN
AND

UNLESS FURTHER LI I ' I ITATINNS b IERE
AT bJHICH A SUFiFACE EXTENI}s  I5

5 . t ] t . I  FT.  L I I \ IE  SEGI" IENTS DEFINE

1' ]  FOINTS EQL-IALLY sF'ACED
f ,  =  S . O t l  F T -
f, = :{1. i:tr l F T.

f ,  =  4Q.O(_ - i  FT "
f ,  =  70. ( : )o  FT.

I I '|POSED , THE t'lI l ',1 I f{Ur"t ELEVAT I Ott
\, = 1rl . rjr-r FT .

EACH TRI I IL  FAILUT{E SURFACE.



-NLLOWII {G 
ARE SISF,L f iYED TFIE THhI  I -1OST CRIT iCAI . .

TI-.IEY ARE NRDERED
N F  T H E  T R I A L

-  I1O5T CRITI t rALTAILURE SURFAf ,ES EXAT' i IFJED.
F  I R S T .

SAFETY FACTORS TiRE CALCULATED BY

F A I L U R E  S U R F A C E  S F E C I F I E D  E Y  1 ?

T} . IE  HNDIFIED BISHBF I ' IETI - IDD.

CNNRDI | {ATE FNIT, ITS

F O I i l T
Nf i .

FO IT.IT
N O .

r /  f l  l r r -
/ \ _ ; J ( J N T

( F T )

1 5 .  t ) O
1 9 , ? 5
:t4, B( l
? 9 . S f ,
f ,4.  { i8
? n  n 4.JCf, r .1.-d

a ' ]  q r

4 6 .  3 1
4 9 . 8 0
5 ? . g f ,
5 5 . 6 9
5 7 . 9 ( : i

1 . 7 5 ?  * * x

X_SURF
{ F T )

| b . 6 7
? 1 . 5 2
: 6 .  5 1
f ,1 ,  f ,3
s6. f . l3
4CI .  58
4 4 .  9 S
49.  ? f ,
5 . l .  ra
57.  r lg
6 0 . 6 6
67: ' .99
6 5 .  f , 1

1 . 7 9 6  x * . *

Y-5URF
( F T )

I t
r t l :  !  t_r l_,

l -  - =
d'-.! r / .J

n =
4:.J . 7 ,L

T q  q A

e7.  t r :
i o .  11
T -.J.d 

"  
7aJ

f ,6.  2f ,
1 9 .  S 2
4 f , .  7 1
4 7 . A A
5?. { j r j

Y-5UFF
(FT)

- ?  h t
. t . J . a t

? 4 .  5 6
? 5 . 5 9
? 6 , 9 7
i 8 . 5 8
3 0 . 7 2
3 3 . 0 7
f,s.  7f ,
f ,B"  6g
4 1 ,  ? 1
A  E  , 1 , _ r- f J .  - f r - ,

4 9 .  1 3
5 0 .  8 4

1

?
._1

+
5
6
7
I
9

1 (:)

1 t
t ?

**r+

FAILURE SURFACE SPEt r IF IED EY l f , CNORDII\ IATE FOIt{TS

I
?
a

4
5
h
7
a
q

1r l
1 1
1 ?
{ ?
I . Ja

* * *



\ F A I L U R E  S U R F A C E  S F ' E C I F I E D  F Y  l f ,  C O O R D I I . { A T E  F ' O I N T S

F O I N T
N O .

1
?
?..:|
4
e
SJ

6
7
s
9

1 $
1 1
t ?
l - T

.*;,+.1+

X-SURF
( F T )

1 5 .  O ( ]
1 ? .  9 8
? 4 .  ? 8
? 9 .  9 1
= , 4 . 7 $
3 9 . ? 7
4 3 . 5 6
4 7 . 4 9
51 .  O( ]
54. t - tS
5 6 .  5 7
5 8 . 5 5
5 9 .  5 4

1 .  B ? 3  x * x

Y_5IJRF
( F T )

? : .  t jo
? 1 . 5 9
3 1 .  B 0
n -  t =
4d:.  Cf, . j '

34.  t l7
?6 .  {19
: 8 .  6 7
3 I . 7 6
f,s.  f ,1
f , 9 . : B
4 f , . 5 ?
4 8 . 1 9
5?. O{:)

1
:
.?

4
5
6
7
I
9

1( ]
1 1
1 3
1f,
1 4

X-5URF
( F T )

L b . 6 7
? r . 6 7
? 6 . 6 5
3 1 . 6 ( ]
f , 6 . 4 6
4 1 .  ? 3
45. E}4
5(J. ?8
5 4 .  5 3
5 8 . 5 6
6?.  f ,3
65.  g f ,
6? ,  t l l
6 9 .  4 8

1" 864 *.*.-x

Y_5URF
( F T )

3f, ,  87
? 3 . 8 3
2 4 .  1 9
? 4 .  9 4
2 6 .  1 { t
2 7 . 6 4
2 9  . 3 6
3 1 .  8 4
4 4 . 4 7
3 7  . 4 4
4 | o . 7 7
4 4 . ? 9
4 S . 1 f ,
4 4 . 7 6

Q ^TLURE Ej ,RFACE =FECIFIED Ery 14 cooRDrr . , rATE For . ' r=

F O I N T
N O .



o\  FAIL IJRE SUF:FACE SFECIFIED E{Y 14  nooHDI I , { / {1 -E F .OIF ITS

F N  I N T
N O .

AILUFTE SURFACE S F E C I F I E D  B Y  1 f ,  C O O R D I I { A T E  F O I N T S

1
?
3
4
rJ

6
7
I
I

1'1
1 1
1 :
1 . j
1 4

F O I N T
N O .

X-5URF
( F T )

15.  t l t l
t 9  " 7 7
14.  4 ( l
?9, (1f ,
f , f , . 6 ?
3 8 .  1 5
4 3 . 6 5
4 7 . t ) B
5 1 . 4 6
5 5 ,  7 ?
6 0 .  0 5
6 4 .  ? 5
6 8 . . 5 8
6 8 . 6 7

1 . 8 6 8  * x +

X_SURF
(FT  )

1 5 .  O t l
1 9 . 6 4
? 4 .  ? :
? 8 . 7 5
3f , . : f ,
3 7  . 6 4
4?.0{ : )
4 6 . 3 A
5r : ) .50
5 4 .  6 5
F n  a =.JCf . / .-:,

u 1 . t L

6 5 .  1 A

1 . S76 i**+*

Y_SURF
( F T }

2:. {Jt-t

? i . 6 6
l F  . t -
JaLJ  !  - t i

:7. f , i : i
? ? .  

" 9- {.-] L . .:,trt

f , T . 5 8
. 1 5 . 8 9
f,8. f,r:i
4 { ) .  B?
4f , .4 f ,
4 6 .  1 5
4 A . 9 6
4 ? .  1 7

Y-5IJRF
( F T )

??. or l
? f , . 8 8
- E  n a
4gJ r C.f, /

? 7  . 9 A
3 ' ] . 3 1
? n  e ,.J.d, r J r:l

3 5 .  O ?
3 7 .  5 9
4 0 . 2 7
4.1. t )7
4 5 .  ? 5
4 4 . 9 7
5 0 .  9 1

*.ttif

a
F

I
?
T
4
5
6
7
B
I

1 0
1 1
1 :
1 3



.-_
- a T A I L U R E  

S U R F A C E  S F E C I F I E D  F y  1 5  c o o R D I N F t r E  F i t r N T s

F O I N T
N O .

F,O INT
N B .

1
3
?
.J

4
q

6
7
g

9
1rl
1 t
1 ?
I . - }

1 4
1 5

{f,+f

FAILUF:E SURFACE SFECIFIED EY 15 COORDIFIAI 'E  FOI r {TS

I
?
3
..t

5
6
7
I
I

1 {J
1 1
1 ?
1f ,
L 4
1 5

X-5URF
( t : T )

15 .  O(1
1 9 . 9 5
3 4 . 9 4

" 9 .  
9 4

3 4 . 8 8
3 9 . 7 ?
4 4 . 4 2
4 8 .  ? 2
5 f , .  1 9
5 7 .  1 B
6{:) .  Bs
6 4 .  t 7
6 7 .  l r J
6 9 .  6 "
6 9 . 7 3

1 . 8 7 5  x * *

X_SURF
( F T )

1 3 . 3 3
1 8 .  

" 73 f , , 3 5
? 8 .  ? 6
3 3 . 3 :
3 8 . 0 ?
4?. Ef,
4 7 . 4 t i
3 L , 7 6
F E  - ,
. J .J .  t f  o

5 9 .  & 6
6 f , . 1 4
6 6 . 2 b
5 8 .  9 9
6 9 . 9 3

t .48f,  {r*{+

Y-5URF
( F T )

?t" {Jo
3 1 .  

" 9? 1 . 0 6
. ' l {  ? n
r t r  r . - j t t

? : .  1 r l
Tf, .  f ,4
i5 .  (J6
: 7 . 3 4

" 9 .  
8 4

i , . : .  u6

f ,6 .  ?5
f ,9 .  ?9
44.  r r4
4 8 . 3 5
4 8 .  6 3

.*

a
Y-SURF

(FT)

?? .  oo
4 : I  !  d : l

?r - r .9o
1 1 .  ( J 7
: 1 . 7 1
I t  n -
{ : 4 .  C J . j

? 4 .  4 1
: 6 . 4 4
3 8 .  A 9
f , 1 .  7 . 5
f,5. (:]o
f , s . 5 9
4 : . 5 ( : )
4 6 . . 5 9
4 8 . : f ,



< T A I L U R E  S U R F A C E  S F ' E C I F I E D  B Y  1 5  C O O R D I I . I A T E  F O I I I T S

F O I N T
N O .

F O I N T
N O .

FAILURE SURFACE S F E C I F I E D  F Y  1 4  C O O R I ] I N A T E  F , O I N T S

1
?
3
4
5
6
7
I
I

1 *
1 1
1 :
1f,
L 4
1 5
1 6

X-5UF:F
( F T i

1{_1 . (:)0
1 4 , 9 1
1 9 . 8 9
? 4 .  8 9
? 9 .  8 7
3 4 . 7 S
: lc) Eio

4 4 .  ? 6
48.  7 ;5
5 : .  9 8
5 6 .  9 6
6 U . 6 5
64. ( l ( l
5 7 .  O O
6?.  6 { l
b s . 7 6

1 . gB9 J+i*i+

X-SURF
( F T )

1 f , . 3 3
1 8 .  ? ?
2 f , . : 0
?8.3( : l
T ?  { 6. j . i .  r  l :

3 7 . 8 7
4?. f ,g
4 6 . 5 A
5(1. f ,B
e ?  a 4
J . : ' .  /  I

56.  5 f ,
E n  t f i
rJC. f .  . '  ?

5 ( 1 .  4 4
6 1 .  1 9

1.  gg-  i f r r *

Y_SURF
(FT}

i? .  u0
n { r-re
L I . r _ r J

? r 1 . 5 7
'lr-r r:ri
! \ _ .  r  L r L l

?o .  ??
?1 . cl()

t i " ? 6
?ri f\-f

27. f,r:)
l n  - =

5 3 . 9 5
f,6. f,4
4(:). (J4
44.  i )S
4 8 " f , 1
4 8 . 6 :

Y_SURF
( F T )

3 ? . 0 0
? Q . 9 4
? ( t . 5 3
? C t . 7 9
: 1 . 6 9
- ?  - ?
i-.-\ r i.-.

