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2. INFORMATION ON THE ASSUMERTIONS OF SLCPE
STABILITY ANALYSIS

For a slope to be stzble or unstable sz-mmmwesd. is a matter
determined by the magnitudes of two sets of forces:

Forces tending to produce failure and forces tending to pre-
vent failure. The comparison of these forces and of their effects 1is
called a stability analysis.

First of all, it must be stated, what is meant by the failuret
of a slope. Failure, as generally nccepted isthe sliding of the mass
of slope zlong some definite surface, called slip surface or failure

-sﬁtface. According to this definition, the first step in a stability

analysis will be to assume some potentinl slip surface, along which the

f sliding of the stope-mass is possible.

After stating the necessity of a sliding surface, the second
step of the analysis should be introduced: What will be the shape of
the sliding surface.

The f ctor determining the shape of the slip surface is the
shear strength of the scil. Generally the shear strength can be
represented by the formula:

S =,C + (T=u) tan @

At points having a lower shear strength than the rest, the

failure condition will be reached earlier and the failure surface will
pass thoough these weak points.

The slip surface may be of three different shapes.

1. Plane
e Uircular cylinder
3. General shape.

With regard to shape, the earliest assumption was a plane

' sliding surface. Coulomp znd Rankine have used this assumption in the
enrth pressure theories.

In 1773, when Coulomb developed a formula for the normal ear
pressure component on a retaining wall, for the fill behind the wall,

*-‘LL @1ane rupture 11ne passing through the foot of the wall and
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reaching the ground surface. Considering the wedge of soil bounded by
the surface, the wall and the failure surface, he used the equilibrium
condition of the forces acting on this wedge.

In 1857 Rankine condidered the case of a semi-infinite cohe-
sionless earth mass with sloping surface and making an angle /> with
the horizontal. He assumed that this earthmass was in a state of failu
and his rupture figure he assumed a combination of two systems of
straight, par~llel lines, intersectivg each other at an angid of 30% 2
(FPigure 1).

Case benind a swmoot!
vVertical wall .

( Figure 1 )

As a result Rankine's assumption gives a plane rupture surfac
As stated earlier the second possible shape for the sliding
surface is a circular cyliner. This is the assumption used by the
latest methods of slope stability analysis. In the circular cylinder
method it is assumed that no movement occurs in the direction of the
longitudinal gxis of the cylingder. The sliding of the mass is along
the boundaries of the circular cross-section. .
The third possible shape of the sliding surface is a general
 shape. This can also be called a compo$ite rupture line. When there i
i stratification in the soil or when the homogeneity cf the soil is
Ediaturhed for some reason, the failure surface can not be of a single
shape. At parts of stratification, the failure surface will heve a

 tendency to follow the boundary. So, the failure surface will be rathe
 a series of different shapes, than a smooth, single curve. '

*VL;;%. ~ The third atop to be determinad is the typo of Approach in a
A P S R e il s
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In general, four kinds of approach:s are possible in a stabil!
ity analysis.

1. Extreme Methcds

2. Theories of Plasticity
3. Theories of Elasticity
4. Bampirical Methods.

Theories of Plasticity and Theories of Blasticity are the

most common ones, therefore a brief information will be given about the

|
In the elastic method of analysis the procedure tc be followed

.is the calculation of stressdistribution at the critical zones and its
comparison with the allowable str=ngth of soil. Here, it is assumed
thét tne general shape of the fupture surface is known 2nd that the
boundary stresses acting at the intersection of the rupture surface witi
the ground surface can be determined exactly.

The second method to be considered is plastic method, which i

may be called the Limit Design Method, cr Rupture S:rface Method. EThis
is the most popular method and the slope stability analysis is based
mainly on it.

';@ The basic assumption of the Limit Design Method is that the
fallure occcurs along a continous surface of rupture. Therefore, a
suitable slip surface is assumed, at every point of which a plastic
state prevails. If a $mall darth element on the slip surface is conside
ed, three unknown stresses and two equilibrium conditions are present.
Relating these to each other a single equation may be obttained, showing
the variation of stress alons the rupture line.

d1 = 2¢c tan (45 + ?5) + 0111 tan ® (emm (45+ ¢ ) =2c g+ T11}

- N( Q\

el

Np = (45 + 6.) |

i i g e s malERS. Sl
i a7 -G

*It’z sm5?5 —l—Z—E— o 2 R SO RS ¢ e - . (2-3)

2
Oz -0x 2 Gz—‘g- : ‘
V 7-2 )+ AR A = & 5\n¢ = c cos Smm s m e e (25

U&, qil, G-‘III being the major, intermediate, mincr principal
stresses.
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Theory of plasticity for s6il is based on Mohr's Theory of j
rupture, Because no better substitute is found yet, describing the
plastic properties of soil in a more satisfactory manner.

Usually following sessumptions are made to apply limit design
procedures.

.

1) Soil isconsidered to have uniform *ones,Aeqch having
constant properties.
2) BEBach zone's shear strength is:

S= €'+ (0= u ) tan 9 /g e A R —-———-—-——-(2~S)

And shear mobilized is:

Sm = 9: + (T-u) _a_f_l_ﬁ_ NORSIR LG e - e o O

L

3) The stability problem is considered to be two dirensienal
ie: no shear strength is considered in a direction perpendicular to
motion.

.

The fourth and last point to be explained is the introduction
of a factor of safety consideration to the slppe stability analysis. As
said at the beginning, the stability analysis is actually a comparison
of driving and resisting forces. This gives us a dimentionless number
called Factor of Safety, by means of which we are able to determine the
stability of a slope. '

There are various definitions cf factor of safetr: _

¥) Morgenstern and Bishop's definition: Factor of safety'is
that factor, by which the shear strength parameters in terms of effocti§<
stress C and tan ﬁ can be reduced before the slope is brouzght into a

state cf limiting equ111br1um.
7

Shear strength mobilized = SRR g 11 e, (2J0
F.S FS

: 2) Another definition of factor cf safety is simil-r to the
first one. Only there are two different factor of safeties. OCne is for
cohesion and the other is for friction components. '

e T A R SNV I
1 gt %ﬂ
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3) Nowadays the factor of safety is defined asg,

Mr _ Resisting mcment
Md Driving moment

F.s:

The resisting mopent is caused by Frictibn, Cohesion and
normal forces sbout the centre. The driving moment is caused by Weight
hydrostatie uplift, seapage pressure, and earthquake forces about the
center.

After this statement of the main assunptions in a stability
analysis, now the basic methods will be explained which can be applied
for the solution of different problems. The methods are grouped
according to the shape of the failure surface. tirst those assuming a
circular slip surface will be explained, and later the ones with non-
circular slip surfaces.

