HAd AFER MEREHN 220
[PC—SLOPE J2| #7¢

X|*

S Kk
=

TR R SR SR S SR O R ER T €S G o f

TE
0 foi

. &

il

Ftelel LE T4 Pl AT Edo] U E
3] A}l GEO—SLOPE jitol| A 713 #tEAE
gt =2 728 9) PC—SLOPE & 322 A 37E
A Zz2aRo g, 37/ T2y F
PROMSL, SLOPE, DOT & F-A=e] it}
Y PROMSL & &%+ A J1(data input) § T2
Wo 2] {1y EHte] Eoll(format)o] A
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SLOPE
PROMSL main algorithm DOT
data input for graphic
and Computing the I—=presentation
verification factors of safety 'n dot matr
ixform

FINITE ELEMENT

-stress analysis
-seepage analysis
independent programs
to create data input

for PC-SLOPE

Fig. 1 Software system of PC-SLOPE.
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2. PC—SLOPE 2| £3/

PC—SLOPE ol A= R EHATE R &
o] &3 Y EEFel A ot 2 o7 7HA]
ug 7184 AdH oz Apgg
< alt}. = Fellenius ¥4, Bishop 2] 74,
Janbu 2] 7}#¥], Spencer B}, —H¥ER FEfra)
¥ (general limit equilibrium method),

|
T+

Morgenstern— Price ¥}, Lowe— Karafiath
vl Corps of Engineers®}?] 58 A48-3%
= ot BB R (slip surface) = EIIES)
(circular slip), FEm#E# (fully specified slip),
AR E) (composite slip ) & A= 21-40] 7}-53)
o, ik 15 3714 RE LI 0.2 o] Foial Apd
9] s o] Flsslct. MRS o 2=
Mohr—Coulomb 2] #IEH #eol) & TRk A
#&#% (bilinear strength envelope)-& Fimnsled
A 43 4 glek. w A o] 2hgshe A7l
s, MM LEATE, HATE (line load) 52
SeiE 4 gles, A SuAS, FEYS
2 QAdA5E 18% 5 Qloh(Fig2 =)
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(a) External line loads and surcharges
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3. PC—SLOPEO{|A AF2EH AFOIQHEI 51 A
gredel| Hlm

Description

the total weight of the slice of width ‘b’
the total normal force on the base of the

Fig.3-& #EE ez Ao 283t N
ole] Y5 ek Bolu, olul A S
giste] Wag HERS Bt ko] gk | s,
A7) wjoll, W fiFEe 2He-sle AR h
W o) wakelt 24091 52 7hgsledep | E
#)4)0] 715314 ¥ic}. Table 1 & PC—SLOPE X
o)A LS Gl ofe) Mg A | P
Z7% 20K} 700, Table 2= 7} uhitelj A
TS gl U H W mRlE ol o)
A Bl gk 7o), o) Fo M= KL E T
Hara SMmACESE(L) - (1)) A3 Fig. 3 Forces acting on a slice through a sliding

slice
the shear force mobilized on the base of
each slice
the horizntal interslice normal forces

the vertical interslice shear force

an external line load

the horizontal seismic load applied through
the centroid of each slice

the resultant external water forces

AAvis] o] 9\14} 3) mass with a composite slip suface
Table 1. Assumptions used in various limit equilibrium mothods
Meteod Assumption

Ordinary or Fellenius Interslice forces are neglocted

Bishop’s Simplified Resultant interslice forces are horizontal(i.e., there are no inter-slice shear
forces).

Janbu’s Simplified Resultant interslice forces are horizontal, An empirical correction factor
is used to account for interslice shear forces,

Janbu’s Generalized Location of the interslice normal force is defined by an assumed line of |
thrust.

Spencer Resultant interslice forces are of constant slope through out the sliding
mass,

Morgenstern-Price ! Direction of the resultant interslice forces is determined using an arbitrary
function. The percentage or the function, A, required to satisfy moment
and force equilibrium is computed.