?5. f ,8
? 8 .  1 ( l
f , l .  f , 6
f ,5.  {JB
f , g .  ? 1
4 ; j . 6 7
44.  f ,?
5?. ( l { l

1
?
r.3

4
5
6
7
I
I

t (--i
1 1
1 2
1 3
1 4

Q*x*



. (J0

X

?6 " {j(l

itr

39.  0 ( l

F T

65. r l { l

.  OO +--- - - - - - -+-- - - - - i+-*+-- - - - - - - -+-- - - - - - - -+-- - - - - - - -+

1f, . 0rl 5I. r:irl

O 6  . 1 . . *

844

J** .*

A

1f, .  ( : !0 +

2 5 .  O D  +

3 9 ,  O O  +

5 ? . i l 0  +

5 5 , 0 { )  +

78. Otl  +

91 . ()O .{.

t  04. 0f-)  +

5

F

a
T

h,* * *



-_sLOFE STAE: IL ITY Af . ]ALY5I5__
SI I . IFL IF IEI }  JAI {EU I " IETI - IOD OF 5LICES

IRREGULAR FAILURE SURFAf ,ES

FRtrFLEI,I DEStrRIPTIOI!

BOUNDARY COoRDI t tATES

9 TNF EOUI{DARIES
1 5  T O T A L  E O U N D A R I E S

GEFl ldAL SED. FOND !
S A T U R A T E D !  S T A T I C

F U L L ,  S E C T I D N  A - A '
C O N D I T I O N

FOUi'IDARY
N O .

X_LEFT
(F-r  )

. (10
15 .  0 r l
4{1. orj
4'9. 0r)
Sf,. t lt l
57.  t l t l
59.  ( : )0

6I .  r l { j
87. (:)o
59 .  ( ]Q

8 7 .  O O
57. (l{-: i

6 1 . O 0
96. tjt-r
4 9 , 0 r l

Y-LEFT
(FT )

?? " 
(j( l

?:. rJi-)
50.  { lo
5t]. (l(J

5 : .  ( JO

53. t-tt-r
5 : .  r l 0
5:. {lt- l
4( i .  (J0

5 ? .  O u
3 8 ,  O O
5?. O()
5{1 . (:l(:t

f ,7. t : i tL

5(:).  ( j(J

X _ R  T  G H T
( F T )

1 5 . O 0
4{1. ( j ( l
O9. {rr)
5f , .  O(l
37 , C\(.-t
59 .  tJO
6 3 .  O Q
87. {J{:)

1{: , (1.  rJO
9 7 . 0 0

1(:xl, rJO
6 1 .  O ( 1
8&.  Ot l

1O(l  "  ( lO
51 .  Q(:)

Y _ R I G H T
( F T )

- -
rai .  , ._rr_,

5(_). {J(J
5(: i .  OO
5?. { l ( l
5: " {J(l
5 : .  ( lO
52. ( l ( l
4(J.  O(l
4tJ. t-lt:t
38 .  Or l
f ,B. O(J
5(:). (J0

37. ( l ( l
. 1 7 . 0 0
5O. rl(_)

S O i L  T Y F . E
BELNT^I Bf.ID

1
1
1
r

?

3
4
.'
4
.J

d
-'

1
t
1

1
T
3
4
ri

A

7
I
9

1 0
1 1
t :
1 5
1 4
1 5



! .soTRoFIC SOIL FARA|" IETEF":5

4  T Y F E  ( S )  O F

S O I L  T O T A L
TYFE UNIT l ^JT.

N O .  ( F C F )

1  E } 5 . 0
?  13 . : .  { l
f, 7(1. (l
4  1 1 5 .  e

S O I L

SATUF:ATED
U N  I T  I { T .

( F C F  )

1 0 1  .  ( l
1 4 0  "  ( )
1O{1. ( : )
1 : 5 .  c

COHES l  OFI
INTERCEPT

( P s F )

tf,(l " tJ
i30. ( : )

1or lu .  {J
. l- l

F R I C T I O N
ANGLE
( D E G )

f ,1 .  ( :1
.]f,. {l
: {1 .  0
45.  t l

F.trRE
FRESSURE

FARAPIETHR

.oo

. o(]

. rl(J
. (Jo

FRESSURE
CONSTANT

( F 5 F )

. ( l

. ( l

. 0

. t-1

F.I  EZOT,IETR I C
SURFACE

N O .

I
I
L

{
I

a
I



I  r  FIEZ'T{ETRr.  sr- iRFACE (s) HAVE FEEr. . r  *FECTFTED

UNITTJEIGHT OF bJATER = 5 : .  4 t l

FIEZnt {ETf t rc

F O I N T
t {n.

1
.::
f,
4.

SURFACE NO.

X-NATER
( F T  )

. (J(J
15.  ( l ( j
1 ? . 5 t 1
6 7 .  ( ) O

1 Q t i .  O { )

1  S F E C I F I E D  E Y

Y_WATER
( F T )

l?. (l(:)
??. r:rtl
27. t_rrl
5{1. (10
5r_r. tlt-r

5  CODRDIFIATE FOIT. ITS



I I j_ IRTTICAL FAILURE suF iFAf ,E  SEARCHTF. IE  T4ETHOD,  USING A RANDnH
T E C H N I O U E  F D R  G E I j E R A T I N G  C I R C U L A R  5 U R F f i C E S ,  H A s  B E E N  S F E C I F I E D .

1OI] TRIAL SURFACES I{AVE FEET! CEFIEFIATED.

10 SUF:FACEE INIT IATE FRf i I {  EACI {  OF
ALONG THE EROUND SURFACE EETbIEEN

AND

EACH SURFACE'TERPI INATES E{ET[ {EEI !
AND

HAUALLY SF,ACED
E1-

FT .

FT .
r T

I ' I IFI I f '1UI ' I  ELEVATION

1(l  P0I l . lTs
f ,  =  5 " O 0
f, = :(J. (J0

f, = 4(1. {)CI
f ,  = 70. { l ( )

UNLES$ FURTHER LI i | ITATICINS t r tERE I r , tF ,nSED,  THE
A T  N H I C H  A  S U R F A C E  E X T E N D S  I S  y  =  1 0 . { l ( r  F T .

5 .Ot ]  T -T .  L IT ' IE  SECPIENTS DEFINE EACH TRIAL FAILURE SURFACE.



l
f -nr-r-ni . r rNG ARE DIsFLAvED THE

FAILTJRE SIJRFACES EXAI' I I i \ IED.
F I R S T .

TEN i . .1OS-T CRITICAL
THEY ARE ORDERED

OF THE TI I IT \L
_  HN! ] - I  CF{ IT ICAL

SAFETY FACTORS ARE CALCULATED FY

F A I L U R E  S U R F A C E  S F E t r I F I E D  B Y  1 1

T H E  H O D I F i E D  B I S H O F ,  I " I E T H O D .

C0ORDINATE FnI t \ lTS

1

t
f,
4
q

6
7
a
9

t0
11

F O I f . t T
N D .

F O I N T
N O .

X-5UF{F
(FT )

1f, .  f , f ,
1 8 "  f , 1
: 3 .  ? ?
? 4 .  1 ?
: ? " 6 f ,
f , 6 . 6 8
4 0 .  1 4
4 ? , ? 1
4 4 .  A 8
46.  (J  1
4 6 . 3 1

1 .  1 8 9  * * *

X-5URF
( F T }

1 1 . 6 7
1 6 . 5 4
? 1 . 6 3
26.5r - - )
f , l .  1 ?
f , s . 3 5
39. t- tg
4 ? .  

" 14 4 . 6 7 ,
4 6 .  

" ?4 7 .  t - 1
4 7 .  t = ,

1 . : ( : ) 4  * * *

Y-5URF
( F T )

"2. 
( j r l

? 1 . 5 4

" 1 .  
? 8

: f , .  f ,Q

" 5 . 4 6?9. f ,9
.l?. iltl
f , 6 .  1 6
4 ( 1 . 7 5
4 5 . 6 :
5O. t)t-t

Y-5URF
( F T }

??.  o ( l
? 1 . 4 4
? 1 . 7 ?
- F r  - -
4i. . ta..i.

7 4 . 7  4
2 7  . 3 5
f ,o .  72
f,4.  6f ,
f ,9 .  (JQ

+. : ' .  /  i

4 8 .  6 5
5(1. ( lQ

o
* * *

F A I L U R E  s U F : F A C E  S F E C I F I E D  E Y  1 : D O O R D I N A T E  F . O I N T S

I
2
.
4
q

6
7
B
a

1.0
11
1?

ft**



OToTLURE suRFAcE sF,EcrFrED

I
:
T
4
5
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7 7  . 4 L
8 5 .  1 6
9 ? . s f ,
9 9 . 4 6

1  n 5 ,  ? :
1  1 { i .  8 5

:" 06( l  *+*.

Y-5URF
( F T )

1 6 .  8 A
1 6 .  4 4
1 5 .  6 9
1 7 . 6 4
1 9 .  ? 7

- {  6 nj . I . J O

? 4 .  5 6
?t r l  1 r r
? t  d a. i r : .  '+ . j

T ?  - t. : l  .  - r - /

4 ? . 6 9
4 4 . 6 4
F e  r  , - a
s r s J .  I  t - ,

E n  F . - ,
rJ C] r .J (_'

Y_5URF
( F T  }

1 8 . 3 7
1 8 .  1 1
1 8 . 6 5
1 9 .  9 ( J
?r .8s
t 4 .  4 8
? 7 . 7 9
? {  - A. : ' L .  ! . +

f , 6 . 3 1
4 t . 1 5
4 7 . 7 ?
F? ,1  -
E ...:t . '+ ?

59 .  i l 8
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1
?
3
4
5
6
7
B
I

1 (:)
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F,O I  NT
N O .

FO I T.IT
N 0 .

.l
I

?
3
4
5
b
7
B
9

1 *
1 1
1 :
1f,

X_SURF
( F T )

L 6 . 6 7
? 5 . 4 3
f ,4 .  39
4f, .  f ,B
5 ? .  = 8
6 0 . 9 :
6 ? . : C )
7 6 " 9 6
8 4 .  0 7
9{).  4f ,
s 3 , 9 4

1 r]{1.  49
1uf , .  f ,B

: . 0 6 8  * * +

Y-SURF
( F T  )

1 8 .  3 7
1 6 .  ? f ,
{ e  ? 4
r J r .j'l:.

{  €  e n
r  J .  J . +

1 6 . 9 1
1 9 " f , 8

' 1 t  6 =
i i . .  7 . - : l
' f ?  8 , "
i /  .  J r - ,

f,f, " {11
f,9.  f ,8
4 6 . 5 t 1
5 4 ,  1 6
6 1 ,  t l t l

*{rit

I
L

?
.l
4
5
6
7
I
I

1 ( ]
1 1
1 ?
1f ,

Q'orL 'RE * 'F:FACE *FECTFTED By 1f ,  i lnnR'r f . rATE F,n* . r r=

X-SUF:F
( F T  )

I 6 . 6 7
? 5 . 4 8
: 4 . 4 6
4 f , . 4 4
5 ? . : 8
6r l .  g?
6 4 . 9 ?
7 6 , 4 4
8f , .  ?4
8 9 , 3 :
9 4 . 7 7
98,  f ,o
99.  f ,?

: ,  (J6? +r+J+

Y-SURF
( F T i

t B , : 7
1 5 , 4 6
1 5 . 8 1
16.  f ,4
1 8 .  0 4
T O . 8 8
3 4 .  8 1
? s . 7 b
3 5 .  6 5
47.: .7
4 9 .  8 :
3 7 . A 7
5 1 .  O 0

*-tst*
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_ - s L O F E  S T A F I L I T Y  A N A L Y S I S _ _
SI I , IFL IF IED JAI , IFU HETHOD f IF  SL. ICES

IRREfrULAR FAILURE sUF:FACEs

FROFLEI,I DESCR i FT I OI,t

ECIL- l t {DAHY C1ORDI FIATES

GEi{t{AL sEr.
ut ' tsATURATED !

F'0ND . ' r  ULL .  SECT ION F-E
SEISM IC L :OI {DIT  INI , I

1 r l
:(l

TNF.  FOUNDARIES
TOTAL FOUNDARIES

EOUNDARY
N O .