8= S U N e IR N ) » e
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3. CIRCULAR SLIP SURFACES

3.1. SWEZDISH METHOD-, METHOD CF SLICES:

In 1913 g Geptechnic Commission was set up in
Sweeden to investigate soil stability problems. The reason for this
action was the occurance of a large number of harbour, railway and
highway slides in soft clay soils. The werk eof the Geotechnical
Commission led to the development of a slope stability enaly=is known
as the Sweedish Cylindrical Surface Method.

The first use of theSweedish Method is propesed by K.E.
Petterson, when he investigated the failure of the quaywali of Gothen-
burg Harbor (March 1716). This failure had occurred as the seawards
slide of several hundred feet of Quaywall, by a rotatienal movement
of soil aleng a curved surface, :

|
TWe principle of Petterson's cylindrical surface method is
further developed by Fellenius. Using the same cylindrical slip_surfacé
Fellenius subdivided the mass above the failure surface inte vertiéal 3
slices for the purpose of a more accurate investigation. This is the
reason why Sweedisn Method may also be called Methed of Slices.

Further work isdone on Sweedish Method since that tine'and
its most important development is Bishcp's Numerical Slices Method. It

is considered to be most representative nurmerical presentation of the
Slices Method.

3.\ a) DNumerical Slices Methed of Bishop:

In this methed a circulal
slip surface is assured and
the soilmass above the critic:
al surface is separated into
vertical! slices. Each slice i
taken as a free bedy, being
in equilibrium.

The acting forces at
each slice are the weight W
in a vertical directiocon,
vertic=1l shears Xn and Xn4q
and resultants of the total
herizental forces on sections
n and n+l, normal and shearinm;
forces acting at the base of
slice.
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Resultants of the total horizental forces con sections

n, En+l =
n and n+l.
in, Xn+l = Vertical shear forces en sections n and n+l.
W =  Weight of the slice of soil.
N - Normal ferce acting on the base of the slice.
Sa = Shearing force acting on the base ef the slice.
Sm - Shear strength mobilized or (developed).
h = Height ef the slice.
b = width of the slice.
L = Length BC.
- = Angle between BC and the horizental.
X = Horizontal distance of slicefrom centre of rotaticn.
As known from the facter of safety analysis,
B L
e’ = cohesion
s In terms of effective stress
) = angle of shearing resistence
Gn = total mermal stress
u = pore pressure
fa-u-) - @ = effective nermzl stress.
The total normal stress is:
TR
1% R S ----—---——----"--"--n---u--um-nu-—-—---(5—2)
a / .
B R4 {c+(%-u3£qn¢'} and  F= %—m{c'+(%-u3*-°n¢l}-~(3'3

The shear force on the base of the censidered slice is:

: Now, if we take moments of the acting forces abeut cantre
" 0, since the line of action ef normzal force N is alomg the radius and
through thecentre, it does net cause any moment. Weight W causes 2

nonlent'.- ecual te Z WX, and shearing force Sa causes a2 moment ejual te

R thiey

o
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From the conditions of equilibrium it folleows that:
LWN alS sulR L SR o s LS SRR SR i
Therefcre, Sy -2} » and
¢ RZL
W DB e R e
> Wx

GOl W N S PEet ive normal ferce (figure 3)

( Figure 3)

If we consider the equilibrium of the fore

es in & vertical
direction, we get: :

T ‘
o= WEXa=Kno =L (u cos® + Laing) e
COS € + tan B'sin@®/F : i

— !
WM, Wb wee's ' Y Rsin 6 axd u oD () *
Thevrefore,

i
2 W sin &

F = s {c’b+’can¢'(w(4—é)+(x,\+xn“§)} sec & .23

14 tang’tang
E

The first condition fer the X values isthat: 3

2 ( Xn - Xn+1) = 0 S SEHNIN A [ Stiotitnbok et AN RN

The values of %n and Xn+l are found by successive approxima-
tion and after these values are found,

from equation (3-7).

2 (En-En+1) can be determinad
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If we consider the equilibrium of the forces in a tangential
direction, we get:

(W + Xn + Xn+1) sin € + (En—En+1) cos € = Sa

ie:(En - En+l) = Sa sec 6 - (W + e Xn+l) BAR' G oo oo e

Equation (3-7) can be written as:

B = 1
>SW sine

St iR
oa = %

Now, equation (1-9) can be written as:

(By= Bgap) = 2L 2 see® -(WHXn- Xny Vbane) oo (3_”)!
The condition here is that ZEn - B L T e ot R, (23-v2)

R S R TR A S s (St

Equatien (3-13) is the second condition that the X forces have to
Satisfy.

For the application of the numerical slices method the follow1np
precedure is suitable:

First, ()(n n+1) = 0 is assumed and by means of equation (3-7) an
initial ¥- value is found Then, another value of F is assumed and
the variables of equstion (3 7) are determined fcr cach slice in =

tabular form: (Table 1)

M 1@ [ [(p) [s) o) [(T) [@® [ [ao G T [ T G|

SNEE L b(se) [ h(§t)|Wibx i i ‘b |wW(-E tand| = | (10
No e G | sin®|Wsinb| ¢ “ul“g(g)qsecé an x(\ﬂ

4 Al el R AT SRR

R P S
;

- (Tavle 1) N t
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»* <
FIRE = 865078 / 1. tanp tan o
F
According to this table the computed factor of safety is:
F . Zcolumn 14 PCSE G o SRR MY
Zcclumn 7

For a considerable accurate solﬁtion & number-of trial F-
values may be selected nnd the corresponding resulting F- values are
found from equation (%-7) as shown sbove. The smallest factcr of
safety determines the critical surface. X

34 b) Stability Coefficients Methed of Bishop: 4

‘ The tabular solution of Numerical Slices Methoed has to be
done for each trial circle, which is a time consuming =nd repettitive
_task. Therefore, it is tried te solve the probler faster by means of
stability charts prepared in such a way, that they can suit tclthe
properties of different rroblems.

The first st=bility carts were prepsred by Taylor, which wer
based upon total stresses. After that, it is fcun? out that stability
charts should be hased on effective stresses r-ther than en total
stresses. As tne pcre pressure distribution plays a very impcrtant
part in slope stability, it has to be considered tc:. This new kind o
charts are prepared by A.w. Bishop and N, Meorgenstern.

In a general sclution, thereis an assumpticn that the pore
presSure ratioc n, is constant over the whole cross-section. This kind
of analysis is c~l!ed a homogeneous powepressur> distribution.

The pore pressure ratio'being constant, tnere ar- alse a
number of variables in the st=bility coefficients method. These are
shown in Firure (4).

In _tergs of
o 3 3 g
9 f:eon951on intercept egggggégg
@ = shearins resistance

Yl
2P

’~ﬁ%1g:agnaiey

@.slape. . ...
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Pl = deﬁthfef the first
hard stratum below the crest of

the secticen.

o
4

depth factor

B= angle of the slope.

