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CHAPTER I
INTRODUCTION

A problem that has confronted engineers for a great number of
years is that of determining the stability of soil slopes. Many factors
introduce complications into stability analysis. Most embankments
contain heterogeneous soils, often of several types. This and other
complications usually necessitate the use of a simplified cross section.
At the same time, it is often necessary to adopt simplified average
soll characteristics which represent actual characteristics as best
as possible. Those steps which bear on the choice of the simplified
section and the simplified soil characteristics are always important in
stability analysis work. These steps are independent, however, of the
actual analysis. From this point on, simplified conditions only are
considered, since the main object herein is to explain methods of
analysis once the simplifications are made, In this analytical approach
the following simplified conditions and assumptions are carried out:

1. An average or typical cross section is used. It is assumed
that no shearing stresses act on the plane of the section and,
therefore, that a two-dimensional case exists. The entire mass
is assumed to be composed of one type of uniform soil.

2. It is assumed that the shearing strength of each individual
soil occurring in the cross section may be represented by an
expression in,thg form of Coulomb's empirical law:

S =ecg t 5’tan(pe
where cg, and gbe are the effective cohesion and the effective

friction angle, respectively, that apply for each soil under



the existing conditions. The normal pressure if is the
intérgranular pressure on the failure plane.

3. The intergranular pressure used in the shearing strength
expression is obtained by deducting the neutral pressure frpm
the total pressure existing at that point, provided that the
earthquake is not considered. To get the effective inter-
granular pressure with the horizontal earthquake being considered
it is necessary to subtract the normal component of the earth-
quake pressure from the above intergranular pressure. The
neutral pressure or the pore pressure at any point is given by

the flow-net in case of seepage, by the fuil hydrostatic pressure

Ug AV
Voo # 0V, = AV
case of consolidation during construction (10). In the above

in case of sudden draw-down and by in

expression

U, = Initial pore pressure (usually considered as
atmospheric pressure--absolute pressure)

Vyo = Initial volume of free air in the soil mass
(per cent of total initial vo;ume)

AV = Va6 - Ve Volume change from sonsolidation

(per cent of total initial volume)

Vy = Volume of water in the soil mass (per cent of
total initial volume)

h = Capacity of water to dlssolve air from Henry's

Law (approximately 0.02)
All stability analyses are based on the concept that an embankment fails
unless the resultant resistance to shear on every surface traversing the

embankment is greater than the resultant shearing force exerted on that



surface by the mass above, along with the earthquake force when this is
to be considered. The surface which is most liable to fail is called

the critical surfacs.

Proposed ressarch

The(is- circle method developed by the late D. W, Taylor provides
a relation between the stability number (c/F ;fH) and slope angle i
for different values of Qb (angle of internal friction). But, Taylor
in his ma@hematical analysis did not consider the possibility of failure
of slopes from other considerations such as
1. Earthquake (horizontal)
2. Pore pressure due to construction.
So the major investigation of this dissertation is to find some relation-
ships such that one can utilize Taylor's stability charts even when one
is to consider‘horizontal earthquake or pore pressure or both. The
writer here analyzes the following cases:
1. Earthquake (horizontal)
2. Pore pressure
a. Due to sudden draw-down
‘b. Due to seepage
¢. Due to construction.

This study is limited to a simple slope with ideal conditions.



CHAPTER II
REVIEW OF LITERATURE

Various methods of stability computations have been developed. All

assume homogeneous soil, constant angle of slope, level top surface and

shearing strength as expressed by Coulomb's equation. The most common

methods may be summarized as follows:

1.

2,

3.

The Culmann method assumes rupture will occur on a plane., It
is of interest only as a classical solution, since actual
failure surfaces are invariably curved.

The Resal-Frontard method assumes the soil mass to act as a
slope of infinite extent, and by use of conjugate stress
relationships results in an equation for the rupture surface.
This method has been criticized because the results indicate
that the mass above the rupture surface is not in static
equilibrium at the point of failure with all shearing strength
being utilized.

Brahtz method of stability analysis: In the development of
the science of soil mechanics, as in the development of most
of the physical sciences, the gap between theory and application
has at some points been wide and diffiéult to bridge. One
school of thought has developed methods of analysis which,
though easily applied, fail to take into account some of the
important physical properties of the soil mass. A second
school of thought has deduced methods, which although they
take ;nto account many of the physical properties of the

materials, involve intricate mathematical computation, and



k.

are, therefore, somewhat abstruse and difficult of application.

Brahtz' method of stability analysis belongs to the second

group.

The spiral method assumes the rupture to be a logarithmic

spiral,

The circular arc method was first proposed by K. E. Petterson,

based on his study of the failure of a quay wall in Goeteborg

in 1915 or 1916. The justification that circular arcs are
close approximations of actual rupture surfaces comes from field
investigations of a large number of actual slides, especially
in railroad cuts by the Swedish Geotechnical Commission. This
method has been widely accepted as satisfactory, and several
methods'\of procedure based on the circular arc have been
proposed, among which are the following:

a, Method of slices QZ)& This method was advanced by the
Swedish Geotechnical Commission and developed in quite some
detail by Professor W. Fellenius., The main objection to
this or any other graphical method such as that given by
A. W. Bishop (11) and later developed by M. Arnold (Eé)
rests in the fact that the most dangerous circle of an
infinite number of possible circles must be found, and,
thus, the graphical procedure must be repeated for a large
number of circles.

b. Qb-circle method {l): This method was proposed some years
agé by Professors Glemnoen Gilboy and Arthur Casagrande, its
initial use being in the development of a completely
graphical solution of the slope problem. In the mathe-

matical solutions, the late D, W. Taylor set up a relation



between the dimensionless number (c/F‘7’H) and slope angle
i for different values of qb (angle of internal friction).
In that above dimensionless number, F is the factor of
safety with respect to cohesion, ¢ is the actual unit
cohesion for the soil in question, and ]V is the effective
unit weight of soil. This basic dimensionless expression
is called the "stability number." This method is a simple
convenient bridge between theory and application. But,
Taylor in his mathematical analysis did not consider all
possibilities such as earthquake, pore pressure, etc, The
purpose of this analysis is to develop a simple, clear and
objective solution for the horizontal earthquake case and

various types of pore pressure cases.



CHAPTER III
DIMENSIONAL AND MATHEMATICAL ANALYSIS

Q;gensional gnalxsis

Stability of a soil slope is dependent on
height = L

H

i

slope angle = (dimensioniéss)
¢ = soil cohesion * FL~?
qb; friction angle of soil = (dimensionless)
¥ = total unit weight of soil & FL™>
Tl-term relationship to determine'the_criticgl height H at which
a landslide will occur is given by:
H=t (e, T, 1, QD)

le., H=0Cu (% 7% 3 %)

where
Gys Cps C3, CJ are constant indices.,

so, L= (FL"2) °1 (r13)2

. Then,
L:1l-= -ZC1 - 3C2 So, G =1
F:0=0C +0C C, = -1

So, H = Cx (cl 7'1 i'CB (z)cll-)

Or,%'?ﬁ—=f(i,(b) ¢ )

If one introduces F, the factor of safety with respect to cohesion,

then above equation (1) becomes :

c

e _ . - . .
FVE f (4, Qb) function of i and qb.



This dimensionless quantity, ;%?g is called the stability number, It
depends on slope angle i and friction angle(jb, and one will write it
as 'ﬂjﬁg Two different factors of safety had been proposed for use in
stability problems, Fellenius and most other investigators used the ratio
of actual shearing strength to critical shearing strength, which was in
agreement with the usual concept of factor of safety and was called the
true factor of safety. The other factor had been used by Jaky and
Rendulic, and might be described as the ratio between actual cohesion
and critical cohesion.

Of the two items which comprise the shearing strength, namely
cohesion and friction, the ratio between actual and critiéal cohesion
has bearing on the cohesjon only and will be called herein the factor of
safety with respect to cohesion. In setting up mathematical solutions,
the use of this ;actor proves to be simpler, thus it is used in the
derivations gi&én herein. However, the true factor of safety may easily
be adapted in the resui%é of these solutions., The friction angle, Qb ,
as used here, is the developed obliquityf If a true factor of safety,
FT is desired to apply to both cohesion and friction, then the developed
obliquity must be‘iS/FT, Expressed mathematically the above may be

summarized as follows:
F7H—f(i qb)and —f(l,gi)

'ygthematical analysis

The mathematical solution was given by D, W. Taylor (1), first for
the case of circles passiﬁg'through the toe of the slope, and followed
by the case of circles passing below the toe of the slope, In this
analysis the forces considered were:

1. The weight of the mass, W, g.cting vértically dovmward through

the center of gravity of the mass.



(b) (c)

Figure 1. Sketches showing elements of the 4>-circle method for circle
passing through the toe of slope.
2. The resultant cohesion, C:- Tts magnitude is clf, where
¢y is the unit cohesion required for equilibrium and I is the
length of the chord AB. Its line of action is parallel to the

chord AB and its moment arm, a, is described by

i 1)

- ~
clLa = clLR or Na =

where’f, is the length of arc AB. Thus, the line of action of
C may be found, and its position is independent of the
magnitude of the cohesion,

3. The resultant force, P, is transmitted from grain to grain of
the soil across the arc AB, The force polygon is as showﬁ in
the sketch.

From Figure 1 (a)

= ¢l _ 2¢
F

C=cl=¢= Sin e G ¢

[}

where, factor of safety.

YRZ/AQ.. 772 sin §Co5/§ + 722 (Cot Q( - Cot 1) (2)

H
=5 Cosec Qo Cosecaﬁ\ . . . . . . . (3)

]

F
W
R
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Wd = [TRZ@M%B‘ %ﬁ;}g] - [ 7R sin 8 Cos 3]
x [ZERE_OS Bsingy]- [-25- c:ot(,:(] [% Cot(Y + R Sin {Q(.xg)]

-[ [T oot 1][% Cot i +R Sin(qg—@”

which reduced and combined with (3) gives
BT 2, . .
12 [l-ZCOt 1‘ 4+ 3 Cot 1 CO’bCo(-BCOt:LCGt@
+300tq00t£@] A O

From Figure 1 (c)

Wd =

00' = d Cosec u e e e e e e e .5
00' = a Sec (q-u) = R;}?Cosec@ Sec (q-u) . (6)
00' =R Sin.¢ Cosec (W =7) « + =+« « < ()

From Figure 1 (b)

c Sin v ° o

Substituting (3) in (2) and the result in (4)
B _ 152 Cosec z_géﬁcmsec 28 cot/g) * CotCfe Cot i
2d ~ 1/3 (1 - Cot €3 ) +# Cot i (Cot(X-Cot f) + Cot (Y Cot@
G S) %~
From (5), (6) and (3)

- 2
Cot u v Sec (X Cosec () Cosec L@ - tan(¥ . . (10)

From (5), (7) and (3)

Sin (W -v ) = ‘g‘a" Sin u CosecCo(Cosec@ SinQS . (11)

Placing (3) in (1) and (2), then setting (8) equal to the

ratio of (2) and (1)

e = 1/2 Cosec 2%;@003” 2?— Cot,@) + Cot(§~Cot 4

F‘?H 2 Cot(:( ot v + 2

(12)
The solution for the case where the rupture, surface passes below

the toe of the slope is almost the same as for the above case. The only
important difference is that another variable enters which is designated

by n, and is shown in Figure 2,



Pigure 2.

