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In general, fr/ur kinds of FI ,proach S Are l os~ibl in a 

ity analy c is. 

1. Ext reI e ,1ethods 

2. Ih30ries of Plas.irity 

3. T .ecr'es of Elas i~ity 

4. Empiric~l Mct~od5. 

S' 

Theories 0'" Plasti"'it and T~eories of ~l~.sticit.Y Fire ti-H~ 

most C)ffirr.on ones, there&ore a brief in:orr ntion ,rill be r:iven ab,.t t 

In t'1' elastic Ir.€t 10d of analy is the rroc8dure tc be fO 

is t~.Ie cHIc JIRtion of stressdistribution at the critical zone and 

cOnJparisoD i '1 tne allo able str np.trJ of soil. Here t it 1 a s'me 

thqt tre ~neral h~pe of tne fupture surlac) is kr.ow~ ~r.d t~at t~~ 

boundary stresses actin: at the intersection of the rupture surf~ce 

t.1e grcur.d surfac '. ~~-n be determined eX8.ctl,. 

Toe spcond ~etho to be c0nsi~ere, is plastic ethod, wh'ch 

may be cal ed the Lirrit Desirn Method, or ~pturc S rface Metho. hi 

is the r.:ost popular rtethod and the sl(Jpe stability analysis lS ased 
mainly on it. 

The b~sic assumption of he Limit Desi n .Iethod is that the 

failure o~~urs alone a continoU5 surfac~ of rupture. Therefore~ a 

suitable slip surface is assu~ed, at every point of which a plastic 

state prev(ils. If a $ffiall aarth element on t~~ slip surface is ~on 

e~ t t'r e -Jnknow'n stre ~ses r nd two equi Ilbrium conditions are pre ent. 
aelatin~ these to each other a sin[le equa ion roPy be obtai ed, 

the variation of stres alon f t 1e r 'pture line. 

(fI = 2c tan (45
0 

+ ¢/z) + crrll tan 2 { ... (45+ ¢ ) =2c ~ ... erIr 

- - - - - - - - - - -- - - - - - - - - - --- - - - - - - - - - - - - -

<JT '- G"" 1lt ¢ 
2. - co!> .• c.. -------------------------(2 

(fz. -crx . rA rA 
2.. ' S\n 'f..J = C cos Y-' - - - - - - -- - - -- .,.-_ (2 

cr I, (f I I t ~ I I be i r ,0' the 1 a j 0 r, in e rrr: e i i p- t e, It i t1 0 r p r inc i pal 
stresse3. 
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Tr.e f_ ur~p.s at e ch elem~r. of t~e r. urE:' . rl'r,.. rr f..Jr 

at PI (,bliq lty rr~ as seen frcm r€ G ( ) c: r , they l"s e .. in .. 

o v l.le ~. C' rc Ie • 

,... -.... 
/ 

!.... 
\ B 

r d.e, , d ) = 
/ / 2. 

'? / 
/ - ,... 

, , 
/ 

/ 

/ 

The total effective P-f:>rce tvo i~t"nber.t to wile Y' c"rclt:. -. 
A I' --:e of ,,('tion o'.ltside th .... circle 'oult] meA.r: an 1 nst~f1hle 1 ~E.. • .., 

B{ m ,ans 0: +;. e frict~ on ~:r(.l~ '."t 0 usee n ---- rr ,,~c 

, e c .. n de t e rr:n n e i1 est Po. b 1 i t Y 0 f a s lop e v' r f 0' 1 C w' in, t ".1.. r r c c e r 

• _ ~ c ,.. : .. J S.1. 0 P e i r. ';l e.. t i 0 tl a t r :" 1 f?. i 1 u r e u r f ac e ' i t 

ass U . e r F : U s i ~ .J r 3 w n • 

corre"poYl in~ fric+':'''''n c'r,' L ~Ia·.n o~. 

2)- The w€i It - - tlr .it ..... (C'n:'uln&tiofl 'it neutrul pre ure 

cen i eref'l a:=; th .av tuatin r ferce lS dra~n tr~r u~"h thn centraL .. of he 

sOlI na s u~der con~ideration • 
.3) The line of action f cOl'"/ ~'~io~ force C is deterr:i .( r 

equa t iOG (3-)7 and it is drh 'n pa p..llel to the chor C and T" cut 

e' c .otner at poin4- D. 

