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Module 4

| ateral Earth Pressures
Overall Learning Objectives

Basic Concepts (Book 2 pp. 355-359)
Lateral Stresses from Surface Loads (Book 2 pp. 359)
Coulomb’s Earth Pressure Theory (Book 2 pp. 364)

Rankine’s Lateral Earth Pressure for a Sloping Backfill
and a Sloping Wall Face (Book 2 pp. 367)

Lateral Earth Pressure for a Total Stress Analysis
(Book 2 pp. 369-371)



Reading Assignment

* Class Budhu Text - Book 2 Ch. 10
Earth Retaining Structures (pages 355
to 385)



Slopes and Earth Retaining Walls




L ateral Earth Pressures




Pressure on Soil Chambers




Typical Problems
Earth retaining structures

a) Rigid Wall- can translate or rotate only
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Typical Problems

Earth retaining structures
~lexible Walls — can bend (deform) in addition

Vertical wood
sheeting

Blocking
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Typical Problems
Earth retaining structures

c) Buried Structures

-~

flr{t(rflé;, TS e /.rf.ff/}/l\

Pressure on buried structure = f (flexibility of wall of buried
structure and soil behaviour) = I.e. soil structure interaction
controls the problem




Forces on gravity retaining
structures

G Backfill soil

c, ¢ orc, ¢,

Earth pressure on wall is due to:
(1) self weight of soll; and (ii) live load on backfill

Only rigid retaining structures in CIVL 311 10



Rankine Active & Passive
Stress States

Assumptions:

The earth retaining wall is vertical
The interface between the wall and soll is frictionless

The soll surface is horizontal and no shear stress acts on
vertical and horizontal boundaries

The wall is rigid and extends to an infinite depth in a
granular, isotropic, homogeneous soil mass,

The soail is initially loose and initially at an “at-rest” state.



Active earth pressure

1. Initial stress state (geostatic) :
- Soll In state of elastic
equilibrium:

R 4 (Note: v' = Ygar - V)
ocy=03=Kyv Z

where K, = Coefficient lateral earth
pressure “at rest”

2. Now allow soil mass to
relax (stretch) laterally:

BB fixed, AA>AA’
O, stays constant; and

O’y decreases to a
limiting minimum value

12
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With further “stretching” laterally — no change in stresses, but failure (slip) along

planes at 45 + ('/2 to horiz. throughout entire soil mass
At failure,

(0 =(C%  (O)= (T
(63 /(0" )= (0" ) [(o")s = (L —sin ¢') / (1 + sin ¢') = tan*(45-(¢'/2)) = K,

= (0')).= K, O,. K, = coefficient of active lateral earth pressure 13



Passive earth pressure

equilibrium:
6,=0,=7Z
ox=03=Kyy' Z

where K, = Coefficient lateral earth

pressure “at rest”

2. Allow soil mass to
compress laterally:

BB fixed, AA>A"A’
O', stays constant; and

O', increases to a
limiting maximum value

Initial stress state (geostatic) :
-> Soll In state of elastic
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With further “compression” laterally — no change in stresses, but failure (slip)

along planes at 45 - (|)'/2 to horiz. throughout entire soil mass
At failure,

(0')= (G (O9)= (T
(6" (6= (0%) [()r = (1 + sin ¢) / (1 - sin ¢) = tan?(45+(¢'/2)) = K,

= (0, = K, O,. K, =coefficient of passive lateral earth pressure

K, = 1/K,
15



Translation or rotation y/h
Soil Type
Active Passive
Dense cohesionless 0.001 0.020
_ as per Canadian Foundation
Loose cohesionless 0.004 0.060 Engineering Manual
Soft fine-grained soils
(undrained condition) 0.020 0.040
Stiff fine-grained soils
(undrained condition) 0.010 0.020
e A e _
f movement insufficient g s
. 5 Vo
K, <K< K,—Active 2 ]
N . : i 1
' O —f— At rest i diH
Ko < K< K, —Passive g e .
~+  Active pressure "&,‘ ¥
—> A/H
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e.g., ¢ =30°

