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Abstract:

The development of an analytic approach to the finite slope stability problem is initialized in this paper.
This method is similar to the "method of slices," in terms of the static analysis; however, exact
integration is used for determining the actuating and resisting forces.

An equation was derived expressing the safety factor of a homogeneous, finite slope in terms of the
slope geometry, geometry of a circular failure arc, and soil parameters. Safety factors obtained from the
derived equation, were compared with those obtained by methods currently in use. Differences of up to
five percent were noted in the comparison. The equation for the safety factor was then differentiated,
with respect to the radius of the failure arc, in a futile attempt to derive an analytical expression for the
radius that yields the minimum factor of safety for any given center. Results of the differentiated
expression and the basic expression were compared. This comparison showed that when the
differentiated expression was nearly satisfied, the center yielding the minimum safety factors was
normally defined.

Further extensive studies are required before any definite conclusion can be made concerning the
characteristics of the differentiated expression.



Statement of Permission to Copy

In presehting this thesis inxpartial fuifiil&ent of:the réquire-
ments for an advanced degreé at Montana State UniVeréity, I agreé‘that
the Library shall make it freely available for inspectibﬁ. I further'
agree that permission for extensive éopying of this thesis for‘scholariy
purposes may be granted by my major profe;sor, or, in his absence,\by
the Director of Libraries. It is understood that any copying or publi-
cation of this thesis for financial gain shall not be allowed without my
writteh pérmission. .. : )
signature gt/ e i Brlilie, Uk
Date_ Decerben & /767




AN ANALYTICAL APPROACH TO FINITE SLOPE STABILITY ANALYSIS

by
WILLIAM ARTHUR VISCHER

A thesis submitted to the Graduate Faculty in partial
fulfillment of the requirements for the degree

of
MASTER OF SCIENCE
in

Civil Engineering

Approved:

%/M

e s Major Department

d/_/%mi

C?ﬂ&rman, Examining Committee

~ .

GraduAte Dean 6¢7

MONTANA STATE UNIVERSITY
~ Bozeman, Montana

December, 1969




iii

ACKNOWLEDGEMENT

The writer wishés to express his appreciation to Dr. Glen L.
Martin for his pa%ient guidance and assistance in the preparation'of
this thesis. His unique qualities of understanding and genuine interest
in the student are truly attributés-to be commended.

Appreciation 1s extended to the typist, Patricia Rinaldi.

Special thanks are extended to the writer's wife, Mary Ellen, and
his children, Robbie and Terri, fér their understanding and encouragement

during the course of this study.




Chapter

I

IT

III

IV

INTRODUCTION . . . .

ANALYTICAL DEVELOPMENT .
l. Definition of Geometry .
2. Computation of Forces.

iv

TABLE OF CONTENTS

3. Minimizing the Safety Factor for a

RESULTS AND DISCUSSION .

CONCLUSIONS AND RECOMMENDAT IONS.

LIST OF REFERENCES.




Figure

v

LIST OF FIGURES

Possible Failure Geometry of a Simple, Finite Slope, Case 1.
Possible Failure Geometry of a Simple, Finite Slope, Case 2.

Possible Failure Geometry of a Simplez Finite Slope, Case 3.

Diagram of Forces and Geometry « o o v¢ 4 o o o o 4 e o o o« o

Derivation of Alpha Angle (o ) . . L

Typical Relationship of Safety Factor Versus Residual of
Equation (61) « ¢ v o« o v o o o 4 o o o o o o o o o o o«

Typical Relationship of Radius Versus Residual of Equation
(61) e o s o s . e e ¢ e e e o o *® ¢ s e s e . o & o & o' ®

Typical Relationship of Safety Factor Versus Radius . . .

16

28

29

31




vi
ABSTRACT °

The development of an analytic approach to the finite slope
stability problem is initialized in this paper. This method is similar
to the "method of slices,” in terms of the static analysisj; however,
exact integration is used for determining the actuating and resisting
forces.,

An equation was derived expressing the safety factor of a
homogeneous, finite slope in terms of the slope geometry, geometry of a
circular failure arc, and soil parameters. Safety factors obtained from
" the derived equation, were compared with those obtained by methods
currently in use. Differences of up to five percent were noted in the
comparison. The equation for the safety factor was then differentiated,
with respect to the radius of the failure arc, in a futile attempt to
derive an analytical expréssion for the radius that yields the minimum
factor of safety for any given center. Results of the differentiated
expression and the basic expression were compared. This comparison' showed
that when the differentiated expression was nhearly satisfied, the center
yielding the minimum safety factors was normally defined.

