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Earth Pressure at rest

Let ex be the strain in the horizontal direction at depth z on an element of soil and let the

Poisson’s ratio and elastic modulus be p and E, respectively. The earth pressure at rest
corresponds to a state of zero lateral strain (g, =0).

For plane strain condition, exis given by

€y =_1E[GX —u(cy -I-GZ)]

When ey, =0, oy :—“_GZ
| 1-w

| y

ox is designated as po.

Hence, coefficient of earth pressure at rest, Ko =&=—1L
c, l-u




« In the natural state, an element of soil at a depth z below ground surface is not
subjected to any strain-the element is in a condition known as ‘at rest ‘condition and

can be expressed as

Po = Koo ;

*« The total pressure per length acting
over a height of H of retaining wall is
equal to the area of lateral pressure
distribution diagram.

P =§1 koyH ?

P, acts at a height of H/3 from base.
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Dense sand 0.4-0.45

Loose sand 0.45-0.5
Mechanically compacted sand 0.8-1.5
Normally consolidated clay 0.5-0.6
Over consolidated clay 1.0-4.0

» For sands and normally consolidated clays, Jaky (1944) gave following equation:

Ko =1-sin¢’



Rankine’s theory of earth pressure

« Salient assumptions of Rankine’s earth pressure can be summarized as

v The backfill is isotropic, homogenous and cohesionless.

v The soil is in state of plastic equilibrium during active and passive earth
pressure conditions.

v' The rupture surface is planar surface which is obtained by considering
plastic equilibrium of soil.

v The backfill surface is horizontal.
v The back of the wall is vertical and smooth.
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Active earth pressure

* If the wall moves away from the backfill, the soil element expands and the horizontal
pressure decreases to a minimum value so that a state of plastic equilibrium is developed.

sing = -+ —23
01 +03
:>c51_1+sing|g
o3 1-sing

Here, 0,= 0,= weight of soil at depth z, that is 0 ,=Vyz.
The minimum value of o, is defined as the active earth pressure pa; that is
0;= (0,)min=pa

Py = K,yzZ
A A n2[450 Q\

where K is the coefficient of active earth pressure _1=sin¢ =

A

1+sing L ZJ



Passive earth pressure

* If the wall moves towards from the backfill, there will be a uniform compression in horizontal
direction. There will be an increase in the horizontal pressure while 0, remains constant.

Passive earth pressure can be estimated as Pp = prz

Where Kp is the coefficient of active earth pressure _ 1+sing¢ =tan2[45+£b\

tsing L 2)



Active pressure on retaining walls: Cohesionless Backfill

a) Dry backfill with no surcharge 1 5
Total Active thrust  |p, = — K ayH
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b) Effect of uniform surcharge

* If a uniformly distributed load of intensity q/unit area is acting over the entire surface of
backfill, then effective stress at any depth isincreased by K,q.

g/unit area
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c) Submerged backfill

Active earth pressure at base of wall |p, = K,YH, +KAV'(H—H1)+VW(H—H1)

KILN o /RN
RETRLELs « -
/;' o TN A B | WT M
B /
o AL S
KayH1 ( yw(H-Hz)
Kay'(H-Hz)




— ' B D
S . y - A ' . 2 =4 < T Mt
% Packivat Relbive & L e R s

Ackive Geae (

f“‘? r,\Pt-.---q.;’i"“ q L.-\'_ “

| *_ s ks FQ"“.%H %M
ta \_'-F.{ F. R Fr’h—— s |
o

=
et T ?,\: e

.r

{IL
G =Sy

——

h{.l;at,:-ﬂh N &1 —a W F‘é‘*“'f— "-‘V‘:L’L‘H

Ynis Ml 5‘\-—( M#HE FWH 'QMFFW










o . G,
R e e s‘lé iy
5 €, +5
RS — G PN -
2 il f e
. . d M:L-‘.«-—t
‘i__ H""‘“‘f | '71"__“"“&;
o k9. - e
E. TERsLAy

J TF:;:’:'F' = kffz_l




f k T i L
\T. | | .‘;‘.'."' ) A ‘\' :*‘lﬂll- ’
' ) A N

1 N 'Jl‘.‘ A“ > ‘,I‘ e
i 't ' ol lf‘ " ‘ A S *
l \ \ :_ir!l

’
I l-*.-if

[N Rletisl _F A
Met I':I'RLW,;:“M 3 i &\:l/ hﬂ({}y
-R:Lm-. Fn\i[.\i‘n & _"RAML.H .h WL Pﬂl-ﬂt
‘# !r -

ﬁ e Mg- q & 5 el

-




R I —————
g E,{;.Jfr{ ﬁ/,}‘ rf - ,q...hﬁm
felnelined NQLUA M)