GLE Direction of the resultant interslice forces is defined using an arbitrary
| function. The percentage of the function. A, required to satisfy moment
jand force equilibrium, is computed.

i Corps of Engineers \Direction of the resultant interslice force is i) equal to the average slope
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gound surface.

from the beginning to the end of the slip surface or ii) parallel to the

Lowe-Karafiath { Direction of the resultant interslice force is equal to the average of the

ground surface and the slope at the base of each slice,

Table 2. Elements of statical equilibrium satisfied by

various limit equilibrim methods

Meteod Force Equilibrium Moment equilibrium
Ist Direction* 2nd Direction*
(e.g., Vertical) (e.g., Horizontal)
Ordinary or Fellenius Yes No Yes
Bishop’s Simplified Yes No Yes
Janbu’s Simplified Yes Yes No
Janbu’s Generalized Yes Yes ok
Spencer Yes Yes Yes
Morgenstern- Price Yes Yes Yes }
GLE Yes Yes Yes
| Corps of Engineers Yes Yes No
Love- Karafiath Yes Yes No ‘
LSarma Yes Yes Yes ‘

*

Any of two orthogonal directions can be selected for the summation of forces,

**  Moment equilibrium is used to calculate interslice shear forces,

4. AN AR Z2712 PROMSL

SepErE s 2 7282l PROMSL-& RAT7Z 213
l SLOPE 8] AHE 1% A&std(data
file)o] 2443 - 8ol - AL 317 913 22 7Y
2.2 #3555 (interactive) = —IEEBER (
batch) 2.2 z}e]o] 7153l

PROMSL ol B 83} glzdxt5 e F &
& thgat om), Figdoll Qakge) & o7}
o} glek.

1) POINT ; Ajuke] 7)5}814] 3 el S vJehuy

7] & Hag g x, yAR
(HoH 99934)

2) SOIL ; 7t B39 oh$j5=f, H 2, vt
ZHEH 15%)

3) TENSION : d Ao} wt sl E29)

24

4) GRID : E#ES FAX H (FA
3hH)

5) RADIUS ; 3519 viAAR (2 5
= 2174)

6) SLIP ; GRID £} RADIUSt} 414l 9]
3HE A (2N 1070)
N E-HIBEE 71



7) LOAD : SHEpfifE 2] 2484, =7), whak(& 8) MR IREL, S MBUAER () 1570),

o 1070 3F%) A7 o] RBRARE(F ) 8003 )

EXCAVATICN IN SILTY CLAY (CIRCLLAR SLIP SURFACES)
20, = # OF SLICES / SULIP SURFACE
. 01000, = TOUERANCE
. 00000, = SEISMIC COEFFICIENT
$2. 40000, = UNIT WEIGHT OF WATER
POINT ’ priond

t, 10.000, 160.000

2, 160,000, 140.000
3, 174,000, 153. 000
a, 190. 000, 14%. 000
s, 240,000, 120.000
&, 400. 000, 120.000

7, 10. 000, 153.000
a, 10. 000, 145,000
9, 10.000, 113.000
10, 400. 000, 113.000
11, 10.000, 100.000

12, 400. 000, 100. 000

13, 10. 000, 143. 000

14, 140. 00, 141.000

15, 200. 000, 134.000
17, 170.000, 170.000

18, 210. 000, 170.000
19, 192. 500, 260.000
20, 100. 000, 130.000
21, 300. 000, 130.000
22, 100. 000, 102.000
2z, 500.000, 102. 000

1, 1, 2, 3, 4, 3, &, o, o, o, o, o, o, o, o, o, o, o,
2, 7, & 4, 5 6 o0 o0 0 o0 o0, O, 0O, O, 9, o, o, o,
3 8 4 3, & o0 0 O o0 O O O O O O, O, 0. o0
4 9, !0, 0, 0, 0, O, 0, O, O, O, O, O, O, %o, o, o, o,
5, t1, 12, o, 0, o 0, O, O o O O, O, O, O, 0, 0, o,
sarIL , 5 .
1, 113.C000, 700.0000, ~ 22.0000, . 0000, ‘ .0000, . 0000
S€R PORTICN OF SILTY CLAY !
2. 112.CC00, 400, 0000, 21.0000, « 0000, . 0000, . 0000
LO®ER PCRTION OF SILTY CLAY
3, 110.C000, 300. 0000, 20. 0000, « 0000, « 0000, « 0000
SCFT SILTY QLAY
L, 127.0000, &00. 0000, 27.0000, -« 0000, « 0000, . 0000
SAMDY CLLAY TILL
S -1.0000, <0000, . 0000, . 0000, . 0000, . 0000
BASE OF PROBLEM
TENSION )
GRID
17, 18, 19
z, 3
RADILS
20, 21,
=2, 2z,
SIDE
', { ~CONSTANT FUNCTION
1
AR oo’ .0000 .0000 . 0000 .0000 .0000
LOAD ) g
P[?? o, (’)v ’ o, o, o, o, o, o, o, 0, 9, o, o, 9, o, o, o
2, o, o, o, 0, 0, 0, 0o, 0, 0, 0, 0, 0, 0, O, 0, O, 0, O
31 131 14; 151 51 6' O‘ 0' 0, 0. o' o' 0, ol 0, o' oc ov o
4, 13, 1a, 13, 3, 4 ©0 0o, 0 O o0 ©0, 0, O, 0, 0, 0, O, O
3, o, o, o, o, o, o, o, Q, o, O, 0, 0, o, Q, Q, 0, Q, [¢]
END Fig 4 An example of data input file

