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Lecture 6: Lateral earth pressure (i[5 1B /7)

6.1 Introduction

6.2 Ranking’s theory of earth pressure

6.3 Coulomb’s theory of earth pressure

6.4 Application of earth pressure theory to retaining
walls

6.1 Introduction

» For many structures (like retaining walls) , the pressure from
soils at failure (extreme cases) is needed for design analysis

» Deformation is not a big concern (or done separately)

« Simple solution to the soil (earth) pressure can be obtained
for rigid plastic soil behavior:
A

Earth pressure at failure (plastic collapse)
is considered to be a problem in plasticity

Shear stress

Shear strain

Figure 6.1 Idealized stress—strain relationship.




Plasticity Lower Bound and Upper Bound approaches
to calculation of earth pressure at failure (plastic collapse):

Lower Bound theorem - if the stresses assumed satisfy the
equilibrium and yield equations (without consideration of a mode
of deformation), so calculated external loads (earth pressures and
bearing pressure) are <= the true external loads (collapse loads)

Upper Bound theorem - if a mechanism of failure (collapse or
deformation mode) is assumed and the work done by external
forces equals to the work done by stress acting on the assumed
slip surface (without consideration of stress equilibrium), so
calculated external loads (earth pressures and bearing pressure)
are >= the true external loads (collapse loads)

6.2 Rankin’s theory of earth pressure

Rankin’s theory — considering the stress state in stress
equilibrium and at plastic failure — a Lower Bound approach

T

R B

G3

Figure 6.2 State of plastic equilibrium.




William John
Maquorn Rankine
(1820 - 1872)

Earth pressure at rest (no lateral move) (no failure)
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3 Table 6.2 Coefficient of earth pressure at-rest
2 —_—e_____.———— Soil KU
/
Ko Dense sand 0.35
f // Loose sand 0.6
e Normally consolidated clays (Norway) 0.5-0.6
Clay, OCR = 3.5 (London) 1.0
05 = ™ 1 5 25 Clay, OCR = 20 (London) 28

Figure 6.11 Typical relationship between Ko and overconsolidation ratio for a clay.
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Figure 6.3 Active and passive Rankine states.

Rankine' theory - stress equilibrium is satisfied and a plastic
(failure) state is reached - lower bound loads/pressures are then
calculated.

Active and Passive Rankine States:

Active State: a vertical wall (smooth face) moving away from
the soil mass (like that the soil mass is actively pushing the wall
away). The vertical stress ¢, is the major principal stress o,.

Passive State: a vertical wall (smooth face) moving toward the
soil mass (like that the soil mass is compressed (passive) by the
wall). The vertical stress ¢, is the minor principal stress ;.




Active state and active earth pressure:
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Active earth pressure:
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Figure 4.2 Mohr—CoulombT failure criterion.
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This is Mohr-Coulomb failure criterion !
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(0'1' — 0';) = (0'1' + oé)sin ¢ +2C cosg

0{(1 —sing) = O';(l +sing)+2C cos¢p

1=
1=
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This is Mohr-Coulomb failure criterion — another form !

(0'{ — 0';) = (0'1' + oé)sin ¢ +2C cosg

a;(l +sing) = 01'(1 —sing ) —+2C cos¢

O3 =

3=

(1 —sing ) cos¢
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(1—sm¢) 1-sing

(1+sm¢) 1+sing

l—sin | , , .
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(1+sing)

. . (1) Using effective stresses and
Pa=Kqo, —2C K, effective stress parameters
_(I-sing) 2) Using total stresses and total
B (1+sing)’ 3 stress parameters
(3) Nomix up !

Pa = Kao-z —-2c Y Ka

This is Rankine’s active earth pressure theory (know how to derive)!




Passive state and passive earth pressure
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Figure 4.2 Mohr—Coulombeailure criterion,
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This is Mohr-Coulomb failure criterion !