X_LEFT
( F T  )

f , .  t i t l

1 9 .  t l O
i9. t lt-r
97 .  t JO

1 ( 1 1 .  r l { l
1r l f ,  .  0 f
1rJ7.  Or-)
1 f , 5 .  i JO
15?.  ( i i l

1 8 4 .  O Q
1 8 4 .  O { l
1B? .  r )0
1O3. ( - )O

1f ,5.  t ) t l
15=.  Ot : )
1 t J 1 .  O 0
1?7 . (:xl

1.14.  t l t l
15 : .  { } i J

?9. t:tt l

Y_LEFT
( F T )

1  4 .  { rO
19. ( l { : i
i7. {j(:}
51 .  r l r j
A 1 . tlt:i
61.  t i t - t
6 1 , t:itl
47 . rJ.3

47  . l i c t
6 1 . t-itl
6 1 .  { : } o
6 1 . {:}(l
61 .  O(:)
45. OrJ
45, t-t t- t

6 1 .  O O
47 . t)t-t
44 .  t lO
44. t- to
?7. t:itl

X_R I GHT
(FT)

1 ? .  O t )
?9 .  (10

97. rj{:t
1 0 1 .  O ( : !
1{if, " {)f i
107 "  + ( l
1 -15 .  t lO
153. r l ( ]
1 8 4 .  O 0
?(:ii l, 0{-J
18?.  r j ( l
1 9 1 . 0 { l
1f ,5.  {J{:)
15? . (l(J
1  8 9 .  Q O
1?7.  (J (J
1f,4 "  (Ju
l=f, .  ( l i - ]

191 .  Or:)
1 ? 7 . 0 u

Y _ R I G H T
(t=T )

1 9 .  O ( l
:7.  O(]
61  .  (10

61 '  O( l
61 .  t l t l
61  .  r l0
47 . |ot : l
47 . (7C,

61.  (J { )
68. C-)O
6 1 . 0 0
61 .  OC)
45. (l(:,

4 5 . 0 ( l
51  ,  Ot l
47 - t)t)
44, r : )O
44, (Jr l

6 1 .  ( : ) o
47. t7 ( )

S O I L  T Y F . E
BELOId BT.ID

1
r

d,

!

4
4
+
.+

1
4
3
=

3

-

1

{
I

{
I

1
?
f,
4
5
6
7
B
=t

1r l
1 1
1 ?
1f,
1 4
1 5
1 6
L 7
t 8
1 9
?(l



! t  sCITF:r iF,IC Sf i IL FARfiHTTEF{S\

4  T Y F E  i 5 )  O F

SOIL TCITAL
TYFE UI { IT  hJT.

N O .  ( F . C F )

I  B 5 . O
? 1?.1. t l
3 7(J. (-'l
4  1 1 5 . 1 1

S O I L

SATUFjATED
U N I T  W T .

( F C F )

1(: t1 "  
(J

1 4 ( ) .  0
1( l(1.  ( l
1 ? 5 .  0

cf i l jEsI CIt l
II 'ITE.RCEFT

( F S F }

?3t1. 1-1
?f,(1.  0

1(J()() . (l
. ( J

F R I C T I C I N
ANGLF.
( D E G )

f , 1 .  ( j

f,f,. (:)

? (1 .  0
4 F  , - i- t J .  r - ,

FNRE
FRESSTJIlE

F'ARAI"IETER

. (10

. (:)(l
. (J(J

. ()0

F'F:E55URE
CONSTAhIT

( F S F )

. (:!

. ( j

. ( )
. ( J

F I E Z O P I E T R I C
SURFACE
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I
I

{
{
I

1



Q) 
r  FrEzor"rET*rtr  * ,RFADE(s) HAVE EEEFr sFECrFrECI

UNITWEIGHT OF L^J*TER = 6 ? . 4 0

P I E Z O H E T R I C

F,O I T.IT
N O ,

I
2

A I {T ]RIZONTAL EAF{THOUA}T.E LOADING COEFFICIET{T
OF . t la { l  HAS EEEFI  ASSIGNED

A VEF:TICAL EARTHOUAI{E LOADI I . IG COEFFICIEI IT
OF . IJ I ]O I {A5 BEEN ASSIGNED

SURFACE NO.

X_h,ATER
( F T )

1 1  1  . ' ] 0
18r1" r)O

1  S F E C I F I E D  E Y

Y-t^JATER
( F T )

5 9 .  0 0
59.  t lO

.o  Fs t r

? CNNRDINATE F 'OINTs

CAVITAI ION FRESSURE =

a



.EARCH I I . IG
OF t^lHIf,Fl

EOUNDARY
N O .

1

RBLJ'I I NE l^lI LL
TI1E F IR.5T T

X * L E F T
( F T )

5S. t) t l

F E  L I I ' 1 I T [ D
L{OUT'. IDARIE5

Y-LEFT
{ F T  )

. r){:}

T0 AN F,REA nEFIl . lED FY
bII I-L DEFLECT SUIIFACES

l BCIUT,IDARIES
UF[.JAF:D

X_R I iJI IT
( F T  )

?0'J . (J(J

Y_F I  GHT
(FT  )

61 .  ( l t j



. \  CRITIf ,AL FAILURE :JUF:FACE SEARI]I- . I ING T'IETI-. IOD,
TECFINIf iUE FO[-{ GEI{EftATII . IB C]R{:ULAR SIJFII :ACE5,

1(]{ ]  TRIAL SUT1FACES HAVE BEEhI GEI{EFIATED.

10 SUITFf rCES INIT IATE FF:OT4 EACI{  NF
ALONG THE GROUNI] SUF{FACE FETUIEET,I

AND

EACH SURFACE TERHIFIATE5 BETWEEN
AND

UNLESS FUHTHER LI I ' I ITATTONS ITEF:E
AT UJI-. I ICI.{  A SURFACE EX'TEI.1D5 I5 Y

USI N6 A F:AT.]DOI'I
H A s  E E E I {  S F E C I F I E N .

EUUALLY SFACED
FT.
FT .

FT .
FT ,

1 Q

=
X
X

X
X

F O I N T S
1(1. 0(:)
.J(). O(l

9 5 .  O 0
1  1 5 .  O 0

I HF n$ED ? Tt.{b: t',1I N I HUpt ELEVAT I Ot\.|
F r f
J r ,  r - r r - ,  T  |  .

9.O( -1  FT.  L INE SEGI . IEFITS DEFINE EACFI -TRIAI . -  
FAI I -URE SUF:FACE.



! 'n l ln t { I f . tG ARE DISFLAYED THE- FAILUFIE SUFIFAf,ES E){AI.{II , ]ED.
F  IRST .

TEi',I I ' l i lST CRITICAI..-,T}..IEY 
ARE ORDERED

NF THE Tf t IAL
- I '11]5T CRITIf ,AL

SAF.ETY FACTT-]RS ARE CALCULATED FY

FAILURE SLJRFr : ICE SPECI I : IED E{Y 14

THE PIODIFIED B]SHOF,  I ,1ETHOD.

C O O R D I N A T E  F O I N T S

F O I N T
Ftn "

FO I T'IT
N O .

1
:
.l
4
5
6
7
B
q

1 0
1 1
1 2
l a
I . j

1 4

X-5URF
( F T )

1(: ! .  0( l
18 .  c t '7

7 7  . 9 7
f,6.  9; I
45 .  7F3
54.  4 ,5
6 I .  S 9
7 1  .  t l 0
7 4 , 7 4
86.  {13
9 3 . 8 f ,
99 .  t lB

t  0 4 .  7 ?
1 ( 1 7 "  5 "

1 . 5 5 7  J * + *

X-5URF
(FT)

1( : ) .  u0
14 .9 : l
?7 . c)3

f , 6 .  ??
4 : j "78
L ' A  A 1.J.t  r  \ t  /

6 " .  8 9
7(1 .  9u
7 e . 6 6
8 5 .  B 7
9 ? ,  5 4
9 8 , 6 ?

1 { ) 4 .  0 5
1 r i 6 . 6 7

1 . 5 5 7  * * *

Y_5URF
( F T )

1 6 .  1 9
1 5 .  4 r l
1 5 ,  4 ?
1 6 .  ? 4
1 7 . a 5
: o .  2 4
2f , .  40
? 7 .  ? 9
f , 1 . 8 ?
f , 7 .  1 5
4 . 1 . 0 6
4 ? " 5 4
riA rir::

6 ( ) . 7 4

Y-5URF
( F T )

1 6 .  1 9
1 5 .  : 1
1 5 .  t l 7
{ €  ? -
r . J .  / o

1 7 .  f , :
t ? .  & ?
3 : .  6 6
? 6 .  8 1
f , 1 . 5 { - ,
f ,6 "  e?
n 4  d a

4 9 . 5 7
5 6 .  7 5
6 l  .  r lo

F A I L U R E  S U R F A C E  S F E C I F I E D  E Y  1 4 C O O R D i N A T E  F O I N T S

1
2
f,
.t

q

6
7
s
a

1( l
{ {
I I

1 ?
1f ,
1 4
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\FAILUF:E SURFACE SFECIFIED FY T4 f ,ONRDI I . IATE F,NI I , ITs

F,0I f' lT
N 0 .

F0r f . lT
N O .

AILURE SURFACE S F E C I F I E D  E Y CNORDII. ' IATE FO IT.ITS

3
3
.*
5
6
7
s
9

t t_,

1 1
1 :
{ ?
.L .J

t 4

X-sURF
(FT  )

1 a  n a l

3 1 " ? 1
f,rl. ? 1
f , 9 .  1 6
4 t J .  O 1
3 / t , 7  L
65. i i : )
7 f , .  44
8 1 .  f , 8
8 8 . 9 6
9 6 .  1 5

1 ( J 3 . 9 t
1 0 9 .  1 7
1 1 1 . ? 9

L  , r j 7 1  * * J r

Y*5URF
( F T )

1 6 . 8 8
1 6 . 4 4
1 6 "  6 q
L 7 " 6 4
1 9 .  : 7
q {  e -
. { .  I .  J E

- d  e  l
i : . ' t .  LJCI

2 8 .  1 B
f ,2"  4 I
a 7 , 7 7
n -  i  h' + J : .  c f , ?

4 8 . 6 4
55.  J . ( l
5 8 .  5 0

Y-5UFIF
( F T  )

1 8 .  9 7
18. f , f ,
1 8 .  5 1
1 9 .  5 ?
? 1 .  f , 4
? 3 . 9 . s
r l t  . . : 6

3 1 . 5 u
36.= ,7
4 1 . 9 0
4 8 .  0 6
3 4 . 7 9
5 S .  4 3

a
F { ?

t . J

I
?
3
4
5
6
7
B
I

1{ l
t 1
1 ?
I ._1

X-5UFIF
( F T }

1 4 . 8 9
2 7 . A 7
f,6. A6
4 5 .  A 1
5 4 .  6 3
6 f , . : 3
7 L . 3 7
7 9 , 5 5
8 7 .  1 f ,
94 .  2 f ,

1 0 ( ) .  7 ?
I t ) 6 . 7  6
1  1 r ) .  1 5

t . 5 7 7  * { - *



Oro, LURH $uFFAf,E

POIFIT
N 0 .

it+{t

FO I I{T
N O .

S F , E C I F I E D  B Y  1 4 f ,OORDlT. IA-TE FOINTS

'l

?
.l
4
5
6
7
I
9

lrJ
1 1

13
t - t

t 4

X-5UITF
( F T  }

I 1 'a.a
. !  4 .  4 !