Further extensive studies are required before any definite con-.
clusion can be made concerning the characteristics of the differentiated
expression. .




CHAPTER I

INTRODUCT ION

Probably the most widely used method of analysis for finite slopes

is the "method of slices" based on circular failure surfaces. According

to Taylor (1948), K. E. Petterson is thought to be the first to use such

a method in the study of a quay wall in 1915. Further investigations and
studies revealed that actual failure éurfaces do not deviate greatly from
this assumed circular failuré surface.

The method of .slices basically consists of dividing the soil mass
into vertical slices and performing a static analysis on the soil above
the assumed failure surface. As there are many possibie circular arcs
for a glven cross-section, a trial and error procedure must be used to
locate both the location of.the center of the criticalﬁarc and the radius
of the critical arc..ﬁThe time and labor involved in the graphical trial
and error solutions is excessive. With the advent of the digital com-
.égter, the problems associated with this trial and error analysis were
-alleviated.

The above remarks indicate the benefit of a direct analytical
analysis to the engineering profession. An‘analytical ahalysis would not
only eliminate the repetitive calculations, but would also allow more

efficient use of the computer in slope stability problems.

1




CHAPTER II

ANALYTICAL DEVELOPMENT

The initial portion of the aerivation of the analytic expression
is similar to the analysis used in the "method of slices;" the only
difference being that exact integration is used to obtain the actuating
and resisting forces. After performing the required exaét integrations,
the actuating and resisting forces can be expressed in terms of tﬁe
radius, R, and the known geometric and soil parameters. The factor of
safety can similarly be expressed as 1t is a function of these actuating
and resisting forces. Differentiating the factor of safety with respect
to the radius, R, and setting the resultaqt'equél to zero, maximizes or .
minimizes the factor of safety with respect to the radius. Solving the
expression.for R should then yield the radius, for a given slope geometry
and arc center, that produces the minimum factor of safety.

vFor a simple finite slope, three geometric failuye possibilities,
as shown-in Figures 1, 2, and 3, must be investigated. The failure
geometry shown in Figure 1 is probably the most common failure noted in
soft, cohesive materialé, whereas the failure geometry shown in Figure 2
* is most common in "mixed" soils. The failure geometry of Figure 1 is the
"general case and degenerates to the cases shown in Figures 2 and 3 when
the appropriate geometric substitutions are made.

Définition of Ceometry

The initial step of the derivation consists of defining the inter-

cepts of the slopes and failure arc.




Circular Arc _|(x.,y.)
Center —F G-
(x457,)
Failure Arc Equation:
2 2 2
Line A ( ) (xgmxg) ™+ (ypryedt = K
XysY
A’TA positive root of Equation (14)
(Xl,yl)
negative root of Equation (14)
» X

Figure 1. Possible failure geometry of a simple, finite slope,
Case 1.
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Figure 2. Possible failure geometry of a simple, finite slope,

Case 2.
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Figure 3. Possible failure geometry of a simple, finite slope,

Case 3.
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The equation of lines A, B, and D can be expressed in the general

forms
y=mx + b (1)
where: m is the slope of the line, and

b is the y intercept.

Letting:

¥a.= ¥y
5 o (2)
et
Yo=Y
2
g (3)
e R
Y, - Y
4
L (4)
s
Y X, = X,y
iy 1x2_x12 o}
&%
h:y2X3"/3X2,and (6)
120
R dbra. Yats (7)
' i g

and substituting yields:




Yo Feny ¥ £ (8)
Yg = 9xg + h (9)
Yp = ixp + ] (10)

The general equation for the assumed circular failure arc is:

25 malx - B} (y RS (11)

where: h and k are the respective x and y values
denoting the center of the circle, and
r is the radius. '
Substituting the appropriate variables, as shown in Figure 1, into

Equation (11) yields:

R2 = (xR - xC)2 + (yR - yC)2 (12)

Solving for yg in Equation (12) givess

yR = yC :VR2 = (XR s XC)2 (13)

Respectively setting Equations (8), (9), and (10) equal to

Equation (13) the expressions for X,» Xps and x, are:

252052 DT 21D
i eyc—ef+xc-\/—2efxc+2eycxc+e R™-e xC-f +2fyC;yC+R o
A e2 4]
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D20 212 AR
- gh+ +\/_ - - =Y
e 9y gh X5t 29hxc+2gycxc+g R™-g XE h +2hyC yC+R (15)
B g2 'y
ORI . oy R : Gind 1 2 BT e R 22
A 1yC-1J+xC+ -213XC+21nyC+1R -i7x-J +23ycryC+R
Xp = 5 (16)

U |

The solution of Equation (14) involves a quadratic with the nega-
tive root being rational (see Figure 1). The solution of Equation (15)
can involve either the negative or positive root depending on the failure
geometry, while for Equation (16), the positive root is rational.