(01' — 0';) = (al' + a;)sin @ +2C cos¢
O'i(l —sing) = a;(l +sing)+2¢ cosg
(1 +sing ) 0 cos¢@

1= (1—sm¢) (1-sing) Kp:KL
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a (1—sm¢) 1—sin¢'

(1+sin | , , ,
¢) Pa =0y, 0,=0;

Ky =
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. p,p _ KpUz e \/‘K—p>(l) Using feffectlve stresses and

effective stress parameters
_ (I+sing) g 2) Using total stresses and total
P (1-sing)” P ! stress parameters

(3) No mix up !
p,=K,o, +2¢ K,

This is Rankine’s passive earth pressure theory (know how to derive)!

Tension crack: (occurs in active state only)
Crack filled with water

e D k
= 2eVEL ry crac v
— 'K T M T
\ii wall__t |\ ! Wall | ]
surtaoe: { surface, ||
active ||| Passive Actlve_,_ Passive
case ||, case oz case | oz
H | ox : 44%']1
P A |
e o (a)
_(H_
BB s L“” p, =K,o, —2c K,
|*K.yH '-i
Active
o, =y (no surcharge )
.. 2¢c
5P =Kaz—2c \JK, =0 (position )=.. z, = PN Dry crack
o, =y (no surcharge )
| 20K, Crack filled
SPpa=Kaz-2c Jra_pw_ywzjzow_m with water




Total active thrust (P,) (force):

HH T
—- wall__i}!
K surfaee: ! [
Active i E PBSSIVB
case *:' oz
" Ix
H ‘:
il ) Pa = Kao-z —-2C Ka
i——K.yH
.Mﬁva pa = Ka}/(H - Zo)

Figure 6.4 Active and passive press

KaH —2¢ (K, =K H - Kz, =K 7(H - 7,)
<Py =area=1K,y(H - z,)(H - 2,) =1 K, »(H - 2,)°

Note: the negative pressure area is NOT included — assuming tension crack there

Total passive (P,) thrust (force):

.\..---

Wall __
surface !

g;E'__. |

H
p, =K,o, +2¢ K,
= I . .
--th:m 'r-ﬁ—f—prHgbi

Passive

. P, = Area(l) + Area(2) = 2¢, /K, x H + 3K yH x H
2
Py =3 K H" +2¢ /K, H

Note: (a) calculate p, (or py)at key points, (b) plot the pressure
distribution, and (c) calculate total area
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Considering vertical pressure surcharge? — Easy!

]
:

=
#I

H
e H 2H
LT r
i ol el
Active Passive

Figure 6.5 Additional pressure due to surcharge.

p, =K,o, —2¢ K,
p, =Ko, +2¢c /K,

o, =)L+(

Example 6.1

(a) Calculate the total active thrust on a vertical wall 5m high retaining a sand of unit
weight 17kN/m? for which ¢’ = 35°; the surface of the sand is horizontal and the
water table is below the bottom of the wall. (b) Determine the thrust on the wall if the
water table rises to a level 2m below the surface of the sand. The saturated unit weight
of the sand is 20 kN/m”. , _
Notes: (a) If effective stress parameters are given,

Solution: water pressure is calculated separately, (b) if total
1 — sin 35° stress parameters are given, no need calculate water
@ Ka=17255=027  pressure (included in total stress). Why? o =& +U
Py = g KiyH" = 3% 027 17 x 5* = 57.5kN/m Key points:

(b) Pressure distribution is plotted. I p=0

M %x0.27><17><22= 9.2kN/m
(2) 027x17x2x3 =276

1
(3) E X027 (20 . 98) % 32 = kot IAc:iva Hydrostatic
“4) l x 9.8 x 37 = 44.1 Figure 6.6 Example 6.1.