1 1 .  t l g
f ,o "  06
.19. tl.5
48 ,  t l  t
5 6 .  8 4
& 5 .  4 7
7 . : . 8 3
8 1 . 8 3
B ? . 4 4
q h . 3 7

1t i5 .  1 {5
1 r 1 9  "  1 7
1 1 4 . : O

t .sgt t+)F*

X-SURF
( F T )

1: .  r :
3 1 .  t 1
I O .  t 1
f ,g .  17
48.  t13
F 6 , 7 6
65. f , r l
7 3 .  6 I
8 1 . 6 f ,
8 9 .  T 4
9 e , . 6 7

1{)f , .  6()
1  1 ( ) .  r )?
t L 3 . 7 7

1 " 591 i+.]F+

Y*SURF
( F T )

1 6 .  B B
1 5 .  f , &
1 4 . 6 5
1 4 . 7 7
1 5 . 7 ?
1 7 . 4 8
? Q .  0 5
- T  ? 6
4.j, . ..j. 7

1 7 . 4 9
f , " .  f ,1
f ,7 .  BO
4 T. + . j r . - / l :

5 0 . 6 f ,
5 7 . 4 { l

Y*sURF
(F- r )

1 6 .  B B
1 6 .  4 f ,
1 6 .  6 5
1 7 , 5 f ,
1 9 .  t l g
? 1 , : g
? 4 .  1 ?
3 7 . 5 8
f , 1 . 6 5
3 5 .  f , 1
4 t  . 5 ?
4 7 . ? 6
€? e , - .
J . j r  r  i J (_ !

=7 .6 r

a
F AILUf tE  SURFACE S F E C I F I E D  E Y  1 4 C O O R D l I { A T E  F O I N T S

1
?
3
4
5
6
7
E
9

t 0
1 1
1 ?
l - :

t 4



o
F AILURE SURFACE SFECIFIED BY 1 f ,  CCIORDI I . , IATE FOI I , I -TS

PN IT.IT
N O .

X-SURF Y-SUF:F
( F T )  ( F T )

L 6 .  h 7  1 8 . : 7
? 3 . 6 7  1 8 ,  1 1
3 4 . 6 5  1 8 . 5 5
4 f , . 5 6  1 9 . 9 Q
5 ? . 3 5  ? 1 . 8 5
6 r ) .  ? 3  i 4 ,  4 A
6 9 .  f , 3  ? 7 . 7 9
7 7  . 4 1  3  L . 7 4
8 5 . 1 6  f , 6 . f , 1
9 2 . 5 f ,  4 1 . 4 9
t ? 9 . 4 h  4 7  . ? 7

1 ( J 5 ,  ? ?  5 f , . 4 ?
1  1 0 .  A 5  5 9 .  O A

1 . 5 8 f ,  n * *

1

2
f,
-}
F
rJ

6
7
I
I

1 0
1 1
1 ?
{ ?
I . j ,

I
?
3
4
5
6
7
E]
I

1(-J
1 t
1 2
1f,

X_SURF
( F T }

1 6 . 6 7
2 5 . 6 5
f , 4 . 6 5
4 f , . 5 6
g -
J L .  . _ 1 J

6( ] .  84
69. L14
7 6 . A b
8 4 .  3 1
9 1 . 0 4
q 7 . 2 ?

1{ )? .  S9
{  r-rF =ft
r r - r J . . J 7

t " 58f, r+*+

Y-5URF
( F T )

1 8 .  : Z
t7 .8 r - ,
1 6 . 1 ?
1 9 . 4 3
? 1 . 5 1
2 4 "  4 2
2 9 .  1 ?
= t . 5 8
3 7  " 7 6
4f , .  62
s r t ,  1 0
q 7  | r i

61 . (Jrl

OrorruRE suRFAf,E sFECrFrEn By 1f ,  cooF:nrr . rATE FDrr i r : i
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AILURI :  SURFf } ' :E  SFECIFIED FY 14 cnnnDIf{r t - rE FnIf , tTS

a
F

F.O I NT
Nn.

1
?
T

Eq

6
-

B
9

1 0
1 1
1 3
1f ,
1 4
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FO II'IT
N 0 .

X_5URF-
/ r - r \

1 ? "  ? :
I 1 . 0 6
f,o. (]f,
3 9 .  O ?
4 7 . 9 1
5 6 . 5 8
6 4 .  ? :
7 : . 8 ( J
8 0 "  1 :
4 6 . 7 9
9 ? . 7 :
9 7 . 8 :

1i l? "  (J:
1 0 ? . 5 0

1 . 5 S 5  x x *

Y_5URF
( F T )

1 6 .  8 8
1 5 .  1 6
L 4 " 4 6
1 4 .  B :
1 6 . : 1
{ n  t 4
Lt l  .  c ] " :

? : .  o?
- l  T t
i. c, . ,.:' .,

.11 " 5rl
3 7  . 6 4
4 4 ,  4 1
51 .  8 : t
5 9 "  7 9
61 .  ()rJ

Y-SUT;:F
( F T }

1 8 .  ? 7
1 7 .  3 0
1 7 .  : 3
1 8 .  f , 4
t r - r  a  A
d.r-, r .j.$

?3. f ,O
2 7 ,  1 ?
3 1 . 9 4
T - '  E -.-r  /  r  J4

4f , .  84
50.  8 f ,
5 8 .  4 1
6 1 .  ( J ( j

AILURE SURFTT\CE SFECIFIED Ey l f , f ,OORDINATE F.OINTS

1
?
T

4
5
6
7
I
I

1 0
1 1
1 ?
l . J

X-SURF
( F T )

1 6 . 6 7
: 5 . 6 1
f , 4 .  5 1
4 f , . 5 6
Ei"l -t=

6 0 . 8 f ,
6 9 .  9 5
7 b . 3 C
8 f , . 5 6
9r l .  o5
?5.  7 f ,

1 r 1 O .  5 9
1 0 1  .  g 7

1 , 5 ? t l  * x *itti.tf
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-_sLf iF'E 5TAFlI-- ITY AI. . IAI.-Y5IS--
SI I {FL IF IED JANFU I " ,1ETF{OI }  NF SLICES

IRREGI,JL.AR Ff i ]LURE SUFIFACTS

FROEILEI ' I  DESCRIFTION

ENUNDAF:Y CCIORDINATES

1O TOF. BOI-JI. . IDARIE5
?I:}  TOTAL BCIUI.JDARIES

t iEFthtAt._ sED. FnND,
SATURATED,  STATIC

FLtLr- , SE[:T ION F-B ',

I ]OI . ]DITION

FOUI'ID*F:Y
N O .

X- I .EFT
(  F ] ' )

f,. (l(:)

1? .  t i t l
??. t-lt-l
9 7 . ( ] ( J

1O1 .  t - i t : t
10 f , "  O {J
1{17.  (J( l

1f,S . t it)

15 i .  r i r :
1 8 4 "  r l u
1 8 4 .  O O
189 . rlr-r
1 O . 1 .  O u
1 .J5 .  t l o
1 5 ? ,  O t j
lt) 1 . (](J

117 . Crtl
134 .  ( ) t :

15 f , .  O { '
?9 .  ( 10

\ f  I  r r r
r  - L_Er  I

( F T )

1 4 ,  { l O
19 .  O{ )
?7 .  t iO
61 .  ( l r j
61 " 

i.-ttj

6 1 .  ( J ( l
61 .  t l l ;
47. (:)t)

47 , t-r.)
61 .  { l (J
61  ,  O r l
51  .  $ ( l
5 1 . {:r{:)
45.  u{ l
45.  r l { j
61 .  i j ( l
47 . t-t{t
44.  t l t )
44 .  O ( ]
?7 . t ] t - t

X_R I GHT
(FT)

1 9.  ( : jO

?? " (lo
97. (:)0

1() I . rl(:!
1(l:i " {:}{)

L +7. r l{ l
1f,5 " u{l
{  c - t
L  J r : .  U r - ,

1 8 4  "  0 0
:(:r{l " {J(l
1 F 9 , ' J 0
1 ? 1 . r 1 0
135,  t l0
1g i .  r l r )
189 " t l t l
137. t-tt-t
1:14. r : )c}
15f, .  {J(J
19 t  .  i ) t l
1 t 7 .  0 { l

Y * R l G H T
( F T )

1 9 .  0 ( J
2'7. ( ]0

61 .  0 (J
6 1 " 0 0
6 1  .  0 ( l
6 1 .  o Q
47 . t-t(-l

47.  0 ( l
61  .  { lO
68. t l t- l

61 . 0(:)
61, ( : )r-)
45.(- ,(- ' )
45 .  Ot l
61  .  0 (J
47 - Q()
44. t-rf-t
4 4 .  O O
61 . (:)(l

47 . t -x7

S O I L  T Y F ' E
EELOlil fJI.lD

1
t
?
2

4
4
4
4
{
I

4
f,
-!

.J

=
.J

Fr

{
I

1
I

I

1
?
3
4
E

6
a

a
T

to
1 1
1 :
l ' T

1 4
1 5
1 6
7 7
1 8
1 9
?0



-

! t -SoTRnPIC SCIIL FARftT"|ETEF:5

4  T Y F E  ( 5 )  O F

S O I L  T O T A L
TYF'E Uf{IT bIT.

N O .  ( P C F }

I  9 5 . 0
?  1 : f , .  0
f, 7rl. r)
4  1 L 5 . r l

SOIL

SATURATED
UFI I T I,.JT.

( F C F )

1 ( ) 1 .  ( l
1 4 0 .  { l
t t-ro. tl
1 i 5 .  t l

CNHES I CIN
INTERCEFT

( F 5 F )

?f,o.  ( ]
: f , (1.  ()

1(l(l(l . (J

,o

FF: ICTICI I ' I
AT'IGLE
( I]EG )

f , 1 .  O
f,f,. C)
- , - r
i:t-, r {-,

45. r- t

F'NRE
FRESSURE

FARAI"IETER

. orJ
, (j(l

. (J(]

. (Jo

F.RESSURE
CCINSTANT

i F S F )

.o

.o

. ( J

F'I EZOI"IETR I C
sURFACE

NO.

{
l.

I

t
I
L



I  t  FrEznr{ETF:rc T' ,RFACE (s) HAVE EEEN sFEf,rFrED

UI . I IT IdEIGHT OF I {ATHR = 6I .  4 ( l

F I E Z N I { E T R I f ,

FO I }IT
FJN.

1

?
at

n

STJRFFCE NO.

X-IAIATER
( F T i

.1. r l0
19 . rjrl
?? " t-tt:t

1 1 1 . u ( ]
1E(J. r l0

1  S F E C I F I E D  E Y

Y_I,JATER
( F T  )

1 4 .  i j o
19 " t l i - t

?7. rlt-r
59. t-ttl
5?. t l t l

5 CNORDIIIATE F'OIt \ . ITg



jEAR':H I  NG
OF hJHTCH

EOUNDFlRY
N 0 .

I

R O U T I N E  h t I L L
TI {E  F IRST 1

X-LEFT
( F T )

58. tlt-t

F E  L I I " I I T E D
E NUI. iDAF:IEE

Y*LEF'T
{ F T i

. (J{)

TO AN AFIEA DET: INED FY
I{, ILL DEFLEf,T SURFACES

1 FOUNDARIEs
UFt{,ARD

X_F i  6HT
( F T }

?(:l(1. ()(:r

Y-R16r-rT
( F T )

Cr1 ,  Ot l

c



I t j_ i i : lJ lc l | -  FATLURE STJRFAUE SEARCHTi{G t{ErF{nD,
TECI- ]NINUI  FNR GEh]ERATING CIRf ,ULAR SURFACES"

TOO RIAI. .  SUF:FAI:E$ }. IAVE BEEN.I EEFIERATED.

LJSII \ IG A RAI{DOT{
F I A S  F E E T {  S F , E C I F I E D .

10 SUF:FACES INIT ]A-T I  FFINPI  EACH OF l {J  FOINTs I :EUALLY SFACED
ALON{: THE EtrOt- lND SURFACE BETIA|EEN | = 1(r.( : }e FT.

A N D  f , =  f , ( : ) . { l O F T .

EACI-I  SURFACE TEF{I | INATES BE't- t j lEEf. l  N = 93.(J( l  FT.
A F I D  f ,  =  1 1 5 . t J U  F T "

UNLESF FURTHER LI r ' I ITF iT IONS hJERE IMFnSED,  THE t ' t lN l r ' tu t ' l  ELEVATIOI !
AT I {HI f ,H  A SURFACE EXTET. IDS I5  Y  =  s . r r ( i  FT.