Computation of Forces

The stability of the slope is dependent on the resisting moment
(made up of the resisting forces acting about the assumed center of rota-
tion) being greater than the actuating moment.

From elementary soil mechanics, the actuating force, Fact’ can be
expressed in terms of that component of the weight force acting tan-

gentially to the assumed failure arc, as shown in Figure 4:

Fact = EZTangentlal Components of Weight Force = Z:T (17)

Figure 4 is a profile of a lineal slope having an infinite length
normal to the cross-section shown. Assuming a unit length of slope, the

volume of the differential parallelepiped shown in Figure 4 is3

dv = (y - yp)dx (18)




<

Figure 4.

Diagram of forces and geometry.
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The differential weight, dW, of the differential volume is equal to the

volume of soil multiplied by the unit weight of soil,y , or:

dW = y(y - yp)dx (19)

Multiplying dW by cos 6(see Figure 4) yields the tangential component of

the weight, or:

dT = y(y - yR)cos pdx (20)

and from Figure 4:

(21)

Converting Equation (17) to its integral form and substituting Equation

(20) yields:

X, X4 .
Fact :j Y(yA - yR)cos gdx +[ Y(yB - yR)cos pdx
%A e
*p
+./’ Y(yD - yR)cos pdx (22)
¥3

Substituting Equations (8), (9), (10), (13), and (21) into Equation (22),

and simplifying yields:
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x2 x3

L
Fop = A [J[ (B' + C' + D' + E')dx +J[ (F* + G' + H' - I')dx

X

X X

A 2

D : )
+J[ (J'" + K' + L' - M')dx]
=

where: A’

Bl

D' = —ex x-fx

3

g8 1 Xg Y ke §

F''= gx2 T = YoX 3

Hitil = -gX X - hx

Jﬁ

Ll

(23)

Note that the smallest root of Equation (13) was used as it is applicable
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as shown in Figure 1. Integrating Equation (23) produces:

(24)

Fact - A'(B" _*_ Cll + D" -+ E" + Fl' + G” + H" . I" + J" + K” + L"
o Mn)
*2
2 3 3
s oo ' = .
where: B ] B'dx (a)e(x2 X\ )
*A

2 2)
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i ' 2 o 38
-(2)(XC)(XA-XC)(-XA +2xCxA+R =X )

X ~X

X =X
B x®)sin™t B2) ¢ DR (sin”t EB) 5 (28)

(same form as Equation (25) with g “hy iand

s x,, replacing e, f, X5y and x, respectivgly); (29)

k-

I
ey

7}

o

x

i

S
G" 2-/. G'dx = (same form as Equation (26) with x. and x
" b S
replacing x, and x, respectively)} (30)
x2 A 2
ey
H" :‘/- H'dx = (same form as Equation (27) with g, h, X, and
XL veplacangles . £, 3, fand¥x
X ; A 2
2 réspectively); (31)
#3
I ::J[ I'dx = (same form as Equation (28) with Xo and X,
replacing x, and x, respectively)j (32)

A 2
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D
Jo =,/. J'dx = (same form as Equation (25) with i, j, x_ and
Xnireplacing eq o, x. and'x respectivefy)- (33)
x3 D A 2 4
D

(same form as Equation (26) with x_ and x

K® "—‘/ K'dx D
replacing x, and x, respectively);

(34)
x3 A 2
.
Ly =‘/. L'dx = (same form as Equation (27) with i, j, x. and
X, replacing e, f, x, and x respective?y)- (35)
x3 D A 2 e
*D
M" :J[ M'dx = (same form as Equation (28) with x_. and x
. : D
replacing x, and x, respectively)y (36)
x3 A 2

Substituting the above values into Equation (24) and reducing, yields the

following expression for the activating force:

3 +
- i, x_[(:g)x 3 @ f+yC exc)X 2
act: R 3°A 2 _A
s 2 a0
- =) (- +R“- +
(f yC)xCxA + (3)( X, “*+2x X *R"-x )2
f-ex _~h+gx
e-g 3 v C GRAD
(“5*)X2 ik 5 )x2 + (h-f)x\x2
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X h-gx _~j+ix )
gt s P C " T
i )><3 +. ( 5 )><3 + (J-h)XCX3 *gle,
] 3
J=Ya=1X —
CoTE . 1
a0 (e d M ome (R (= XD2+2XCXD+R2_ XCQ)Q} (37)

The strength of the soil material, which resists any impending

rotation or failure, can be expressed by Coulomb's Laws

S =otand + c (38)
where: S = shear strength,

@ = normal effective stress,

g = angle of internal friction, and

¢ = cohesion.