Vo

[+

11

—_
~-B

e
¢ o

L

M

H
e | DH

Rl ,,,H_f'c;

|

Elements of (b -circle method for circle passing below the

toe of the slope.

1 .
Hers, n =3 (Cotq - Cot/@ - CotlT + Sin¢CosecCo( Cosec@) (13)

c

FYH

= 1/2 Cosec Bcosec 2L- Cot@) + Cot(X - Coti - 2n
2 Cot (Y Cot v + 2 (14)

D= % (Cosec(,:( Cosec?- Cot q Cot@_-& ). . .« .+ . (15)
(Depth factor)

Figure 7 gives the chart for stability number vs slope angle for

different angles of internal friction. Figure 8 gives the chart showing

effect of depth limitation, DH on stability number Swm for (D = o0,

FH

This DH is defined as the maximum depth of a point through which the slip

circle passes, Now the question is: can these charts be used when

horizontal earthquake or pore pressure is introduced in the problem?

The writer has analyzed the above cases in the following way:

Case Ii<:Earthquake (horizontal)
4

s it —y

o] l

~1R
A —4_B
|

A

2R

sin RBsino(,

Figure 3.

O

g |
| 2R sinfsin
tan L

2 RsinG cosot, —l

>
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If one analyzes the effect of horizontal earthquake force on the
stability of soil slopes, it can be showm that it increases the over-
turning force and decreases the resisting force. If now, one considers
the effective unit weight of the sliding mass as % , then the effective
weight Wp (¢ TV) will give the same overturning moment as by the
horizontal earthquake fore, Fp (*QYW = (X 7V) and the weight, W.

In other words, from Figure 16, by taking moment about the center of the
eircle

Wod = Wd + Fgl
or fgva = fva+ X7
or fo= F+QflYa=TFa+ahlay. . . . . . . Q)
Where V is the volume of the sliding mass, Tis the given unit weight
of the soil, [, is the moment arm of the force FE and d is the moment arm
of W, the weight of sliding mass.

Tt is this f which will be used in the stability number. Now,
if one analyzes a small elementary strip on the sliding mass with weight,
Wj and horizontal earthquake force of (XW;,the.n it can be seen that the
resisting force other than cohesion is: (Wj Cos 93- - aWj Sin Gj)
tan Cbi’ whers tan 9 3 is the slope of the sliding circle at the jth
element, and ¢i is the given angle of internal friction.

So, the total resisting force is

Z(Wj Cos Gj - awj Sin Qj) tan ¢i
i.e,, TZE(YZ"yl)j Cos ej-(Z(yz-yl)j Sin G-j]AEtan¢i . . (2)
The total effect due to earthquake force being taken care of by equiva~
lent unit weight, fg and the medified friction angle, (D o, the resisting
force is given by ?E Z.[yz-yl)j Cos ej:ldx tan ¢mE e« . (3)
Now equating (2) with (3),
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?Z[(yz-yl)j Cos Gj - a(yz-yl)j_Sin Qj] tan ¢i
= ?;3 Z[(yg-yl)j Cos 93] tan QsmE
' : Sin

' = ts‘n¢ = [l_a_y"y 3
Or, m t——@&an 1 % , 2771 == ej] . . . . (4)

Where m is the ratio of the téhgent of the modified frietion angle to

the tangent of the initial or given friction angle, So from (1) and (4),

-1 &y )4 Sin
"o L {y2=y1)y Cos éb] v 2 B

So, for different values of ({ , different values of m will be obtained
for a given C‘bi and a given slope. Now, from this m, (me can be
obtained. And, it is with this value of ¢mE one will look into Taylor!s
chart when horizontal earthquake is to be considered, The slope with
the new slip circle (cbtained with modified ¢ ) with equivalent unit weight

% will give the same resisting moment and overturning moment as given
with the original slip circle (obtained with initial d) ) with the weight
W and the earthquake force, Fg.

For a wide range of (X ' the value of (PmE lies between (Z)i gnd 0

le,. ¢i > d)mE > 0y It can be seén that th_;e failure eircle given
by 1 and ¢i and that by i and 0 are very closé to each other, or in
othér words, the discrepancy involved is very sﬂzall, So, Ly = I’m‘
then Ci (cohesive foree) =~ Ch (cohesive force) for small values of ¢
(unit cohesion), The total resisting moment for the initial case
with earthquake is given by equation (2) and that given for the modified
case by equation (3). From equations (1), (2) and (3) one can get
the equation (5), and from there one gets the values of ¢mE (modified
friction angle due to earthquake). By successive approximation one will
also get the same result. For example, let i = 30° and ¢i = 20° and

for which {/d = 1.77 from Figure 9. From equation (5), the solution of
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which is shown in Appendix under heading, i = 30, ¢i =2

0
= 1-0.480{ _ tan QSmE

(-]

when ({ = 0.10, then  m = 0,81, and then ¢ma= 16.5°.
Now, using ¢= 16.5°, »ﬁ;'/d = 1,82 (for Figure 9.)
For & = 0.0, m = 0.80.
Then tan (;b g = 0.80 x tan 20° = 16.5° (approximate).
The equation (5) can be expressed in the form of integration as

follows: f
[1. ((-L{2=1) Sin 6 dx |

= —
" OXf/a) (y2-y1) Cos @ dx

= —2t —— [1.c(Mmerator ;
Or, m (1+ X L/a) [1 C(Denom:'u'tan’c,or] )

Equation of the circle is

(x.-n)°+ -k =8% . . . . . . . . (6
Equation of the line OA is

y=x tan'i N (2

Equation of the line AB is

y = (2R Sinﬁ Sin C) « + o+ .+« . . (8)
Where, h=RSin(B-C§)
K=RCos(/oB-a°)

dx = "y_K
. _ X.=h . . vk
So, Sin 9 == . Cos 9 --,—IR—
= \/Rd_(_‘k.‘_h)z
R

S0, in equation ( 5h /9
2R Sin Cos (X
Numerator = f (yz-yl's’ Sin 9 dpg

o]
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2R Sin  f3, Sin (Xo/ten i

Numerator = f[x tan i - (K - m x-h
0

2R S:Ln o Cos (X o

f[za Sin Qo Sin (o - (K - VR2-(x-h)?)] E‘if-‘- dx

2R Sin /30 Sin (X ,/tan i

2R sin B Sin X o

Numerator = tan i [gc_?_ -h ;C_ZJ

R 2 tan 1
2 0
_ K (xh) 2R Sin B, Sin (X,
R 2 tan i
0 2R sin f3, Sin (X
sk [y ) MRy | 2R Pe S oy
> 0

2R Sin Cos (X
+ za‘smﬁo Sin ((o-K| (x-h)? /8° °

R

2R Sin f3.5in (X,
tan i

% [-%; (Rz‘(x-h)z ] 3/2] 2R 5in /80 Cos Ko

2R Sin B Sin (X,

tan 1

Numerator = (tan i) R2 [8 Sin’ /8" 5107 X - sin ( /9"' Xo)
taﬂ3 i

2
» Sin?® B, sin® o 4
tan® i

_ Cos ( /8 o) 221 {25111/8 sin (X,
tan i

- sin (B, xXo) | % - sin® ( /80..o<°)]

1.2
-=R°[  (os? + 4 51 Sin (X
3 05 ( /80 ) = éﬁ in <31n (/90"0(0)
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b sin? 3 Sm%a) - Cos? (SBy-o)] - &° ‘/9°*O‘ ) ZESinZO%'fC‘)

tan 1
2 Sin /QD Sin (Yo 12
- - Si H - ]
| == n (B 0))
2
[(Cosz( B a )-h—SinZ/Q Cos? Ay + 4.
Sln/QOCosC( Sin(B 54 )}3/2 {Cos
(,B -, - b Slnzﬁ $in2 (Y 4 + 4 Sinﬁ SinQ(o
@ tan® 1 tan i
2
sin ( Bo- )] o/ ]
2R S > C
Denominator J' (y;—lyf); Cogsgcxdx
(e}
2R Sin /8 Sin a [tan i
J[x tan i -(K-7\ [R2-(3¢-h)*)] YR=(x=h)" 4,
0 R
2R Si C
znlgm e ogm& -(k- ‘\/R~ (x-h)?)]x
R‘-(x-hz dx
2R Sin /Q Sin (X /tan i
2R s:m Jinczf éfff 2R Sin o SinC{o/tan i
Denominator J tan 1 | x-h) =(x=h)* 4x4| tan i (h)~K

R®-(x -h)? dx

-(x h)

2R :LnB 1nC'°/ tan i
+-- J (R

2? Sin Eo CosC(
5 2R 8in B? Sin (X -K J R2.. _h)f dx

2R Sin B Sin (X /tan i

+

1 (2Rsin S8 ¢C
®

R (R (x-h)8
2R Sin/g s-mc{ /tan i

2R Sinﬁ S:LnC( [tan i
4 Lan i ghl-—K

R *

2RSin RSing/tan i
1 [(x-m)\[R=(x-n)? + B2 san”t (Z5R)) in A3ing/tan

2
Denominator = ta: el [ jB/ J

5 | R (x-n)?

o
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2R Sin Sin
+ ]E C sz -(""'QXB'- )3] \\ 'é; I Lo

(o]

4 2R Sin /80 Sin ({o-R Cos( JQQ- Cb) 1 [(x=h)x
2

2 s

/R (x -h)? + A2 sin™t (£=)]

2R sin A singY,

tan i

‘ 2R Sin /Q Cos (X
+ % [RZ;; -Sx.-h!BJ \ ° °
3 2R Sin ,30 Sin (X o/tan i

tan i

sin ( Be- Qo) - Sin? /ggzsinZ Clo ) 3/2

~Cos> ( B X))l
+ Sin( Be- ) tan i - Cos ( B ) «

2
R0 (28 osin Gl sin ( S X))
tan 1
in2 2
(C052 ( lgo- Q) - 4 3in {c,gagzsin Ko
44 Sin @t_:nsinao sin ( /Bo"ao)_) 1/2
+ san”t (23t Bo sl _ s ( Bo- CLo))
tan i

+stn (B~ ) Gos ( B ) + (B0l
+ g2 [ 2.5in B, sinX, . %_ (z Sin/go 5inCh _ g4n

tan 1 tan 1

(B o)) - & san? (B,-00)]
Cos (_}99# &)
2

R? [Sin (B o+ Xy)