(Figure 4)

When a definite dimensicnles s number~?ﬁ- is used to express
the effect cf cohesion en the stnbility ef the slepe, the factor of

safety wili depend totally om the gcometry of the given section: ;

ie:[D*and cot B] and on the ry and P’ values.
r‘l
The stability charts are prepared for _§§ values of O, |
0 025 and 0.05. This is the range, occuring in effectivestress
analysis. In this range therc is alse the pessihility of linear inter-

pelation.

Depending on the informatiom givem above, the factor of safet
can be eftpressed in form of a linear equation.

F = m- nru i edec R PR § 0 S SRS Gy o
m and n being the stability cecefficients.

Using the stability charts and Equation (3-15), the factor
of safety can be determined.

The stability charts are prepared by means of an electronic
digital cemputer, accerding to the presramme of Price and Little. 1In
this investipation more tham 500C trial circles are used. The slepe
inclinatiens are specified for the range of 2:1 te 5:1, the ¢ values
are between 10° and 40° =nd D is up te 1.5.

For the derivation of the stsbility ceefficients, the comput-
er uses this equation: .

Fa

z[{ b+ W (1-r,) ton & } Ses oY il s

tanc tan @’

Z Wsm’&
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But accerding to the needs of the machine egquation (3-16) is sone-
what changed and it becomes:

F=

o
2 2 -s‘no( {+ Yana tang)

Now, some information should be given about the stability
charts themselves and abcut their use.

In the charts (Figure 5), the values of the stability co-
efficients are plotted against cet B , ¢'varying between ¢ and 40°

On each chart tne usable rance of D and §H vaiues are indicated.

The dark lines are stability coefficients m and n values at
10 intervals. The lighter lines arefcund by i-terpelatien.

6 As stated earlier the charts are prepared fcr a certain rang
@ g Bg
a linear extra pelation should be follewed. But extrapolation can

values. If the factor of safety eutside this range is sear:hee .

glve an accurate factor of safety emnly fortherenge of 0. 05 L —= gﬁ(p.lc .
Since the variationsef m and n with L arr non lin=ar outside this
range, a linear extrapolation can't glge accurate results.

On the stability charts there gre @lso some breken lines
shown by Yue. They are czalled lines of equal Yu and their use is for
the purpose of determining the critical depth facter D.

C/
YH
value, for which the factor of safety isthe same, wniether D=1.CC er

For a giéen set of parameters ( B, ¢

=1.25 . This equality cam be shewn in such a way:

et~ M

Yue = R SR |

M2s— Ny oo

For the specified parameters, if the pore pressure vaiue
used in design ishifher than Yue of the section, the fact.r of safety
with depth facter D=1.25 will be lewer than the facter of safety with
D=1.00C .

For a comparisen between the factor of safeties with D=1,50
and D=1.25 we have: ‘

M, eo— ™25
Yue = b g 2 m e e e e e e emem - (3—!8)

M.so-Mes

[{ % (i) tun¢'} Edboet o TR ERE (3-\6@1

) there is an rue
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3.4¢) Convertional Mathed:

Te develope this method, first the acting :orces are taken ‘
!hne snne =8 these in kumericzl Slices kethed. Figure 2) Jnerefs

F= . ZCC.\.-\-(N o) xan @)

If we isolate ~ str ip of seilmass, censidering

e i am iy e o R

1) sin (s

Tbrza;rhl, Krey and May justify it, that the tarme

'-_{"{(X ~Xnyy ) o8 &~ (E -Enyy )SN S may be neglected,

Q, intreiucwo a rreat inarcurae vy in“the solution. ' Accerding tc,{

4G

present conditien is shewn in (Figure 6)




qatfoﬁ (3-13) may now ke written as:

e | ". ‘v 4 Vi :
P2 ——0V0 3 [ diytan@’ il o O SRS et P 3
| s o (Weoss ul}] (

u= B (%) and X= R sin & .

Finally,we get as factcr of safetys

ksl 2Ll +tan@'W (cose —Bseco)]
2 Wsine

As seen from equation (3-21) the advantage of converntional

=thnd is that it ceon be used for slipes compo sed of & numter of 1afersﬁ*

E ﬂifferent soils with different C’and $'values. The summation sign ;

! Equation (3-21) is an indicaticn of this quality.

x

fhs For a solution with convontlanal re*rod agsina tabular usn
equatlon {3-21) is necessary. (Table 2)

M 1@ [ W [ ]@[M[® [ [Go] anyJuz) 03) | (14)

SNE 659 h(FO) Wl 8 |sinO|Wsingl_' | b |BrecO] cosB| * [(aphia] (8)x
! X100 e]\l}ama ; ()

S aee e N
\

| | (Table 2) ; - g
* tan W (cose - B sec &)

F

After repeatlnrthls procedure for a ruzber of F vglues, the
ailest F valde detcrnlnes the etritical circle. J

’;¢;” When we aszume the pere pressure u to be equal to z:ro, B willl

;ﬁl”:ert teo, and equation (3-21) gets a simplified form,such as

e 3
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: the slope) and a flrm layerbelow same depth are present the probl
Lan ‘be solved in another and very fast way. For tnis purpese Taylor-h

>repared seme stability charts, by means of which the critical slope
tngle and depth can be determined.

These stability charts are prepared for two different cases. f

i

ase 1: A © EORERE 1 constant.

»

Shear strength = S = C = 2 Qu --------------_--u--_---"(g;'
2 i

ju being the unceonfined compressive strength ef clay.

If C is known, the critical height H cf a slepe of wiven B
ilope angle c=n be found by usine equatien (5- 45 ‘

Cm
¥

e .- - ----------_-..------------——--—----——--—-;-:(3'3

Ns is called the stability facter, and its value is a fumel
:fBand depth facter n

d L
Qe l | 0 e R TR R o T
nd - ——L _______________
D
n I\w- .
{’f.'? o 5
[y, "

‘iuw) ‘yrF 2
W £
25 71—+

2= i / A A
3 4 ¥ AT KIORNRROIT
§ o i # "l iz busé.
g / k.
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ity = > T 4R ]
e . / 9
5 & - /’. a
g6 e ke alian % Nd=®
47) o P e N T ..4-5‘_5_2.5

604 53°
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S 3 2 Toe cn’c\es
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B O R e g g P bl S\ circles
e l Tg |
’ 3

g0° 80° f0° Go° S50° 4o° 30° 20° uo° o
Values of slope angleB(Taylor)
( Yigure 7 )

n, are known the critical slepe angle




BN For a given value of @, the critical heigfht of slepe wiilp
‘azain be as in equation (3-24). The only differenmce is, that N, is‘e
functien of B and ¢ this time. For 9 =B , N_ becomes infinite.
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( Figure 8 )

‘The use of Fig.(8) is the same as Fig.(7)




3.2.. FRICTION CIRCLE METHCD= @ CIRCLE METHOD:

. The general requirements of thie method is a thoron
omégenecus»slo;e with no stratification being pres nt.
The fricticn circle method can deal with both §

?f,.ahd @ =0, C# O cases.

