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21.1 INTRODUCTION
Walls, used to retain masses of earth or other loose material in a vertical (or nearly
vertical) position at locations where an abrupt change in ground level occurs, are called
as 'retaining walls'. The abrupt change in ground level may occur when the width of an
excavation, cut or embankment is restricted by conditions of ownership, use of structure,
or economy. For example, in railway or highway construction, the width of the right of
way is fixed and the cut of embankment must be contained within that width. Similarly,
the basement walls of a building must be located within the property and must retain soil
surrounding the basement.
Retaining walls are generally used for roads in hilly areas, swimming pools, underground
water tanks, basement of building, constructing a building on a site where filling is
required and at the ends of the bridges in the form of abutments.
Retaining wall prevents the retained earth from assuming its natural angle of repose. This
causes the retained earth to exert a lateral pressure on the wall, thereby tending to bend,
overturn and slide the retaining wall. The wall, therefore must be suitably designed to be
stable under the effects of lateral earth pressure and also to satisfy the usual requirements
of strength and serviceability.

Objectives
After studying this unit, you should be able to
describe various types of retaining wall,
explain forces acting on retaining walls, and
design centilever walls and counterfort walls.
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21.2 TYPES OF WTAINING WALL
Retaining walls can be broadly classified into two catagories :
(i)

Free standing retaining walls, and

(ii) Walls which form part of structures.
Gravity wall, cantilever wall, counterfort wall and buttress wall are the most common
examples of free standing retaining walls. Basement wall, wall-type bridge abutments,
and side walls of box culvert are the examples of retaining walls which form part of a
bigger structure.
Various types of retaining wall are described below.

21.2.1 Gravity Wall
The gravity wall provides stability by virtue of its own weight, and therefore, is rather
massive in size. It is usually built in stone masonry and occasionally in plain concrete.
The thickness of the wall is governed by the need to eliminate or limit the resulting
tensile stress to its permissible limit. For obvious economic reasons, plain concrete
gravity walls are not used for heights exceeding about 3 m.

Figure 21.1 :Gravity Wall

21.2.2 Cantilever Wall
It is the most common type of retaining structure and is generally economical for heights
up to about 7 m. It consists of a vertical arm (called as stem) which retains the earth and a
base slab. Base slab is made up of two distinct regions, viz. a heel slab and a toe slab.
These three components behave as one-way cantilever slabs : the, 'stem' acts as a vertical
cantilever under the action of lateral earth pressure; the 'heel slab acts as a horizontal
cantilever under the action of the weight of the retained earth (minus soil pressure acting
upwards from below); and the 'toe slab' also acts as a horizontal cantilever under the
action of the resulting soil pressure (acting upward). Reinforcement is provided on the
flexural tension faces. The stability of the wall is maintained essentially by the weight of
the earth on the heel slab plus the self weight of the structure.
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21.2.3 Counterfort Wall
For the large heights, in a cantilever retaining wall, the bending moments developed in
the stem, heel slab and toe slab become very large and require large thickness, thereby
making the structure uneconomical. The bending moments (and hence the thickness of
stem and slab) can be considerably reduced by introducing transverse supports, called
counterforts. These counterforts are spaced at regular intervals of about one-third to
one-half of the wall height and interconnect the stem with the heel slab. The counterforts
are concealed within the retained earth (on the rear side of the wall). Such a retaining
wall structure is called the 'counterfort wall' and is economical for heights above 7 m
approximately. The counterforts subdivide the vertical slab (stem) into rectangular panels
and support them on two sides (suspender-style), and themselves behave as vertical
cantilever beams of T-section and varying depth. The stem and heel slab panels between
the counterforts are now effectively 'fixed' on three sides (free at one edge), and for the
stem the predominant direction of bending and flexural reinforcement is now horizontal
(spanning between counterforts), rather than vertical as in the case of cantilever wall.