At Rest = K =1 -sin¢’ = 0.5
Active = K, =(1-sin¢’)/ (1 +sin$’) = 0.33
Passive = K, = (1 + sin¢’)/ (1 - sing’) = 3.0

min max
J J

Ky < Ky < K,

17



Pipe-soll
Interaction

150

200

250 300

Pipe position, before and
after pullout
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Horizontal Ground Surface with
Dry Sand Backfill

(1) due to self weight of soill:
c,=vZ
Ka(r'2)
ox=> K, (')
K, (r'2)

Active P, =%K_yH?
P, => Passive P, = ¥ K,y H? " \
Atrest P, =1 K_ y'H? | \

NOTE: Upper Case ‘P’ means force
on the wall / unit length of wall
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Horizontal Ground Surface with
Dry Sand Backfill + Surcharge

+
(i) Sggcvlgf?l:ght surcharge d g /w& Ao
o', =7+ PR O
Ka (/2+0) N
N e
(c') => K, (vZ+0) T = N ko',
Ky (v'2+0) F | \\
— 1 \

P, = % Ky’H?+ gKH /m length of wall

where K= K,, or Ky, or K;
20



Example: Active earth pressure
Dry sand backfill = smooth wall

KB =

Y=18kN/m3

L ¢ = 320
~

am . O Dry Sand
oY

@

X

Find active pressure distribution & total active force



Example (con’t):

Rankine Theory: . 1—s?n %
1+5sIn 32
K, =0.31

(0,)), = 18 x4 = 72 kPa,

therefore, (0,"), = 72 x 0.31 = 22.3 kPa

(Py)y = 12 K, yH? = 0.31/2 x [18 x 4]
= 44.6 kN /m length of wall



If K, condition was present behind the wall:
Ko =1-0.53 =0.47

By = XS Y re: () 84y

> é;:;_uyw




Example: Active earth pressures
Sand backfill with groundwater

/

_
2m /
Q)

SN
Y=18kN/m3

¢’ = 32° Dry Sand

*

Y =19kN/m3

¢ = 320 Sat.Sand

X

Find active pressure distribution & total active force



Use Rankine Theory

= [6.86 kfa

/\/“' - RNTTTUERS T 2w 18x 0.2 = 112 kP
:2_\«\«‘\ RENP: L‘J/mz " ng 316
/’/"‘““'“ i = \ ‘:Q* T
s = Y= 19 VAL ge32’
~— ,ﬂ.@
L e
/-~ - = C/ — . raniind \
81
< = 9.7 kb
; [2><18+ 2%({9) —~2><9.8'IJ X6-3]

Total thrust =Area[A+ B + C] + Area D

%_J H_I
Soll Water




Coulomb’s Earth Pressure Theory
(Vertical, frictionless wall, horizontal backfill)

jalled s?n Wedge —H cotg—|

j—'x This is a limit
equilibrium approach

Slip plane

R b J 1 | | "
() Retaining wall (b) Free-body diagram of failed soil wedge FIGURE10.8 Coulombfalure wedge

2F, =P, +Tcosd—-Nsind=0 T =N tan g

2F, =W —Tsin@—-Ncos@ =0 1 ,
1 P.=—yH_, cot@tan(6—¢')
W :E;/Ho2 cot @ 2



Failed soil wedge —1, oot 6—|

Z
Pa
.
Retaining wall (b) Free-body di lled soi '
(a) g (b) Free-body diagram of failed soil Wedge FIGURE10.8 Coulomb failure wedae
66%1 N %3’ Hj[cot@sec®(6 — ¢') — csc?Otan(6 — ¢')] = 0O
0 = 0, =45 + %I (10.19)
) /

P, = %w H? tan’ (45° — %) = %Kw H LH0-20)

Provides an upper bound solution (usually an estimate
greater than the true value of P,). However, this is equal
to the lower bound solution provided by Rankine active
state. This means it should be the true solution.



Coulomb’s Earth Pressure Theory

....

¥ COSz(d), e "])
g? Kac = in(d’ + ) sin(d’ — )12 & (10.21)
sin 1 s ’
j cos? mcos (n + 8) |:1 & { cos(m + 8) cos(m — B) }]

cos? (¢’ + )
S 17272
cos? n cos(m — 8) [1 - {sin((b’ + 3) sin(¢’ + B) ] (10.22)

cos(m — 8) cos(m — B)
< Slip plane

Inclination of slip surface to vertical

& / 1/2
(sin ¢’ cos 8) } e il (1023)

PSS LOS ¢’ {sin(dp’ + 6)}1/2

FIGURE10.9 Retaining wall with sloping back, wall friction, and
sloping soil surface for use with Coulombs method for active
condition.

