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ENCE 4610 Foundation Analysis and Design
Lecture 8
Concrete Cast-in-Place Retaining Walls
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Figure 10-1. Schematic of a retaining wall and common terminology.



External vs. Internal
Stability

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)



External Stability
Problems

(a) Sliding (b) Limiting Eccentricity (Overturning)

(c) Bearing Capacity (d) Deep-seated (global) Stability

Figure 10-15. Potential failure mechanisms for rigid gravity and semi-gravity walls.



Design Parameters

for Rigid Walls

Contact
Pressure on
Foundation:
Use Shallow
Foundation
Bearing
Capacity
Methods
Overall
Stability: use
slope stability
methods

GRAVITY WALL

DEFINITIONS

B = width of the base of the footing

tan &, = friction factor between soil and base (see
Table 10-1 for guidance)

W = weight at the base of wall, Includes weight
of wall for gravity walls. Includes weight of
the soil above footing for cantilever and
counterfort walls

¢ = cohesion of the foundation soil

Cy = adhesion between concrete and soil
5 = angle of wall friction

P, = passive resistance

LOCATION OF RESULTANT, R
Based on moments about toe (assuming P,=0)

de Wa+ P, g—-Pyb
W+ P,

CRITERIA FOR ECCENTRICITY, e

e=d —g ; ¢ < B/6 for soils; e < B/4 for rocks

FACTOR OF SAFETY AGAINST SLIDING

B f mE )
ase o
- min
footing I!l!!hlli"m "“""m Soil Pressure

Quax Equivalent Uniform
je—2B 7 Base Pressure
COUNTERFORT WALL
_.‘:u
-~
[ ri-Counterfort
W P" Pl

FS, = (W+ Py)tandy, +¢,B > 1.5 (min)
B,
APPLIED STRESS AT BASE (qmaxs Qmins Qeq)

(W + P\,)( 6e]
= —— ]+—
Umax B B

(W + P\,)(]_@]
B B

Qmin =

Equivalent uniform (Meyerhof) applied stress, q, is

given as follows:

_(W+P)
r

Qeq = where B'=B -2e

Use uniform stress, q, for soils and settlement

analysis; use trapezoidal distribution with g, and
Qmin for rocks and structural analysis

DEEP-SEATED (GLOBAL) STABILITY
Evaluate global stability using guidance in Chapter 6
(Slope Stability)

Figure 10-17. Design criteria for cast-in-place (CIP) Concrete retaining walls
(after NAVFAC, 1986b).




— 700 mm min
(300 mm preferable)

—\ o
{(1H:4EV) \ E
™,
i

Typical
Dimensions | T
for Cast-in- .

Place N

(300 mm preferable)

Concrete s
Retaining ...~ 137

0.7 m min.
be below depth of seasonal

% e
Walls 2 24110 2n |

(b)

iz
Sk
B

-k

Y

1 ~I/

e

sk
Sk

S

Ske

mm min.

Figure 10-16. Typical dimensions (a) Cantilever wall, (b) Counterfort wall (Teng, 1962).
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Design Procedure for
Cast-in-Place Walls

Table 10-2
Design steps for gravity and semi-gravity walls

Step 1. | Establish project requirements including all geometry, external
loading conditions such as (temporary, permanent, and seismic,
performance criteria, and construction constraints.

Step 2. | Evaluate site subsurface conditions and relevant properties of in
situ soil and rock and wall backfill.

Step 3. | Evaluate soil and rock parameters for design and establish factors
of safety.

Step 4. | Select initial base dimension of wall for evaluation of external
stability.

Step 5. | Select lateral earth pressure distribution. Add appropriate water,

surcharge, and seismic pressures and develop total lateral pressure
diagram for design.

Step 6. | Evaluate bearing capacity.

Step 7. | Evaluate limiting eccentricity (overturning) and sliding.
Step 8. | Check overall stability and revise wall design if necessary.
Step 9. | Estimate maximum lateral wall movement, tilt, and wall

settlement. Revise design if necessary.
Step 10. | Design wall drainage systems.




Cantilever Wall Design
Example

Analyze the CIP cantilever wall shown below for factors of safety against sliding,
overturning and bearing capacity failure. The backfill and foundation soils consist of clean,
fine to medium sand, and the groundwater table is well below the base of the wall.

