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Slope Stability Analysis by Slice Method and Finite Difference Method
— A Comparative Study -
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Abstract

Slice method is commonly used in solving slope stability problems since it is easy to use
and its computation time is rather short. But depending upon the assumptions on the
inter-slice forces, different methods are available. Quite often the difference between
methods are so big that it is very difficult to make engineering decisions.

This paper describes a method to calculate the factor of safety of a slope using FLAC,
a finite difference based program. A FISH routine is developed to calculate the factor of
safety, and verified by comparing with Chen’s limit equilibrium solution. An example
problem was selected from Fredlund and Krhan's paper, and results were compared for
different soil and water conditions. The difference was less than 0.01 when the soil is
homogeneous, and less than 5 % when a weak layer is embedded.

Since most geotechnical application programs are capable of considering complicated
ground conditions as well as the effect of ground supports, numerical methods are believed
to be very useful in making engineering decisions. The developed routine can be applied to
the calculation of the factor of safety of jointed rock slopes or weathered rock slopes where
the use of slice method is limited.
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Table 1. Methods of Analysis(Nash, 1987).

Overall Overall .
: Non- Assumptions about
Method Circular . moment force . .
circular o i interslice forces
equilibrium | equilibrium
Infinite Slope * * Parallel to slope
Wedge Analysis * * Define inclination
@ u=0 *® *
Ordinary * * Resultant parallel to
base of each slice
Bishop * (%) * Horizontal
Janbu simplified (%) * * Horizontal
Lowe and Karafiath * (%) * Define inclination
Spencer * (*) * * Constant inclination
Morgenstern and Price * * * * X/E= Afix)
Janbu rigorous * * (*) * Define thrust line
Fredlund and Krhan GLE * * * * X/E= Af(x)

= fully satisfies the specified condition
( *) partially satisfies the specified condition
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Figure 1. Relationship between real and
trial strength parameters.
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Figure 2. Flow chart of the routine for the calculation of factor of safety.
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Figure 3. Calculation of factor of safety.
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Figure 5. Finite element mesh with boundary
condition for analysis

Figure 6. Failure plane and velocity vector
field at slope failure(factor of
safety=0.99).
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Table 2. 6 different conditions posed by
Fredlund and Krhan (Fredlund
and Krhan,1977).

Case Soil strength | Ground water | - Weak
Sloy A

No. PE | parameters condition layer
1 None None
2 None ¢’,:10°’

c'=0

3 rv=0.25 None
. @' =20° 1pe
4 12 ¢'=28.75KPa r=0.25 ¢ /:_10 ’

c'=0

Piezometric

5 line None
6 Piezometric ¢'=10°,

line ¢'=0
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and non-circular sliding surfaces
(Fredlund and Krhan,1977).
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Table 3. Comparison of factors of safety for example problem by slice methods and FLAC analysis.

‘ Morgenstern- FLAC
| Simoled | puncers metmoa | Jambrs | Janburs | S TR | e
Case || Ordinary | Bishop simplifie. I rigorous
no. | method | method | F | 6 A method | method F A zone | interface
1 1.928 2.080 2.073 | 1481 | 0.264° 2.041 2.008 2076 | 0.254 2.068 -
2 1.288 1.377 1.373 | 1049 | 0.185 1.448 1.432 1.378 | 0.159 1.325 1.365
3 1.607 1.766 1761 | 1433 | 0.255 1.735 1.708 1.765 | 0.244 1.756 -
4 1.029 1.124 1118 ¢ 793 | 0139 1.191 1.162 1.124 | 0.116 1.052 1.187
5 1.693 1.834 1.830 | 13.87 | 0.247 1.827 1.776 1.833 | 0.234 1.836 -]
6 1.171 1.248 1245 683 | 0.121 1.333 1.298 1.250 | 0.097 1.165 1.318
* This value is 0.237 in the original paper by Fredlund & Krhan(1977) but corrected herein as tan(14.81°).

re lundﬂ- Krhan2 ¢ekxe] FAE 4A

oo}, AekEo] Az nol ANl EAL
7} 3L 7 ukekate] AAR 0 7 ABztE] o] At}
FLACOA & 771X sidubde 285

2
&o

OE:_‘

4 2 o
5o
(v

2
i
R

f‘

~o

}&ol seam FEZE EAcH= A¢
e TSl 5o Aokzel 7w 4
= o)t} o] A ddokEw
}aske] dEor fag3

in_}g%
40 4o~

N
_{

T
ooy

2 El _& 3
o, o"
L

= i

> 2

@)

lo

e

s

b

i

B

5

7

C

®
U-‘Wm
nay
L%B

@

5
PN
%
N)-
o 7
OllFE
IIO
T
> o
~ &
ML o
4 oz

ol
Mg
o>'i‘10

J,

1], BASRS 59 3 DS BA

b 2o 5

rmorE e g
o fo "
O\I
i
ol
¥
We
(g
off
oX,
9
(o
o
o
u
n
T
14
r2

Lo
)
3
2,
rlr

5

Halg= Table. 2¢} 2} ol
olsle] sfMsl ZAxs Fredlundg} Krhan
(1977)9) 44\ A3k} vl mws}e] Table. 3| =

270 154 HOW - 19994 128

Epii=g
Fredlund®t Krhan(1977) 9] 67} 73—?”°ﬂ o

o AR A ge)

Janbu®| 7HA

A=

W} mRlEo]
= st 2l o3 ok

o%‘u =
o
o}—ﬁ’e‘

<3}
E’EB‘

=

k=
J%—s}ﬂ

T8 ALkt

%% Janbue] g&i, 28]a ordinary

(Fellenius)

He 37 auE

HT o

34?_5‘} Spencer‘j*ﬂr Morgenstern—Prlce‘%ﬁOﬂ 9]
= qkdge] Ao} 0.01 olstols], mulEe

o ok

¥

=2

25
ﬂl

[e)

l

ot olv

WS- 2%k Bishop

HojFr},
1977)©] XA 3k vfe} o] 1 oo 72
Hazo g 3 o8&

[=} O—“L‘

k= 3o 1

el ofgh s AL 2

AAANA Fredlund®t Krhan

g 1=

A Sl 28
HZ )] Asjel vjs- E7si
o FEASTRE 7@ HNEE 10l 5

PFEel ek g el S1ske Bk wel

ARE 77

MY

T4 A

[e]

2=

e}

arshs dd

[ BXe)

ol

Bg AT

e A8t FLACS. 2 kA

dokzol gl= 4 Spencer

¥ 9 Morgenstern-Price®el 23+ <ALy}

0.01 oJ8te] Apol & Hlon] gyl P

&H5E JEITE Case 19 tig sixZdas



Figure 8. Circular failure sliding surface
developed by FLAC analysis: Case 1.

Figure 9. Sliding surface and velocity
vectors developed by FLAC
analysis: Case 2-zone.
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