Note:
K # 1/K ., and C denotes Coulomb.
Correction charts available for logarithmic failure surface.



Coulomb’s Earth Pressure Theory
(Sloping wall face, wall with friction, sloping backfill)

Wall / Movemens

Movement

FIGURE10.10 Directions of active and passive
forces when wall friction is present.

Note:

. Active and passive forces are inclined at an angle o to the normal to the
sloping surface.

. Point of application is H,/3 above from the base of wall.
. HO = height of wall.



Rankine’s Earth Pressure Theory
(Sloping wall face, wall with no friction, slopina backfill)

,,,,,
!!!!!

cos(p —m) \/1 + sin?¢’ — 2 sin ¢’ cos @,

Ko = (10.24)
cos?m(cos B + *‘\/mﬁ)
_ Cos(p-1) o
COSBCOS” = cos(f — n)\/rl*#;lﬂd) + 2 sing’ cosg,
" o — (10.25)
cos“m(cos B — {/sin ¢ — sin“ B)
~Normal to sloping face
f
AV l FIGURE10.11 Retaining wall with sloping soil surface, frictionless

soll-wall interface, and sloping back for use with Rankins method.

Note:

See next page for definitions of some of the variables defined by the symbols.



Rankine’s Earth Pressure Theory
(Sloping wall face, wall with no friction, sloping backfill)

¢a =sin (3B _ 5.5, 10
sin d.)/ ( .26)
iy i (_sin 3 L
pr =1 o ~2% (10.27)
™ ¢ B 1. sin 8
e :—-«}ﬂ—,,_,,,‘_“ 1 s
a =7 Tg Ty 3sm (Sin q)/) (1028
™ ¢ B 1. sin B
5 =T B B L jfanp
=7 "% + > 4+ 5 Sin (Sill (b,) (10.29)
e e sin ¢’ sin ¢,
= ™ (i — sin ¢’ cos ¢, (10:308

1 + sin ¢’ cos ¢,

o sin ¢’ sin ¢,
£, = tan ( ! ) (10.31)



Lateral Earth Pressure for Total Stress Analysis
(Vertical wall face, wall with no friction, horizontal backfill)

Active Case

P, cosd+T —Wsinf=0 (10.33)

1 5 oy 5 1 5 28,H,
Py =pHS~~= ===l
2 sinf cos® 2 sin 20

SR e BT Eob 26 cse 2B-=10
o0
Pa =37 H} = 25.He (10.34)

(0:), =v2 =15, (1035)



Lateral Earth Pressure for Total Stress Analysis
(Vertical wall face, wall with no friction, horizontal backfill)

Passive Case

and the passive lateral pressure is
(0.1;)[; =y7tl, (1043)

We can write Eqs. (10.35) and (1043) using apparent active and passive lateral earth pressures for the
undrained condition as

(G.r)a =0, - Ky, (10.44)

(0.1’)1) =0;t Kpusu (1045)

Kiw=2 K,,=2

au » Npu



Total Stress Approach
(Undrained Backfill)

— extend the derivations for the ¢’, ¢’ material directly ¢’'=s; :
¢ =0.

(& /\

At ARV
2 ‘V ]EDP 7‘5
Assume uniform total unit weight =y
(0)a = ¥Z — 28,
(0Wp =72 + 25,

NOTE:
For¢o'=0,K,=1&K,=1



Total Stress Approach
Active Pressure (assume c = S))

CRACKINC

(Gx)a =YL — 28u

Active 1 z, =

M

_ jf%, ( o
-2 |
-4

L

ﬁ, z, = Crack depth
/4




Total Stress Approach
Passive Pressure (assumec =S )




Example: Active earth pressures
Clayey backfill with groundwater

7L
SN
Y=18kN/m3
‘ S, = 18 kPa
4m AN
. <% ' NC Clay
@
X

Find active pressure (p,) distribution & total active force (P,)

i.e., P, = Resultant from pressure p, distribution