The resisting force, Fres’ per unit length of the lineal slope

(Taylor, 1948, p. 437), is expressed as:

F .. 0 tan f + Rgc (39)

normal component of differential weight
(see Figure 4),

R = arc radius, and

o central angle (see Figure 5).

where: N

Once again using the differential expressién for the slice weight:

dWw =y (y - yR)dx (40)
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Derivation of o :

e [(VD 7 "'A)2+ (xp; - XA)Q] =

e ) -
sin (3) = 55 ;
2 214
[(y—y)+(><-><)]2
Ga T ST Pt A

2R

Biigure 5.

Derivation of alpha angle.
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and multiplying by sin® , yields the normal component of the differential

weight:

dN = Y(y - yR)sin&dx (41)

From Figure 4:

(42)

Expressing Equation (39) in its integral form and substituting the value

of dN from Equation (41) yields:

X X

2 3
E_ .. = tan ﬁ[f Y(yA - yR)sine dx + [ Y(yB s YR)Sine i
XA X2
D
+J[ Y(YD = YR)Sine dx] + Ra ¢ (43)
3

Substituting Equations (8), (9), (10), (13) and (42) into Equation (43),

integrating, and simplifying yields:

3

X
A Ytan¢ A s B . 2
PO [ 3" %Ka * 3% (g - RO)x
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(-

A 2 . 3 z
(2)(exC ex X, fo + fxC * YoXp nyC)XA
3
2
+ (B)R%)(exg + £ - y0)S, + ()(g - e)x,”

i 2
+ (3)( exs * exXoX, * fx2 - fxC *gxe - 9XcX,

1
2 1Vin2
- hx2 + th)X2 + (3)(R )(—ex2 - f* 9%, + h)82

3
s’ 2 b s 2 Rl
* 3)(1 = 9)X3 + (2)(-9XC * 9X X4 + hx3 - hxC + ixe

1

- dxgxg - Gxg + 3x )X+ (DR (-gxg - b+ ixg + §)S

Cc 3 3 c C 3
xi2 3
D 2 i 5 2 2 1 9
B o e AL :
3 Yo 3XD * (R"-» Xc )XD i (2)(-1XC
1
* dxgxp * Jxp = %o = yoXp * Yexp)Xp
& s 2 : i
(B)(R7)(-ix - 3 *+ y )Sy | + Rac (44)
@ 2 2 2
hEiered Xsubscript E (_Xsubscript ¥ 2XCXsubscript ey ¢ )5

= Xsubscript)

R s and

Ssubscript e

@ js derived from Figure 5.
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The factor of safety, FS, for the stability of a slope can then be

expressed as:

Resisting Force
Actuating Force

FS = Factor of safety = (45)

where the actuating and resisting forces are expressed by Equations (37)
and (44), respectively.

As mentioned .previously thelexpreésions developed thus far are
applicable to the geometry shown in Figure 1. To analyze either of the
remaining two cases certain substitutions are necessary. To analyze the
geometry shown in Figure 2, the following subsfitutions are required:

g for e, h for f, i for g, j for h, and x3 for %, in
Equations (37) and (44).
To analyze the geometry shown in Figure 3, the following substitutions

are required:

g for i, and h for j in Equations (37) and (44).