? .O( ]  FT.  L INE SEGI IEI I ITS DEFI I ' JE EACI- {  TF: IAL FAILURE SURFACE.



! t :0LLEt^J ING ARE DISFLFTYED THE
FAILLJRE SURFAf,E5 EXAI' I I I . IED.
F I R s T .

TET ' I  F1NST [F : IT ICAL
THEY ARE NRDERED

O F  T H E  T R I A L
-  I '1CI$ 'T  CRITICAL

SAFETY FACTDRS ARE CALCULATED BY

FAILUF:E SURFACE SFECIFIED BY 14

T H E  H N D I F I E D  F I S H O F  I " I E ] ' H O D .

COORDINATE FOIFITS

FO I t{T
l ' l0.

X-SURF
( F T )

1 : . : :
?1  .  t la
.:u. ilf,
f,g. (J:l
4 7 .  ? 1
eiA q'.1

6 4 .  9 2
7 ? . 8 ( J
E ( 1 .  1 2
4 6 . 7 9
9 " . 7 ?
9 7 .  B ?

1{:}3. r l :
1 r : )? .Sqt

1 .  t - t75  *xx

X-5URF
( F T )

1(:) .  CIo
1 8 . 4 f ,
? 7 . " 1 ,
f , 6 .  1 7
4 5 . 1 6
54. ( : i  1
6 ? . 5 4
7 t ) .  h L
7S.  {16
8 4 . 7 b
9 ( ] . 5 A
9 5 .  4 1
9 9 . 1 7

1 0 1 . 6 ?

1 , 0 B r l  * * *

Y_SL!RF
( F T )

1 6 .  8 8
1 5 .  t 6
1 4 . 4 6
1 4 .  g 3
1 6 .  ? 1
1 8 "  6 :
i? ,  r l?
dtf . .: '  /

f , 1 . 5 0
= , 7 . 6 4
4 4 .  4 1
E i  n =
rJ J. . Ct.:'

3 1 . 7 9
6 1 . 0 0

Y-5URF
( F T )

1 5 .  1 9
1f,. (-):;
1  1 .  { i 5
t (:) . ':7

1 0 "  7 :
t -  = r a
I  i :  s  ' j , 7

1 5 ,  : 5
1 ? .  : f ,
T4 .  . . jB

f,(1.  39
f , 7 .  1 &
4 4 . 7 n
E t  . A T
J j :  .  7 . j

61 .  t ) t l

1
?
f,
4
J

/-
7
E
I

1{J
1 1
1 :
1 T

1 4

*lt.t*

FAILURE SURFACE S F E C I F I E D  B Y  1 4 COORDIF]ATE POINTS

F O I N T
N O .

L
2
3
4
e
J

6
7
I
9

I t.-,

1 1

1 ?
l 3
t 4



o
F AIL .URE $URFACE S P E C I F I E D  B Y  1 4 I:OORD iNATE F'O I  I ' .1TS

1
3
f,
4
5
6
7
B
I

1{ ]
1 1
1' :
I .j.

1 4

FCI IN-T
Nn.

X-SURF
T F T  )

10.  oo
1 4 . 9 5
? 7 .  9 5
f ,6 .  ? :
4 5 .  7 8
5 4 .  4 7
6 ? .  8 9
7(J .  gg
7 8 . 6 6
8 5 .  A 7
9 ? . 5 4
9 8 .  6 :

1(:r4 "  05
t O i r . 6 7

l .  ( : )B :  *+*

X-SURF
( F T )

10. (:)(:)
1 8 . 4 1
: 7 .  1 8
f ,6 .  14
4 5 .  1 3
5 f , . 9 9
6 ? . 5 6
7 ( ) . 6 7
7 8 .  1 E
8 4 . 9 6
9 0 .  E 7
? 5 .  B i
9 9 . 7  t

1 0 ? . 4 7
1 t - r i . 5 4

1. ( : rgJ ***

Y-SURF
( F T  )

1 6 .  1 9
1 5 .  t 1
1 5 .  0 7
1 5 . 7 9
{ t  = -
l / r . J i

1 9 . 6 9
? " . 8 6
? 6 . 8 1
f , 1 . 5 ' J
f ,6.  S9
4 ? . 9 f ,
4 9 . 5 7
5 5 . 7 5
6 1 .  ( J Q

Y_5IJRF
( F T )

1 6 . 1 9
1 ? . 9 9
1 0 . 9 5
1 n . 1 3
1 ( t .  5 1
1 ? . 1 ' : l
t 4 . 8 7
1 8 .  7 7
? f , . 7 "
? 9 .  6 5
=  f  , l -. j ,o.  .+. j ,

d .T  aq

. J i .  i _ r 6

o{i, ,5f,
5 I . {:}tl

.tt.*t*

o
F AILUF{E SURFACE S F E C I F I E D  E { Y  i 5 COORDI I {ATE FOIT. ITS

F O I N l '
N O .

I

?
.l
4
L,

6
7
I
9

t 0
1 1
1 :
1 : j
1 4
1 f i

i+

t



o
F A I L U R E  S U F : F A C E  5 F ' E C I F ] E D  B Y  1 5 CNOFI-) I I{ATE F'O T I{TS

PN I T'IT
N O .

FO IFIT
N O .

X-5URF
T F T  )

1 ? .  ? :
21 .  t - t t l
: 9 ,  9 4

4 7 . 9 I
3 6 . 7 7
65.  4 f ,
7 f , .  8 1
4 1 , 8 2
8 9 . 3 9
9 6 .  + ?

1 0 ? .  B 8
1(18.  ,58
1 1 f , . 7 6
I  1 4 .  1 3

l .  | IBB ***

Y-5URF
( F T )

1 6 . 8 S
1 4 . 9 1
13.  g r
1 f , .  6 1
1 4 .  : 9
1 5 .  8 7
1 8 . 3 1
? 1 . 6 C r
- E  t {
4 * J .  /  r

f , o . 5 8
f , 6 ,  1 9
4 ? , 4 6
49.  f ,4
3 6 . 7 7
5 7 .  4 5

Y-5URF
( F T )

1 6 .  1 9
1 ? .  B t
1 0 .  5 4

? . 4 f ,
9 . 4 9

1 0 . 7 ?
1.1 .  1 r : i
1 6 . 5 ( l
? 1 .  1 4
?6.  , i=
f,f,, {i4
4{ i .  i  1
48. t-t'f
E t  - i
JCf  

"  
. - '4 f

61 . t jt:r

1

l:

f,
4
E-

6
7
g
9

1t]
1 1
1 :
1 3
1 4
1 5

*

o
FF' ILURE SURFACE S F E C I F I E I ]  E Y  1 5 COORDINATE FOIT{T5

1
?
.:r

4
E
!,

6
7
a
9

1 (:l

1 1
1 ?
1f ,
1 4
1 5

X-SURF
( F T )

1i:).  (J{J

1 S .  f , 4
:7. r l5
f ,S .  ?8
4 4 .  9 8
5.1. ?i:)
6 3 . 5 A
7r).  g7
7 8 . 6 4
8 5 . 7 5
9 : .  O ?
9 7 .  5 4

1 0 ? .  ( l 1
1 r 1 5 . 4 f ,
1t i6 .  6C)

1 . (J8? i f r+ i fQ.'**



-
=  FAILUF:E SUHFACE SF 'Ef , IF IED BY 14 t rOORDINATE F,OI I {TS

Fn i t"tT
Nn.

1
2
-?

-t

5
6
7
I
9

1(J
1 1
1 :
1 :
1 4

{+*t+

FU I t'tT
Nn.

AILURE SURFACE S F E C I F I E D  F Y  1 5  C O O R D T N A T E  F . O I N T S
a

F

X-SL]I.:F
( F T )

t (J 
" 

(l(:l
1 8 .  9 7
7 7 . 9 7
f,6. gf ,
4 3 . 7 8
5 4 .  4 6
6 ? .  g 9
71 .  t l t )
7 A . 7 4
46.  o f ,
9 2 .  B i
9 9 .  O B

1  0 4 .  7 :
1 t 1 7 .  5 ?

1.  {J90  * * r (

X_5URF
( F T )

1 2 .  ? :
? 1 , 0 :
t 9 .  ? 6
f ,B .  ?6
4 7 . 9 3
3 6 . 7 9
6 5 . 4 6
7f , .  85
8 1 .  A ?
8 9 . 5 { : )
9 6 .  6 1

1(1 f , ,  15
1(l? .  (16
1 1 4 . " 9
1 1 4 " 7 1

1 .  {191 i++*

Y-SURF
{ F T )

1 6 . 1 9
1 5 .  4 e
1 5 . 4 3
1 6 . 3 4
1 7 .  8 5
?t]"  

"4? . 1 . 4 0
7 7 . : g
f , 1 . 8 9
f , 7 ,  1 6
4f, .  r l6
49 . -J4
5 6 , 5 5
6 Q . 7 4

Y_5URF
( F T }

1 6 . 8 8
1 4 .  9 ?
1 f , .  ? 6
1 . l . 8 r l
1 4 . 5 1
1 6 .  O 8
1 8 .  5 1
? t . 7 6
? 5 .  8 1
f , rJ .  61
a L  r  ?. - r U .  l . - l

4 : .  f , 1
49.  1 ( : ,
5 6 . 4 f ,
= 7 .  t =

1
?
3
4
5
6
7
I
I

1 0
1 1
1 ?
1f ,
t 4
1 5



FA I LLIEE

FG l i.IT
Nn.

F . O I N T
N 0 .

X_SURF
( F T i

1 : "  ? ?
2 1 .  O ?
f,O. 06
f,9.  t l6
4 4 .  t 1
5 6 .  8 4
6 3 . 4 7
7 3 . 8 :
8 1 . 8 f ,
8 9 . 4 4
s b . 3 7

t 0 ; . 1 6
1 0 9 .  1 7
1 1 4 . : 0

1 .  t lg1 r**x

X - 5 U R F
( F T )

1 4 . 4 4
?I .  t lZ
f , 1 .  ? 6
4 Q .  9 5
4 9 . 9 r 1
5 9 "  6 ?
6 e , . 9 7
7 4 . 8 1 _ '
8 1 .  9 5
8 4 . f , 1
s 4 . 7 6
9f_1. :{l

l { J 1 . 5 4
1 ( ) 1 .  B 9

1 . (197 it.irir

Y-SURF
( F T }

1 6 ,  B 8
{ F  ? /
I . J , . J O

1 4 ,  6 5
L 4  " 7 7
1 5 .  7 ?
1 7 .  4 8
:i:). {)5
tf,. f,g
2 7  , 4 9
.id: 

" 
.-:, l.

3 7 .  8 0
4 3 .  ? ?
5(t " 6f,
5 7 . 4 ( l

Y-5URF
( F T )

1 7 . 5 8
1 4 .  9 9
1 f , .  5 9
1 . 1 . 4 0
1 4 . 4 1
1 5 . 6 t
1 9 .  9 A
: 4 . 4 :
? 9 . 8 8
. : ,6.  r : r
. t . i .  .+ r
F t  n 4
J l  r  i . +

5?,  6 { l
61 .  t l t - t

S U R F A C E  S F E C I F I E S  B Y  1 4 CONFIDINATE F 'OIT . ITS

1
?
3
4
q

6
7
I
I

1(J
1 1
1 :
1 f ,
L 4

a
F AIT-UF:E SURFACE S F E C I F I E D  B Y  1 4 f ,OORDINATE FCI I I . ITS

I
:
.l
4
E

6
7
a
I

1{-)
1 1
1 ?
1f ,
1 4
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H

5 { ,  O t 75 .  r l0

T

135. Ot:)

A

2 5 .  O $  ;

5 0 .  O e  +

I

75. Orl  -h

1r l( : ) .0(:r  +

1 : 5 .  O 0  +

15(:). (:){J +

175.  Ot : t  +

:( lo.  orJ +

?5.  Oi : ] l tlt:) " rjo

* *
i+

E

F

t J
'*
{.
*a

T L



l r * ( t  l0  X  l0  TO TFIE INCH.7  x  ro  tNcHES
fl'16 XEUFFEL a ESSEn CO. rror rr u i ^ 46 0700 an

/+z\
i40.5

t 4 , S \

b

(r

zo



EARTH FAX
l , l i d v a I e ,  U T ( s / n  50E0 )

PROBLEI . I  D t rSCRIPTION

tsOUNDTfRY COORDINATES

]-O TOP BOUNDARIES
l-6 TOTAL BOUi' IDARIBS

- . S L O P E  S T A B I L I T Y  A ! \ A L Y S I S - -
SI i ' lPL IF IED JA l . l t s t i  i {ET l iOD OF SLICf ,S

IRREGULAR F/T ILURE SURFACES

GEIJ I^ IAL SED.  POl lD,  FULL,  SECTIOT{  C-C '
i \ iSATURATED,  STATIC CoT{DITIoN

BOUNDARY
l t \ J .