L
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cos® ( Bo- Q) - 4 5in? fB Cos? ((, + 4 sin 3,
Cos (X Sin (B~ ) 12 | gn-d
(Sin ( Bo "‘ao).) _ (»2 Sin ﬁo Sin Yo

tan i

s (Bocty] [ oo (B G
Losin? B s’ O, , 4 sin B sinCly

tan® 3 tan 1
: 1/2 -1 2Sin/931nC(
Sin ( BO" C(o‘)J - Sin ( tag - 0

- sin ( f3,- C(o)]]
+ 7 [2 Sin B, Cos L, - ]3—‘ sin° ( B+ &)

Sin /8,, sin (Ko }_‘z SinBo Sin O,

-2 tan i * 3 tam 1
- Sin ( /90..0(.0)}3]
Let & = Sin 3 ﬁf??ﬁgi
B = sin ( B~ Q)i - C=Cos ( B -CX,)
= Sin ( /9°+‘C(°): E=Cos ( B+ )
F # Sin /90 Cos (X ; G = Sin ﬁQ sin (X,
G/A = tan i
Then,
Numerator = [ %%AB-Z.% .B. Az] - g [(ZA-B)Z-BZJ
RZ
e[ ems - w] P 1B
(12A-B } 7. % C ( cZ-LI-FZ-FllvFB) 3/2-[ c?-Ua2
+ 4aB | 3/2 ]
Numerator = [8/3 GAZ - 2aBG] - [2cA®-2ABC) - % [[ 2 + vh-ta? ) 3/2
; - 21 - 307 - (aa-B)°) - 1 [(cPour? + urp)>/2

- | -t + 4AB ]3/ %]
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G 2 2\ 3/2 BG=AC
Denoxl;inator = -3% [( ¢ + LAB - 4A } 31 ol + = [(2A-B)

( c_2-4A2+4AB)1/ 2 + sin”" (24-B) + BC + Sin~" (B)]
+ [2a - % (2x-B)° - %-33] - % [n| -hF? + LFB )1/2
+8in"" D - (2A-B) (o2-1a” + 1aB ) 1/2 _ gs3p-1
(24-B)] # [2F - D _ 4l (24-B)°]
Denominator =g [ | ¢ + 4ap-1a | 3z &1+ Z28E [(an-m)-
A o2-UhZ + UAB 1/2 4 510~ (28-B) + BC + Sin~1 (8]
.[%' 3] - g— [ o o -UFZ44FB )1/ ? + 5in"1D ~(28-B)»
(c,-?-LuF + bAB )1/ 2 _ sin™! (2a-B)] + [2:«'-9-;].

And, thus, the solution of equation (5) is obtained.

Case II: Pore pressure

(a) Pore pressure due to sudden draw-down:

Figure 4. Draw-down case.
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The force W of Figure 1 (b) represents the effective weight of the
sliding mass. For the submerged or buoyant slope, Figure 4 (a) shows
the forces acting according to the qb-circle solution, wherein WB, the
effective weight for this case, equals the product of the area of the
sliding mass and the buoyant unit weight., The force polygon is shown in
full lines in Figure 4 (b). The weight, WQ’ which is equal to the weight
of a mass of water of the same total volume as the sliding mass, must be
present in the submerged case, but it has ne effect since it is Just

balanced by forces E. and Ez, the resultant water pressures across the

1
rupture arc and the slope, respectively. The lines of aaction of these
three forces W, El and E, are shown in Figure 4 (@), It may be noted
that the momenté of Wb and E2 about 0 must just balance each other. It
is correct to speak of Wo as an overturning force, but in this instance
its overturning effect is just counterbalanced by the resisting effect

of EZ‘

The submerged case may be transformed into the sudden draw-down case
by the sudden removal of the force EZ' Since the moment of E2 just
balances that of WQ, removal of Ez introduces an additional overturning
tendency equal to the moment of W,. The weight W; at the instant of
sudden draw-down is carried by a temporary excess of pressure in the
water, and intergranular stresses can replace this hydrostatic excess
only as fast as the nacéssary strains in the mass can develop. So, with
the assumption that W, is not carried by the soil skeleton, and, moreover,
since El being normal to the slip circle passes through the center of it,
no friction can be developed to help in resisting the sﬁearing stresses

it induces. Thus, the overturning forces acting are W, which is resisted

by cohesion and friction together., The force diagram for Wy alone is
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shown in Figure 4 (a) while that for Wo is shown in Figure 4 (d). Thus,
the cohesion required to overcome the combined overturning effects of

W, and Wy is the sum of Cp and C, of Figures 4 (a) and 4 (d). (1)

(2) | (b)
Figure 5. Force diagram for sudden draw-down case.

The writer adopts the following graphical method:

In Figure 5 (b) AC = Wb (buoyant weight). This Wp is balanced by
Eﬁi and EEK (achesion required for Wp). CB = Wo (weight of a mass of
water of the same volume as the sliding mass).

AC+TB =W, + W, =Wy

From B, BK is drawn parallel to 0'0., From C, CT is drawn parallel to
C1A to meet BK at T. Then CT is the cohesion required to give resisting
moment to overcome the overturning moment dus to Wo. Then TC (EEEE)
is added to CjA. So, CT = C201 + C1A = C_+ Cp. This Cr is the total
cohesion to overcome the effect of total weight, W, =Wy + W,. Then
BC, gives rise to anﬁ“ the new friction angle obtained from pore pressure
due to sudden draw-down., From Point 0!, 0'S is drawn parallel to BCsz.
Then a small circle is drawn such that 0'S is a tangent to this circle.
This small circle gives rise to qup (modified friction angle under pore

pressure due to sudden draw-down). In Figure 5 (b),

TB_Wo _ o .
Kﬁ = W% = g-/B (sudden draw-down factor), as defined by the writer.

So, for different values of }9 s one will get different values of €Z>mP/ qbi,
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and it is this value of d) pp ORe uses in Taylor's chart. Modified slip
eirele corresponding to ()me can be used in the analysis. And, the unit
weight to be used in stability number is the saturated unit weight, 73.
' (b) Pore pressure due to seepage: Its effect is similar to that
of sudden draw-down. Here, in place of ,5 , One can use seepage factor

as defined by the writer.

A= [E = seepage factor
‘7:,’:.5”1/ t A-a) + ;Sa' \

N .circle
/’// 7/ /l/ \ Cb
d / o K
~ 7/
- s\
/0 \
i / / \ .
A '\ Phreatic line
a \
1 \
S ' / : . . v
Figure 6. Effect of seepage. < Pore-pressure curve™—Slip circle

Where

1

Unit weight of water

= Unit weight of soil at any moisture content

B
r

L = Saturated unit weight of soil
a3 = The area between the pore pressure curve and slip circle

obtained by d)-circle method

a = The area between the phreatic line and the slip circle

A = Total area of sliding mass.
In a similar manner to that of sudden draw-down, a chart of 6 vs
Cbmp/ (pi can be obtained for the case of pore-pressure due to seiopage.
It is this value of ¢mP that one will use in Taylor's chart. And, the

unit weight to be used in stability number is 7;—2; = % (‘i'a) h 758’

as suggested by the writer.
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(c) Pore pressure due to construction: Its procedure is also
similar to that of sudden-draw-down. Only instead of /9 » One uses £
which is expressed as a ratio of the pore pressure force to the total
weight on the rupture plane. If the height of the soil above any point
on the rupture plane is h, and the height due to pore water pressure is

hl above the same point, then as defined by the writer
€= W h
t

Unit weight of water

Where

7
% = Unit weight of soil at any moisture content
€ = Construction pore pressure factor,
If the effect of pore pressure due to construction is 10 per cent of the
full hydrostatic pressure then
€=0.10 —&~ .
't
So then, like those of Cases II (a) and II (b) a chart of £ vs
¢mP/ d)i can be obtained. This chart will give the friction angle
modified due to construction pore pressure. And the unit weight of soil

in this case is 7;.



CHAPTER IV
GENERAL DESCRIPTION AND PROCEDURE

Taylor's stability chart gives the relation between stability
nunmber, c/F‘7’H and slope angle, i for different values of’Qb. From
this relationship one can find factor of safety, F, for a given soil
and a given slope with a given height or one can find the height of the
embankment where the factor of safety is specified. The writer has
tried to develop certain relationships with the help of which one can
still use the Taylor's chart even when one is to consider either
horizontal earthquake or pore pressure effect in the problem of slope

stability.

Case I: Effect of horizontal earthquake

The writer has analyzed the effect of horizontal earthquake in
40 different cases and as a typical example only one is shown in
Figure 16, for i = 30°, Cbi= 10°, and H = 50°',

In all these examples two different heights of embankment, namely
50% and 75', were chosen, The results obtained were the same for the
$wo heights as shown in tﬁa charts of 1/d vs 1, with a given qbi
(initial angle of friction without the effect of earthquake), This
shows the validity of the relationship of the dimensionless quantities,

The procedure that the writer has adopted in this analysis is as
follows and the graphical construction is as shown in Figure 16.

First, the earth embankment is‘drawn to a scale. Then, corres-
ponding to the given slope, i, and the given initial friction angle, Qbiv

the critical slip circle is drawn with the help of Table I (given by
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Taylor). This circle has its center at O which is determined by the
values of C(o and /90 (as given in Table I), and it passes through the
toe, A, and meets the embankment at B. And so, AB is the rupture arc.
At any point L on the slip eircle, angle OLK is drawn such that

angle OLK = Qsi (given initial friction angle when there is no earth-
quake ).

Then the ¢-circle is drawm with its center at 0, such that it
touches IK at K. After the critical slip circle and the friction circle
are drawn, the next step is to find the center of gravity of the combined
sliding mass; and this is done in the following way:

Referring to Figure 16, from 0, 0S is drawn perpendicular to AB,
the chord of length I.

0B = Radius, R
0S =D

Now, one is to find the center of gravity of the circular segment.

|

y (the distance of the c-g from the center 0 along 0S) = f}f d; di'x
T2 R .
.f / LECosgfydr] Sin‘} dw

" TITE [Rea 1ay

8, D Cosecy

ie., y=2 D (r/D)? Cos Ql - Cot 91
(’R/D)* (N/2 = B1) - CotOH

This y is then marked at a, along 0S. Then the next step is to find the
C. G. of the triangular portion bir graphical method and then marked at
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ay. Let the distance ajap = d. The combined C. G. lies at a, on

ajap at a distance of x=( A1d

) from a,, where

A, = Area of the triangular portion

Az = Area of the circular sector
Thus, the weight, W, and the horizontal earthquake force, Fp ( O W)
act at a,. The moment arm of W is d and that of FE is (. After
knowing § and d chart for [/d vs i is prepared. Then '?% = 7f*
(1 + QUL/d) is determined. Now, according to the analysis of Case I
in Chapter III,

- Numerator
n =10 @nE 1~ X Tenomimator
tan Q4 1+ (X(/d

is calculated.

For example, given 1 = 30° and <¢§ = 15°, Figure 9 gives {/d = 1.808.