BaPRY ¥ wcircle Hettod darRdEE.

AR Let us consider = slope with a eircular failure
its‘centre De1nE ot point O and having a radius R. :
S0 A seccnd concentric circle
its radius beinz Rsing .
from Figure (9), at a uﬁit.
of the failure surfacs, the e

obliguity ani it is tenzent to &
inner circle.® This boncentﬁ ’

Circular circle with radius re=Rsin ¢—

#,/ufc

called the friction circle or
the D - circle. Agzain, iffwt?a'
consider the mass of soil abo
the failure surface, there i
Weizht W acting througs the
cid, the cohesive resistingﬁ

] are tangent to the fdilure
étﬁe effective forces are at an ‘cbiiquity of 9. to the failure

We can analyse these forces one by one,

i : Weizht W acts thrcu~h the centroid
#I'y‘determined by vlanimetering tne area of the considered croséﬁs

Wi




 BEBEK 1SYANBUL

;ﬁ¢$pé easiest way to loc-te the centroid is to suspend the #i

the 310pe eut out of a cardboard from two points. The intersec
fhe vertical lines that are drawn while suspended rives the centroid
The cohesion forces act tarz-ntially to the failure surface,

E"LCMEM* 5 £ E!€m¢“+ j 2

&

B=

10)

a unit lensth of the arc._ :
But if,for exasnrle, we talke tﬁe
nts 5 anﬂ 1 on the failure Surfac,, and resolve their OOhe%iOﬂ‘ﬂ"
.gffﬂ opwponents perpendicular and parallel to the chord AB (Flnurefi ) 59
> that only theparallel components are ad<itive. The penpehdiﬁrf'
onents are in reverse directions and they only produce a rountel
fisa*moment. Thereiore, we rnave o consider only the pxrallel _
ufmpnneniaj&nd the ﬂOh@Slon forces can be addel up to a total coheSiQ'

g o

ie: CmLa x B = Cnle a




ROBERT COLLECE GRADUATE SCHOOL
"BEBEK , ISTANBUL -

.‘ The dR-forces at each element of the fzilure surface a*e forc;
] at . .Pm obliquity znd as seen from figures (3) and (11), they have lines f
of action tangent to the ¢m circle. B

tive Tonbi

dp, , dPp = effec
at each element
af failure sumwj
fac:e '

{ &)

i ( Figure 11)
g - e
G The total effective P-force too istangent to the @ cirecle.
EJ\ line of action outside the circle would mean an unsteable slope.

By means of the friction circle &n

¥, ]

we can determine the stablity of a slope by following thls-procedure

‘fV > 1) For the slope in guestion a trial failure surface with

&

aaﬁumed radius is drawn. With any reascnably assumed Cm v-slue the
cﬁfre#ponding fricticn circle is drawn toc. :

; 2> The weight W or its combination with neutral pressuré s
conéidered as theastuating force is drawn'through the centroid of'tﬁéffﬁ
aoii;maSS under consideration. S

7 | 3) The line of action of conesion force C is determined from
‘aqmatlon (3-27) and it is drawn parallel to the chord. C and W cut
‘eséhother at point D.

: ' l) The total effoctive forpe should pass through point D and
"ﬁe tanaent to the friction circle.

vSince the lines ef action of the three fcorces and the value oi
'gxforce are known, the values of C and P c-n be determlned f

ructed force polizon. (Figure la)




”

( Pigure 12)

.5“~We measure the C vector para’lel to chord and by means of

,.1-
R
1
\

‘ Fbﬁ-.: & and PP = tan ¢ iy SR (3—26)
yhivv$ - R Cm tan @m

‘In,&fder that the f-circle method becomes more accurate;'a
mgﬁifi@ation in it is necessary.
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i

The value of r; r@4¥13/&8term1nate. It depends on the centr%
angle AOB of the slope and on the distribution of the normal pressure 3
over the failure surface. In general this distribution is an inter- =1
meiiate value between a uniform and a sinusoidal distribution, having

zero pressure at both ends of the slope gnd maximum pressure for a 2
centr=l angle of AOB /2. 3

D.W2 Taylor (1937) has given the values of 1007 -rf for

¥ ky

f :

the two types of pressure distribution stated above ~nd for central 4
angles between O -120"in a diagram(Figure 13).

a) ¥or uniform stress on the i

X l 4 surface of sliding.
8 \\ Va9l — b) ¥cr sinusoidzl stress :
\ @) Py hErgl l distributicn on the sur- ¢
e ; 1 S P chd e gy face of sliding. %
o N ; ' f i
A T s s e e
- N | !
2 NN | e TR oo metsia eyt
L I \ \\ i 4
M e R \ -
i |
21 ‘NQ? g |
k a i P ——— e ——
N LR l
) N, o Rpay
° & - . " 5
N Y {
$ A :
g ““—’ﬂ‘“i"\\ £
P et (R B i
> Z —I\T\ s S g
~
e 100® &0° Go* 40° gal

C(—h«%"‘a( au?l&

{ Figure 13)

In general, curve b of the diagram isused. By 1u1§iplying the
rf by the correction factor found from Figure 13, the true re is found
ind the line of action of the total P-force is located after this small
lorrection.

fhg,ﬁ gircle Method for ¢=0 :

B In this method the critical surfac: of the slope is assumed tol
iéf& eircle with centre O and radius R.
|

Sin@e g = s, it follows that ¥t = Ksin @ = 0 too. A circle %
,Iua,becomes a point, therefcre the friction circle atv¢f0_i:
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case becomes just a point. (Fagure 14) Aﬁé
°+k:__¥:—* p;

£ :

/L)er é B T F 4’

;;

|

g

|

a2

4

ers Ceun‘-fnl aua‘e. . ';[
\N.V\/eiah+ of su’|weo’t3e ABFD :1{
(a) | (&) |

( Figure 14)

When we look at the shear strength eipression. s=c+ ¢ tang ,

its friction component O tanp becomes equal to zero, since ¢=0. Theréf

fore, on the sliding surface only cohesion forces are present.

