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24

Cantilever Retaining Walls

Theories require assumptions which often are true only to a limited
degree. Thus any new theoretical ideas have questionable points which
can be removed only by checks under actual conditions. This statement
holds especially true for theories pertaining to soil mechanics because
assumptions relative to soil action are always more or less questionable.
Such theories may sometimes be checked to a limited degree by
laboratory tests on small samples, but often the only final and
satisfactory verification requires observations under actual field
conditions.

MIT Professor Donald W. Taylor (1948)

Cantilever retaining walls are the most common type of earth-retaining structure because
they are often the most economical, especially when the wall height is less than about 5 m
(16 ft). This chapter discusses the analysis and design of such walls.

The design of these walls must satisfy two major requirements: First, the wall must
have adequate external stability, which means it must remain fixed in the desired location
(except for small movements required to mobilize the active or passive pressures). Sec-
ond, it must have sufficient internal stability (or structural integrity) so it is able to carry
the necessary internal stresses without rupturing. Both of these requirements are shown in
Figure 24.1. Walls that have insufficient external stability experience failure in the soil,
while those that have insufficient internal stability experience structural failure in the wall
itself. These are two separate requirements, and each must be satisfied independently.
Extra effort in one does not compensate for a shortcoming in the other. For example,
adding more rebars (improving the internal stability) does not compensate for a footing
that is too short (a deficiency in external stability).

787



788 Chapter 24  Cantilever Retaining Walls

Figure 24.1 (a) A wall that lacks sufficient
external stability moves away from its de-
sired location because the soil fails; (b) A
wall with inadequate internal stability (struc-
tural integrity) is unable to carry the neces-
sary internal stresses and experiences a
structural failure. (a) (b)

24.1 EXTERNAL STABILITY

A cantilever retaining wall must be externally stable in all the following ways:

* It must not slide horizontally, as shown in Figure 24.2a.
* It must not overturn, as shown in Figure 24.2b and Figure 24.3.

* The resultant of the normal force that acts on the base of the footing must be within
the middle third of the footing, as shown in Figure 24.2c.

* The foundation must not experience a bearing-capacity failure, as shown in
Figure 24.2d.

* It must not undergo a deep-seated shear failure, as shown in Figure 24.2e.
» It must not settle excessively, as shown in Figure 24.2f.

The external stability of a wall in each of these modes is dependent on its dimen-
sions and on the forces between the wall and the ground. Figure 24.3 shows a wall that
does not satisfy the overturning criteria and is slowly rotating outward.

When evaluating external stability, engineers consider the wall and the soil above
the footing as a unit, as shown in Figure 24.4. We will refer to it as the wall-soil unit and
evaluate its external stability using the principles of statics.

We can evaluate the external stability of a wall-soil unit only after its dimensions
are known. Therefore, first develop a trial design using the guidelines in Figure 24.5, then
check its external stability, and progressively refine the design. Continue this converging
trial-and-error process until an optimal design is obtained (one that minimizes costs while
satisfying all external stability criteria).

Sliding
We evaluate the sliding stability using a limit equilibrium approach by considering the

forces acting on the wall-soil unit if it were about to fail. The factor of safety is the ratio
of the forces required to cause the wall to fail to those that actually act on it.



24.1 External Stability

Figure 24.2 Potential external stability
problems in a cantilever retaining wall: (a)
sliding failure, (b) overturning failure, (c)
normal force acting on the base of the foot-
ing not within the middle third, (d) bearing
capacity failure, (e) deep-seated shear fail-
ure, and (f) excessive settlement.

789
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790 Chapter 24  Cantilever Retaining Walls

Figure 24.3 This retaining wall, which was backfilled with an expansive clay, is slowly
failing by overturning and will eventually collapse. This photograph was taken approxi-
mately thirty years after construction.

The forces tending to cause sliding (known as the driving forces) are as follows:

* The horizontal component of the lateral earth pressures acting on the back of the
wall-soil unit.

» Hydrostatic forces, if any, acting on the back of the wall-soil unit.

* Seismic forces from the backfill (these are beyond the scope of this chapter).