2 P.=027[17x2+(20-9.8)x 3]

Total thrust = A3k =027x17x2+0.27%(20-9.8)x3
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Example 6.2

The soil conditions adjacent to a sheet pile wall are given in Figure 6.7, a surcharge
pressure of 50 kN/m? being carried on the surface behind the wall. For soil 1, a sand
above the water table, ¢ = 0, ¢’ = 38° and v = 18 kN/m?. For soil 2, a saturated clay,
¢ = 10kN/m?2, ¢' = 28° and v, = 20 kN/m?. Plot the distributions of active pressure
behind the wall and passive pressure in front of the wall.

Solution:
’ Key points ?:
For soil 1, yp
1 — sin 38° 1
Ky =+————=1024, Ky ==——=4.17
1 +sin 38 0.24 50 kN/m?
For soil 2, il - - 1
1 — sin 28° 1 T
‘:—:036, Ky=——=278 |
7 1 +sin28° 7036 Soil (1) 6.00m
s T
. 1.50 m
Jump points: at = W.T. ——g— - .
. . 2
any location with Soil (2) 3.00m
different ¢ and ¢ - 3
Passive Active
Figure 6.7 Example 6.2.
Table 6.1
Soil Depth  Pressure (kN/m?)
(m)
Active pressure
| 0 0.24 x 50 =120
1 6 (0.24 x 50) + (0.24 x 18 x 6) = 12.0 + 25.9 =379
2 6 0.36[50 + (18 x 6)] — (2 x 10 x +/0.36) = 56.9 — 12.0 =449
2 9 0.36[50 + (18 x 6)] — (2 % 10 x +/0.36) + (0.36 x 10.2 x 3)
=569—-120+11.0 =559
Passive pressure
| 0 0
| 1.5 4.17 x 18 x |.5 =112.6
2 1.5 (278 x 18 x 1.5) +(2 % 10 x +v/2.78) =75.1 + 333 = 108.4
2 45 (278 % 18 x 1.5) + (2 x 10 x 2.78)
+(2.78 x 10.2 x 3) =75.1 +33.3 +85.1 = 1935
50 kN/m®
e # 1

;

Soil (1) 6.00 m

'L T | ‘ _
/1 50m wr i 2
i N 2’
Soil {2) 3.00m
Passive ’ ) Active 3
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Sloping soil surface:

K _pa_OB_OB _OD-AD

*“ 4. OA OA OD+AD
Now

OD = OCcos 3

AD = /(OC?sin® ¢ — OC?sin’ )

Active case (@ Passive case
AD =+/CF?-CD?
T
A
=+ AC*-CD? Y
2 \\ D 'I
7 :
'y \ N B ,’
B Yo
\\V l'
@ Y} '\ /\‘ F
. . 0 Y F—>
Cohesion is zero. \ e 2
. . . /
Know the direction. A
/
G
2
®

Figure 6.8 Active and passive states for sloping surface.

_cos i — y/(cos? § — cos? @)

Y cos B+ /(cos? B — cos? §)

Thus the active pressure, acting parallel to the slope, is given by

Pa = Kyyzcos 3
and the total active thrust on a vertical wall surface of height H is
1 2
Po= 3 K,vH*cos 3

_cos 34 /(cos? 3 — cos? @)
P cosB— \/(cos? B — cos? @)

Then the passive pressure, acting parallel to the slope, is given by
Pp = Kpyzcos 3

and the total passive resistance on a vertical wall surface of height H is

Py = % KpyH? cos 3

(6.8)

(6.9)

(6.10)

(6.11)

(6.12)

(6.13)

13



Example 6.3

A vertical wall 6m high, above the water table, retains a 20° soil slope, the retained
soil having a unit weight of 18 kN/m?; the appropriate shear strength parameters are

¢ = 0and ¢ = 40°. Determine the total active thrust on the wall and the directions of
the two sets of failure planes relative to the horizontal.