Figure 21.3 :Counterfort Wall

21.2.4 Buttress Wall
When the counterforts are provided on the front of the wall and not on the soil side, it is
known as 'buttress wall'. Buttress wall is similar to the counterfort wall, except that the
transverse stem supports called buttresses, are located in the front side, interconnecting
the stem with the toe slab (not with the heel slab as in case of counterfort wall). Although
buttresses are structurally more efficient (and more economical) than counterforts, the
counterfort wall is generally preferred to the buttress wall as it provides free usable space
(and better aesthetics) in front of the wall.

Toe slab
Figure 21.4 : Buttress wall

21.2.5 Other Types of Wall
Retaining walls often form part of a bigger structure, in which case their structuraI
behaviour depends on their interaction with the rest of the structure. For example, the
exterior walls in the basement of a building (Figure 21.5(a)) and wall type bridge
abutment (Figure 21.5(b)) act as retaining walls. Slab at the ground floor level (in the
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case of basement wall) and bridge deck (in the case of bridge abutment) provide an
additional horizontal restraint at the top of the vertical stem.
The stem is accordingly designed as a beam, fixed at the base and simply supported or
partially restrained at the top. The side walls of box culverts also acts as retaining walls.
In this case, the box culvert (with single / multiple cells) acts as a closed rigid frame,
resisting the combined effects of lateral earth pressure, dead load (due to self weight and
earth above), and the live load due to highway traffic.

Wall abutment

(a )

Basement wall

( b ) Bridge abutment

Figure 21.5 :Other Qpes of Wall

SAQ 1
What is the purpose of a reaining wall? What are the different types of concrete
retaining walls?

21.3 FORCES ON RETAINING WALLS
The two forces which act on a retaining wall are :
(a) Gravity loads due to the weight of the materials, and

(b) Lateral force due to earth pressure.
The usual gravity loads due to the weights of the materials do not present great problems
with respect to retaining walls. The lateral force due to earth pressure constitutes the main
force acting on the retaining wall. The determination of the magnitude and direction of
the earth pressure is based on the principles of soil mechanics.
Under confinement, the soil has a tendency to slide and thereby exerts pressure on the
wall. If the wall is absolutely rigid, earth pressure at rest will develop. If the wall deflects
or moves a very small amount away from the earth, active earth pressure will develop
(Figure 21.6(a)). If the wall moves towards the earth, passive earth pressure will develop
(Figure 21.6(b)).

(a) Active Earth Pressure

(b) Passive Earth Pressure

Figure 21.6 :Active and Passive Earth Pressures

The magnitude of earth pressure at rest lies at some value between active and passive
earth Dressure.

Under normal conditions earth pressure at rest is so intense that the wall deflects,
relieving itself of this type of pressure, and active pressure results. For this reason, most
retaining walls are designed for active pressure due to the retained soil.
In general, the behaviour of lateral-earth pressure is analogous to that of a fluid with the
magnitude of the pressure p increasing nearly linearly with increasing depth y for
moderate depths below surface :

where, y is the unit weight of the earth and k is a coefficient that depends on its physical
properties and also on whether the pressure is active or passive. The coefficient to be
used in Eq. (21 .I), is the active pressure coeficient, K,, in case of active pressure, and the
passive pressure coefficient, Kp, in the case of passive pressure; the latter (Kp) is
generally much higher than the former (K,) for the same type of soil.

PA
+,I3

"P

T
Passive earth

7

-

7

7

Pa

Frictional
st,ear force

pressure

Active e a r t h
pre ssure

Figure 21.7 :Pressure Diagram

In the absence of more detailed information, the following expressions for K, and Kp
based on Rankine's theory of earth pressure may be used for cohesionless soils and level
backfills :
Ka =

. . . (21.2(a))

1 - sin 9
1 + sin I$

1 + sin Q
Kp = I - sin Q
Here I$ is the angle of repose (or angle of shearing resistance). For a typical granular soil
(such as sand), 9 = 30°, corresponding to which, Ka = li3 and Kp = 3.0.
Thus pressure intensity at any depth y may be stated as pa = Kay y for active pressure
and pp = Kp y y for passive pressure.
When the backfill is sloped (Figure 21.8), the expression for K, can be modified as
follows :
=