Numerator

Then to caleulate [1- X Denoninator

] one has to tske the values of (6 ¢S
. . x s - °
and ﬁo corresponding to the given i and @i' In this case, C;{_\0 = 27,

}90 = 39° from Table I. So,

. @ o
a=Stn Bosin . sin39° sin20°

tan 5 tan 30
= sin ( B.- ({,) = Sin 12° = 0.2079
= Cos ( Bo-c(o) = Cos 12° = 0.9781

= Sin ( /Bo+ (Xo) Sin 66° = 0.9135; E = Cos (@-}a) = C, 4067
= Sin /90 Cos X, = Sin 39° Cos 27° = 0.561
Sin /90 Sin(xD

GA2 - 2ABG = 0,126

Sin 39° sin 27° = 0.285

Wi o =3 (o B w

2CA% _ 2ABC = 0.275

2 + 4AB - 4A% = 0.389
2A - B = 0.780

c? - 4F? + LFB = 0,165
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BG - AC = ~0.424

Sin~* (2A-B) = 51.3°

BC = 0.2079 x 0,9781

{g% x 51.3 = 0,895 radian
0,203

H

sin~! (B) = 12° = 1% x 12 = 0,210 radian

sin-1 (D) = 66° = %g% x 66 = 1,150 radian

Num

35&&23 = 0.093%4; So, Numerator = RZ (0.0934)

R

Denominator - o »00; So, Denominator = R (0.200)

R

Then,
_ Numerator v - _ R%(0,0934) = 1-0.467 (X

Denominator R2(0.200)
So, m = 1=0.467(X

1+1.808 (X
Hence, for different values of ({ , different values of m will be
obtained. These are shown in Figures 10 to 1.
Case IT: Effect of pore pressure

For the effect of pore pressure in general, the writer has analyzed

four different cases, namely

1.

2-

3.

i,

With i=730

P, =15°

H= 50"

With i = 45°
- °

®; = 20

H = 50!

With i = 30°
— [+]

¢i = 20

H = 75"

With i =130°

H = 50!
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Figure 17 is shown as a typical one. In all these cases, the main idea
is to find a relationship between the pore pressure factor and qup/qu_
(ratio of modified friction angle to initial friction angle). All these
four cases have given same result which shows it can be extended
dimensionally to other values,

(a) Pore pressure due to sudden draw-down. The writer has adopted

the following procedure in establishing a relationship between sudden
draw-down factor, ﬁ ¢ 7w/ 75) and ¢’m?l ¢i (ratio of friction angle
modified under pore pressure due to sudden draw-down to the initial
friction angle). As in Figure 16, the C. G. of the sliding mass is
determined and O' is located in this case. Procedure for the graphical
construction is followed as given by the writer in Case II (a) of Chapter
ITI. For different values of }8, different values of‘Qme/ gtﬁ are
obtained. When these points are plotted (as shown in Figure 15), they

are found to fit a straight line such that =~ + }3 =1
1 . .

or %:l-ﬁﬂ_._%u:_%b

P_ Gl
or i Gre
Where

G = The sp. gr. of soil,

it

e The void ratio of soil.

(b) Pore pressure due to seepage. Similar procedure to that of

- sudden draw-down is adopted in this case to establish the relationship
between the seepage factor, (5 (as defined in Case II (b) of Chapter III)
and quP/ (pi (ratio of the friction angle modified under pore pressure
due to seepage to the initial friction angle without seepage). Equiva-
lent unit weight, ‘7£ is determined from the formula given by the writer
in Case II (b) of Chapter III.
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(c¢) Pore pressure due to construction. This procedure is also

similar to that of sudden draw-down. A relationship is established
between construction pore préssure coefficient, € (as defined by the
writer in Case II (c¢) of Chapter III) and ¢mP/¢ 4 (ratio of friction
angle modified under construction pore pressure to the initial friection

angle without pore pressure).



CHAPTER V
RESULTS OF THE ANALYSIS

The results of the stability analysis by¢-circle method
considering only the external force W, are tabulated in Table I. These
data given by Taylor (1) are verified with a digital 1620 computer.
Results of the writer's analysis considering earthquake are tabulated
in Table 2, and the results are plotted in Figure 10 to Figure 14 as
. m Vs (X for different ¢Qi's and different constant slope angle
i, Also, the results of ({,/d) vs i are plotted for different ¢i‘s in
Figure 9. Results of the analysis done by the writer for the case of

pore pressure are tabulated in Table 3, and the results ars plotted in

Figure 15 as ¢>mP/¢i vs /g(or 6 or £ ).
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Table 1. Data on critical circles by the ¢ -circle method (1).

1) () (3) #) (50 (6) (7) . (8)t . (9)
. orrecle
i dD L, ﬂL n D c/FfE  c/F fH Remarks
90° o: 47.60  15.1° 0.261  0.261
50 50 o 1 ?° 0.239  0.239
100 53 . 13.5, 0.218  0.218
150 56 o 13 0.199  0.199
200 8 0 12 0.182 0,182
25° 60 11 0.166  0.166
75° 0 4.8  259° 0.219  0.219 The final
50 45 ° 25 ° 0.195 0.195 colum is’
10;  47.5)  23.5, 0.173  0.173 after ¢~
15° 50 o 23 o 0.153 0.152 circle
20, 53 22 0.135 0.134 correction
25° 86 22 0.118  0.117 on the
50° o o o assumption
07 0. 35.3,  35.4 0.191  0.191 that
5. 38.5,  3k.5 0.163  0.162 intensity
10° 41 o 33 0.139 0.138 of p-force
15, T o 31.3 0.118 0.116 equal to
20 46.5° 30,27 0.098 0.097 =zero at A
25° 50 30 0.081  0.079 and B and
o varying
45°  0° (28.2°) (u4.7°) 1.062  (0.170) (0.170) sinusoidally
© ] (]
5, 3l.2] k2.1’ 1.026  0.138  0.136 between — K=
100 3% 2 39.70 1,006 0,110  0.108 1-(28/n11 1
150 36.17  37.2, 1.001 0,08 0,083 Cos -
20 38 o 314.5° 0.065 0.062 The radius
25° Lo 31 0.046  0.044 of the
-circle
30° 0 (20 0) (53.47) 1.301 0,156  0.156 is R sin¢p.
52 (23 ) (88 7) 1.161  0.112  0.110 If the
o 20 o 53 o 0.29 1.332 0.113 0.110 corrected
100 25 ° M ? 1.092  0.078  0.075 cirecle of
150 27 o 39 1,038  0.049  0.046 slightly
20° 28 o 31 o 1.003 0.027 0.025 larger radius
25° 29 25 0.010 0.009 R Sin<¢>‘,
is intro-
15° 00 (10.57) (60.72) (2.117) (0.145) (0.145) duced, the
5 (12.5)) (47 ) (1.549) (0.,072) (0.068) following
o A1 0 (#7.57) 0.55 1.697  0.074  0.070 relation
100 (& ) (3% ) 1.222 0,024  0.023 R Sing'=
14 34 0.04 1.222  0.02%  0.023 R Sin @(14K)
mast hold
All O 0 66.8 0.181  0.181 good.
Values \

Figures in parentheses are values for most dangerous circle through the
toe when a more dangerous circle exists which passes below the toe.
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J'(:) TYPICAL CROSS SECTION AND FAILURE ARC |IN

ZONE A, CRITICAL CIRCLE PASSES THROUGH TOE
AND STABILITY NUMBER REPRESENTED IN CHART
CASES BY FULL LINES.
—'F"‘(B) TYPICAL CROSS SECTION SHOWING CASES
-) CONSIDERED IN ZONE B
CASE |I: THE MOST DANGEROUS OF THE CIRCLES
DU LeAs€2) pasSING THROUGH THE TOE, REPRESENTED
BY FULL LINES IN CHART. WHERE FULL LINES DO NOT
APPEAR THIS CASE IS NOT APPRECIABLY DIFFERENT FROM CASE 2.
CASE 2' CRITICAL CIRCLE PASSING BELOW THE TOE, REPRESENTED

BY LONG DASHED LINES IN CHART, WHERE LONG DASHED LINES DOKOT
APPEAR, THE CRITICAL CIRCLE PASSES THROUGH THE TOE.

T T T T T del_ T |
CASE 3. SURFACE OF LEDGE OR A STRONG i STRATUM AT THE

w
ELEVATION OF THE TOE (De1); REPRESENTED%Z 8Y SHORT DASHED LINES
i
/

DH=H
P=i

CASE 1 CASE2

N
IN CHART.

028

/
NG
Suno s &
s T TS
§o45 ] /ﬁ;//,////// .\ //
5 o 1/ 4
- // /
gono /;’/ ?é%
// /V , ’
N |
L

o
0 10 20 30 40 50 €0 70 80 90
SLOPE ANGLE f—

Figure 7. Chart of stability nurbers.
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Table 2. It is furnished by the writer from graphical and mathematical
analysis for the horizontal earthquake force with the help of

data from Table 1.

(Reference to Figure 16 and Appendix.)

1) (2)

i (Ini%ial
(slope frietion

acceler~ friction

angle) angle)
75° 5°
10°
15°
20°

e © & o & + o &
o3oMnnHFWhHHO

.

e ® o v o o & @
O~ OnFWwhHO

[oReNoNoNoNoNoRoNo) [eNeoNoReNoNoRoNoNol

» o & s o o &
WO O30 FWNDKHHO

- L] L ]

OO0 O0 [+ NeoNeoNoNoRoNeRoNal

(5) (6)
m
(Ratio
of the
Tangent
of the
friction
angle
modified
due to
earth-
quake
to the
initial
angle) Remarks
1.000 The values of (/d
0.840 m=x=2 81 are computed by
0.700 & Cxtaking average of
0.586 : the values on two
0.490 h dams of height 50!
0,403 and 75'. Both the
0.326 dams give almost
0.258 ' the same results.
0.200 This shows that the
L ‘results can be
1.000 ~ extended for any
0.230 -~ dimension.
0.690 e
0.575 p o= 120,94 KX
0.375
0.290
0.215
0.148
1,000 C
0.840 - m=21-0.97X
0.700 T 1ML755C
005?8 -
0.470
00375
0.288
0.210
0,140
1.000 v .
0.835 = m==k.08KX
0.560. =



Table 2. Continued

(5) (6)
m

Remarks

1
A

INE

0.448
0.345
0.250
0.166
0.089

L

DO~ O\ &

[ NeoRoNoNe)
L3 o

1.000
0.665 e
00525
0.400
0.282
0.176
0.079

25 0.590

. L d

L] - .