72 H5E H4E- 19891 121



5. WITZZ124 SLOPE

F1TZ 2 2% (main—processor program)
9] SLOPE = PROMSL o}| 4] 2}A1 =1 d|o]e}3}
A& o] 4-5te] obxl-8-& Alatsta 2 7] o) 2
3}l (file)-& uhEeo] Wit} & 3d2 714=
BE g5 ot &S AL Hajelr

3&=NQ, OF SLIP SURFACES

3San0. OF RADIZ

(FIGS #x), = o 3de 713 98
FErida BE Ao 2H83hs 2] IE9
zZ7)9} X5 A4 A3elr}, SLOPE =
3} A} Fellenius B9, Bishop 2] 7¥#14, Janbu
o] Zrudel o3k k& AARS VB R
A Y =] 2| ut, 71 e} oh 2w of] 2] 3k okl & A4
& AH&AH(user) 7t A= - 2| stefof Aol

JEEIEE

2=NQ. QF FUNCTIONS

SLIP X~ Y- ITERATION FACTOR OF SAFETY
NO. CCCRD. COCRD. RADIUS NO. LAMBDA (MOMENT (FORCE)
1 170.00G0  170.0000 40.0000 1 .000 2.554 2.887
1 170.0C00  170.0000 40.0000 8 .000 2.877 2.3594
2 170.0000  170.000Q 54.0000 1 .000 2.073 2,433
2 170.0000 170.0000 54,0000 8 . 000 2.493 2. 147
3 170.0000  170.0000  68.0000 t .000 2.481 3.13s
3 170.0000  170.0000  48.0000 8 . 000 3.079 2.474
4 190.0000  170.0000 40. 0000 1 . 000 1.82¢ 1.9%7
4 190.0000  170.0000 40.0000 7 . 000 1.94s 1.8%s
S 190.0000  170.0000 54.0000 1 . 000 1.427 1.59%
S 190.0000 170.0000  S4.0000 7 .000 1.442 1.501
& 190.0000 170.0000  68.0000 1 . 000 1.780 2.138
& 190.0000  170.0000  48.0000 7 .000 2.1357 1.914
7  210.0000  170.0000 40. 0000 1 .000 2.239 2.286
7  210.0000 170.0000  40.0000 7 .000 2.27s 2.245
8  210.0000 170.0000  $4.0000 1 .000 1.231 1.341
8  210.0000 170.0000  54.0000 6 . 000 1.362 1.300
9  210.0000 170.0000  48.0000 1 .000 1.502 1.794
9  210.0000 170.0000 48,0000 7 .000 1.801 1.541
10 177.5000  200.0000  70.0000 1 .000 2.245 2.337
10 177.5000  200.0000  70.0000 s .000 2.38% 2.265
11 177.%000  200.0000  B84.0000 1 .000 1.793 1.9355
11 177.3000 200.0000  B4.0000 s . 000 1.983 1.827
! 2 l 2 2 ! 2 )
30 192.5CCO  240.0000  1%8.0000 1 .000 2.073 2.231
30 192.3000  260.0000  138. 0000 a .000 2.237 2. 082
31 212.30C0  240.0000  130.0000 1 .000 2.06S 2. 080
31 212.3000  260.0000  130.0000 4 . 000 2. 080 2. 064
32 212.3C00  260.0000  144.0000 1 . 000 1. 455 1.ag8
32 212.%T000  260.0000  144.0000 4 .000 1. 499 1. 485
33 212.%000 240.0000  1%8.0000 1 .000 1.873 2.004
33 212.3000  260.0000  138.0000 s . 000 2.024 1.894
34 232.TC00 250.0000  130.0000 1 .000 2.494 2. 501
34 2I2.3000  260.0000  130.0000 s .000 2.500 2. 498
33 232.35000  260.0000  144.0000 1 .000 1.439 1.469
IS 2T2.3000  250.0000  144.0000 s .000 1.479 1.448
346 23203000 240.0000 138. 06000 1 . 000 1.830 1.942
36 2T2.3000 260.0000  138. 0000 4 .000 1.985 1.8%4
| SUMARY OF MINIMM FACTORS CF SAFETY H
MOMENT EQUILIBRIUM: FELLENIUS OR ORDINARY METHGD
217 . 5000=X-CI0R. 200. 0000~Y—CDOR. §4. 0000=RADLUS 1.222=F. 5.
MOMENT EQUILIBRIUM: BISHCP SIMPLIFIED METHAD
217.5000=x~CIOR. 200. 0GOO=Y—COOR. 84, CO00=RADIUS 1.284=F. 5,
FORCE SQUILISRIUM: JANBU SIMPLIFIED METHAD (NG Fo FACTOR)
217.500C=X—CO0R. 200. 0000~Y—~CO0R. 84.. 0000=RAD [US 1.237=F. 5.