_Taking moments gbout centre C,

Disturbing moment= W.Xo — — — — (3-29)
Resisting moment = ¢.DF.R — — - — (3- 30)
DF = @r.R ;
and, i '
F= Resisting moment . L DFR By Y
Disturbing moment WXo
2
F: C.QI‘.R e  TEBLS AT —— (3—32}
wXo

As seen until now, the basic assumption of P-circle Method

was a completely homogenecus slope with no stratification. But at this
point it will be shown that for tne case of = 0, c # 0, also stratifi
ed slopes can be anaysed by means of the Friction Circle Method.

In § = O case the factor of safety was found to be:

e

ROBERT COLLEGE GRADUATE SCHOOL : : ﬁlse 301‘35




Now, if we consider the conventumal method
kking different slides, the -enerzl foactor of safety

perisel Lol o2 leclgw dRIRE T RRE Y
2 wsin® S wsin Z wsin® »

nultiplying both sides with R,

F- CLDFR but Rsmo=x
; > w Rsin RPN i
> wRsmo

As seen from: this demVatlon orocedure.
rcle ﬂethod for § = O case give the same reéult.

'I“his fact can be us-d to analize stratlfled slq,. s.
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4. NONCIRCULAR SLIP SURFACES

4.1. PLANE FAILURE SURFACE:

a) Culmarn Methed:

surface of the gslope is a plane, passins through the tee of the sleped
In case of failure this plame will become the failure surface.

Let us represent the Culmann Methed fer a slepe eof H height
ard homogeneous soil.

Figure (15)

AC= An arbitrarily assumed trial plame passirg thoourh the toe of the

slove.
© = Angle bestween the trial plame and the horizontal.
8a= Shearing force on the AC plane

= Slope angle.

Total weizht of the socil mass abeve tae trial plame.

"

Unit weight of seil mass. el ' ; |
= W oces © = Normal component ef the reaetiem Ferce R, o
‘Develeped ~nghesien, which is‘l_;i;thﬂh[@ﬁﬁlllbl,G.A )

¢ L o At

e L IR ot .
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Developed friction angle, -ich is less than ffictieh”an

If we consider the wedre zbove the trial plane, the fé}é
be analyzed are these: '

Due te the weirht W of the mass, a shearimng force, SarW§iﬁ;
is developed parsllel te the trial plame. It tries to slide the soil
mass downwards. : ;

Against this shearing force, 2 sheaiing resistznce is ae4f
ed on the assumed plane. Lfhe shearing resistance is zlways less t¥
the shearing strength of the so0il. On ly at the beundary of failur
shearing resistance c=n beccme equal te the shearinc strencth of ti
soil. Al Y 5 '

The ‘shearing resistance consists of frictien and cehesiag
compenents.

Shearing resistance = c, L + % cos & tan 7 m

Bl cehecion friction

Fnam ecquilibrium considerations, the shearing force

i

%heuring resistanceon the assumed planz must be equal teo eaéh>a
Wfﬁ;i @ . = -cmL + W cos & tan @
F;‘n (Fizure 15) it is seen that:

- (H cscB) sin (B-4& )

I‘ B %L(Hcsce)-sin (B=-6 )

i I

bn‘z % ( sin & - cos & tan @ )

Cn =4_-% B,( E’l‘csc/B) sir (B- 6 ) sin ( G-gm) _______________{

ces ¢m

Fﬁr any 9. ( 9 , when Cm found from.equatien (4-1) is Bhé”

the aasumed trial ptane is the real failure plaae.éf.»




-~

pqual to a critical value 6 €. Cm becomes the maximum Cm’ and thﬂ
'ailure surface is thus determined.

The critical anzgle ©_ can be found in two ways:

L

1. By trial and error method: Different assuned © valﬁg&,é
substituted into equation (4-1). The one civing maximum C is the

Zh Cm is diffementiated with rezpect to ¢ and set equa
ero. 1his zives:

(B+ ¢ )

5\7“—'

If we substitute &_ intc equation (4-1),

¥H [1-cos(»-Fn) ]
b sin B cos ¢m

;g ol 2k L Con sin B cos Din

H e e e e e i e

L 4-cos(B-@n)]

L! ;Lm. : The factor of safety of the slope is'determined7a85'
F.S with respect to friction = tan @ = F¢
tan Qm
A,
E
Cm % L R
Instead of determining the maximum heirht from equation

"

;% S wikh vespect to cohesion

. graphical procedure may be followed:
1. A point A is taken toc represent the toe of the slop
2. A Line.at an angle §_with the horizontal is drawn th

3. On this line point B is marked at a distance of

ZCmcos¢m_

?rom‘ﬁi and point C is markel at a distance of from B.

¥
icale used atthis step is the overall scale for the graph,
:‘ 4. A perpendicular CD is drawn from point C.
5~ A parabola is constructed, p01nt A being the focus and

'ﬂﬁ*h@infuthe directrix. :
A line AE at an angle B with the horizont
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point A. The distance between point E and the horizontal is the
maximumgsafe H.
D E
% '
ae 2Cmecasg,
Ei /" FaR w
| 1
Hl
B, \B2
| P
A
B
v a
< g
(Figure 16)
4.2. WOGARITHMIC SPIRAL FAILURE SURFACE: ;

The main assumotlon is that the maximum stressed surface is
logarithmic spiral, having the equation

etanén

r=s ro

® = variable angle between r and f‘
ro vectors. ‘ J
variable rgdius of the logaritf-
mic spiral. 3
radius vecter at the beginning
point of the arc BA. ‘
Angle between r.dius and normal
of the spiral. It is chosen
such that it is equal to the
(Fﬁgure\?) angle of shearing resistance of

the scil.

The forces present are the weight W of the soilmass acting
through the centroid, the effective forces dP and the cohesive forces Ci
B S B e e sirface or thair resultants P asd CifRissisniitasnin
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To apply the method, we begin by choosing an arbitrary point
‘B on the horizontal plane, which represents the point where the
logarithmic spirgl cuts the horizontal. Through point B and Point A
at the toe of the slope a logarithmic spiral AB is drawn. The center
O of the logafithmic spiral is selected, such that it lies on a
str;ipht line passing through point B and making an angle ¢m with the
horizontal. (Figure 17)

According to equation (4-4), at e~ch point of the logarith
~ic spiral the raiius makes an angle ¢m with the perpendicular to the
spiral. We can show this algebraically:

2ta m
dr= ¥ € it S @Bm Ohr
toanmP_ vdo_ v g@tan dm de {
e —c_; 4 e van@m ¥ = cts ¢"‘
fo € ton@m & ton @m |
ton Y- tan (#+90) = ctg & = ctg Bm , ool "1?
d= Pm ; & loeing the oingle between radius anol normal.

The total effective force P is always at an angle of @ to |
the failure surface. Since this is also the angle for the radius, it
meens that the P force acts along theradius and through the center of
the logarithmic spiral. (Figure 18)

0 (Centre of the .spiruLB o
N ‘A

’ N

: Bk B
/I"‘dk

e d= Horizonktal
distaance of

W from

Centre O.