Solution:

~ €0820° — \/(cos? 20° — cos? 40°)
* 7 c0s20° + \/(cos? 20° — cos? 40°)

= 0.265

fa—

P, = - K, yHcos

— 2

=5 % 0.265 x 18 x 6 % 0.940 = 81 kN/m

horizontal. At a depth of 6 m,
o, =vzcos F = 18 x 6 x 0.940 = 102kN/m?

and this stress is set off to scale (distance OA) along the 20° line. The Mohr circle is
then drawn as in Figure 6.9 and the active pressure (distance OB or OB’} is scaled from

the diagram, i.e.
Pa = 27kN/m?

1
PH:EpaH:%xNxﬁ:SlkN/m

The failure planes are parallel to B'F and B'G in Figure 6.9. The directions of these

lines are measured as 59° and 71°, respectively, to the horizontal (adding up to
90° + ¢).

OA =102 kN/m?

kN/m?

Figure 6.9 Example 6.3.
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Earth pressure at rest (no lateral move) (no failure)

K _ O-X _ phO T
0 — [ - [ |
O  Pw :
. ! "
Jaky: K, =1-sing ol'zo
Mayne and Kulhawy: i 0, = K0y
_ Lo sing =
K, =(-sing )(OCR) !
. 0.5 i
Eurocode 7: K, =(1-sing )(OCR) !
3 Table 6.2 Coefficient of earth pressure at-rest
2 | — Soil Kg
/,
Ko Dense sand 0.35
i // Loose sand 0.6
P Normally consalidated clays (Norway) 0.5-0.6
Clay, OCR = 3.5 (London) 1.0
o s 0 e s 25 Clay, OCR = 20 (London) 28
OCR

Figure 6.11 Typical relationship between Kq and overconsolidation ratio for a clay.

Lateral pressure coefficient

N

Expansion Compression
Lateral strain

Figure 6.10 Relationship between lateral strain and lateral pressure coefficient.
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6.3 Coulomb’s theory of earth pressure

Rankine theory has limitations: wall must be vertical and perfect
smooth (a lower bound approach — stress equilibrium).

Coulomb theory overcomes the limitations: wall may be inclined and

not perfect smooth (6>0) (an upper bound approach — force
equilibrium). This theory has limitations: the passive pressure
may be under-estimated.

TR

PD
o L= D

(a) Active case (b) Passive case

Figure 6.12 Curvature due to wall friction.

Coulomb active case and active earth pressure:

Force equilibrium:

L 180° —a—§

\6—?

(b)

Figure 6.13 Coulomb theory: active case with ¢ = 0.

Cohesion is zero.
Active earth pressure force — direction !

FERE LB - ERIRTTR
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Attention to:
Active force direction
and position !

FEETBAKITRH

*n,ﬁzﬁ ! S5+ (a-90°)
g

P-.l = %K-‘q'}”Hz d (6]6)

where
2
sin(a — ¢)
K, = sing Yad
[sin(c + 6)] + \/{&n(d)ﬁt}?ﬁ)ﬁgﬁ; - B)

Extension of Coulomb active earth pressure theory:
P

———
-_———

> 7 Kz, —2¢,|K,(1+ %) =0 v
Pa = Ka1Z, —2C a +-4) =
fs"‘_r,—-— c o
P c "
2¢,[(1+ 5wy
. c c
(‘L&B . 74 Ka

Figure 6.14 Coulomb theory: active case with ¢ > 0.
Consider force equilibrium and vary slip plane to find the maximum P, ,,=P
c
Coulomb theory: p,=K,0, —K,C; K, =2,/K, (1 +?W)
Rankine theory: p, =K,o, —2/K,C

Calculate p, at key points, plot distribution, and calculate areas for P,

a
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/ P crer -
W, G — . Force equilibrium
—

p - R Slip plane — varying
5 %}__s y s v to find the mmnimum

4 I:'minZPp

Cohesion is zero.
Passive earth pressure force — direction !

WENRE LB - R IHITT A

Attention to:

Passive force direction
and position !

BB AR R 7 () [h)

FIALE !