»

[eNeoRoNoNoNoNoNoNa)
L]
o~y oMnF WD HO

PR 1.0.63C(
0' o n - =\l e
0.7€0 1+1.13 (X
0.610

0.515

0.437

0.370

0.312

0.260

60° 5 1.130

L] -

OCOOOOODOOOO
. . L .
OO fSWDHO

»

1.000
0.845 - 1-0.72CC

m
0.710 1+1.,028 CX
0.600
0,505
0.420
0.350
0.290
0.232

10 1.028

-

*

1.000 ;
0.840 = 1-0.83QX

n =
0,700 140,934 X
0.586
0,486
0.398
0.320
0.254
0.192

-

15 0{934

L ] L ] - * - -
WOHO OUOMAETWNHO 030 &w®HO

1.000

0.830 n = 120,91 CX
0.700 1+0.838 (X
0.580

20 0.838

[oNoNeNel QOO OOO0OOO0 [eNeNoNoNeNoNoNolNo



Table 2. Continued

(1) (2) (3)

i Gy uyd

(5) ” (6)
m

Remarks

3
A

0.475
0.385
0.301
0.228
0.163

o500 o= 11,56
0:600 1"‘0.728()(
0.437

0.291

0.161

0.045

OCOOOO
. o
O~3 O\Mn &

.

25 0.728

d L d

[eNeoNoNoNaNoNoNoNol
-

1.000

0‘830 m= l"_q_’.)'ﬁzg
0.590 :

0.500

0.430

0.370

0.320

0.275

1.000 _ 1_0.52C1
0.830 m = 1+1'.33a

45° 5 1.505

. L]

[~ NeoReNeoNoRoNoNoNe]
. . . L] .
o~y oMnFWhHO Oy W HO o~ oMnmPFWOHO O-IO\\nhEFWNhHO

*

10 -1.330

0.695
00590
0,500
0,425
0.360
0.305
0.255

-

1.000 ' o
0.830 m = 1f°‘66
0.700 1+1.21 X
0.590

0.495

0.416

0.350

0,290

0.240

15 1.210

-

1.000

0.830 m ==
0.695 A
0.595 .

20 1.138

.

(e NoNe o OCOOOODOOOOO QOOO0OO0OOO0OO0O0O
* .
WMo



Table 2, Continued

(1) (2) (3)
{/d

i gbi

(35) ()
m

Remarks

QF

0.492
0,410
0.340
0,280
0.225

1.000 1_0.22 C(

0.830 m =
0.692 1+1.08 (X

0.575
0.480
0.392
0.320
0,260
0.197

1,000
0.795 n = 12037 XX

0.650 1"'2710(:(
0,545 _
0.463

0.398

0,344

0.300

0.260

L] -
0~3 O\ &

L

25 1.080

o

. - L

30 2,100

* * » . * »

1.000 &
0.800 m = 1=042(X
0.660 141,96 (X
0.550 o
0,465

0.398

0.3

0.296

0.250

10 1.960

e » © 9

*

]

1.000
0’805 m = 1-0.462&

0,665 1+1,808 (X
0.550 '
0.470

0.400

0,345

0.300

0.255

1.000
0.810 m= l‘—oﬁ':.:.g—

0,560

.

15 1,808

s o

-

WNHO ONONEFWNHO OUONETWNIHSO OdoMmEWNHO 0l o0wnmEWwN - O

»

20 1.770

[eNeoNeNael [eNoRoNoNeRoNoNo N el OO0 O0OO0OOOO SO0 O0COO0OO0OCO [+ NeoNeoNoleNoNoNoNe) OOO0OOO
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Table 2. Continued

(1) (2) (3) (%) (5) (%)
i gbi (/4 1@ m Remarks
0.4 0.470
0.5 0.400
0.5 0.340
0.7 0.300
0.8 0.255
0.0 1.000 .
25° 1.720 0.1 0.810 m = 2=0:402( %
0.2 0.670 - 14172 (X
0.3 0.560
0.4 0.470
0.5 0.400
0.6 0.340
0.7 0.3G0
0.8 0.255
0.0 1.000 4 )
15° 5° 4,708 0.1 0.670 m = 1-0,20 (X
0.2 0.495 T#.708 (X
0.3 0,390 .
0.4 0.320
0,5 0.270
0.6 0.230
0.7 0.200
0.8 0.176
0.0 1.000
10° 3.850 0,1 0.670 n = 1=0.64 (X
0.2 0.492 143,85 (Y
0.3 0.374 :
0.4 0.294
0.5 0.230
0.6 0,186
0.7 0.150
0.8 0,120
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Table 3. Results of the analysis considering pore pressure are tabula-

ted below.
B W W, @’I&E%ho VLT,
Sr ;;i 5° ;=zg° i=zg° C}.')i;g(f
or H=50" H-20! H-75! H=50"'
€ Remarks
0.0 1.00 1.00 1.00 1,00
0.1 0.94 0.91 0.90 0.90
0.2 0.82 0.83 0.80 0.80
0.3 0.70 0.72 0.70 0.60
0.4 0.60 0.62 0.62 0.62
0.5 0.53 0.54 0.50 0.52
0.6 0.42 0.40 0.40 0.4
0.7 0.33 0.30 0.30 0.32
0.8 0.13 0.20 0,20 0.22
0.9 0.07 0.08 0.09 0.09
1.0 - - - -

The above data are plotted on graph vpaper and théy seem to fit a straight
line passing through (1,0) and (0,1)

So, the equation of the line is

B ¢ D)

T )
00000000-00(3)
Z,:=7b=gq.%_
T T

=z ] -

50, in case of sudden draw-down

= G=1
i Gte



100 1
y 3 IN CASE OF SUDDEN DRAW DOWN
: g : bk
Q « [3 l
wow '
% A 1» = {\a'
5% o080 AN | E37enrverll
> - \
w Zz
o - \ OR (APPROX) = T¥w(.
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CHAPTER VI
APPLICATION TO DESIGN

In the preceding chapters possible design procedures are outlined.
As a means of further explaining and clarifying and at the same time
verifying this method with the existing but time-consuming slip-circle
slice method, the following design problem is taken.

The problem in Figure 18 is a typical section of a dam with the
following soil properties
Qbi = 10°%; 71 = 120 p.c.f.; 7; = 134.8 p.c.f.;

e = 1000 p.s.f.

Design number 1

The stability analysis of the upstream slope is to be done for the
following cases, first by slip-circle slice method and then by 4b-cirole
method.

Case I with earthquake ( (X = 0.1)

Case II with pore pressure due to sudden araw-down

Case III with pore pressure due to construction ( f = 0.20)

Design numbér 2
The stability analysis of the downstream slope is to be done for

the case, namely, pore pressure due to seepage. For this one needs to
draw the flow net and at least to draw the phreatic line and the equipo-
tential lines. These in turn will give the areas A, a, a; in case of

Qb-circle method. Then, one can compute

67.,“{1"‘}—7‘



- Solution, Design Number 1

Case I. By slip-circle slice method: (Figure 18)

F (factor of safety) = L + tan [7 N- 2, En)l
t (Y. T+ ) Ep)
1,000 x 317 + 0.1763 [120 (10, 160-236)]
120 (2360 + 1',:0'1'3'7

1.30

Case I. By ¢-circle method :

From Figures 10 and 11 (by interpolation) corresponding to i
(slope angle) = 16° and (P, = 10°, for (= 0.10 tan(Dyz/tan(f) = 0.68.
So, ¢mE = 6.90. Let the true factor of safety be F = 1,2, then ¢m"
actual = %4%5 = 5.8°, Corresponding to this (pm-actual and 1 = 16°,
c/F 7 H = 0.05 (from Figure 7) . .« .+« + « =« « . ()
Now, 7IE (for(X = 0,10) = 7; (L + ({{/d) and corresponding to
(; =10° and 1 =16°, {/d = 3.85. So, /g =120 (1 +0.10 x 3.85) =

6 p.c.f. , = 1000 = .
166 p.c So, from (1) F 857100 X005 1.2. So the true factor

of safety is 1.2,
Case II. By slice method: (Figure 18)

F (factor of safety) = 9’-1.: + tan @" % Z‘N = TLZ;EB__J.
s

_ 1,000 x 317 + 0.1763 [134,8 x 10,160
- 62. 5 x 11,880] .
134.8 x 2,360

= 1.34
Case II. B.ng -circle method: _
_ o625
From the Figurev15, for )8 3' ]_.'3-5?5 0.465,
<bmp/¢i = 0.535. S0,y = 0.535 x 10°= 5.35°. Let F (trus factor
of safety) by 1.25. Then ¢m-actua1 = ?_—%g = 4.27°. Corresponding to

this ¢m-actua1 and § = 16°, %Tﬁ = 0.06 (from Figure 7), or

F = 10000 _ . ]
0.05 x 134.8 % 100 1.25. So, true factor of safety = 1.25.
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Case III. By slice method:

fw b hy 0.2 x 120
th L0z, or g = B = 058,

If € = 0.2, then
So, pore pressure due to construction is 38.5 per cent of full hydro-
static pressure. Now, F (factor of safety)

_ 317,000 + 0.1763 [120 x 10,160 - 62.5 x 0.385 x 11,880]
120 x 2,360

= 1.70
Case ITII. By ¢-circle method :

From Figure 15, corresponding to & = 0.2, én- = 0.8.

So, gbmp = 8%, let F = 1,55, then Qsm..aemal = = 5,2°, Now, for

1.55
= 1£° = ° Yir = - 1000
16° and (y-actual = 5.2°, o/FJH = 0.054, Or, F =GR

= 1l.55, So, true factor of safety =1.55.

Solution, design number 2

Pore pressure due to seepage by slip-circle slice method: (Figure 19)
F, 5, = 1,000 x 264 + 0.1763 [134.8 x 2950 + 120 x 3850 - 62.5 x 2360]
' 134.8 x 1,004 + 120 x 1,181

= 1.40

Pore pressure due to seepage by @-circle method : (Figure 20)

§anytua SR ES N —
’;"‘ (.AL-'a%"-P"”? 120 (12,400 -~ 5,300) + 134.8 x 5.300
= 0,13, corresponding to 6= 0,13, %ﬁp = 0.87. So, %p = 0.87
’ ’ 1
x 10 = 8.7°'. Assuming F = 1.25, q,) -actual = 8r°£5— = 7°. So, corres-

ponding to i = 22° (bm—actual = 70°, ¢/F 7H =0.,063 . . . (1)

N 7’ ft (A-a) + 73a - 120 (12,400 = 5,300) + 134.8 x 5,300

= 1000
0.063 x 12

= 126 tbs/eft., From (1), F = 1,25. Hence, true

factor of safety is 1.25.
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CHAPTER VII
SUMMARY AND CONCLUSION

The(;b-circle method employed to get the relation betwsen the
stability number, c/F 7H and slope angle, i, for the different ¢§‘s.
makes the problem of stability analysis of earth slopes simpler
compared to many other methods so far used in the design.

When the slope angle and the friction angle are known, C/F;rﬁ
may be obtained directly from Figure 7, while for zero friction angle,
if there is a limitation in the depth to which a rupture surface may
extend, Figure 8 will furnish the value.