‘ ' (Figure 18) ' 4

e



Ve can find the Factor of safety of the slope as‘avrﬁ 10
the moments about €, caused bJ resisting and disturbing forces.f,‘
disturblng force is W and the resisting forces arc P and C.

Total effsctive force P passes through the center, there:
it does not cause any moment about O. Restoring moment is s
only by cohesion.,

| Wnen we consider a unit element Js alonz the logarithmic spira
the cohesion along it is cds. (Figure 19)

Therefore, the restoring moment about © is:
ndz cds X r cos @

| rie 2
:nd- re Sosg  ©OS g = cr de

| % 29 tand
1‘Mclz S Cf'zd‘e'= Scr,?'e o 46

heg
R 'Z.G'tqn¢’ ST )

porcs (€2 \f: "‘ru

e
2 tan @ o 2tanf

ﬁ e A 2o g ’
° 2 tan @

i

e T P S I e - T -

O

b The Aisturbing wioment is WXd
( Figure 18)

- w
- Factror of safety = Restoring Moment D

Disturb; ng Moment

CC\" r53/2t0n¢

.

Sp\f‘h\\.-




4.%. COMPOSITE FAILURE SURFACES

In the metnods dealt so fams #lthought a stratlficatilﬁ’
801l was allowed, the soils in adjacent strata were not very muaﬁ

different from each olher, so that the failure surface could be'a-
‘continuous curve. ; -

respect to the others, rart of the sliding will ocsur along the bb
©of the weak stratum. (Figure 20). Therefore, the failure surf’
‘consists of a number of sections, joining each other in an &

Vst i (Figure 20)

Figure (20) shows that the failure conditions of secti
II and IIl are different. In section 1 active failure is prese
‘assumlnb & point b, where the boundaries of secticns I and Il me
‘éctive earth pressure s can be dete mined. Section Il is pushed
left by the active pressure Pye This movcement is resisted by thgb”»
passive earth pressure, cohesion ana fricticnal resistance.
3a‘goi.n;t 2, where the boundaries of seeticns 1I and I!I meet, passive

earth pressure Pp too can be determined. s

The factor of safety
ba;ween the sur of resisting fo

'Ir;ZPp + i C (oz) F

R e , QRO e S



Fit= frictional resistance.

By different assucptions of p01nts g and b, d1fferenﬁ~ Vg
may be found. Tne smaliest one determines the critical surfaeen' ;

elaborate method may be fo1lowed. §xnce the comp031te surface ma fp
any shape, a generalized slices method should be applicable to it
the general slices method no simplifying assurptions are made wibh

respect to the assumed slidinc surface. Therefore it is applicahT
any shape of the slidinz surface. ;

‘ ' As we have done in numerical slices me*hod the soil :

the sliding surface of general shaps is separated into vertlcal'
(F\gure 20 . ‘

<&---—--'
m F

( Firure 21 )

requu\uor\a of \ e
Ifwe isolate 2 s ice, the follewing'equilibrium are pvé

| In vertical direction: dW + dP + dX - dS sing -dN cos @ = O/l
In horizontal direction: dE - dQ + dS cos & - dN sin & = 0 -
Moment of tne forces about the mldp01nt of the bottom of the
slice is: X dx + Edyt — 9B hy + 40z =C ool f"'A

For the stability criterion the overall equilibrium coniit:
n the hor17onta1 dirsction is used.

¢

‘When we look at equation (4-3), except the dE force, fong
8 and d3'are unknown tco. So, we should begin the proce ‘ure b’




:e'.fmti;‘ning the unknowns first:

l .
@ is the effective normal stress and it

e dl
i dN found from equation (4-8)

dw . dP ol X sin & 18
dn cose ToL0 Tiepui oS -c_;s—g S
Fik e olN dw - o P e dx ) =
dl ~ dlcese dl cos & dl Cos® al
gs S bdt oand dS =T O %
: dl T i ;
‘ g By determi Fiding
Vi i etermined from Figure (21)
W | s
gl_hl_.u:d +-CE— fc-l&’Ctane'-u.
dL dx dx olx
28 |
i g
‘;-: v "; 3 2 E
I Qs pat <t tan- € ---—'-‘f----'*—--—'—?-'-.@
The shedr stress developed 3t tne bottom of the slie
e ¢+ g’ ton ,@,_-__-__--___.-__-_____-_..----v-.-.s,”

N N (?‘*.t"u)tq“ ﬂl—-'C kan 8 tawn ¢,

C(1+ tan© {:dnﬂ’>=cl+(?+’t.—u> ton ¢/
I v C’+ (?+t ——uwtan¢, D e e SR A A

G =

(1 + tan® kand’)
AN and oS cdn. e d\e_-\‘e.rmiv-\iz_

Since the unknown fForces
equations (4-15) and Cy-117) , we. return Yo our mad

MOWby uSmQ
mb%em of olerermining the stability in

elﬁ‘-&ound ?fcm equa\'\on (- 9} 'S :




Equation (4-17) already qives the value of the devel ﬂ;'
(moblllzed) shear. Therefore, '

_ 01 5 Sane § AT ‘Fvc"’(p-*-t-u)tanj
% {1+ tan 6 tan ¢J

W - o

Frocm equation (14).Ztcos"?' O AEIEE - Eb + 3 (p+t) ta;nG'Ax;

Therefore,

Fe 3Tt cos "o AX
Q - Eb +3 (p+t) tan 6AX

This is the factor of safety equation for a.allding
of .gen-ral shape.

_ ’i?f‘ Like the horizontal force E, also the verticalgforé§+
e determ1ned. From equation (4-10): e e e

f
|
=
i
L

{

X dx = «E dyt + dE ht - dQ z

:_ ‘ ‘. ) ) 3 ' ‘ - "
Bvoty Xeowg sk , o 4B 8Q | R
TS ‘ i dx dx
7 £ il teno, s n SE - ST
Lo é k dx dx = el e

The resultant force a2t the boundary face is
b

S dX = Xp . ----------.---------__.__._--_-_____-_--__-._-_--_-,_7.__j(-vr
o

In equations (4-21) and (4-?2) a term t = %% is present whe
the actual strese condition is unknown, t becomes statically indetermf
ate. By assuming a reasonable position of the line of thrust, equati
(4*18) and (4-23) give quite accurate values of E and X by means of :

succe351ve approxications.