1 5
Pp = EKP'}'H_

sin(a + ¢)
K, = sin o

SR \/ Finwsﬁ Sping -+ )

/ c
Coulomb theory: p,=K,o, +K,C¢; K, =2,/K (1 +?W)

Rankine theory: P, =K,0, -2Kc

Calculate p, at key points, plot distribution, and calculate areas for P,

18
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Coefficient of Active Pressure, K,
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Logarithmic spiral
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Figure 18 - Active Earth Pressure Coefficients for Different Wall
Configurations and Retained Slope Angles
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Reduction Factor, Ry

Coefficient of Passive Pressure, Kp
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6.4 Application of earth pressure theory to retaining
walls

The earth pressure is active, at-rest, or passive?

- Consider possible failure modes and make good

engineering judgement ! . _
Big force from an arched bridge

W‘e right: passive
AA !

NN
No support A

Move left:
active

(a) Active case (b) Passive case

Figure 6./7 Minimum deformation conditions.
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Mobilization of pressures:

Active pressure: small displacement
At-resent pressure: zero displacement
Passive pressure: large displacement

~

pt-

(@)0,.7,C.¢; pu(or py)+u; P +R,

Lateral pressure coefficient

. (b)o,.7.c.¢; p.(or py); Py

\.
&

Expansion Compression
Lateral strain

Figure 6.10 Relationship between lateral strain and lateral pressure coefficient.

Soil parameters: appropriate selection of strength parameters
Use consistent soil parameters:

(a) Using effective stresses and effective stress parameters
(b) Using total stresses and total stress parameters

(c) Nomix up !

6.5 Design of earth-retaining structures

Retaining structures:

(a) Gravity or freestanding walls

(b) Embedded walls (like sheet piles retained excavations)

[ e
)
Gravi ’
:f;,:w Bending
moment
<2
Passive Active
H & )
eel g 1
P 1
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Design methods :

(a) Classic approach using lumped factors (factor of safety F)
F shall be large enough to cover uncertainties.

(b) The limit state approach using partial factors (in Eurocode 7
and other codes)

« Limit states : Ultimate limit state and Serviceability limit states

(b) The limit state method for retaining wall design - Eurocode 7:
Three design cases for retaining walls:

Case A: is relevant to the overturning of the wall.

Case B: is relevant to the structural design of the wall.

Case C: is primarily concerned with uncertainties in soil
properties. Therefore partial factors greater than 1 are applied
to relevant soil parameters: 1.60 for ¢’ ( ¢';=c’/1.60); 1.25 for tang
(¢ s=tan'}(tang/1.25)); 1.40 for c, ( ¢ 4=C,/1.40). Load factor 1.00
for all permanent action (load) and 1.30 for variable action (load)

Settlement: all partial factors are 1.
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6.6 Gravity walls =0, wall vertical — using Rankine theory

[ =~

i

Cantilever
wall

/ Wi

/ Bassof | | :
p/ wallo ->|e|<—-25—>{

/ Base iii
/)  Ppressure
distribution !
1 = Key o ' |
B B —»
=== o

(b) (e)

d

Figure 6.18 Retaining structures.

Design considerations of following limit states:

(1)Overturning failure of the wall at the right “point” (toe or
heel?)

(2)Sliding failure at the base of the wall

(3) Bearing capacity failure — the maximum base pressure <
bearing capacity pressure (Chapter 8)

(4) Overall failure of the wall or deep slip (Chapter 9)

(5) Excessive soil and wall deformation causing problems
near-by (Chapter 5)

(6) Adverse seepage effects and internal erosion or leakage,
failure of drainage system

(7) Structural failure of any element

24



Loss of Overall Stability
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Calculation of wall base pressure:

e ey
i :
I :
Cantilever 1 H:
Wa" d 11 : 1
' Base of B
: 5 wall _bl 2 |<_§_"|
*
l : Base
Wul pressure P pmin
W distribution !