Now, these two figures, namely Figure 7 and Figure 8, are based
only on the external load W, the weight of the sliding mass. If now
the problem is complicated by introducing the following cases, namely
(1) earthquake, (2) pore pressure (a) due to sudden draw-down, (b) due
to seepage, (c) due to construction, then the problem is to get the
modified friction angles in those cases,

In case of earthquake Figures 10 to 14 as supplied by the writer
from his mathematical and graphical analyses of 40 different caseé give
the relation between m (the ratio of the tangent of the modified friction
angle due to earthquake to the tangent of the friection angle) and C{(the
coefficient of earthquake acceleration) for a given i (slope angle) and a
given QBj_(initial frietion angle), It is this modified friction angle
which will be used to obtain  the stability number in Figure 7. And,
also in this case, the unit weiéht of soil in the stability number is the
equivalent wnit weight, Jg, and, fg = / (1 4 C(L/d) where {/d is the
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moment arm ratio. Figure 9 supplied by the writer gives the relation

between ( ( /d) and slope angle (i) for different (D,'s.

La
73

the sudden draw-down factor) is calculated and the corresponding

In the cass of pore pressure due to sudden drawdown, /9(

¢mp/ Qsi (ratio of friction angle modified due to pore pressure to
the initial friction angle) is obtained from Figure 15. The modified
friction angle ( (bmp) is used to obtain the stability number in Figure 7.
The unit weight in this case is the saturated unit weight of the soil.
In this connection one thing can be observed. Figure 15 represents a
straight line WhOserequation may be written as 7
@—;“E-P/B l,or%i'-‘g 1- /8‘1-75

"gr

or m = G-l (in case of sudden
i G¥e
draw-down )
where G is the specific gravity of the soil,

In case of pore pressure due to seepage, seepage factor (S

w1 .
(7’0 (A-A) 7 73a i.e. 71; (A-a) F 758 approximately) is calculated
after drawing the flow net, mainly the phreatic line and the equipoten-

tial lines, and the critical circle by (25 -circle method with the help of
Table I. Then, corresponding to this, (, ¢mp/ ( 3 is obtained from
Figure 15. And, this ¢mp is used in Figure 7 for the determination of

the stability number. The equivalent unit weight ( TE) to be used in the

stability number, is given by TE It (a..-a) + [ .
In case of pore pressure due to constructlon, €= I_E_

construction pore pressure coefficient, where
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2;= unit weight of water
}; = unit weight of soil at any moisture content
h = full hydrostatic pressure head

= pore pressure head expressed as a per cent of full

= o
it
1

hydrostatic pressure head.
Knowing € , qup/(l)i can be obtained from Figure 15 and then with this
qup’ stability number may be obtained from Figure 7. The unit weight
used in this stability number is 7;, the unit weight of soil mass at
field moisture content. The dependability of the results of such solu-
tions will depend entirely on the conditions. In a few ideal cases the
results may be very dependable. More often there will be questionable
items, such as the possibility of surface cracking at the top of the
slope. In this case the results can be accepted only as rough indica-
tions. If good judgment is used in estimating and attempting to evaluate
the unknown factors whatever the conditions may be, the results should be
of value in arriving at logical conclusions,

For slight variations of soil properties within the sliding mass,
average values for cohesion, unit weight and friction angle may be
used.

Although stability problems involve more questionable items than
most engineering problems, it is seldom feasible to make use of large
factors of safety. Conditions are often such that about the largest
factor of safety that may be chosen is 1.5. This method being a simple
and handy one is advantageous to the designer for designing an earth
embankment whether it is an earth dam, railway cut, highway embankment,

canal embankment or any such earth slope.



APPENDIX



Information about Table 2 and all other pertinent data.

Graphical analysis for the earthquake case dohg as in Figure 16,

gives the following informations.

15° o1 R

l. a. For i

¢i = 5° //0 4'250
H = 50!
Measured: R = 180 ft.
D =123 ft.; G, =90° - B, =u2.5°
R
S;'=2x _(_E)BCOS 91-Cot91
7T @2 - 6)) - oot By
= 146 ft. (This is fixed as al)

And, a, is fixed by the intersection of the medians of the
triangle ABC.
agap = 34';

1,915 sq. ft.
11,200 sq. ft.

.
(%]
[ ]

Total 13,115 sq. ft.

{ d L/d
138.5 ! 30! 4.616
b. For i =15° '
qb _ e o fgo
1—5 o o
H = 75! 11 47,5
R = 272 ft.
D = 184 ft.
y = 220 ft.



ajap = 52.5 ft.

Ap = 4510 sq. ft., A, = 25,750 sq. ft.
X = X510 x 52,5 = 7.8 ft,

LE10 + 25 750
0 - 2 /80 = 95° = 1,65 radians
7

L==R9 =272 x 1.65 = 450 ft.

BL _ 272 x 450 < 506 g4,

I 401.5
L d L/a
209" 43.5'  14.80
2. a. For i =15° 0 Pe
@ =10° W 3°
i g = 50!
R = 187 ft.
D = 155.5 ft.
y = 169 ft.

218, = 33.25 ft.

Al = 312 sq. ft; A, = 4,820 sq. ft.
¥ = 312 x 33:25 - A
X 12 + 5.820 2,02 ft.

9= Bo=2x 3 = 65° = 1,18 radians
N\

L=R@ =187 x 1.18 = 221 ft.

’\
- RL _ 187 x 221 _
a =gt =S 197 ft.

{ d (/4
16.25' 42! 3,870
15° e Ao
@i = 10° 14° ,34“

H = 75' “
R = 276 ft.

b. For i

55



D = 229.5 ft.
y = 245 ft.
qg=uL6ﬁ.
A, =700 sq. ft.;

700 x 416
700 + 10,300

i
6

a

= 2.65 ft.

A, = 10,300 sq. ft.

2 B, =68° =1.18 radians; T =R § =326 rt.
B . 226 x 326 - 5gy g4,

L 308
{ d {/d
235!  61.5! 3.83
3. A For i= 30° ao BO
¢i = 59 239 %0
H = 50!
R = 86.2 ft.
D = 57.8 ft.
y = 68.7 ft.
ajap = 19 ft.
A.l = 768 sq. ft.; A, = 2,450 sq. ft.
= . 768 x 1 =
X %%ETTFTE?EEE 4,55 £t.
0= 2 B, = 96° =1.67 radians
T=rQ =86.2 x1.67 =14k ft.
m
azﬁ.%:w-—gé.rfft.
L 128.,2
L d {/a
59! 28" 210
4, a. For i =30 Mo  So
ﬁﬁg = 10° 25° u’°

H = 50!

56



R = 87!

D = 62,5
y = 67 ft.
alaz = 15,25 ft.
A = 578 sq. ftu; | A, = 2,028 sq. ft.
- 8 x 15.2
X = 578 +; 2',025 = 3.38 ft.
9= 2/80 =88° =1,53 radians
T= Re =87 x 1.53 = 133.5 radians
LS. 1B

‘L" 120.5
L d L/a
58,81 30! 1.96
b. For i = 30° [C;fo ﬂov
P, =10° 25° W’
H = ?5!

R = 127.5 !

D =92,5!
y =107 ft.
aqap = 27.5 ft.
Ay = 1,140 sq. ft.; A, = 4,320 sq. ft.

X = 5.8 ft.
=2 B, = 88° = 1.53 radians
T=r@ =127.5x 1.53 = 195 ft.

N .
= B . _Lirﬁlz-xl = 141 ft.
R 178.5
{ d {/a ]
92! 481 1.92j
s — an® ‘
5. a., For i =30 Clo BO




H = 50!

R = 88.5 ft.
D = 69.5 ft.

T = 7.5 ft.

aja, = 18.36 ft.

Ay = 327 sq. ft.; A, = 1,560 sq. ft.
X = 3.16 ft.

9'—' 2/80 = 78° = 1,36 radians

T=R{H =88.5x 1.3 =120 sq. ft.

~
_RL _88.5 x 120 _
a =" =7 1710.5 9 ft.

i d {/a
661 36.8! 1.795

b. For i = 30° [cte Ao
@, = 15° EESS
H = 75!
R = 133 ft.
D = 104 ft.
y =113 ft.
aja, = 23 ft.
Ay = 780 sq. ft.; A, = 3,550 sq. ft.

L d L/a
96.5* 53! 1,820




a., For i

b,

30 o Bo
20 28° 31

H = 50!

R = 94,5 ft.
D = 89.4 ft,
y = 9%.5 ft.
aja, = 16.5 ft.
A = 238 sq. ft.; A, = 1,108 sq. ft.
O=2 B =62° = 108 radians
T=rREO =104 x1.08 =112 ft.

A
= RL = 104 x 112 - ft
a I -—-—---——107 109 .

L d L/a
81! L6 1.760

30 Xo fdo
20° 28° 31

]

b, PFor i

P,

|

H= 75!
R = 159 ft.

D = 136.8 ft.
y =139 ft.
a3, = 23.35 ft.
Ay =593 sq. ft.; A, = 2,600 sq. ft.
X = 4.33 ft.
f=2 B_=62° =108 radiens
T=RH =15 x1.08 = 171 ft.

= RL =159 x 171 -

{ d L./a

1200 67.5! 1.780




L

70 a, For i

d.)i = 25° 29°  25°
H = 50!
R = 122.5 ft.
D = 110.8 ft.
y = 111 ft.
aja, = 15 ft.
A= 106.2 sq. ft.; A, = 785 sq. ft.

X =1.79 ft.
f= 2 /80 = 50° = 0,87 radian
T=r{Q =106.2 ft.

~
a = ;R%__ - 122.5 x 106.2 = 125 ft.
L 103.

{ d {/a
95.5" 55.3" 1.72
8. a. For i =45° oo yA
gj)i = 5° 31.2° 42,10
H = 50!
R = 72.8 ft,
D = 54.2 ft.
y = 61 ft.
aqa, = 14.35 ft.
Ay =820 sq. ft.; A, = 1,208 sq. ft.
X = 5.32 ft.

H=2 BO = 84,2° = 1.46 radians
T=R{ =72.8 x 1.46 = 106 ft.

a = @ = 22.8 X 106 = 79,2 ft.
T 97.5



9.

a.

b.

61

L d {/a
b7t 3.13! 1,505

For i = 45° o S A
¢, =10° 31 39.7°
H = 50!
R = 70,5 ft.
D = 54,5 ft.
y = 61.4 ft.

aja, = 14.2 ft.
A, = 562 sq. ft. A, = 1,060 sq. ft.
X = 4.9 ft,
B=2 S, = 19.4° = 1,38 radians
T=RA =70.5x1.38 =97.5 ft.

N\
a=%=7&i§%ﬂ=76.4ft.

i d t/a
461 3%.5'  1.330

For i = 45° o o
P, = 10° ° 39.7°
| = 75
R = 106
D = 81.7!
¥y =90 ft.

alaz = 19.25 ft'

Al = 1,“’75 SQ. £t. Az = 2,350 Sq. ft.
X = 7.43 ft.