0

AR

" KL= 8 bw
| (72 t3i) G
| “v2 0
C - l'._ I"‘ n;
= W b R
= Y2l Rns
Mﬂ_f:l _“CJ ~e .
&DF{T;: (:‘-“rf,_r: ._&._.""EZ}LL q %
| L‘}*“l)l’p r“"’
AU g€,
(.:"fh..:'.:. ,93—
oo,

2 0,8, = 60,5

L . ‘
= & 48 . 3 j
1 7% o, : ' L)
anias Yty

P



















|
e Aerve 63 ¢ ("“_r

§ = = ,A:_;-:}'m J?‘
1 e f'f 7 Lfﬁ:.frp+"— {
s }JP' - ..11 c _.fl l{{"

Jvr " jh_-('r. J] IT. ﬁl" V—-t* *:_.l"L-.:'f-

Ny ote £

? = ol
> Cane G = [is 2 6,=T¢

] i
T E /= o, A+ 2 Jrf“f” }
=) J ”)P = n, P y o =







A
i
1
P
] ¥
o * i 4
+
LN L ¥
I
w
F -}
| -
Y '
— !‘ ""ﬂ
" L] -
.- ¥ —
P (YHta -2edka)—
TR -
{ i d i 4 ,cfi' ‘*

ATy ..A.‘.-’




 In practice retaining wall is generally constructed then the soil backfilled .

« During the process of backfilling, a certain amount of wall-deformation away from backfill

will have taken place.

* Since the minimum deformation required to produce the active case is quite small, a

retaining wall is designed to resist only active thrust.

Soil Amount of translation at top

Cohesionless (dense) 0.001H-0.002H
Cohesionless (loose) 0.002H-0.004H
Cohesive (stiff) 0.01-0.02H
Cohesive (soft) 0.02-0.05H

Ranjan and Rao,1991 *H= height of the wall



Rankine’s active earth pressure — Cohesive backfill

For c-¢ soil, the relation ship between the major

principal stress (01) and minor principal stress (03) at
plastic equilibrium can be expressed as:

61263(1+S?n¢j+2c 1+s?n(|)
\1 sing \ 1-sin¢ c!
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Shear line

For the case of active earth pressure 01=0v=yz and 03 =gy =p,

Pa =7ZK, —2C K,

1-sin¢

where, K, = _
A 1+sing
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Pr =7ZK , —ZC\_K_A Mohr circle C,

The active pressure p, = 0, when

Shear lines Failure envelope

/

Co C,

2 :
z=2z,= — Mohr circle C,
YK,
At depthz=0

Pr =—2¢, K,  Mohrcircle C,

v

O3 = Pa

O,=YZ,

o, =Yz




The soil is in a state of tension within the zone between the
ground surface and depth zo.

In calculating the total active thrust on the wall, the tension
zone is usually ignored. Thus,

H
K }: ’Y Z

1 —4- — 2
p,=_(H —Zo)(yHKA—zcx ! H?K,-2cH K, +——

2 2 Y
The net total active thrustis zero for a depth equal to 2 zo.
Thus, in cohesive soil a vertical can be made upto a depth
of 2z,. i

H. =2z, = © H. = critical depth of vertical cut
Y+ K,




Effect of water table :

The lateral earth pressure due to partial submergence is
due to soil and water

The total pressure due to soil (area of ocebo):

P, =o0ab +acdb + bde

1 - _ 1
PA= 2 (Hl - Zo)(YtHlKA _ZC\_KA )+(Yt HlKA _2C\_KA )Hz * ZybHZZKA
2C
ZO = —
Vi Ka

The total pressure due to water (area of bfe):

P,=— H?

Pressure due
to water

ll‘_/ } oo Yallz ’i
x
v H:iK,y —2¢ K, YoHKa
Murthy 2001
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Rankine’s passive earth pressure — Cohesive backfill

1+sin¢
+

Gi=c ( 26 1+sin¢
1 sing ) \1-sing

For the case of active earth pressure 0:1= On = p, and 03 = Ov = Yz

Pp =7ZKp + 2C\_K_P

1+ sin

where,KF,:1 nd
— SIn




At depth z = 0, Pr = 2C\ Kp

At depth z = H, Pr =7HKs 1 2¢, K,

The total pressure P,=P’; +P",

H
. 1
P's = _[VZKde = EYH "K» acts at a height H/3 from base
0

H

P = 120pr dz=2CH\ K, acts at a height H/2 from base

P, =P, +P",= %yH K, +2cH K,

N
H/ 2 P,
H/3
2C\_K_P YHKP