Lof o o — S PB=10°
Not to Scale - A=
1
Yeone = 150 pef E [0 =30°
| lye=115 pef
. e
I @ P, P, -
@_\ | Ves—00"
| o
¢y = 38° >z i |
1i = 120 pef oy @
& \ A 23|23 8.5 B &=
N o
™ IS

Geometry and parameters for example problem.



Cantilever Wall Design
Example

Solution

Step 1:  Determine the total height of soil exerting pressure.

H = thickness of base slab + height of stem + (width of heel slab) tan (backslope angle) Analyze the CIP cantilever wall shown below for factors of safety against sliding,
=23+ 18 ft+8.5 fi(tan 107 overturning and bearing capacity failure. The backfill and foundation soils consist of clean,
=21.81t fine to medium sand, and the groundwater table is well below the base of the wall.

Step 2:  Compute the coefficient of active earth pressure by using the equation of K, in

Figure 10-5 for a vertical backface (0=0). L6 fi I~ ﬂ. 10°

Not to Scale = -

1.5

2 .
K, = cos” § i

3 — ~f o - o
cosd| 1 + sin(¢ +8)sin(¢ ~ B) Yeone = 150 pef [} - ';)?5 .
§ cnsSCﬂS(—B) @ i ip,L_
where: OOUIomb I
|

¢ = internal friction angle of soil = 30° @_\ i

18 ft

P, P,

p= angle of backfill slope = 10° Th eo 'g | | P,
&= angle of wall friction = = 10° ¢y = 38° RN _ WL
v =120 pct i 3)
For the example problem: = Aps2i| ss B =
2 200 = P
K. = cos” 30 o i

a=

5
sin(30° + 10°)sin(30° - 10°) |
] Geometry and parameters for example problem.

cosl0° 1+ }
\ cos10°cos(—10°)
K, =035

AASHTO approach for lateral earth pressure theories:
E Coulomb active, Log-spiral passive



Cantilever Example

Analyze the CIP cantilever wall shown below for factors of safety against sliding
overturning and bearing capacity failure. The backfill and foundation soils consist of clean,

fine to medium sand, and the groundwater table is well below the base of the wall.

Step3.  Compute the magnitude of the resultant of active pressure, P,, per foot of wall
into the plane of the paper.

1 = s

Py = KoyH? Lof = G B=10
- Not to Scale = = —
I
Yeone = 150 pef ¢=30°
=115 pef

Resolve P, into horizontal and vertical components

Step 4.
=P, cos B P, =P,sinf
=(9,564.2 Ib/ft ) sin 10° N .
¢ o =38 > _ > P
C o —

l-)h
=(9.564.2 1b/ft) cos 10°
= 1.660.8 1b/ft
¥ =120 pef
=] Ap32sp oss

=9.418.9 Ib/ft

= %(0.35){1 15pef)(21.8ft)% = 9.564.21b/ fi
. 0 l
©_\! @ l""! L
| ' -
: B
[

51t

231t

Moment arm of P, about point A= (23 ft + 18 ft + 1.5 ft)/3=21.8/3=727ft=b
Geometry and parameters for example problem.

Moment arm of P, about point A=23 ft+23 ft+85ft=13.1ft=¢



Cantilever Example

Analyze the CIP cantilever wall shown below for factors of safety against sliding.
overturning and bearing capacity failure. The backfill and foundation soils consist of clean,
fine to medium sand, and the groundwater table is well below the base of the wall.

Step 5:  Determine weights and sum moments about the toe of the wall (point A).
L5 S — S5 B=10°
The weights of various areas and the moments due to the weights shown in the geometry of Net to Scale — A I—
the example problem are set out in the following table. The unit weight of concrete is i
assumed to be 150 pef and the weight of the soil above the footing toe is neglected. Yeone = 150 pef ¢ =30°
= 115 pef
Area | Weight, Ib/ft Moment arm about A, ft Moment about A, Ib.fi/ft @ I ﬁ
1 (1.6 ft) (18 ft) (150 pef) =4.320 |23 fi+0.7 fi(1.62) k=380 | (4.3201b)(3.80 ft) = 164160 l @ P, P, -
2 (0.5) (0.7 )y (18 /) (150 pef) =945 | 23 i+ (2/3) (0.7) fi 277 | (945 1b) (277 f) 26177 Q\ | ' > >
3 (13.1 ft) (2.3 i) (150 pef) =4.5195] 13,12 fi =6.55 | (4.519.51b)(6.55 fi)= 29,602.7 I | b
4 |(8.5 ) (18 ) (115 pef) 17,595 23 ft+ 23 A+(85/2) 1 =885 | (17.595 Ib) (8.85 ft) = 155.715.8 by = 38° AT = _ Wj_‘ |
5 (0.5) (8.5 ) (1.5 ) (115 pef) = 733,01 [2.3 1423 fe+(23)(8.5) ft = 1027 | (733.116) (1027 /) = 7.528.9 v =120 pef iy E‘ (é) ,
Total W =28,112.6 M, = 211,881.1 - AE_3I 23] s BT T
¥ )
o™ o

