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Differentiating Eq. 10.14, the rate of change of velocity is given by: 

av k alii 
az = P'w oz2{1O·15) 

If v is the velocity of water at entry into the soil element, the velocity at 
.. I av 

eXIt IS equa to v + az az 
The quantity of water entering the soil element per unit time is 

vllx ay and the quantity of water which flows out of the element is 

(v + :: dZ) l1x ay. The net quantity of water or the excess pore 

water aq squeezed out of the soil element per unit time is, therefore, 
given by: 

av 
aq = - ax ay az (1O.16) . 

az 
As excess water flows out, the volume of the soil element decreasesr 

the decrease in volume being equal to the volume of water flowing out. 

From Eq. 10.7 the change in volume avof the soil element is given by: 

aV=-muVjda' (10.17) 

where: m" = coefficient of volume ··change, assumed constant 
Vi = initial volume of soil element 

= ax ayaz 
The change in volume per unit time is given by; 

o(dV) = _ m" l1x dy dz 0 (da') (10.18)at at , 
Equating expressions 10.16 and 10.18 and cancelling tu ay az: 


av 8 (aa') 

az= - m" at (10.19) 

Also, the differentiation of Eq. 10.11, where da is constant; leads to 

o(aa') au (10.20)at =-a; 
Eq. 10.19 may, therefore, be written as: 

8v aii az = 1nv at (10.21) 

Combining Eq. 10.21 and 10.15: 
au k atii 

. mo Ft = Pw az2 



258 SOn. ENGINEERING IN lHEORY AND PRACIlCE 

H 

P = JnIti (40­
o 

Ior p = nIti [40' H ­

Substituting the value of u from Eq. 10.44 and integrating:' 
N=oo 

(2N+l)· 'It'8 1 
P = nIti 40' H [1 - 7t2 

~ (2N + 1)1' 
-

II' 
evt] (10.46) 

N=O 
At t process of ....V.JIl>'UlUU''''J.'U'u complete, the ultimate 

or ,the "".'""",,,"",,'n, PI is given by: 
(10.47)PI = nIti 

PI can also be directly from Eq. 10. 
i\fter a when ureduces equals the consolidat­
ing pressure is' the same throughout depth of the layer 
for the case illustrated in Fig. lOA. Therefore, the'ftnal settlement due 
to consolidation can be directly written in the form of Eq. 10.47. 

The ratio of P to P I' expressed as a percentage, is termed the degr" 
of consolidation U: 

U(%) = L 
PI 

X 100 (10.48) 

N=oo 

or U '" 1
L(2N + 1)1' 

cvt] X 100 (10.49) 

N=O 
dimensionless parameter the time factor 

equation 

Tv = col
tP (10.50) 

where: d = drai1Ulg' Palh (= ~, for the case under consideration) 

Eq. 10.49 may be written as: ,,=00

8", 1u x 100 (10.5

L(2N + 1)1' 
N=O 

or (10.52) 

The relation (Eq. from, Terzaghi's l}ULlCI-'lllLU:;U 

'VUAA"V'"","".U,"-'''''theory shows that the consolidation is a func­
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The factor of safety of an infinite slope of a cohesionless soil is thus 
independent of the depth of the assumed failure plane. 

(6) Cohesive Soil. The failure envelope DEj for a soil possessing both 
cohesion and friction as given by Eq. 12·7 (tf = c' + (1' tan q,/) inhown 
in Fig. 14.3. If the slope angle ~ (= ~l) is less than q,/, no critical state 
of stress is reached at any depth and the slope remains stable. When 
~ (= ~B) is greater than.q,/; the line OEa (Fig. 14.3) intersects the failure 
envelope in EJ. and a state of ~ncipient failure is reached because the 
shear stress t corresponding to the depth represented by the point E2 
equals the shear strength t f • For greater depths, the shear stress is 
greater than the shear strength and the slope CaDD.ot remain stable. 

FlO. 14.3 
F .. i!ure Condition for an Infinite Slope ·of Cohesive Soil 

Thus an infinite slope of a semi-infinite mass of soil possessing both 
cohesion and' friction cannot remain stable if ~ is greater than q,/. 
If ~ is greater than q,' the. slope can be stable only upto a limited depth, 
known as the critical depth, and which is calculated as given below. 

The factor of safety against failure is given. hy: 

F = ..!!.. = c' + yz cosa~. tanq,' (14.4)
t y.~ cos~ sin~ 

When compared to Eq. 14.3, it can be seen from Eq. 14.4 that the factor 
of safety for cohesive soils depends not only on the angles <V' and ~ but 
also on y, c' and the depth z. The critical depth z = He is obtained when 
t equals t f (pt>int Ea in Fig. 14.3) or the factor of safet)' is unity. 

From Eq./J1.4.4, the critical·depth (or height) may be written as: 

c' 
He = - -:--------:-:---:- (14.5 ) 

y (tan~- tanq,') cos2(3 
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moment MD = Wx 

moment i.\,[R = cui, 

where: of arc AD ( 

The F against sliding by: 
A 

F- At!R _ cuLr (14.14)- MD - Wx 

Alternatively, let em be the mobilised shear resistance of soil (q,u -:- 0; 
necessary for ~quilibrium of the assumed sliding wedge of soil, then: 

W.x = c",Lr 

safety F 

slip surface (the corresponds to the 
mum factor 9fsafety. When F corresponding to the critical circle is less 
than unity, the slope is considered unstable. When the minimum F equals 
unity, failure isjustimpending.-For a stable slope, theminimumFshould 
generally be equal to or greater than 1.5. 

To find the dist~n'te .x of the line of action of the weight W from the 
centre of rotation, tHe sector ADBA may be divided into parallel vertical 

of slices below) moment of each strip 
Alternatively,~he centre determined experiment~ 

a piece of thin 
shape of the sector 

turn from two 
when drawn 

points of suspension int~rsect at the 
centre of gravity. 

(b) CI -- cp' Ana(ysis. The shear 
strength of a soil with an angle of 
shearing resistance cp' varies with the 
effeclivt: normal pressure on the ·slip 
sur!;\ce. For such a soil, the stability 

carried out by the 
the soil profile 
circle is divided 

6 number of vertical 
c'.</>' AnalY1!ill·Metbcd of cu and 4>u Sh')Wll in Fig. 14.6. 