Minimizing the Safety Factor for a Fixed Center

In order to minimize the safety factor, differentiation of the
safety factor with respect to the radius is necessary. Differentiating

Equation (45) with respect to the radius, R:
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d(F eS) d(Fa )
ars) _ [Faee) (7] [Fred [—52"]

dR
dR ) (46)
[Fact]
The derivative of the actuating force, F_ct» @s 9iven in Equation (37)»
@
is:
d(Fact) Y ex 3 5% e : Lot
- Gl B ;i[' Glxy + 2 PRyt Af-ap oll
3
1 2 2 2\2 e-g 3
* GIEx" * 2xpx, ¢ R - xT) (5,
fi=ex =" h* gx
C ©; 2
+( 5 )x2 + (h - f)xCx2

& A
- e M 7] Jxg" + (3-h)xox,
3 J = et lXC 2
CSe, g xp” * (e d)xexp
3
v 2i2l] 5ol
2 (3)(—xD + 2XCXD s B Xo ) ] + : ex, "X,




b T : iy ety
+ (3 Yo lxc)xDxD g J)XCXD (ax e

A -
*p xC2)2(—xDxD' + xCxD' + R)] (47)

The derivative of the resisting force, Fres’ as given in Equation (44),

iss

3
F X -
d("res) _ ytandf A N 2
AR [ 3 XcXa *EIXT+ (xp - RO)x,
v (Bex.2 = ex x, S fx, + fx. 4 Yok = v % JX %
C il A T Yghr T ettty
3

* DR (exg + £ - ) 5, + B)(g-edx,?

2 2
)(-exC + ex X, + fx2 - fxC o 9Xo = XX,

o~

iy

1
Gl 2
2 X
- hx2 + th)X2 + (3)(R )(—exC - f + g% * h)82

3
3)(1-9)%,* + ($)(-gx.> + ox

4
c 3 3 C

2 : 4 ) 5 1 2
. xS + + (1 & L
ix. ix.x, x4 JXC)X3 () (R7)(-gx h
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L

(RS Dty e & Jx. = 3%, - yx. + yx)X.2
C CD D C CD CoC ik

2Y(R2Y (o3 ; Yt 2 e
(B (R™) (-ixg - § + yc)sD] " __52? [XA X,

2

2 1
i R )xA - 2Rx

1
' 3 2y 1
2xCxAxA + (2)(e)XA XA + (x y

b
2X '

G i

4 2
(4)(exc exCxA - fo iF fxC + nyA - YCXA

1
L1y (o B v ' 3 w I 2
(z)( ex X, fo + YeXa )XA + (3)(R )(exC

1
il e . 2y
¥ £ oya)8y ¢ (8o~ )X, "X

L}
f - yC)SA + R(ex 5

C

2 2
3L + . 2l
(F)( ex ex X, * fx, - fx. + gx, 9X X,

'+ (3)(R%)(-ex + h)S_!

bl 2

:
-
hx_ + th)X2 X

2 2 C

at
= f % gx.+ h)S, + (2)(i-g)X_*x. "

Ri{=
B i

C

i 2 e BT,
(2)(-9XC + QXCX3 i hX3 - hXC + 1xC - 1xCx3

2K,
)X TEX. 1+ <%J(R2><-gxc - b+ ixgri)s,

1Hg g
i R o ¢ e TR
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2x A e

DD C+ DD

% D (i ; + i 4.5 5.
R( 9% h ix 3)83 X

1y B 2 2 2
b ¢ ' $ - 1)(-1
(2)XD X'+ (R X )xD *+ 2Rx, +(2)( ix

1,
s g L Wt L S ey 1 R '
* ixxp * ixp Jxa = yoXp * nyC)XD XD + (2)(1xCxD

i
. ] ] 2 ok 2 : . ]
* Ixp! =y )X® ¢ (B)(R M =ix, =+ yC)SD
+ R(-ixC - 3% yC)SD] + ac + R a'c (48)

where: x,, x., X., X Xy5 Sps Sp 525 53,a s Yp» and yp

A, D’ A’ D’ X2’ 3’ A,

are as defined earlier and whose derivatives are:

dx
Pt A 9:9:" o g
ST X R(—QefxC + 2ey x. + eR” - e X
1
2% 2fy, - yC2 + RQ)'2 (49)
dx
he My i : - R ST
- -t R(—21ch + 2 Lyoks it TR = chier et
5 2 Do
Wiy~ o * RS (50)
dXA
= X B R Y Dy x Y OR (51)




dX
—Q:X'—--Qxx'+2 '
dR. - ‘D D*D Xep ot <R
dx?:dx3—xv+ b
dR dR LD X3 &%
ds - \
A:S'— RxA +xA-xC
dR A= 5
2 %A
V1 - ()
dS -Rx.' + -
DV ey i o
dR D
5 xC-x 2
RN el RD)
ds -y
_--—-2::8':)(2 XC
dR 2
5 xc-x 2
R°V1 - ( R2)
ds -
___3:8':)(3 XC
dR 3
5 xc—x 2
RN o R3)
[+ SO
aR =3 =R

(53)

(54)

(55)

(56)

(57)
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dy, el o A
dr ~ YA A
EZQ = Pl et
dr ~ D D

Setting Equation (46) equal to zero yields:

d(F__ ) d(FaCt)

[Facd 22 [Free) (52 0 (61)

After intensive investigation it was deemed beyond the scope of
| this study to explicitly solve Equation (61) for the radius in terms of

the other parameters. A digital computer program was therefore written

in which the approximate solution of Equation (61) was sought while sys-

tematically varying the radius, R, keeping all other parameters constant.