Geometry and parameters for example problem.



Cantilever Example

Step 6 Check factor of safety against sliding: neglect passive resistance of embedment depth
soil (Refer to Figure 10-20) Analyze the CIP cantilever wall shown below for factors of safety against sliding,
(W + Py)tandy, overturning and bearing capacity failure. The backfill and foundation soils consist of clean,

FSs . .
’ Py fine to medium sand, and the groundwater table is well below the base of the wall.

where:

W = weight of concrete and soil on the base of the wall footing AB

8y, = friction angle between concrete base and foundation soil —‘"T-B—- .

=10

Use dp = (3/4) ¢y = (3/4) (38°) = 28.5°, for friction angle between concrete and clean, Not to Scale =

fine to medium sand (see NAVFAC, 1986b). This value of 8, is within the range of

values listed in Table 10-1 for clean fine to medium sand.

(28.112.61b/ft +1.660.81b/ft)tan28.5°  16.165.61b/ft

FS, = = =172 O.K. -
’ 9.418.91b/fi 9.418.91b/ft oy
Check factor of safety for overturning
*'hrre.sisr.ing E ji"3"r."'i’, — g0 AT
FSU'U(—!r'f.ur‘-n.-c'n_q = \, = 1. ¢'h =38 & :
4 lrdrirlin.g Z 1 "IO "= 120 pl:f iy

=
211, 881 ft-1vs/ g + (1, 66118/ 7¢) (13.1 ft.) -
(9, 4190/70) (7.27 fL.)

Fsovm‘tu.rning =
Geometry and parameters for example problem.

FSm.rerr,m‘n.-ing =3.4



Step 7 Check the limiting eccentricity and factor of safety against bearing failure.

{
(1) Compute the location of resultant at distance d from point A. i i ntl e ‘ ’ e r

d_zMR -2 My
-

-~ MW —Phb+ P‘.g

Jd=—=
W+ P\,r
o= 21 I88LIIb VR +(1,660.81b/M)(13.10) — (9.418.91b/f)(7.2760)

28.112.61b/ft + 1.660.8 Ib/ft
where: W+Py=2XV

_16,5162.2 Ih.fifi

=5.55 fit
29,773.4 Ib/fi i o L . .
Analyze the CIP cantilever wall shown below for factors of safety against sliding,
(2) Compute the eccentricity of the load about the center of base. overturning and bearing capacity failure. The backfill and foundation soils consist of clean,
fine to medium sand, and the groundwater table is well below the base of the wall.
e= P g3 Sssh 10
2 2
B 13.11t
= —_= =2
e=10flc o= = =218t OK. L= 10°
Not to Scale I

(3) Compute the maximum and minimum pressures under the wall footing.

V(6 Yeone = 150 pef

‘]
Umax,min = T(ltg]
=
_29.773.41b/ft [ 6(1.0ft) P
13.11t I3t
=2,272.7psf (1.46 or 0.54)
AT
€.  Quax =3.318.1psf ¢y = 38° - :
Qmin =1.227.3 psf Y1 =120 pef "y
b
- i

(4) Estimate ultimate bearing capacity. ::

Use the procedures presented in Chapter 8 (Shallow Foundations). Assume that for a

footing with eccentric and inclined loading the ultimate bearing capacity computed by the Geometry and parameters for example problem.
geotechnical specialist is: - -

Quir =20.000 psf

(5) Check factor of safety against bearing capacity failure,

2 f o
FSp = duie_ 20.000pst _ (o350 ok

Qumax  3.318.1psf



Cantilever Example

SUMMARY
Factor of safety against sliding FS, =172
Eccentricity e =1.0ft <B/6

Factor of safety against bearing failure FSwe =6.03

In addition, the factor of safety against global failure and wall settlement including tilting and
lateral squeeze should be evaluated to complete the analysis,

Wall rotates

Soil bulges / backward
here
N / Segment rotates y_
\ " Shallow .