SOIL TOTAL
'IYPE Ui.IJT i{T.
) io .

I  35 .0
2  L23 .A
3  70 .0
4  l l _5 .0

I
2

:
5
6
1

I
9

I U

11
L2
l3
14
15
I O

X-LEFT

1 .00
16 .50
21  . 5J
zv . vv
44 .00
60 .00
64 .50
67 .00
70 .00
93 .00
57 .00
J  J  .  J V

64 .50
J J ) V V

44 .00
3 l_  .  00

Y-LEFT

z i * .  J V

24  . 50
3 l_ .50
46  . , J0
t 1  |  q , n
- l J . J W

54 .00
54 .00
54 .00
54 .00
42 .00
54 .00
40 .50
54 .00
J J . J W

1 i 5 . 5 0
4 5 . 5 0

X-RIGHT

I U .  f  U

27 .50
29 .00
44 .00
60 .00
64 .50
57 .00
7C .  C0
93 .0C

1C0 .00

1C0 .00
41 .00

i c0 . i 0
81 .00
93 .C0

Y-RIGIJT

24 .50
31 .50
46 .00
45 .50
54 .00
54.  r ' " '0
54 .00
51 .00
, i 2 .00
12  . 40
{ U . ) U
40 .  s0
45 .50
39 .50
, : 5 .50
39 .s0

PORE
D D ' t I C  C  T ' I D Fr  T \ U U J V I \ L

PARATETER

i n

. 00

.00
n n

.  t t u

S O I L  T Y P E
BJJLOI{ BND

I
I
L',|
I

2
2
3
A=
*
4
3
3
2
I
I

1

PP.ESSURE
CONSTAi{T

. 0

. U

n

ISOTROPIC SOIL PARAI.IETEIiS

4  T Y P E i S )  O F  S O I L

SATURATED
U} I IT  iVT.

l - c1 .0
l -40 .0
1 n n  n
. f . V

125 .0

CO}IES IOIi
I i JTERCEPT

'23C .0

230 .0
10UU.0

r l
. V

F i r T r r q r T n N l

Ai.{GLE
( D E G )

? 1  n
J ! . V

" ?  
n

1 r  n
L \ J  .  V

a J . V

P IEZOi" IETRIC
SURFACE

' - n
I \ V .

l_
1
1
1

' l  
P T " l  ZOr'1' .-- ' l 'R TC q I I p F  A C t r I - {q \ /E  l . l i i i ' l  q i l r r ^T



UNIT i ' iE IGI IT  OF ?JATER -  62 .40

aPTEZOl lErRrC 
SURPACE NO. 1  S P t r C I F I E D  B Y

Y - ir 'A?ER

J L . V V

52 .00

2 COORDINATE POI I {TS

POII ' IT
N O .

1
t-

2

)(-I{ATER

74 .00
l_00 .00

5 .  C O  F T .  L I N E  S N G i . I E i . ] T S

lVERE I I ' IPOSED,  THX
I S  Y  =  1 0 . 0 0

DEFI i iE  EACFi  T I I , IAL F A I L U R E  S U R P A C E .

A CRrr rcAL FATLURE SURFACE SEARCT{rNG l rETr {OD,  USr l . i c  A  RAbtDOt l
TECH; .J IQUE FOR GEI ' IERATING CIRCULAR SURFACES,  F ITTS BEE} I  SPECIF l ID.

IOO TRIAL SURFACES HAVE tsEE}J GET{ERATED.

] .0  SURFACES I : { I? IATE FROi" I  .UACI I  OI  10  FOI I iTS EQUALLY SPACND
ALO}{G THE GROUND SURFACE BETI iEEN X -  IO.OO

A i ' I D  X  =  ) 5 . 0 C

EACH SURFACE TERi. I I I {ATES BETr/JEIN
AND

x  -  50 . ( i c
x  -  75 .00

V U } I L E S S  F U R ' I I I E R  L I I i I T A T I O J ] S
AT ' , ,JHICI{ A SURFACE EXTEi{DS

FOLLO'!" I f ic ARE DISPLAYED THE
FAILURE SURFACES EXA} I I I ' JED.
F I R S T .

TEN i " iOST CRITICAL
THEY ARE ORDERED

OF TFIE TRIAL
-  i ' lOST CRITICAL

SAFETY FACTORS ARE CALCULiiTED tsY T H E ; ' l O D I F I E D BISHOP I , IETHOD.

o



f -rarr,une suRFAcE + r spECrFrED By 15 cooRDrr, jATE porNTS

SAFETY FACTOR = 2  . 225

X-CEI.ITER
Y-CENTER
R A D I U S  =

POIT'IT
N O .

,)
L

3
1
5
6
7
B
9

10
1- t_
L2
13
14

1 ,  1 r
- L J

v

S L I C E
i.{o.

1
2
3
4
5
6
7
I
9

10
ll-
L2
i3
L1
15
16
L7
IB
l9
20
2L
22
23
21
25

X - S U R F

t - 5 .  c0
19 .95
24 .95
29 .94
34 .88
39 .72
44 .41
48 .92
R ?  1 0
J J .  L J

57 .  lB
60 .  E6
54 .20
67 .75
69 .70
70  -92

15 .75
L 'd  .23
22 .15
z o - z z
28 .25
29  . 47
32 .4L
37 .30
4 l_ .86
44  . 2L
46  . 57
51 .05
55 .16
5u .59
60 .43
62 .53
64 .35
65 . . i 3
66 .63
67 .08
6B  .42
69  -78
b9 .93
70 .18
70 .61

24  . 17
74 .75

5 r . l - 3

Y-SURF

2 . i . 50
23 .82
23  . 62
23 .9L
z + . o 9
25 .94
2 i  . 67
29  . 84
J  /  -  + +

J J . = J

38 .83
42 .56
46 .59
50 .  B9
53 .52

DX n r . l

1 .50  15 .69
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c'ot"u*u suRFActr  # 7 spECrFrED i jy LG cooRDTNATE porNTS
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928 .92

2L67 .  t ,3
41 i i 5 . 54
- - - . / '
J . t 6 t J - ) z
^ a r a  -
Z \ J J U . \ J I

- : J  ) U . J /

3763 .  B9
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38 .93
. i . , u

-717-!1

D S T

L7  L  . 77
i i 0 . 8 t
29L .47
r t o u . l o

r _93 .18
3 i4 .99
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ILg5 .26
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450 . r3

r - c42 .33
1090 .  s9
1 i , : 5 .23

557 .23
. ->12 . ' i  i )
175 .46
2 . . r 3 . ; r 5
501 .04
206 .92
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333 .44
t l t _ . 74
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SAFETY FAC Ci l  = 2 .2S3

X-CENTER
Y-CEI.ITEiI
R A D I U S  =

POI I {T

I
z
3
a

5
6
7

9
l_0
1 t
L2
l3
L4
I ]

1 6

S L I C E
l \ u .

I
2
3
4
5
6

.7
I
9

i_0
1l_
L2
I J

L4
15
I C

L7
18
19
/.u
2L
zz
z 5

z 1

25

X-SUR.F

l -0 .00
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64 .82
o6 .07
67 .09
57 ;LB
o l . J t

t  7 . 59

1 J . 3 3
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Y - S U R F
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22 . i i' 22 .59
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DX D!,J
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i .  i >  l L A 6 . 3 1
3 . : 8  o t i 4 t . 53

1  I  -  i l  -
.  - ) ' t  J t '  I  .  L :

z .o t  i 960 .33
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EARTH FAX
i" l ic iva 1e ,  UT ( s / n  50 tC )

ALPHA
( D E G )

-L3 .  ! t2
- 7 . 3 3
- 1 . 2 3

4 . E 5
1 0 . e 6
l _ 7 . 0 5
2 3 . 1 5
1 . J .  L J
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.  c0

. 0 ( j

. 00

.00

.00

I - \ T T
U V

B76 t_ .05
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E5 l_6 .  A5
7830 .78

L5A  .62
7293 -64
646L .33
J A  J  J .  '  L

1 4 U  Z .  J U
. 1  - /  a 64 i J o .  J o

2762 .17
^ ^ a  - r n
Y Z o . q V

61 -5 .05
3 3 4 .  t  Z

524 .33
n n. U U

.  U U
f r n

r  U V

.00

Di{

217 .16
105 . . : 8
398 .43

i - 089 .47
7E3 .  l 9
689 .08
693 .9d

4C20 .39
J O L Z . Y Y

347  2  . 59
5E .02

3AC2  .47
3139 . . i 3
t l  ^ a  ^ -

3LL3 .92
r49 .69

2142 .AL
l j , i 9 . 9E
600 .57
352 .45
341 .70
-25 .+0
- l _4 .33

-975 .76
1 .98

DST

165 .51
L2 . . . 23
205 .L7
386 .55
J U O . Z I

33 .1 .02
2E2 .78

1155 .50
1049 .38

907 .46
LL5  . 7  7
339 .  C4
925 .C1_
: t  z o  -  z  I
t rB .3 l
r 92 .36
741 - .85
323 .75
270 .99
200 .57
L97 .52

93 .04
434 .80
231 . i i 5

. 86
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SAFETY FACTOR = 2 .293
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EARTI{ FAX
I v l i d v a l e ,  U T (  s / n  5080  )

PROT]LEI, I  DESCRI PT IOi 'J

BOUI' IDAI{Y COORDINATES

- _ S L O P E  S T A B I L I T Y  A N A L Y S I S . .
S I i . ;PL IT IED JANBIJ  I . IETHOD OF SLICNS

IR. I IEGULAR FAILURE SURFACES

GE: . ] I ' IAL  SED.  POI {D,  FULL,  SECTIOI , ]  C-C I

U N S A T U R A T E D ,  S E I S T { I C  C O N D I T T O N

]-C TOP
16 TOTi iL

BOUNDARY
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i ]OUI.IDARIES
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X-LEi 'T
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29 .00
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64 .50
93 .00
44 .00
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a 1  n n
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ISOTROPIC SOIL  PARAT4ETERS

4  T Y P E  ( S )  O F  S O I L

SOIL  TOTAL
TYPC UT{ IT  i ,VT.
i{o.

1  e q .  n
M . V

2  L23 .0
3  70 .0
4  115 .0

SATURATED
U}I IT I iT .

1 ' J1 .0
140 .0
100 .0
1 1 q .  r - r
L - J . W

COHES ION
II ' iTER,CEPT

230 .0
2 '30 .0

i - r J00 .0
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F R I C T  I O I ]
AI'JGLN

( D E G )

' r ?  
l l

20  . 0
45 .0

Pl t rZCi ' lETRIC
SUN.FACE

I \ L J .

o L
l-

1
1



UNIT. I^ ]E IGTIT oF I . , 'ATER -  b  2 .4a

^5.PIEZOI '1ETRIC SURFACE I . IO.  I  SPECIFIED BY 2  COORDINATE POINTS
v

POINT )(- 'v iATER Y-I{ATER
N O .