6=2 /490 = 79.4° = 1.38 radians

T=RE =143.5 rt,
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2= Bf__g = 106 X 113.5 =113 ft,
L a
67.3'  50.5'  1.330
10, a. Fori =45 [ o |
<25i =15° 36.1°  37,2°
B H = 50" |
R =70 ft.
D = 56.2 ft.
y = 59.3 ft.
aja, = 11.5 ft.
Ay = 495 sq. ft.; A, = 850 sq. ft..
X = 4.2k ft,

=2 B = .4 =1.295 radtans
(¢)
T=REH =70 x 1.295 = 90.6 ft.

a= ;n’% = 70 x'270.6 = 75 1t
L d b/d_
Lyt 36.5'  1.200
b. For i =45° o o
¢i =15° 36.1°  37.2°
H=75"
R = 104.8 ft.
D = 83.8 ft.
y = 94 ft,
aja, = 21 ft.
A, =1100 sq. ft. A, = 1,965 sq. ft.
X = 7.55 ft.

f=, )80 = 74,4° = 1,29 radians



1l. a.

=R =104.8 x 1,29 =135 ft.

7
= RL - 104.8 x 135 _

L d lL/a
68.2! 56! 1.22
For i = 45° Co P
(,b’i = 20° 38°  34.5°
H = 50!
R =71 ft.
D = 59 ft.
y = 63.5 ft,

A =350 sq. ft.

T - 350 x 12.38 _
X = 22D E 22 = .05 4.

Q=2 B, = 69° = 1.20 radians

T=RrQ =85.2 ft.
a =_R,L;I:=E%£g'_2.= 75.1 ft.
L d L/a
b6! 40.5' 1,135 |
For i = 45° ° /Qo
d_)i = 20° 38° 34,5
H =75
R = 108 ft.
D = 89.5 ft.
Y = 93 ft.
aja, = 16.8 ft.
A =832 sq. ft.; A, = 1,620 sq. ft.

X = 5.7 ft.

63



64

0= /90 = 69° = 120 radians
T=RrEO =129.6 ft.
a=i’ﬁ:§=-@——1’2‘ﬁ§9—'§-=115ft.
L L/d I
681 59.6'  1.140 |
12. a. For i =145 o Fo
@, = 25° 5o  3n°
H - 50!
R = 75.6 ft.
D = 65 ft.
y = 66.5 ft.
aja, = 11,1 ft.
A, =225 sq. ft.; A, = 531 sq. ft.
X = 3.3 ft.
6= B, =62° =1.08 radians
T=rg@ =81.5 rt.
s =_13_’L__;= 75.6 ;7{ 81.5 = ng g1,
L d L/a
48t Ly Lt 1,080
13. a. For i = 60° Clo /80
b, =5° 38.51 3.5
H = 50"
R =70 ft.
D = 58 ft.
y = 60.3 ft.

aqa, = 10.5 ft.

A, =826 sq. ft.; Ay = 630 sq. ft.



14.

65

X = 5.98 ft.
0= 2 B, = 69° =1.20 radians
T=RH =70 x1.20 = 84 ft.
2= Bl =20 X8k - oy gy,
T 795
L d {/a
41,2 3%.8'  1.12
For i = 60° o8 '
¢i =5° @.5" 34,5 *
= 751
R = 106 ft.
D = 87.5 ft.
Y =93.7 ft.
aja, = 18 ft,
Ay = 1,890 sq. ft.; A, = 1,436 sq. ft.
X = 10,2 ft.
0= 2 3, =69° = 1.2 radians
T=r0 =106x 1.2 =127,2 ft.
8 = B%\= 106 x127.2 = 112.2 £t
l d L/4
63.5! 55.8'  1.14
For i = 60° o Bo
¢i = 10° 41° 33°
H = 50!
R = 70.2 ft.
D = 59.2 ft.
¥ = 62.5 ft.

aja, =10.8 ft.



A = 760 sq. ft.; Ay = 624 sq. ft.

= L——6g’§8t°'8 = 5.92 ft.

2/90 = 66° = 1,145 radians

D o
1

R @ = 80.5 ft.

. %‘ _70.2 ;680.5 -
L d t/a
41.2! 39.8' 1,035
b. For i =60° o BOJ
¢1 = 10° 1n° 33°
R =75
R = 105 ft.
D = 88 ft.
y =92 ft.
aja, = 16 ft.
A; = 1,710 sq. ft.; A, = 1,385 sq. ft.
X = 8.85 ft.
6= B, = 66° = 1.145 radians
T=RH =105x 1.145 = 120 ft.
a =i@f=l%1io=no.s ft.
( d L/a
50.8" 59.5'  1.020
15. a. For i = 60° Clo /Qo
¢i = 15° uh® 71.5°
H = 50"
R =701,
D =60 rt.



y = 64,8 ft.

aja, = 11.8 ft.

A = 630 sq. ft.; A, = 523 sq. ft.
X =6.5ft
- - o _ .
9— 2 /Qo =63 =1.1 radians
T=r0 =7 x 1.1 = 77 ft.
~
a=&-£=——h—7°7’2‘ 77 = 7.5 £t
L .
( d Ela
40. 5! 43.6'  0.930
b. For i = 60° L, /80
¢i = 15° uy° 31.5°
H = 75!
R = 104.5 ft.
D = 89,5 ft.
7 = 94.5 ft.

aja, = 16.25 ft.

Ay = 1,410 sq. ft.; A, =1,208 sq. ft.
X = 8.7 ft.

9= 2 /90 = 63° = 1,095 radians

~\

L=RE =11.5
a = B.;I? = IOLLJ X 11’4’.5 =110 ft.
L 109
( d L/a
61! bl 0.938
16. a. For i = 60° * A /80
B, = 20° 46.5°  30.2°
H = 50'
R = 68.2 ft.

D = 59 ft.



y = 61.7 ft.
aja, = 10.25 ft.
Ay = U487 sq. ft.; A, = L65 sq. ft.
X = 5.23 ft.
8- B, = 60.4 =1.05 radians
T=R@ =68.2x1.05=71.5 t.

- 68.2 39( 71.5 - 70‘5 ft.

( d L/a
37.8' 451 0,840

a8 =

.=

b, For i = 60° [o A B
¢i = 20° 46.5° 30.2°
H = 75!
R = 102 ft.
D = 88 ft.
¥y = 90.5 ft.
aja, = 1h.5 ft.
Ay = 1,110 sq. ft.; A, =1,050 sq. ft.
X = 7.45 ft. '

6= Zﬁo = 60,4° = 1,05 radians

)]

L=R@G =107 ft.

A i
_ BL - 102 x 107 _
T _"1_05"2 105 ft.

P

{ d t/a
551 65.8'  0.834
17. a. For i = 60° | s /o
P, =25° 50°  30°
H = 50!
R = 65.5 ft.

D = 57 ft.



7 = 58,5 ft.
Fz = 9,62 ft.

= 330 sq. ft.; AZ = 370 sq. ft.
X = 4,54 ft,

=2 /30 = 60° = 1,046 padians

it

T=Rr@ =65.5x1.046 = 68,2 ft.

~
a = E% = _23?_68_.2_ 68.5 ft.
{ d L/a
32.8' 45,5 0.720
For i = 60° QL /Qb
¢i - 28 ©° 30°
H = 75!
R = 98.2 ft.
D = 85 ft
T = 90.3 ft.
aja, = 16.25 ft.
Ay =758 sq. ft.; A, = 872 sq. ft.
A= B, =60° = 1.046 radians
T=rQ =102.5 ft.
a = 3% = 222 102.9 = 102.5 tt.
L d L/d
50.8* 69! 0.735
For i = 75° [Co J23
¢i = 5° 45° 25°
H = 50!
R = 83.5 ft.

D = 75.8 ft.



T =115 ft.
aja, = 14,25 ft,

Al = 2,215 sq, ft.; A, = 860 sq., ft.

10.25 ft.

X
= = ° =
6= 2/80 50° = 0.87 radian
T=Rr§ =110 rt.

.= @; - 126.1§qu§10 = 131 £t
L d L/a
72,51 77 0.9u6
For i = 75° G ﬁo
Q(?i =10° 47.5°  23,5°
H = 50!
R =85 ft.
D = 78 ft.
aja, =11 ft.
A =865.8 sq. ft.; A, = 34h.2 sq. ft.
X =7.88 rt,
f=2 A, = #7° = 0.82 radian
T=r@ =69.5ft.
a= @_E - 85,2895 - g7.5 11
L d L/a
46,61 56 0.832
For i = 75° o A
@, =10° 47.5°  23.5°
H=75"
R = 128.8 ft,

D = 118.4 ft.



alaz = 1’4’97 ft.

A = 1,965 sq, ft. A, = 740 sq. ft,
X =10,7 ft.
8= B, = 47° = 0.82 radian
T=RrA =1055ft
. = g’%} _ 128._? ilog.g = 133.5 rt.
{ d L/d
71 84! 0.845
20, a, For i = 75° Xo -'
Q%i = 15° 50°  25°
‘ H = 50!
R = 84 ft.
D = 77.4 ft,
y = 78,5 ft,
aja, = 9.6 ft,
A = 765 sq. ft. A, = 307 sq. ft.

9= 46° = 0,8 radian
T=RH =67.2 ft.

ﬁ_MXQg-
—— — - 86. f .
T 5 21

a =
X = 6.85 ft,
! d {/a
Iy 58" 0.756
b. For i = 75° Co S
P, =15° 50°  23°
H = 75!
R =123 ft.

D = 113.4 ft.



¥y = 114 ft.
a1a2 = 13,75 ft.
Al = 1,700 sq. ft.;

L _ 123 x 98.4 = 150 gy
L

A, = 675 sq. ft.

97
{ d L/d
63.8! 84,6! 0.755]
21. a. For i =75° o Po
qbi = 20° 53° 22°
H = 50!
R = 82.7 ft.
D = 76.7 ft.

y = 77.5 ft.
aqa, = 9,30 ft.

Al = 660 Sq. fto;

A, = 268 sq. ft.

X = 6.62 ft.
6= 2 ﬁo = 44° = 0,765 radian
T-= R = 63.4 ft.
_HL _ 82,7 x 63.4
a = -—i,: = —-Zgz-gl-— 8’4' ft.
{ d (/d
40.3! 61! 0.665
b. For i = 75° o ﬁgo
qbi = 20° 53° 22°

72



0= 75!
R = 126.5 ft.

D = 117.5 ft.
y = 118 ft.
aja, = 13.1 ft.
Ay = 1,460 sq. ft.; A, = 598 sq. ft.
X = 9.25 ft.
v P /3, = 44° = 0.765 radian
T=rE =9.5ft.
- % - 126.59;%6.5 =130 ft.
L d L/d
621 92' _ 0.675
22. a, Por i =75° Ko Yo
le = 25° 56° 22°
H = 50!
R = 81.3 ft.
D =75.5 ft.
y = 77.5 ft.

8q8, = 9.75 ft.
6.8 ft.

1

2 Ago = 44° = 0,765 radian

H

X
T=R§ =62 rt.

HL . 81.3 x 62 _
g __%__1 82.5 ft.