4

[cos
cos 6 +
-$I-

7 cos

Here 6 is the angle of inclination of the backfill i.e., the angle of its surface with respect
to the horizontal.
The direction of active pressure, pa, is parallel to the surface of the backfill. The pressure
has a maximum value at the heel, and can be stated as

Here h ' is the height of the backfill, measured vertically above the heel. For the case of a
level backfill, 6 = 0 and h ' = h, and the direction of the lateral pressure is horizontal
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backfill of height h ' above the heel, is accordingly obtained from the triangular pressure
distribution as :

Figure 21.8 :Forces Acting on a Cantilever Retaining Wall

This force has units of kN per meter length of the wall, and acts at a height h '/3 above
the heel at an angle of inclination 6 with the horizontal. The force, Pp, developed by
passive pressure on the toe side of the retaining wall is generally small (due to small
height of earth) and usually not included in the design calculations, as this is conservative.
Effect of Surcharge on a Level Backfill
Loads are often imposed on the soil surface (level backfill) due to the
construction of buildings and the movement of vehicles near the top of the
retaining wall. These additional loads can be assumed to be static and uniformly
distributed on the top of the backfill. This distributed load W, (kN / m2) can be
treated as statically equivalent to an additional height, h,, such that

This additional height of backfill is called surcharge and is expressed either in
terms of height, h,, or in terms of the distributed load W , (Figure 21.9).

Figure 21.9 :Effect of Surcharge on a Level Backfill

The presence of the,surcharge not only adds to the gravity loading acting on the
heel slab, but also increases the lateral pressure on the wall by Ka y h, = K, W,.
The total force due to active pressure acting on the wall is given by

where,

Pal=KaWsh=Kayh,h

Retaining Wall

SAQ 2
Distinguish between active and passive pressures of earth, in relation to retaining
wall structures?

'

21.4 STABILITY REQUIREMENTS

2

The factors of safety (FS) against overturning and sliding should not be less than 1.4. The
stabilising forces (due to dead loads) should be factored by a value of 0.9 for calculating
the factor of satety.

FS = 0.9

X

(stabilising force or moment) 2 1.4
destabilising force or moment

. . . (21.10)

21.4.1 Overturning
In case of overturning of retaining wall, the toe will act as the centre of rotation.
Overturning moment, Mo, and the stabilising (restoring) moment, Mr ,depend on the
lateral earth pressure and the geometry of the retaining wall.
For sloping backfill (Figure 2 1.8).

Mo = (Pa cos 6) (h '/ 3) = [K, y (h f ) 3 /6] cos 6
M , = W ( L - x,)

+ (Pa sin 6) L

,

. . (21.11)

. . . (21.12)

W = total weight of the reinforced concrete wall structure + retained
earth resting on the heel slab, and
x, = distance of the line of action of W from the heel.
(In the context of overturning, there will be no upward reaction R acting over the base width L. The
weight of the earthfill above the toe slab is usually (conservatively) ignored. Similarly, the passive earth
pressure Pp is also usually ignored.)

For a level backfill with surcharge (Figure 21.9).

Mo = Pal (h/2)

+ Pa2 (h/3)

. . . (21.13)
. . . (21.14)

Mr = W ( L - x,)
Here, Pal and Pa2 are as given by Eqs. (21.8) and (21.9) respectively.
The factor of safety required against overturning can be obtained as
0.9 Mr
(FS)overtuming =

Mo

2 1.4

21.4.2 Sliding
The resistance against sliding is essentially provided by the friction between the base slab
and the supporting soil, given by

Here,

R = W is the resulted soil pressure acting on the footing base. In a
r1nn;no horkfill

R w i l l alcn inrliirle the vertiral rnmnnnent n f earth