L  1  4 . 0 0  5 2 . 0 c
2  L 0 0 . 0 0  5 2 . 0 0

A HORTZOIITAL BARTHQUAKE LOADIi . . ic coEFFIcrtrr , rT
OF .0u0 HAS tsEEi ' ' i  ASSIGI IED

A VERTICAL EARTI IQUAKE LOADING COEFFICIEI , IT
OF .  OOO HAS BEEi i  ASSIGI {ED

C A V I T A T I O N  P R E S S U R E  -  . O

A CRITICAL FAILURE SURFACE SEARCHI I ' ]G i4ETI iOD,  USING A RAIJDOI4
TECH} ' I IQUE FOI i  GEI .JER,ATING CIRCULAR SURFACES,  ITAS BENI I  SPNCIFIED.

z  100 TRIAL SURFACtrS HAVE tsEEN GEi {ERATED.

v
10 SURFACES r i . l rT rATE FROI I  EACI i  OF 10 pOr l tTs  t rQUALLy SPACED

ALONG TI IE  GROUND SURFACE BETi iEEi . I  X  =  10 .0u
A I ' I D  X  -  2 5 . 0 0

EACH SURFACE TETRI , I I I . IATES BETI iEEN X =  !0 .00
A l { D  ) (  =  7 5 . 0 0

UNLESS FURT} IER L I i I ITATIONS iJERE I i . IPOSED,  THE J{ I IJ I I4U i .1  ELEVATIOi . ]
AT V ' IH ICH A SURFACE EXTEi \ IDS IS  y  =  10 .00

5.00  FT.  L I I . IE  SEGI ' IENTS DEFI I : . IE  EACI I  TRIAL FAILURE SURFACTT- .

FOLLOi 'J I i i c  ARE DISPLAYED THE TEN i . lOST CRITICAL O,?  T t tE  TRIAL
FAILUR. f ,  SURF'ACJJS E] i iT i ' l INED.  THt rY AI i i J  ORDERED : :oST CI I . I ' i ICAL
F I R S T .

I ' iAFETY FACTORS ARE CALCULATnD By THE T, IODTFIED BrsHOp I IETHOD.



f - 'or"u*" ' 'RFACE # 1 spECrFrED By t5 cooRDrlJATE porr \ j rs

SAFETY FACTOR = l . 6 6 r i

X .CENTER
Y-CENTER
R A D I U S  =

P O I N T
N O .

I
2
3
=
5
6
7
. 1,)
Y

! v

11
L2
l-3
L4

-, 15
v

SLICE
NO.

1
2
3
4
5
6
7
B
Y

10
l- l-
L2
13
1 . 4
I =

15
L6
L7
' l ' r

L9
20
2L
22

z . t

25

X-SUi{F

15 .00
19 .95
21 .95
29 .94
34 .38
- ; Y  .  /  z
ti4 . ,i i-
1 8 . 9 2

57 .1_E
60 .36
a ^
\ ) L l  .  z v

67 .  15
69 .7o
- / \
t v . t z

,t

15 .75
l_8 .23
22 .45
z c  -  z z

29 .25
29  . : ; 7
32 .4L
37 .30
41 .86
44 .2L
46  . 67
. ,  1  r i q ,

55 .  t - 8
< t  \ o

60 .43

o5 .43
66  . 68
67 .08
; J8 .42
o9 .7U
69 .93
70 .18
70 .64

/ . q  . 4  I

11 .75
) I . I J

Y-SURF

24 .50
^ a
z J . 6 Z

23  . 52
? ?  o 1
1 J . J L

21  . 69
25 .94
27  . 67
z Y . d 4

32 .14
J J . a J

J V .  U J

12 .56
J i 6 . 5 9

50 .89
53 .52

1 .50  l - 5 .69
a  ^ -r . 45  533 .79
5 .00  2306 .36
2 .55  180  2  -20
r .  s0  2263  . 33

. y4  2100 .69
4 .94  107b9 .52
4 .  B4  9975 .79
1 .28  8145 .75

.4L  751 .59
4 .50  8509 .  B7

I  . ?. , . 1 /  c i . i j t . 3 3
3 .99  796s .19
2 . J2  5 r i e2 . . 18

.86  r613 .55
3 .33  a112 .55

.30  133 .  e9
1 .15  2331 .35

.55  o r r9 .9 l

. 1 -5  l _43 . , j 0
2 .55  1598 .63

a a. l b  4 r . 27
.L4  37 .90
.35  73 .7L
.57  50 . l _0

EARTH FAX
t l i d v a l e ,  U T ( s / n  5080 )

ALPHA
(DE-G )

- 7 . 3 7
- 2 . 2 6

a  q q

20 .L5
25  . 7 ' , t
31 .36

42  . 57
. ' : 8 . 13

q o  - i ' j

64 .99

DX nT.f DQ

.00

.00

.00

.00

.  c0

. 00
n n

. 00
n n

. 00

.c0

. 00

.00

.c0

. 00
nn

.00

.00

.00

.00

.00
n n

. 00

DU

2607  . 39
6079 .40
E824 .40
45L2 .34
2643 .02
1553 .90
B  643  . 03
8325 .80
7L89 .86

67  L .22
t  2 5 J .  J >

550 i . 39
5633 .34
3644 .50

992 .06
3521  . 58

295  . 49
1519 .21 -

4 r1 .23
3B .OB

r016 .42
22 .2L
12 .7L

.  - A
9 .  Z +

. 00

Dli

36 .73
Z U O . U O

922 .53
655 .59
u J o .  / b i
780 .2L

3840 .30
3433 .46
2725 .L7

252  . i  A
2933 .32
3119 .30
? 1 < q  ; l n

250r .33
7u9 .  t9

z l t t . L +

229  . 18
123C.  i . i d

J J J .  L 1

69 .7A
577 .68
-1C .03

-240  . 42
-509 .43

51 .96

DST

1  51 .  11
1 . 1  ' , l  c ' ?
/ - =  L  -  )  ,

470 .1s
3  74 .  C3
439 .30
4L ' .5 .92

i52  t .  l 8
737  6  . 44
1119  .  5 l

225 .90
r195 .28
1251 .55
r z  t o . 0  t
1  f ' : 1 ?  ,  ar v J v . v v

/  a a  1 ^
- Z . Z . Z Z

't 1 j'! .-t ?

z  z U  . 5 i

581 .25
268 .35
16s .C2
362 .78
l33 .  e t
547 .03
.165 .51

31 .09



$ert,une 
sui lFACE #

SAFETY FACTOR =

EARTH FAX
M i c i v a l e ,  U T

X-CENTER =
Y - C E N T E R  =
R A D I U S  =

( s / n  5CB0)

f  <  \ \

17 .15
54 .66

?  q D F T ' T F T E ' N
L L  L b U

1 .705

BY 16 COORDINATE POIT. iTS

POINT X-SUR.F
N O .

t -  10 .00
z  L . r . y u
3  19 .36

^  - t  A  d , '
+  L c I . a t O

J  z 9 . d )

6  31 .79
I  i ^  - -

I  J Y . U J

U  + 4 .  J J

Y  4 U . d /

10  53 .  L9
t l -  ) l . z O
a -
L Z  O I . U )

13  6 - : . 53
1  !  / -r - r r  o  / .  b t )

l - 5  7 0 .  
" i 31 6  7 2 . 3 A

Y-SURT-

24  . 5A
23  . 48
22 .92
2 1 . 6 L

23 .96
25 .2L
1 A  O n
- v . J v

1 C  n 1
a . J . W L
- r 1  q "

31 .42
37 .6E
1L  . 29
45 .L7
i i 9 . 3 4

)  2 . 6 \ )

ALPHA
( D E G )

- L L . 7  4
- ' o  . 4 9

-  A A

J . J )

9  . 21
f i . , lB
L v .  t z
. r 4  . 9  I
34 .2L
? q  / q .
J J - a J

40 .70
! r 5  . 9  I
J I . ! V

36 .43
6L .67



IF'AILURE SURFACtr
Y

SAFETY FACTOR =

EARTH !'AX
M i d v a l e ,  U T

X-CENTER =
V - A E A 1 T T r | | ? Dr  v l t t . | \

R A D I U S  =

POIbIT
N O .

( s /n  s0S0)

#  3  SPECIF IED  BY  13

L . I U  I

^ a
I O . I J

3 9 .  i i 3
o 3 . 2 7

COORDI}JATE POI IJTS

l_
z

J
q

5
o

7
o

v
i -0
11
1,2
l 3

X - S U R F

. \ / \  n n
Z U .  U U

24 .98
29 .89
34 .73
39  . 45
44  . 02
43 . , i L
52 .61 -
J U .  J U

60  . 29
63  -73
56 .  Bg
68 .  r 9

Y-SURF

25 .13
z  I  .  z . i
28 .L2
29  . 40
J I . U J

" ?  
n o

J J . V J

J J .  = V

J v . ! U

4 L . 2 3
, i 4 . 57
4 a .  t v
) z - v y
54 .  C0

ALPHA
(DEG)

5  -77
10 .30
14 .  E3
L9 .36
z J .  c a

z o . + L

32 .94
J  I  - q  I

42.00

5r .05
55 .59



G^- '  LURE suRFACE
Y

EARTH FAX
M i d v a l e ,  U T

SAFETY FACTOIT

X-CENTER =
Y-CEI{TER =
R A D I U S  =

( s / n  50 . i 0 )

#  4  S P E C I T I E D  B Y  1 5

L . 7 L 4

1 0  ? 1
L J . J L

76 .68
52 .73

COORDII 'JATE POI}ITS

POI}IT
N O .

X-SURF

LL .57
L6  . 64
2L .64
26  . 62
J I . f +
- a
. ] o . - i +

40 .99
45  . 11
49  . 56
53 .61
57 .25
60 .55
63 .18
r . ) o . u I
66 .  E5

Y-SURF

z , * . f u
21 .0L
24 .00
24  . 15
25 .38
z o .  t  I
2 6  . 6 L
3 0 . 8 i r
{  i  \ ; r

36 .63
4C .05
/ i 3 .B l -
41 .87
52 .L8
54 .00

ALPHA
(DEG)

-5 .51

5 .26
10 .69
16 .13
2L .56
27 .00
32 .43
37 .  i 6
, i 3 . 30
43 .73
54 .L -7
59 .60
65 .04

1

2
3
A

5
t)
7
i

l 0
11
L2
L3
1 A

l -5



EARTH FAX
i . I i d v a l e ,  U T ( s / n  5080 )

I
2
3
A-
r\

6
7

a

IC
1l -
L2
l3
T4
1_5

ALPHA
(DEG)

- l - 1 .53
-8 .66
-2 .7  J

' l  ' t o

9 .1_1

24 .94
z O . d  /

3 2 . 1 v
3e,  .7  2
14 .6+

J V .  - : U

52 .4A
6 rJ  . 32

-,
l rat luRn suRFAcE # 5 spEcrFrED By t6 cooi iDr l \ iATn porNTS

S A F E T Y  F I \ C T O R  =  l . i L 7

X - C E l i l T E R  =  1 5 . 2 5
Y - C E l i r E R  -  1 0 .  6 5
R A D I U S  =  , ] 8 . 4 0

POI} ' IT , ' { -SURF
N O .

LL .67
' l G  q ,  1

21 . . 15
26 .44
3L .  44
36 .37
9 L . Z V

45 .37

5 , i . 53
t r  : :  I  I

o I . y y

o ) . t /
67 .93
74 .25
7L .37

Y-SURF

24 .50
23 .24
22 .49
22 .25
22  . 53
5 t
Z J . J Z

21  . 62
^ az o . q u

28 .65
a .
J I . J /

1 . A  q . / t
J - l  .  J V

3E .01
4L  . ' d7
16 .04
50 . . i 7
r -
) J . Z Y



| 'err,unn suRFAcE #

SAFETY FACTOR =

EARTIJ FAX
I , l i d v a l e ,  U T

X-CENTER =
Y-CENTER =
R A D I U S  =

POINT
N O .

q n Q n l

6  S P E C I F I E D

I .  / - l . U

7 o
2 2

Y - S U R F

z c .  t 3
2 7  . 4 L
2 6 . 3 2

30 .06
3 2 . ' J L
a i- ' . f . J o
? f  n a
. r U . I 5

: J .  U V

4 t . 3 5

J I . J =

=  A  n n
J T  o  V V

( s /n

L1 .