{ d L/a
37.5! 61.5'  0.61

®
[}




22,

b,

For 1 = 75 G Fo
P, = 25° 56°  22°
1
H = 75!
R = 121 ft.
D = 112.2 ft.
y =115 ft.

aqap = 14.5 ft.

Ay = 1,195 sq. ft.

X =10 ft.

£= 2 ,Bo = 44° = 0,765 radian

T=r@H =92.5 ft.

A2 = 540 sq. ft.

(/4

92.5'

0.59

7
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STABILITY ANALYSIS DUE TO EARTHQUAKE (HORIZONTAL)

INFORMAT ION —
y R rr:
aar
PR 25°l4e
o o\® H =80
—n
| TO FIND THE C.G. OF THE CIRCULAR PORTION:
— B, ~ FROM THE DRAWING - R+ 87’
\ B, o-%z.s‘ (08)
4. R SIN 9 - 072
\ A, . T
L - SO, $°48°° 0.805 nanian (‘z‘*ﬁol
i’_gt’(g)'c:os fcorq
N (g)"kg-o./»cma
)(' ] 67" (-000)
- THIS GIVES POINT -Q
/ / THE C.6.(Q)0F THE TRIANGULAR PORTION ISGIVEN
// / BY THE INTERSECTION OF THE MEDIANS.
t
; $O THEN Q,G, IS MEASURED AS I5.25 FT.
/ $ THE AREA OF THE TRIANGLE (A}* 878 FT®
/ Sy F H THE AREA OF THE CIRCULAR PORTION (Ay 2028 FT"
i i oL THE COMBINED C.6.1S GIVEN BY
; / ~ o %0 <558
/ // @ (i ~_ ™ TO CALCULATE 00, (THE LENGTH @)
' / z S A 9 =28, * 88" I33RADIAN
o | T:RO-1335'
< ' ! AL _87x 1338
z i i = 2L 2% -9¢'
T 0' R ST R
—
A P [ols s e
w c L4 W
o 588 30 | 96!
/0
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|
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FIGURE 1§ ——
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STABILITY ANALYSIS DUE TO PORE PRESSURE

INFORMATION -

L eas° 5,[ -5
# 20 38° [345°
He*50'
R*7' De«8@
7438 X408
Q- 78f

-5
~e¢ 0001 (02 o.s[o~4 oS [o-s 07 osjgo 10
% 20°118r165 3] izai0-080' 60 40 |15 | -

N 0910 83 o—7zf052 osakﬁw 030/020/008 -

B- {7: * SUDDEN DRAWDOWN FACTOR

§- {l(::—cm - SEEPAGE FACTOR

£- ——E_IT&» =CONSTRUCTION PORE PRESSURE COEFFICIENT
't

|4 casE or prawpowm

N S0 %5
AREA- A, G0, oty o= T
- TN CABE OF PORL SR. DU TO SEEFASE
~ &S, R A-Q)+ B0
: 227 4Reghdeka
° ] a/ WgRE E-MOIST SENSTY OF SON
/ A80VE PWREATIC LINE.
o R Y B« SATURATED UM T wy,
\ l TweumiT wT oF waTER.
\ \\ < ASTOVAL AREA WiTwam
suP cacia.
R\ Q TOTAL AREA WITHEN
\ AREA- A, \ > ARD SELOW THE PHREAT L.
Py C, " TOTAL ARCA 8% Twumn
| THE SLIP GIRGLE AND PO PR
i - D1AgRAM
| Lo caSE OF FORE PRESSURZ DUK TO GCONSTRUGTION
i | Go% YOTAL Wt or soiL.
‘J:P_Lﬂl; J €, CL0n T Rty PORE PR. EPFROT SQUIVALENT
TO WT CAUBINS OYER TURRING MOMEXT CXPRESSES
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i Tk Ehh
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FIGURE 7
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STABILITY ANALYSIS OF U/S SLOPE WITH @ EARTHQUAKE
® PORE PRESSURE OUE TO SUDDEN DRAWDOWN
© PORE PRESSURE DUE TO CONSTRUCTION
BY SLIP CIRCLE METHOD. (raxme ¢ ro-0)

(PORE PRESSUAE =02 TIES THE WENMY ON THE
SLICE ACTING ¥t THE BIRCTION OF TWE NORMAL)

Temo-2eexpasie . yrpr, ORMATION

0 gorr
% 349 e
T ROWe
ReTee' % e
€ «4000 Aar.
[ 1 1 N TAN P 01783

T
3

=
P |
/ \ N - 3ot pex2e)s SO FT

)//M—'—'\i\ €T «(96- 1)1 -ex2 Q- 2,360 FT*
| 1

IN!  «er due o suboew omawoown
@0 -3)x41- 8x25) 1,000 FT*

FISURE 10 scaie

"/
tala



STABILITY ANALYSIS OF D/S SLOPE WITH PORE PRESSURE DUE TO SEEPAGE
BY SLIP CIRCLE METHOD
i e S

HOR, DISTORTION SCALE -,/'_‘-..l2

/
%‘4 ' ‘_" "

panwgic
g

@182 5" ¢ LAy reduamr
TrRoe 0oxiene 264’
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STABILITY ANALYSIS OF D/S SLOPE WITH PORE PRESSURE DUE TO SEEPAGE

BY @-CIRCLE METHOD.

CHECKING FOR SEEPAGE —

i=22° X |Y
g-10° 19°/39* g‘= T ay = 0.3
@ CIRCLE ®(a-a)+ Ba
- RC(A-Q)+Tpa 26 Ibejct
k- A
T = 120 lbs/cfi
Ts = 134.8 tos/cft
Tw = 625 Be/clt
| PHRENIC
l—‘f 20 LiNE
- m—————— 10 - ~ B
! )
o
// taviroTENIAL AREA-A = 42 X (116 X25)= 12,400 3¢#t
" N AREA-G = 18X (n8X25) = 5300 Syft.
= AREA-g = 11'=xCinax2s)= 5250 Syt
« L L '
\
FIGURE 20 1 1 |

SCALE




VERIFICATION OF TARLE 1 (After D. W, Taylor)
BY 1620 COMPUTER PROGRAM
C C DATA ON CRITICAL CIRCLES BY PHI-CIRCIE METHOD

1 READ, AI,FI,X,Y
RAD=3, 1415927 /180,

Ilnm*ﬂ
FI=RAD*FI
X=RAD*X

Y=RAD*Y
COTX= (X)/SIN(X)
COTY=C0S(Y)/SIN(Y)

= (AT "
SINFI=SIN(FI)
SECX=1,/C0S(X)

CSCX=1,/SIN(X)
CSCY=1,/SIN(Y)
AN=,5%( COTX~-COTY-COTI+SINFI¥*CSCX*CSCY)

IF(AN)3,h,4L
3 BN=AN
AN=Q,,

G0 TO 5
)i BN=AN

5 UNUM=, 5*CSCX*CSCX* (Y*CSCX* CSCY-COTY ) +C0TX-COTI-X *AN
UDEN=(1,=2,* D o FCOTI*(COTX= +COTX*CO
UDEN=UDEN+2 ,*AN¥ ( AN-SINFT*CSCX*CXCY)
COTU=UNUM*T*SECY* CSCX* CSCY* CSCY/UDEN-1, /COTX

U=ATAN(1,/COTU)
SINU=SIN( U)
SINB=UNUM*SINU*CSCX*CSCY*SINFI/UDEN

COSB=SQRT(1,~-SINB*SINB)
B=ATAN(SINB/COSB)
V=U-B

COTV=COX(V)/SIN(V)
CFWH=UNUM/( 2, *COTX*COTV42)
D=,5%(CSCX¥ CSCY-COTX*COTY+1, )

PUNCH, BN, D, CFWH
GO TO 1
END
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DATA CARDS OUTPUT
i 3 &, ﬁo n D ¢/FTH
90.0 0,0 47.6 15.1 -1.3965 1.4070 2.6101E-01
90.0 5.0 50.0 14.0 -1.3507 1.5153 2.3873E-01
90,0 10,0 53,0 13.5 -1.2402 1.612 2.1831E-01
90.0 15.0 56.0 13.0 -1.1358 1.720% ~ . 1.9938E-01
90.0 20.0 58.0 12.0 -1,0700 1.8659 1,8176E-01
90.0 25.0 60,0 11.0 -1.0048 2,040 1.6517E-01
75.0 0.0 41.8 25.9 -5, 0448801 1,0657  2.1908E-01
-5,6040E-01 1.1009 1.9490E-01
75.0 5.0 45,0 25.0 ~5,3040E-01 1,1470 1,7303E-01
75.0 10.0 47,5 23.5 -E.goooE-Ol 1.1821 1.53ogE-01
75.0 15,0 50,0 23,0 -4.2313E-01 1.2387 1.3461E-01
75.0 20,0 53,0 22.0 -3.5386E-01 1.2752 1,1746E-01
75.0 25,0 56,0 22.0 -2.ggo7E-01 1.0000  1.9050E-01
60.0 0.0 33.3 gg.u -2.,6400E-01 1.0035 1.6333E-01
80.0 5,0 38.5 34.5 =2, 4043E-01 11,0136 1.3924E-01
60.0 10.0 41.0 33,0 - -2.3029E-01 1.0327 ~ 1.1772E-01
60.0 15.0 4h,0 31.5 ~2.0LB0E-01 1.0551 §.§£55E-01
50,0 20.0 5.5 30.2 ~1.8346E-01 1.9787 8.0241E-02
60.0 25,0 50.0 30,0 -7.2768E-02 1,061 .70358-01
45,0 0.0 28,2 44y 7 —1.0229B-01 1.0260 1.3779E-01
45,0 5.0 31,2 42,1 -1.1790E-01 1.0069 1.1003E-01
45,0 10.0 34,0 39.7 -1.0978B-01 1.000 8.5923E-02
45.0 15.0 36.1 37,2 =0.7132B-02 | 'I.obz%""”aigsagEtﬁé
L5.0 20.0 38.0 34,5 -9.7283E-02 11,0186 4 ,6304E-02
45,0 25,0 40,0 31.0 1.3638E-0 _1.3007 1,5707E-01
30,0 0.0 20.0 53,4 2.90%?E-01 1.2953 1.1312E-01
30,0 5.0 20,0 53.0 -1.5790E-02 . 1.0928 7.7681E-02
30.0 10.0 25.0 T -4,9222E-02 1.0382 Iy, 9269E-02
30,0 15.0 27.0 39,0 -5.05508-02  1.0028 2.%53%EJ6§
30.0 20,0 28,0 31,0 ~14,9224E-03 1,0059 9.1584E-03
30,0 25.0 29.0 25.0 5.2%15:_01 2.1175 1,5116E-01
15.0 0,0 10.6 60,7 5, 5785801 1.6971  7,3763E-02
15.0 5.0 11.0 47.5 3,9890E-02 1.229 2.4334E-02
15.0 10.0 14,0 34.0
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