Fer example, first of all t=0 is assumed. This value
‘ fin&o # t8 equations (4-18) and (4-23), initial E and T




dE = dQ- 33 cos® + dNsin ©
+
dN = -P———dx— AS tan &

cos®o

&

dE:z dQ-odS cos8— dS c_osa‘9-+(p+t3 AX sin & -d

dE oSO = dQ cosB —oAS + (p+t) ohX 3in &

AEi k@ - IS (p+t) oAXx tan &

cos©

ds'-'-' C ol = e ohx ;
Cos©

ok

n

; oy s : X AR
odQ-TGol\X cos @+ (_p-\-t) AX LanD e i oh o

Equation (y —?_o) is the overall eq‘*‘\'\b}ium' ‘
c}&‘h\ on in ‘ the forizontal Olirection.
A¥ter .equaktion (L;—ZO) is oeYermined

. agvailable shear Te

Shecky molor Lizeol c
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5. THE IMPCRTANCE OF PORE-PRESSURE FOR THE
STBBILITY OF SLOPES

When soil is saturated, its voids are filled with water;

and water particles both are inccmpressible materials, and for an
increase in all round pressure a total volume change can cccur oniy‘
dreinape is present. If there are no drainage possiblities, some %

% The observed or predicted pore-pressure d#stribution and
‘change are very important for the long-term stability cf slopes and
earthdams. Therefore, these have to be included in a stability an

E, Tests have shown a close relation between the factozfﬁ
and the corresponding pore-pressure. As a close app roximatidn‘A‘
{be said that for 5 simple soil profite and specified strength
,ﬁhe factor of safety F varies linearly with the masnitude of t,
f reasure. : ‘

o

e In order to present the results of stability anainES;

+

il

b
mr
;
!;
nh ry =—— ___'__(5_1)
l

.lfwﬁha depth of the considered point
K“ bulk density of soil.

Especially for the range of r, values between O and C. 7,
are the most often used values in practice, the linear relatlonshﬁp
followed almost exactlj. iherefore, ‘

bes

Eemenr, __ - _ (S-2)

m and n being the stability coefficients changing with slope and w1th

§oil propertles.

}
{;-~»v A.W. Bishop and N.Morgenstern have shown the linecar relatlonf

‘:ships between F and r, graphicall. (Il'ure 22)
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( Figure 22)

In equation (5-2) F and r, are the variables, (The,codr‘i?f
axes in Figure 22) m is the intersection of the line with the F-axis
n is its slope.  When a zero pore-pressure case is present, the fﬁdﬁv
‘safety is equal to m value. The slope isalways negative, because it
represents the fact that all other parameters remaining constant, m
‘increase of pore-pressure causes a decrease of the factor of snfefy;*

After showing the general effect of pore-pressure on the fac
of safety by means of equatlon (5-2) and Figure (22), some information
should be given on the pnre-pressure value u too.

The existing pore-pressure problems are of two types. '
3 1) The pore-pressure is an independent variable, and it is 3
controlled by groundwater level or by the flow pattern of the underground
‘water. The pore-pressure dlstributlon may be found by piezometer measur“
‘ments, from flow-net or from the differential equation of steady flow '
of water through soils. :
‘ 2) The pore-pressure depends on the stress-condition in the
éso}i‘l. - For example rapid construction or excavation of soils having low
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values of permeability cause stresses, creating inatability in
The pore-pressure is always changing with time to ad just itself ‘ul
mate equilibrium with existing conditions. The rate of change uf

pressure isdependent on the permegbility of the soil and on the e
pore-pressure gradient.

usu +Au — — — —(5-3)

the soil’

Asus Change in pore-pressure due to change in stress conditions.
Zia Caused by a change in stress-distribution can be shown as,

Du= BEAO‘3+A(AQ’,-A(;)] T AT ;(5'4)

AOd = change in magor principal stress
- a6z = change in minor principal stress :
‘A,B = Pore-pressure p-rameters determined from undrained triaxia

According to the original statement the change in poro-
can be related to the major principal stress as:

B[M’MA(\ T AR S M 0

Ao’. e

A.W. Bishop and N.Morgenstern have shown the variation of poreépnég}
parameter B with principgl stress ratio and major principal stress
graphically. (Figure 23)

L -~ - —{(5-&)

Therefore, from equation (1),

et o Vo +EAO’| £g .UO e é A6 ____(5-7}

a1 ¥ h i i 1 ¥h

‘The major principal stress at a point in an earthfill may be taken gtf_
OQnal to the weight of soil above 1t,:b Xhu
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(A u) 40

rsectlon. But in renllty the pore-pressure ratio [« is not co."
in this case the use of =n average ry value gives quite satisf:

results. <{his possibility makes it possible to apply stability”
ents to the steady seapage casrc.

The method can be shown on a cress-section of an eatf a
with different values. (Figure 24)
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( ¥igure 24 )

i=" number of different pressure zones
centre line of the sections,

'~ n= number of sections.
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6. THE EFFECT OF SUBMERGENCE

When a slope is under water, such that the water containe
its pores is in a state of static equilibrium, the slope is canétﬁg,
to be a submerged slope. The main effect of submergence on soil i :

uplift effect and a reduction of stability of the slope.

The submerged unit weight of soil may be defined as it
weight reduced for uplift. 95
. . 3 3

Total unit weight of dry earth =¥s+a = (l-n))y s= ) -----

Total unit weight of saturated earth = ¥s+w = (1-n))s+

Submerged unit weight of saturated earth=¥s+w-u={l-n)
: 2S‘/ Py
Yw = specific gravity of water o

¥e

specific gravity cof soil
porosity of soil

=3
i

of so0il should be taken as its submerged unit weight. The net e
water pressure should be considered separately and added to the ¢

The main factor causing submergence is the presence o
water table. Now, let us see how this can influence the stabili

a slope: A

1) When the ground-water level rises in the dry.crusﬁng
weight of any slice of the slope is increased and as a result the
stability is somewhat r:duced. But this is a negligible effect. 'F@ A

example, at Surte slide the effect of the increase in weight was fou
to be 0.2% of the weight of dice.

2) The total normal force acting on the slip surface is
influenced by the water table. But this effect too, is negligible. =

1 3) The main effect is that the shear force mobilized

\
acting on the slip surface is very much influenced by the presence of

the ground-water.
a low effective pressure on the slip surf

ized will be low too. o~
' e  Takingthe stated effects ijto account, it can be sald‘t
rence senerally reduces the factor of safety ol 2 SiQDCa

fLor a hifgh ground-water pressure, there develops
ace and the shear strensth mob
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7-THE EFFSCT OF SEAPAGE o
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e-ao)n recktangle of thwe €\owme§_ can be esbleiated me
tion the increment of twe overturning moment caw he J
Wheu Ale ucvemeuts of the ovew.ﬁufmutl, moments /or et -e{
3 {lowuc(- ave added, tle Hodal over duvuing ummrw‘- due e s¢a pa
't 5 24 3gner‘al it tan be said {that Jle presence of sea xq‘g:
advevse effect ou +he sdabilily 44 shpe . A s o
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8. SOME INFORMATION ON THE INTRODUCTION OF D G
COMPUTER TO THE SLOFE STABILITY ANALYSIS

As it is seen up to now, th: stability of a slope is
i by the minimum factor of safety, but to find the slip circle

minimum factor of safety is a repetitive task. As explained“

the factor of safety can be determined easily by means of aﬁab |

charts for specified conditions. But nature slmost never pres

limited conditions. The prcHlem is generally complicated by

charts can not be used in every case.