56 .7  4

BY L2 COOR.DIiJAT]I  POI}, ITS

ALPHA
(DEG)

7  r - : ?

L2 .88
L  t  . 9  3

t L . y o
a A  n ?

33 .08

48 .23
53  . 23

1
I

z

3
t1+

o
1

R

9
1 n

1 1
L 2

X - S U R F

20.0c
24 .95
29 .83
34 .59
. : .q r q

43 .60
47 .79
J L . I Z

55 .37
5E .70
6L .69
O J . J J



EARTH TAX
i , i i dva le ,  UT (s /n  5080 )

l "otLU'.E suRFAcE # 7 spEcrFrED l ly L4 cooRDTNATE por l r rs
Y

SAFETY FACTCR

X-CENTER =
Y-CE}{TEI{ =
R A D I U S  =

-  r .  I  J a

25 .32
' . r l . 5 l

J  I . Y U

P O I i J T X - S U R F Y-SURT

21 .6L
23 .79
23  . 63
^ t  t ^
L L T .  L Z

2 i  . 27
^ , ' 7  n  q
- t  - w J

. - J . ' t J

1 a  a ?
i Z . J l

J J . 9 L

39 .70
43 . )7
44 .55
\  <  j \

54 .00

ALPFir]'
(DEG)

-9  . 42
- 1  c J q

5 .71 ,
L J . Z I
^ . ^  c ) A

1 J  .  L r ! J

35 .97
43 .53

I
2
3
A

5
6
1

"q
Y

l_0
l l
L2
t-3
L4

L6  . 67
Z I .  C U

z o .  ' J U

3L  . 57
J o .  - ; 4
, \ 1  1 r
A l . . I I

45 .51
49 .56
53 .  rB
s6 .32
5 t i . 92
6Q.94
O Z . J J

o z . q J



Q-ot"uou suRFACE #

SAFETY FACTOII =

EARTH FAX
i ' { i d v a 1 e ,  U T

X-CENTER =
Y-CEl ' ITER =
R A D I U S  =

( s / n  5080 )

/ <  1 a
a J .  J J

J9 .59
: i 7  . 02

8  S P E C ] F I E D

1  ? 1 4
L .  t  J g

i JY  lb  COORDI I ' JATE POINTS

P O I i i T  X - S U R F
N O .

l - 0 . 00
r4 .86
19 .  B2
z + .  o z

29 .  E0
34 .71
39  . 49
44 .09
48 .  r i 5

5b .28
59  . 66
62 .52
55 .14
67 .L9
c  / .  b J

1_
2
?
n

;

7
,J

9
t-0
11
L2
13
L4
I f

l 6

Y -SURF

24  . 50
23 .34
22 .70
22 .59
z J . v z
23 .97
2 3 . + 4
' 1 1  A  A
z t - 4 u

29 .84
32 .7  4
< t a  l ! \

39 .73
13 .76
, iB .  OE
)2 .64
54 .00

ALPHA
(DEG)

-L3  . 42
-7 .33
-L .23

4  . 36
L V  .  )  W

i 7 . 05

- ) o  1 q ,
! J .  L J

J J e J a

t t L . 4 4

a  I  .  J J

\ <  h - :

h q  t  1

65 .82
a a  r \ -
I L . J Z



Q-ot"uou suRFAcE #

SAFETY FACTOR =

EARTH FAX
I4 idva  1e  ,  UT

X-CENTER =
Y-CENTER =
R A D I U S  =

( s / n  5C80 )

Z t - l J

6 ' , j  . 2 7
4 2 . 2 6

9  S P E C I F I E D

L . 7  4 4

BY 13 COORDII. IATE POI}JTS

ALPTiA
( D E G )

- t . L 4

5  . , i 2
L3  . 2L

z o -  t  I

4C.34
+  I  .  L l

53 .91
6C .59
67  . 47

POI I . ]T  X-SURF
N O .

20 .00
21 .96
29  -96
34 .93
? , t r  Q n

44 .50
18 .95
53 .13
50 .94
60 .34
63  . 29
o ) .  / J

57  . 18

I

1

?

=
q

d

7

9
10
1-L
L2
13

Y _ S U R F

t t \  I  <

26 .1_ i -
26  . 07
26  . 63
27 .78
29  . 49
- r  - , r
J L .  t t +

r 4 .50
37 .74
41 .40
t t 5  . 14
, i 9 .80
54 .00



EARTH FAX
M i d v a l e ,  U T ( s / n  5080 )

f "a r r ,une suRFACE #r0  spEcr r rED By 15  coo*DrNATi r  porNTS
-

S A F E T Y  F A C T O R  =  |  . 7  1 7

X-CEI . ITER -  21 .22
Y - C E N T i I R  -  6 4 . 7 3 _
P , A D I U S  =  : i l _ .  6 8

P O I N T
N O .

X-SURF

l_3 .33
18 .23
Z J .  Z L
28 .2L
2 ?  1 q
J J .  L J

37 .96
42  . 57
46 .92
50 .94
54 .58
57  . 7 ' ,E
60 .50
6 '2  . 7  A
64 .34
64  . 47

Y-SURF

24 .50
23  . 49
23 .06
23 .24
^  ̂  / \ -z + . v z
z ) .  J 6

27 .3L
29 .73
32 .7  4
36 . t 7
40  . 02
= 4 .  Z L

4d .70
53 .43
54 .00

ALPHA
( D E G )

- L L  . 7  L
- 2 1 .  B 3

2  . 4 5
t ?  q ?

r5 .3C
22.68
29 .5b
36 .43
t 1  ? 1
a J . J !

f , U .  I Y

57  .  t ) 7
b3 .94
70 .82
77 .70

I
2

1
5
ij

7
e

)
l 0
t 1
L2
1_3
1 A
I ?

15



EAR.TH FAX
. U i d v a 1 e ,  U T ( s / n  5080 )

Y

z t + . J i

A

3J .a : o1 .53

A

7 / i .  t r 0 r i 6 . 3 3

;
4

=
1  ?  ? r l  r l

1
I

*
{

J

4 .

25 .15  493 .  .
x

1 9 . 3 .  .  .  x
1 l
t 2 .

1 0 ?
L . J . J .  - -

. i  4
31 i . 13  . 0 .  .  .  .  .

> L t . \  J b .
.1

r  o U r

.  2 L 9 .  . 3 6 .  .  *

. .a .71 .
' t o

.  .  .  .  r  J  .  J O  .

50 .5C  + . . 5 . . 71
1 i 9 7 . 3  o . .

1 *

75 .25 +

+

+

X

a

S

* * *

* * *100 .00 I.I



EARTH FAX
M i d v a l e ,  U T ( s / n  5080 )

PRO3LEI.{  DESCRI PT iOI, I

BOU}.IDARY COORDII. IATES

- - S L O P E  S T A B I L I T Y  A N A L Y S I S - -
SI I . IPL IT ISD JA\ IBU } , IETHOD OF SLICES

]RREGULAR FAILURE SURFACES

GEI . I I {AL SED.  POr iD,  FULL,  SECTIO} .J  C-C '
S A T U R A T E D ,  S T A T I C  C O N D I T I O N

t_0 ToP
l t '  TOTAL

BOUNDARY
N O .

BOUT,IDARIES
BOUiJDi\ i i IES

X-LEFT

r .0c
1 A  q r r
! r / .  J V

27 .50
29 .00
r l r i .  u u

O U .  U U
r 4 .50
67 .00
70 .00
93 .00
b7 .00
93 .50
64 .50
93 .00
. i 4 .00
B l_ .00

Y .R IGHT

24 .50
J I . ) U

46 .00
45 .50
54 .00
54 .00
54 .00
54 .00
42 .00
n ^ ,1 t\q z . v v

40 .50
40 .50
15 .50
39 .  s0
45 .50
39 .50

PORE
PRESSURE

PARi\i'IETER

.00

.00

.00

.00

S O I L  T Y P E
BELO|J tsND

1

1
1

1

2

A

4

3
2
1
!

I

1

P R E S S U R E
COiJSTANT

l_
2
3
=
5
6
7
B

t_0
t1
L2
r3
t4
l_5
16

\ t

)  / \  \ l l
. . 4 .  J V

2 4  . 5 A
J I . 5 U

! O .  J U
, l  5  q n
q . r '  / ' ,  ( !
j ' : .  V W

54 .00
54 .00
q . . :  n ^J : .  V W

42 .00
54 .00
40 .50
q , !  n n
J = . V V

1 9  \ l l

45 .50
T J . J V

X-RIG i iT

16 .50
2 t . 5C
, o  n n
L J . W V

44 .C0
50 .00
i , 4  . 50
57 .00
70 .c0
e ?  n i ' \
J J . V V

100 .  c0
93 .50

100 .00
e1.c0

1  n n  a ' f \! v v .  r , u

u1 .00
93 .00

ISOTROPIC SOIL  PARA; . iETERS

4  T Y P E ( S )  O F  S O I L

SOIL  TOTAL
TYPE Ui . i IT  i iT .
i . io.

I  i i 5 . c
2  L23 .0
3  70 .0
4  1 l _5 .0

SATUi iATED
I l  ^ . r  T  t r  t . t m
v r i f l  . Y I r

101 .0
1 n r\
! = V .  V

t - 00 .0
L25 .0

COHES IO}1
I}ITEI{CEPT

230 .0
230 .0

1000 .0
n

. v

F RI CT IOiti
AiJGLE

(DtrG i

J I . U
? ?  n
J J . V

20 .0
45 .0

P I t r  ZOi iETRI  C
S U i i T A C E

: .o .

n
.0

n

1

I



UNITI IE IGI iT  OF i . lATER -  62 . r10

ctEzol4ErRrc 

suRFAcE i ro. I  S P E C I F I E D  B Y

Y_i,JATER

2 4 . 5 0
2 4 . 5 1 r
5 2 . 0 0
5 2 . 0 0

]  COOI IDI }JATE POI I . ITS

10 POII ' ITS EQUALLY SPACXD
t -0 .00
25 .00

r  a  . \ n
f  U .  U U

75 .00

I I , IPOSED,  THt r  iL INI }4u i , i  ELEVATICN
=  1 0 . 0 0

POIi.IT
N O .

1
2
3
1

X-i,IATER

.00
15 .50
74 .00

100 .00

A CRITICAL FAILURE SURFACE SEAI iCHING I4E ' I I IOD,  USI t iG A RAI ' tDOi \ l
TECHNIQUE FOR GEi { t rRATI i ' l c  CIRCULAR SURFACES,  IJAS tsEEi ' i  SPECIFIED.

] .OO TRIAL SURFACES I {AVE BEEN GE}JERATED.

E

a

10 SURFACES INIT IATf ,  FRO} I  EACI ]
ALONG Ti{E GROUND SUI{FACE BETINEEI{

AND

ACII SUiiFACX TE.ii:.{Ii.JATtrS BETI'.JEEN
n f t  u

UNLESS TURTI {EP.  L I i . i ITATIONS i ]ERE
AT : iH ICI i  A  SURFACE EXTEi . iDS IS  Y

r\Ei

5 . C C  F T .  L I I ' I E  S E G I { E I \ I T S  D E F I i J E  E A C I . I  T I 1 I A L  F A I L U R E  S U R F A C E .

FOLLO-i/{- ING ARE DISPLAYED THE
FAILURE SURFACES EXAI { I }JED.
F I R S T .
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