‘Wall/Soil Unit

Figure 24.4 Forces acting between a can-
tilever retaining wall and the ground. The
wall, footing, and backfill soil immediately
above the footing form the wall-soil unit,
which is used to perform external stability
analyses.
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Min. § in. (200 mm) 8
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Figure 24.5 Suggested first trial dimen- Y —~—>—
sions for cantilever retaining walls back- i
filled with sandy soils. For short walls with -
strong soils and level backfill, the toe exten- H,/10-H,/12 H,/10-H,,/12
sion will be about 0.5B. For weaker soils or
inclined backfill, the toe extension will be T
less (with a corresponding increase in the = B=0.5H,,— H,,

heel extension).

These are countered by the following resisting forces:

¢ Lateral earth pressures acting on the front of the wall-soil unit.
« Sliding friction along the bottom of the footing.
» Hydrostatic forces, if any, acting on the front of the wall-soil unit.

The factor of safety, F, is defined as the ratio of the horizontal resisting forces, 3, (Pg/b) to
the horizontal driving forces, 3 (Pp/b):

_ Z(Py/b)
= S(Pyb) (24.1)

The unit length, b, is usually 1 ft or 1 m.

IBC 1610.2 requires a factor of safety against sliding of at least 1.5. This criterion is
suitable for walls backfilled and supported on sands, sandy silts, gravels, or rock. How-
ever, if the backfill or the underlying soil is a clay or clayey silt, design for a factor of
safety of at least 2.0. This higher factor of safety is justified because of the historically
poorer performance of such walls (Duncan et al., 1990), and because the shear strength of
clayey soils is less reliable.

The resisting force is typically computed using Equation 8.8, which uses allowable
coefficient of friction and passive pressure values (i.e., a factor of safety has already been
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applied to these values). Thus, this design procedure produces a compound factor of
safety against sliding: the first is applied by the geotechnical engineer when developing
design values of p, and \,, and the second by the structural engineer when performing the
sliding analysis. This compounding typically produces a “true” factor of safety between
2.5 and 3.5, which is probably appropriate.

The use of Equation 8.8 in this analysis also implicitly double-counts part of the
active earth pressure. This is conservative, and helps keep the lateral movements under
control.

Example 24.1—Part A

A 12-ft tall retaining wall supports a backfill inclined at a slope of 4:1 as shown in Figure
24.6. The soil behind the wall is a fine to medium sand with the following properties: ¢’ = 0,
¢’ =35°, and y = 122 Ib/ft’. The soil below the footing is also a fine to medium sand: Its
properties are ¢’ = 0, ¢’ = 38°, y = 125 Ib/ft’, and the allowable bearing pressure, g, is
5000 Ib/ft*. Determine the required footing dimensions to satisfy external stability criteria.

2
-

1.25+0.5 + 12 + 6(1/4) = 15.25
\L Y i
6 in.
ﬂr 1t |1fl3in. Y
—|1 ft |[-— ?

~—— 6ft ——
—|] ft|—-—

Figure 24.6 Trial dimensions for retaining wall, Example 24.1.
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Solution

Select the trial dimensions using Figure 24.5. These trial dimensions are shown in Fig-
ure 24.6.

Develop the geotechnical design parameters

Active earth pressure—use Coulomb’s method (Equation 23.19). Rankine’s method also
would be acceptable.

B =tan"'(1/4) = 14°
b, = (2/3)(35°) = 23°

cos’(d — a)
RN =
cos}(35 — 0)

sin(35 + 23) sin(35 — 14) ]?
cos?0 cos(23 + 0)| 1 +
cos(23 + 0) cos(0 — 14)
= (.291

G, = vy K, cosd,, = 122(0.291) co0s23° = 33 Ib/ft* <= Answer
G, = vy K, sind,, = 122(0.291) sin23° = 14 Ib/ft <= Answer

Per Table 8.3: p = 0.45-0.55
Per Equation 8.12: p. =tan [0.7 (38)] = 0.50
Use p.=0.50

0.50
n, = % = s =0.33 < Answer

y[tan*(45° + &/2) — tan*(45° — &/2)]

“ F
_ 125[tan’(45° + 38°/2) — tan’(45° — 38°/2)]
B 2
= 248 Ib/ft’ use 250 Ib/ft> <= Answer

These geotechnical design parameters, along with the allowable bearing pressure given in the
problem statement, are normally developed by the geotechnical engineer.
Evaluate sliding stability of trial design

H

125 + 0.5 + 12 + 6(1/4)

15.25 ft