Pimax i

GRS

V 6e
=—(1+x—
p B( B)

Calculation of wall base pressure:

4 M
T =V () (i)
P
VoI VoI Vo i
R Wl M | v
— ﬁ — —>e:<— — 1
Toe Hee;_éz_l_‘_ﬂ_i_l_a_i+1‘®+ ______
I | | H | H  H 3 Py
I‘_ B—’l V V po 111 Paf”
1 B 2 B 6M v
Ep(ii)XEXEXEXZZM;i p(ii):? Po =5
V. 6M V oM. V 6e
=Py + P ==+ =— (1t ——) =— (1 —
p p(|) p(u) B B2 B( BV) B( TB)

V 6e B
- =—(x—)=0=e=—
pmln B( B) 6

Valid for e>B/6 only




Calculation of factor of safety against overturning:

M
I:overturnirly =F :M_R oo
0
Gravity
. wall
F>2 in Hong Kong v
B " Ri
it W R
Tcns'I : ngp: ........ ‘:LTJ _________
Calculation of factor A | H

of safety against sliding:

ZR B(c+0o,tand) Bc+Vtans =0 — Vtand
slldlng ZH H H H

F>1.4 in Hong Kong

Example 6.4

Details of a cantilever retaining wall are shown in Figure 6.19, the water table being
below the base of the wall. The unit weight of the backfill is 17 kN/m?> and a surcharge
pressure of 10kN/m” acts on the surface. Characteristic values of the shear strength
parameters for the backfill are ¢/ = 0 and ¢’ = 36°. The angle of friction between the
base and the foundation soil is 27° (i.e. 0.75¢). Is the design of the wall satisfactory
according to (a) the traditional approach and (b) the limit state (EC7) approach?

The position of the base reaction is determined by calculating the moments of all
forces about the toe of the wall, the unit weight of concrete being taken as 23.5 kN/m>.
The active thrust is calculated on the vertical plane through the heel of the wall, thus
& = 0 and the Rankine value of K, is appropriate.

Solution:
(a) For ¢’ =36° and 6 =0, K, = 0.26.
Mg M, 3973
Foverturnlny F _M7:M7V77153 3 =2.58>2.0 ok

M
I= Z ﬁ7115 e:E—I:1.5—1.15:0.35m<E:0.5m
V 212.3 2 6

2123 l_6><0.35 :{pmaX:IZOkN/mZ
30 Puin = 2 1kN/m?
ZR <0 Vians  2123tan27°
slldlng ZH H T

p-g (122

=138
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10 kN/m?
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0.30 |=——1.75 mﬁ-lI i
(2) |
My, 0.40m | | ei
My i
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: i
|__3.DD A R B/2=1.5m;

Figure 6.19 Example 6.4.

Table 6.3 “0”
(per m) Force (kN) Arm (m) Moment (kN m)
n 0.26 x 10 x 5.40 = 140 2.70 379
|
@ x026% 17x540° = 644 1.80 1159
2 H= 784 My = 1538
(Stem) 500%030%x235 = 353 .10 388
(Base) 0.40 x 3.00x 235 = 282 1.50 423
(Soil) 5.00 x 1.75 x 17 = 1488 2,125 3162
V= 2123 My = 3973
153.8
¥M = 2435

(b) Limit state design approach
Case C: Factors of 1.25, 1.60 and 1.4 for ', ¢’, and C,.
Load factor 1.3 for variable load, and 1.0 for permanent load

¢y =tan"'(tan36/1.25)=30° K, =033; &, =0.75x30=22.5°

H = (0.33 x 10 x 5.40 x 1.30) + G % 0.33 x 17 % 5,402)

=232+81.8=105.0kN
My = (23.2 x 2.70) + (81.8 x 1.80) = 209.9kNm
V = 212.3kN (as before)
My = 397.3kNm (as before)
XM = 187.4kNm

M,, =209.0kNm/m <M, =397.3kNm/m ok

M
M 1874 o
\ 212.3

m; e:g—l:1.5—0‘88:0.62m>%:0.5m

=15%N/m’
o=V (14082123 |, 6066 _ | P
B B 30 3.0 Pauia =—17KN/m’