) The t,..to.l e ; ct: ~ 0 ... 'C 3hou.~d pctSS throuoYh point D an 

ho~ld be tan ent to the fricticn cirolc. 

Sl lce the 1 ines af ac ~ion of tnG thre crces n t P. Vf'. 

t 1e ,. c uatin!" :orc, are knowr, tile V' .l.leg of C &fl P c .. n be dpter .lnea 

f rom tr e ,or.struct, ~ force pol ion. (r"i Ire 1 ,) 

o~ 
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./ 1-;IJ.~ of Ct<- '01-( or G. 
./ 

\\'e IT:eaStlre t. C vector parallel to cnor ~~A by me ns 

qua t ion ( 3 - 2 '7 c. v ~ 1 u e 1 S de t e rT:'". i ned. 

C 
Fe = 

Crt 
ar.d PO = t ~ ... r. ------

t ' .. n ¢r.. 
- - -- - C 3 - 2 (3) 

By jffer~nt aSGU~~t~ons of ¢n. ·~lue at e .irst tep £ ~rn 

€ ___ at trls proce'lure .. cr a nUEber of tin:ev to !inll t'le sI1b.llest factc 
f p~fetl. 

In order that the ¢-circle me hod beccme ~ore ~c 'urate, a 
m a l1 . 10 ' i 1 C !"1 .. 1 n in i tis nee e s s a ry . 

Ai nou : .. we reve o~n the effe~tive forc~s at t e aillre 

ur ::j,C _ to a~t t, n nt to the ,.. 
IT: 0ircle, in realit v the~ r:iss tan ,t.:tc.., y 

y a s all amoun., • Tt-je re fore the istan83 bet ·een t total P [urce a 

he F "lnte r of the pm 'rcle ~s not =R,.. irl but 
/ 

"/ r .' PUl , !'f rt .L 



T IS 
fA"" 

R08HH r.\. tv_ Cl=tt: jArE. S (,o~ 

£- c8U,. ~ fA BJ L, ______ ~~~= ______ ~ ____ .~~~ 

The value of r; - l"""-f/f"f is/ . gtermina te. I t depends on the c n 
anele ACB of the lope and on the di~~ri~ution of the nor~al pressure 

over the failure urface. In ~eneral this distribu ion is an intcr­

me iate value between a uniform and a sinusoid~l distribution, havin 7 

zero pre sure at both end of tne ~lope and ~aximu~ pres_ure for a 
............ 

cen~rrl ~nrrle of AOB /2. 
I 

~. Ie, Taylor (1,)5 r) ":as riven the vA-lues of lOC r.f - r-r ~or 

the t 0 types 0 pr,ssure distribution stc ~e above~. 

an~le between 00_120
0

in a di~'r&ffi(FiJure 1)). 

r'"'f 

ff c )ntral 
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( :Fi ure 15) 

a) 

b) 

or ~niform stress on 
suriac~ of s i in~. 

r c. r c:; i n u ~ 0 i -j 1 , t r e 
distribtt~~r. ~n t e Jr­
face of slidin r

• 

In ~er.eral, curve b of t'e dl r ~r9.m isused. 
I 

"~rre~ ... :on factor fou.d from li'i lre 13, the t.rue rf is fc r;d 

t ~ 11. e of Action of the total P-force ~s lo~ated after this sMall 
orrectior.. 

In tnis method the critic r 1 sur hC Lf" 1P .. \lo~ i 

e a circle 'itn centre 0 and radiu R. 