Fig 5 An example of output file
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6. BMt==Z134 DOT

PROMSL ol] AF1% A}5.¢} SLOPE o 2] &}
AN AAE 1Y oB 8T %EH(
postprocessor) Zg7189l DOTE& DOT
1, DOT2, DOT3, DOT4¢] 4x2 8o g
=] gle}, DOT 12 13 =k5 2} A s 2=
o] d%E g o Vel (Figs =),
DOT 2+ |8 d=5 b &8 1322 e}
W (Fig, 73%), DOT 3+ #4988 2+
EEhH ol W] A7 A BE @fb3i, DOT
4+ 7t AW 2g3h= 2 %M (force
polygom)=} 37 Hi#tE (free body dia-

gram) & E3P3h= T2 1|tk DOT 344
aRe g RFe AR E vhg3t 22 12714
olct.

1) #2837 SFaaHe] 93

2) Z+ A e] Z3} HqH 7 o] (base length)
3) Z+ Adxde] Azt

4) z+ AR Hel| X 9] Az}

5) Z+ AAAHA A 2] ZhF4t

6) z+ Ao M| teldo|d FoF

T T T

20T critea Cener
X
Y 202 50
A0 R lww
Fs=1.19]
Srmoliied Bisho
200 O i

180

Y -COORDINATE

1 ) Empva—— . X S S—— I T +=

90 120 150 180 300 330
X-COORDINATE
UNIT WEIGHT COHESION PHI  DESCRIPTION
1150000 7000000 220000 UPPER PORTION OF SILTY CLAY
1120000 |600.0000 210000 LOWER PORTION OF SILTY CLAY
110.0000 |300(XXD 20.0000 SILTY CLAY
1090000 '100.0000 180000 SOFT CLAY
- 1.0000 .0000 000 SANDY CLAY TILL
-~ 1.0000 .0000 0000 BASE OF PROBLEM

Fig. 6 Plot of DOT
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7) 2+ A A Aol A ] U Fulzbz}

8) KT 1R S1tE#k (force function)<}
HE A 3

9) Ak, b=, WA, AHF 27
I E Z(moment arm)2] Zo]

10) Z+ AH A 33 ; 2ol PPz
A]

11) Z+ 3 AAHe) 27 | o] F¥ =74

12) 7+ e ule] $225) W9y

313 -
1.597 1. 360 1. 330 1.383

300 —

287 / //—/\ ~

1. 565 1.276 — 1.260 1.314

274 .
+

261 -

248 |

1.532 1.189 _—1.164

2N

Y- COORDINATE

T
+

209 L 1. 535 1.303 -
+
196 L -
183 ' —
\ l 1.110
w o4 H =
{ 1 Lt 1 L 1 L 1

168 181 194 207 220 233 246 259 272

X-COORDINATE
ORDINARY OR FELLENIUS'S METHOD

Fig 7 Plot of DOT2.
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analysis), AA S A4 T2 08 52 Analysis”, GEOSLOPE Programming Ltd,, Cal-
A ZFeT 9len, of| A= oll % gary, Alberta, Canada, 1988.
P hli E ;fttw M N s e 1), AnEa s,
1R (F)sk 71eA -2 3t ik A 43 A 1%, 1988, pp 90— 10L.
5 . 3. o3, Zhat AbERE (1), HIEAF =],
H0Es

A 474 A 2%, 1988, pp 74—104.
1. Fredlund, D.G,, “Users Manual of PC—SLOPE

; A Comprehensive Program for Slope Stability
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