Vtandy =2123tan22.5=88.0kN/m<H =105.0kN/m NOok
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Example 6.5

Details of a gravity- retammg wall are shown in Figure 6.20, the unit we&gh[ of the wall
material being 23. 5kN/m’. The unit welghl of the backfill is 18 kN/m® and design
values of the shear strength parameters are ¢’ = 0 and ¢ = 33°. The value of § between
wall and backfill and between wall and foundation soil is 26°. The pressure on the
foundation soil should not exceed 250 kN/m”. Is the design of the wall satisfactory?

Solution:

As the back of the wall and the soil surface are both inclined. the value of K, will be
calculated from Equation 6.17. The values of the angles in this equation are
a = 100°, 3 = 20°,¢ = 33° and 6 = 26°. Thus,

K. ( sin 67°/sin 100° )3 5‘:lr_|-|.,1 1_4

0.70m

V/sin 1257 4 \/sin 58° sin 13°/ sin 80°
=048

| 5
2y =gX 0.48 x 18 x 6= = I155.5kN/m

}-—275rn—-{
acting at 4 height and at 26° above the normal. or 36° above the horizontal. Moments

are considered about the toe of the wall, the calculations being set out in Table 6.4.

Table 6.4
(per m) Force (kN) Arm (m) Moment (kN m)
P, cos 36° = 1258 2.00 251.6
H = 1258 My = 251.6
P, sin 36° = 914 2.40 2194
Wall %x 1.05 x 6 x23.5= 740 2,05 151.7
070 x 6 x 23.5 = 987 1.35 1332
% x 0.50 x 5.25 x 23.5= 308 0.83 256
1.00 x 0.75x23.5= _176 0.50 8.8
100- H/3=2m v=73125 My, = 5387
251.6
M =287.1
5387
F i =F:M— My _ =——=2.14>2.0 ok
overturniny M, M, 2516
DL 12 S 275

—7—|—1 375-0.92=0.455m <——=0.458m
V3125 6

V083125 | 6x0455 _[Po,=226N/m*
B B’ 275 275 P, =IkN/m?

Re0 Vtans 3125tan26°
slldlng %H H —W_1.21<1.40 nook
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Example 6.6

Details of a retaining structure, with a vertical drain adjacent to the back surface, are shown
in Figure 6.21(a), the saturated unit weight of the backfill being 20 kN/m>. The design
parameters for the backfill are ¢’ = 0, ¢’ = 38° and § = 15°. Assuming a failure plane at
55° to the horizontal, determine the total horizontal thrust on the wall when the backfill
becomes fully saturated due to continuous rainfall, with steady seepage towards the drain.
Determine also the thrust on the wall (a) if the vertical drain were replaced by an inclined
drain below the failure plane and (b) if there were no drainage system behind the wall.

Solution:

Comparison of thrusts/forces for 3 cases: (1) vertical drain, (2) inclined
drain and (3) no drain

Vertical |Inclined No drain
drain drain

Horizontal force Py, [105 kN/m | 76kN/m 215kN/m

/’ AR
7
u=o0
JP a
7 77T
(@ (2) Inclined drain
(1) Vertical drain ©)
R w
o : ,,U PaH
®) h
(3) No drain
Design, construction and maintain of good drainage !
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Drainage channel

375 PVC pipes
(weepholes) —

Drainage “channel

N .
Drainage pipe connected
to a suitable outlet

Blinding layer -————J

(a) Preferred Drainage Scheme A

— Drainage channel Drainage channel
_Fall_ | Fall |
U] B Wu;
__@ - . i =]
=5 | ~Compacted =3
2 fill -
= S ' - ! ?ﬁ‘

. ;o . - . .
D;“'"“?e &f——-Filter/ drainage materials @“Fllter(dmmage
channe = 1= 275 PVC pipes (weepholes) - =5 materials

Fall

s Drainage pipe connected to
/ a suitable outlet Fall

== Drainage pipe
S connected to a
Fall suitable outlet
i Channel I -

Blinding layer

(b) Preterred Drainage Scheme B (c) Drainage Scheme C

Notes : (1) For the preferred drainage scheme A, the extent of the inclined drain is dependent on the
design groundwater level behind the retaining wall. To intercept infiltration, the inclined
drain should be installed to a level of at least two-thirds of the height of the wall.