Sin c e ¢ = 0 , i t fa It 0 T S t nat ~f =- R sin y> = 0 too. A c i r . 
i t 1 Z e 0 r a d usb e (' 0 1 1 e sap 0 i nt, t. e r . 1 I r t 1(" r r. t . 0 n (' ire h c~ 









1 , 

A . -I.. • b ... 

i c n i s 1 e sst 1'A n f r -:. c t i 

... re tne"e: 

)u .0 the' ~i"".~· ~f t'1 .as~, a r;: .e· .. ~ n , Cere 
~pv~lo~ed ~arqll~l t the trlp.l ~laoe. 

d ()'~l nv.'!l rn 5 • 

It trIes o eli e t e s i' 

A ' ) a i . s t his he '3. r i n r f .. rev, f.. she a .. 1 n rr res i s t .. L_ 

on t 1e asc-;u ed plane. .1'he she:trint~ re~i t[ nee is '"'lw· .... ys lec::s tr' 
ear~n" str·~n·t 1 of t'.e ',01'. C l:!.Y a" tn o hOlln ary f fai r, 

r e.- i s tan c, c· b e ~ ~ fT e e q J a 1 t J t n e ~ ""1 ~ '1 :- i . s t r n ( t h ~ t . 
. , 

so 1 L.. 

rr.p nen .• 

( f .: 8. r .;l. r-.r" r Q~ is t a !1 c e = c L + '~ c Us" + an ¢ rn 

cohesio frieti r 

Tne friction and c hesion ~ ,re Ie ts f ~r ari~~ re i t r ~ 

th .... r. t~ose of s(ieariti' strp. rth, hec?I)~~ Cm('" nd ~m< 

fro ecuilibrl Jm "r~5irler~tio 5, the she~!i ore. R i ~. 

r~sist[\n~'"\o!': the assurr.ed ola. ~ '1St be equ" 1 to ~a.h 0 ncr. 

si ;, = c L + cos ~ tan ~ r ~ 

(Fi-;ure 15) it is seen t ~ at : 

= ( esc,€» 5i . (S - ~ ) 

= L ( H ~sc A3 ) 5i!"! (lO - y ) 
I 

= I ( sir - eo ~ tan Y),..I 

= 1 0 ( H esc S) 
f::ir ) sin ( ______________ (4- 1) 

~ c s ¢ 

1. < {It t. hen f run d fro . t- a u at i r. (4 - 1) i the .t: 0 r any I Y t V'f , J 

. xi 1 • r, , ~ lr,d trial rl~r.e is tr~e re! 1 ~ ill.re p!a e • 
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point A. The distance between point E an the horizontal is the 
maximum safe H. 

(Figure 1 ) 

~.2. LOGARITHJIC SPIRAL FAILURe SURF CE: 

Tne ain a sumption is that the maxi urn tre se 
lOFarith~ic piral, hRvin. the equation 

r= ro Qt n~ 

a.::. 

urf ce i 

9 = variable n~le betw en r ana 
ro vector . 

r = vf\r'able radiu of the 10 r ri t h 

S----

The forc~s present are the 

hrouf.h the centroi • the effective 
long the failur 

lc spiral. 
ro= radius vector at the beg inn 

point 0 the arc 

9} = m ngle between r iu and nor 
of the spiral. It i cho en 
uch that it i equ 1 to the 

anLle of he re i tance 
the eil. 

we· ~ht ' , of the oil aes actin 
force elP and the cohe ive forces 

n 

1 

of 

C 























of perme bility cause atre 
-pre ure i8 a1vays changing w 

equilibrium with existing condit 

ur i ependent on the perm .bil 
re ure gradient. 

u " UO ... AU - - - -(5-3) 

pore-pressure, hH<ZItD6f ~r~ n e 
ini 1a1 pope-pressure, before any 

be 80il-

in pore-pressure due to c 
b7 a change in stress-41at 

A,,=: B [ A 0--3 + A (A(fl - A<f"3) ] 

~c(, cnange in major prinr.ipal stre 
Ac!'a c ange in minor principal stre 

c Pore-pres ure PQrameters dete 

According to the original e 
ela ed to he major prine! a1 

op - .Morgenstern ha e s 
h principal 

• 
(Figure 23) 

trom equa*ion (1), 

Vo + 8' Ac(, 

is'h 
rU. = 

ncipal stress at a point 
eight of 80il above it, 
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( .r i ~u r e 24 ) 

i: .~~b r 0 .. iffC'!cnt prJ::isurt: 7cr.es ....... ~r .. C"~te 'r 

c_ntre line 0: t.H~ Ecct:on.>. 

n= number of ser.tions. 

P Gt. 48 
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