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Soil Mechanics — Lateral Earth Pressure
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Lateral Support

In geotechnical engineering, it is often necessary to
prevent lateral soil movements.
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Lateral Support

We have to estimate the lateral soil pressures acting
on these structures, to be able to design them.
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Reinforced Earth Wall

increasingly becoming popular.

Reinforced earth walls are

geosynthetics

RETAINING WALLS

Crib Wall

filled with

Crib walls have been used in Queensland.

Good drainage & allow plant growth.
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Earth Pressure at Rest

In a homogeneous natural soil deposit,

cTV

the ratio o,,'/c,’ is a constant known as coefficient
of earth pressure at rest (K,).

GL

G'
K =2
O-V

Importantly, at K, state, there are no lateral strains.
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Estimating K,
For normally consolidated clays and granular soils,
Ko=1-sin¢’
For overconsolidated clays,

— 0.5
K0,overconsolidated - KO,normally consolidated OCR

From elastic analysis,

Ko . @\ Poisson’s

- 1—p  ratio
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Example 12.1

a'), (Ib/ft2) u (Ib/ft2)

-
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Sand
g'=i
d'=30°

; 10ft vy =100 Ib/f3

v Ground water table 117 500
= Sand !
¢'=0 7 :
|
|
|

d) ] = 300
Year = 122.4 Ib/ft3
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Active/Passive Earth Pressures

- in granular soils

Wall moves
away from soil

Wall moves
towards soil

smooth wall

Let’s look at the soil elements A and B during the
wall movement.
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Active Earth Pressure

- in granular soils

G, = VZ

Initially, there is no lateral movement.

: le |, | K | K
, J.Op — o, — z

As the wall moves away from the soil,

o,/ remains the same; and

o, decreases tiII occurs.
Active state
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Active Earth Pressure
- in granular soils

As the wall moves away from the soil,
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Active Earth Pressure
- in granular soils

T
o q(,J\()Qe
@
WJM Rankine
(1820-1872)
[Gh ]active Gy G

[ah ]active :®v
X‘/Rankine’s coefficient of
K - 1-sing _ tan’(45— 4/2) active earth pressure

A 1+sing
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Active Earth Pressure
- in granular soils

Failure plane is at
45 + ¢/2 to horizontal G’
\Y)
0° :
qe\O Gh
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E [Ghﬁ active Gy
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Active Earth Pressure
- in granular soils

As the wall moves away from the soil,

o, decreases till failure occurs.

Active state

wall movement
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Active Earth Pressure
-in soils

Follow the same steps as
for granular soils. Only
difference is that ¢ = 0.

e [Ghl]active = KAav'_zc‘\/ KA
(i
>

Everything else the same as
for granular soils.
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Passive Earth Pressure

- in granular soils

Initially, soil is in K, state.

As the wall moves towards the soil,

EE—

o,/ remains the same, and

Fe _ .
, ¥ G,’ increases t|II occurs.

Gh E '

| Passive state
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Passive Earth Pressure
- in granular soils

As the wall moves towards the soil,
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Passive Earth Pressure
- in granular soils

a0%®

@

[Gh’] passive Y

[O-h ]passive O-v
X‘/Rankine’s coefficient of
_1+sin ¢ tan’(45+ 4 /2) passive earth pressure

1- S|n¢

P
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Passive Earth Pressure
- in granular soils

t Failure plane is at ’
45 - ¢/2 to horizontal Oy
(0% :
45 - /2 o
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Passive Earth Pressure
- in granular soils

As the wall moves towards the soil,

o, increases till failure occurs.

wall movement

25

" A
Passive Earth Pressure
-in soils

Follow the same steps as
for granular soils. Only
difference is that ¢ = 0.

>

Everything else the same as
for granular soils.

26




Pressure

s

Distribution

- in granular soils

[Gh ]active
P, and Py are the -
resultant active and g
passive thrusts on By
the wall Alanid
e ERRTat
[Gh ]passive H

P,=0.5 K,yH? |

h| P,=0.5Kshz— -
——
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Passive state
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v

Wall movement
(not to scale)
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Rankine’s Earth Pressure Theory

[Gh']active — KAO-VI_ZC‘\/ KA

[Ghl]passive = KP()-v'_i_zc;‘\/ KP

L Assumes smooth wall

O Applicable only on vertical walls

29

" Jd
Examples 12.3

Y 'y
y=15kN/m?
6m o'=36° 6m
¢'mi 70.2 kN/m
A
7=2m
Y Y Al
[le——]
23.4 kN/m?
(a) (b)
'y
6m
1039.5 kN/m
I=2m
Y Y

<~ 3465 KN/m2 —>|
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Examples 12.4

| T
3m e R A R AT LT R
water table g
4‘ ¥ c'=0
+ Yeat = 18 kN/m? l
3Im = 35° \

(a)

3+

:

ad

"

I | T~ P,=117.15kN/m
3mo[ - |7 ~
¢ I | l .?B m H‘"-m,_._
Y |ee—— | L 2
—=| 13.0 |=— |e——2943 —| —=|13.0|= 36.1 |
—| 19.67 |=—
(b) (c) (d)
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Examples 12.5

g =15 kN/m?

LT ey

1.03 m

I"_ £ —1-|
Il

¥=16.5 KN/m3

6m ¢’ =26°

¢' =10 kN/m?
6-2=497m

|<—31.97 kN/m2 —-

(a) (b)
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Examples 12.6

g = 10 kN/m?
A ' |
I
1
I
¥ = 15 KN/m? :
o' =26° I
4m ¢’ =8 kN/m? !
- | 512 KN/m
: A
: 1 m
i ¥
Y
| «——1=<—— 153.6 kN/m? —>]
51.2 kN/m?
(a) (b)
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Rankine’s Theory w/ Sloping Backfill

_ coSar—+/cos? a —cos? f

COSt ++/COS & — COS? ¢!

Frictionless COSo + \/COS2 o — COSZ ¢l
/ wall Kp —

COS @ —+/COS? & — COS% '
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Coulomb’s Active Pressure
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Coulomb’s Passive Pressure
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