(2) The filter/drainage layers may be omitted if a free-draining granular backfill is used.
However, a drainage pipe should be provided to discharge water safely.

(3) The vertical and horizontal filter/drainage layers may be replaced by suitable
prefabricated drainage composites.

(4) For a retaining wall with level backfill, the top 1.5 m layer of the fill should be a
suitable material of relatively low permeability. For sloping backfill, the same provision
should be made for a vertical thickness of at least 3 m (see Section 3.7).
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PROBLEMS

6.1

6.3

6.4

The backfill behind a retaining wall, located above the water table, consists of a
sand of unit weight 17 kN/m>. The height of the wall is 6 m and the surface of the
backfill is horizontal. Determine the total active thrust on the wall according to
the Rankine theory if ¢ = 0 and ¢’ = 37°. If the wall is prevented from yielding,
what is the approximate value of the thrust on the wall?

Plot the distribution of active pressure on the wall surface shown in Figure 6.37.
Calculate the total thrust on the wall (active + hydrostatic) and determine its
point of application. Assume § = 0 and ¢y, = 0.

A line of sheet piling is driven 4 m into a firm clay and retains, on one side, a 3m
depth of fill on top of the clay. Water table level is at the surface of the clay. The
unit weight of the fill is 18 kN/m®* and the saturated unit weight of the clay is
20kN/m>. Calculate the active and passive pressures at the lower end of the
sheet piling (a) if ¢, = SOKkN/m?2, ¢, = 25kN/m? and ¢, =6 =0 and (b) if
¢ = 10kN/m?2, ¢y = SkN/m?, ¢' =26° and & = 13°, for the clay.

Details of a reinforced concrete cantilever retaining wall are shown in Figure 6.38, the
unit weight of concrete being 23.5 kN/m®. Due to inadequate drainage the water table
has risen to the level indicated. Above the water table the unit weight of the retained
soil is 17kN/m* and below the water table the saturated unit weight is 20 kN/m?,
Characteristic values of the shear strength parameters are ¢’ = 0 and ¢’ = 38°. The
angle of friction between the base of the wall and the foundation soil is 25°. (a) Using
the traditional approach, determine the maximum and minimum pressures under the
base and the factor of safety against sliding. (b) Using the limit state approach, check
whether or not the overturning and sliding limit states have been satisfied.

6.6 The section through a gravity retaining wall is shown in Figure 6.39, the unit

weight of the wall material being 23.5kN/m>. The unit weight of the backfill is
19kN/m® and design values of the shear strength parameters are ¢/ =0 and

¢' = 36°. The value of 6 between wall and backfill and between base and founda-
tion soil is 25°. The ultimate bearing capacity of the foundation soil is 250 kN/m>.

Use the limit state method to determine if the design of the wall is satisfactory with

respect to the overturning, bearing resistance and sliding limit states.

y=16 kN/m? im IIOOkNIm 10 kN/m2
| =0 wT AT
o' =35°
m
Ysar = 19 kN/m?
3.90m
¢’ =17 kN/m?
o =27 3m | W 660m  080m
Yan= 20KN /M0 R e s L I RRT ST RS ST T
EUNEEL N S, 15 '
A0l g g
c'=0
0.40m '
o =42° \_l—l
4 |
Yeur =21 kN/m? it i
IRTE E) WO S LTIt |~—4,Dom —.l
Figure 6.37 Figure 6,38 Figure 6.39
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