CHAPTER III

RESULTS AND DISCUSSION

Three different conditions were used to study the results of the

derived expressions. These conditions are shown in Table I.

TABLE I

GEOMETRY AND SOIL CONDITIONS
USED IN EVALUATING DERIVED EQUATIONS

ANGLE OF
SLOPE OF LINES* HEIGHT ~ UNIT WI. INTERNAL
CASE RO OF SLOPE  OF SOIL  FRICTION  COHESION
1 o R 100 120pc £ 8 400
2 R R 100 120pc 30 0
3 0. 14180 100 100pcf 20 900

%See Figure 1 for definitions of lines A, B, and D.

The majority of the investigative work was performed on Case 1, Table I,
thus, the results below are primarily applicable to the conditions of
Ca§e 1.

The safety factor, determined from Equation (45), was compared
with the safety factor as determined from two existing digital computer
slope stability programs. The comparison showed that there is only a
slight difference between the results from the exact integration method
and the numerical integration methods. For the comparisons made, the
numerical integration results exhibited a zero to five percent difference
from those obtained by exact integration. The majority of the compar-

isons, however, were much closer, being in the zero to one percent range
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(see Table II).

'TABLE II

COMPARISON OF THE MINIMUM SAFETY FACTORS AS OBTAINED
BY THE EXACT AND NUMERICAL INTEGRATION METHODS

! Exact -
Integration Numerical - Numerical
Case No. __Method o Method #1 Method #2
1 .438 .445 434
2 .606 602 .620%
3 : 1.159 ' 1.175 1.046

*This factor of safety is not necessarily the minimum.

Results of the differentiated expression, Equation (61), and the
basic expression, Equatioﬁ (45), were compafed{ This comparison showed
that when the differentiated expression was nearly satisfied, the center
yielding the minimum safety factor was also.defined (Figure 6).. Ideally,
if a radius other than the radius defining the maximum or minimum safety
factor for the fixed center was used, a "residual” should result in the
solution of Equation (61). By varying the radiué, in increments of 10
ft. to 0.05 ft., an attempt was ﬁade to force the residual to zero. The
attempt proved unsuccessful even when changes in the radius, R, were as
small as 0.05 ft. 1In all cases the residuals, as well as the differences
in residuals, ranged in value from plus to minus several-million to only
as low as plus to minus several thousand (Figure 7). These results seem

to indicate that Equation (61) is extremély sensitive, even to slight
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changes in the value éf the radius.

It was also noted that the small incremental changeé of the radius,
although haviné a very notable effect on the residual, haa only a slight
effect on the safety.factor (the change occurring in the third or fourth
digit only), as shown in Figures 7 and 8. It was further noted that the
radius that made the residual change from positive to negative, as shown
in Fiéure 6, did not always define the radius associated with the minimum
safely factor (and it never defined the radius correéponding to the max-
imum safety factop). In all cases investigated, this radius defined a
safety factor very close to that defined by the existing slope stability

computer programs.
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Relationship

Figure 8.
shown is for the trial center of Case 1, which produces the minimum

safety factor of 0.438.)
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CHAPTER IV

CONCLUSIONS AND RECCMMENDAT IONS

The attempt to develép a completely analytical solution solving
explicitly for either the minimum'facfor of safety, or the radius asso-
'ciated with the minihum factop of safety, ‘was unsuccessful. The study
was, however, successful in establishing correct analytical expressions
for the actuating and resisting forcesﬂ The results from these expres-

: gions compare favorably with the numerical integration methods presently
in use. |

Recommendations for further research are: 1) to solve Equation
(61) explicitly for the radius, R,-in terms of the other variables; and
2)Ato substitute this explicit value of the radius into Equation (45).
The resulting expression would then give the minimum factor of safety in
terms of the known geometrié and soil parameters, énd be independent of
the radius. It may be that no exact method is avallable, but probably an

approximate trigonometri& series substitution would suffice.
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