The repetitive pattern of stability analysis can
handled by a digital computer and once the main programme

ccmputer, it isready to solve any number of problems aagee

% b Forthe solution of a problem these main porﬂtuﬁghaé'-
followed:
Gy 1. %*he surface and strata division lines are spec' ie
‘the coordinates of a number of points. :
2. Two points chosen on the rigid base, are used fo
BERISR 1t ion of the maximum redius. Also, another point is sj
iwhich is used for the computation of a minimum radius.
3 5. A water table may be put anywhere under the coa&3
that it is horizont=l and at the same level both inside =nd o h&
soil.
4. A number of uniformly distributed loads may be P
anywhere on the surface. o
9. The cohesion and friction angles may be different f:
soil strata pressnt. The only condition 1is, that the cohesion mus
less than 1 000 000 units and the friction angle must be less than

6. The cohesion may vary with depth by a % ratio, which is

variable. 3
| 7. A pore pres-=ure coefficient B can be specified.
8. Any units may be used for parameters. But they have @
be consistant under each otner.
9. For each center point there are a number of failure
circles. The computer choses such a radius, that the factor of ﬁt
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for the correspending center point is a minimum, After thisfr .

special searching technique the computer determines the center ﬁaﬁ

with minimum factor of safety among all center points. 8o, the cent:

point and the radius with minimum factor of safety is determined.
process will occur faster, if the initinl point of trial is given
computer.

In order to present a slope stability metnod to the comput
some basic assumptions in the subject are necessary. A2

) 1. All forces acting on the sides of the slices arerggﬁﬂif
ium. : 2

2. The failure surface is the arc of a circle.

3. 1If more than one soil are pregent, the unit weights a.'&};r
‘assumed to be the same. i

4. The factor of safety is the ratio between resiating‘ﬁp
overturning moments. -

_ 5. The resisting moment is due to the shear strength bfi
soil and the

My = Resisting Moment =5 Rsds = JRZS e

M- - - - - -

B A A
j Lc+ CP"\O tan ¢ ] Radq

- - T o s SRt & e e, i .

: 2 A
P = Normal stress = ¥z cos R

1= B : B
M= S REc d +f(gzcosax) tan ¢ Rado‘- f u’cdn¢R2du
A A A

Rcos &=Y Rcos & da= dx

2
R*% - Rds = R 9_\5_

B =) B

2 =
Mg = j'?_‘.&clx + g'xtar\¢\('zo‘){ _f uR Ton ol oe) il s S
% Y
A A : A
| 3 L 'xﬁ\ : =] ‘
a =) <3

T i e s o ]
5 e e Rty I T LA
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(Fl'gure 27)

*
'

"r n° = Overturning moment = J.B“z X AR, e

6. Loads on the surface are carried vertla
y with no lateral effects.

7. The shear strencth of soil is equal taw
s= ¢ + (p-u) tan ¢

I
v

( Figure 28 )




e=c + L (Y -yo)
L=

- e 3 e ---.--_._--q--.,,‘..:. - q_q!i

( f)
Therefore,part (a) of equation (8-2) will become:

e B B
J&thu- RZLd\x_gB_z_LB dx
N Y [

A

| J. There may be surcharges: 1n this case th{
"may be replaced by ang& equivalent height of seil, suqhih

=

Therefore, part (b) of equation (8-2) will become,
B

B
5 Peen T o +f°\‘c°~“¢ Y kX
A

~ and equation (8-3) will become

iAo B 8

Mo= SXZ'Xo\X-t- o X X
A A

10. Effect of water table and pore pressur

1 a. If no water table is present, the e

P

/or with Skempton's terminolosy,

Au = BAGy L e U e S

,Aé the construction period W=B and part (¢) of equation (8-

~ becomes,
™ Q? By
X utmn¢dx+§wqR tan @ odx
G ¥

itﬁuly the resistinz moment is effected by the pore pressures.i
b. If water table is present, there happqp ]
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The first eff

ect is a decrease in shear stren
ing moment.

( Figure 29 )

™ R
b When we look at Figure (29), the pore pressure at
_below the water table is: e

SR

_ Behiv = (Y -njge el SRR
Therefore part (c) of equation (B=2) will become:
e B
2
z 1
B e e
| Y

. A A
¥

3
3
:

‘_,
|
:
;
|
|
3

Sy The second effect is a lowering of the unit weighf ét s
the buoyeant unit weight. The result of this will be a change
‘overtumning moment. (Figure 30)

= ¥s - Yw

50(\. o MQ wcd:er'

( Figure 30 )




B l1. A rigid base may be present -
gly a maximum radius is specified for each. cvhtérﬁ‘
icircle can not enter the ririd hase. If Y suoh a
' axes are considered to be 1ocated at tne center point‘
the maximum radius will be given by the eQuation'

A and Y are the coordinates of the point on the rig rd $g§
Blope of the ripid pase. ‘

12. Tension cracks: A soil with tensxon erac

i After taking all specified points into cons;de

Pthe general resisting and overturning moment equations‘
B 5 2 »2
2
Yoo T © G e < e dx-RLg
Y LA
2 A S A

B
+ kan qudX - \{Jb«thomq’

oy [Raxw ton @ S Sl RZKW \nl to\n(ﬁ-‘
A

& RLE 8

Mo = X Szxdx*\- qu\x'——K‘xwgz.Xokxl
% A . &

F

In order to use equations (8-3) and (8-10) we should bd

- éfinterrate them over each constant slope portions of the soil
ﬁ?ﬂt 'his purpose the variables shculd be moulfled somewhat .
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( Figure 31 )

constant slope part of the surface. The partial ovéi
. belonging to this section is:

’

MR = R B et - i) yo € + ytan ¢ [R (.
P; “ﬂ B A mXi-yi tun¢
‘ : 3 ?.. (B+Re)]+q >

% : if shown ir (Figure 31) points (1) and (QJH;-
E
)
:

s 2 2.5 2 Ty
BEEs (R - i) - (R-xi )

: 2 2 V2 2 v

Bowidd (R < x3) -Xi(R-Xiz)a
i - -1

Q= sin Sisin AL

R R

|
R (R kit )

d the partial overturning mc
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And the overall factor of safety” é‘fathe
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