~ ;
Deep S xﬁﬂm —_7, /< Sliding wedge
failure -

— Soft material with
low shear strength

Figure 10-21. Typical modes of global stability (after Bowles, 1996)

e Notes

o Global stability can be
evaluated using the same
methods used for slope stability
analysis

o Factors of Safety for cast-in-
place concrete cantilever
walls:

e Sliding: FS> 1.5

» Overturning in soil: FS > 2.0

 Overturning inrock: FS>1.5

 Bearing Capacity: FS > 3.0
o0 Eccentricity: within kern



Lateral Squeeze

10.5.4.2 Deep Foundations

CIP walls founded on a deep foundation may be subject to potentially damaging ground and
structural displacements at sites underlain by cohesive soils. Such damage may occur if the
weight of the backfill material exceeds the bearing capacity of the cohesive subsoils causing
plastic displacement of the ground beneath the retaining structure and heave of the ground
surface in front of the wall. When the cohesive soil layer is located at or below the base of
the wall, the factor of safety against this type of bearing capacity failure can be approximated
by the following equation (Peck, ef al., 1974):

5= e 10-15

(YH+q) ’
where H is the height of the fill. y is the unit weight of fill, ¢ is the shear strength of the
cohesive soil and q is the uniform surcharge load.

The computed factor of safety should not be less than 2.0 for the embankment loading.
Below this value progressive lateral movements of the retaining structure are likely to occur
(Peck, et al., 1974). As the factor of safety decreases, the rate of movement will increase
until failure occurs at a factor of safety of unity. For CIP walls founded on vertical piles or
drilled shafts, this progressive ground movement would be reflected by an outward
displacement of the wall. CIP walls founded on battered piles typically experience an
outward displacement of the wall base and a backward tilt of the wall face (Figure 10-19).

Displaced i
Wall \\ﬁf

i
SIS S

Original Wall
Position

Clay

Figure 10-19. Typical Movement of pile-supported cast-in-place (CIP) wall with soft
foundation.



Keyed Foundation for
Sliding Resistance

If the wall is supported by rock, granular soils or stiff clay, a key may be installed
below the foundation to provide additional resistance to sliding. The method for
calculating the contribution of the key to sliding resistance is shown in Figure 10-20.

Cohesive Soils:
F = (W+P)Tand, +c (B -a,b)+c(a,b)+P,

Granular Soils:
F = (W+P)Tand, +P_

a
ll_ B ,l Factor of Safety  FS = F/P,

Note: See Figure 10-17 for list of symbol definitions.

Figure 10-20. Resistance against sliding from keyed foundation.



allure Causes for
Retaining Walls

UNSATISFACTORY DIMENSIONING
OF WALL BASE

MISSING OR INADEQUATE
DRAINAGE SYSTEM

COULD NOT BE

CLASSIFIED
CARFLESS
CONSTRUCTION
STRUCTURAL FAILURE
FAULTY BACKFILLING OF STEM

a. Causes of failure of rigid concrete retaining walls

(Techeng and Iseux 1972)

BACKEILL UNKNOWN \\\

FOUNDATION: UNKNOWN
BACKFILL: CLAY

24% FOUNDATION: CLAY
43%
BACKFILL: CLAY
8%
FOUNDATION: SAND, —
GRAVEL, ROCK 8%

17%
BACKFILL: UNKNOWHN

FOUNDATION: CLAY

BACKFILL: SAND, GRAVEL
FOUNDATION: CLAY

b. Foundation and backfill material of unsatisfactery
retaining walls (Ireland 1964)



Retaining Wall Drainage
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Figure 10-22. Potential sources of subsurface water. Figure 10-24. Drains behind backfill in cantilever wall in a cut situation.
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Figure 10-23. Typical retaining wall drainage alternatives.



Presumptive Lateral Earth
Pressures

e Based on Terzaghitheory e Result of chart are

e Suitable for relatively equivalent fluid
simple retaining walls in pressures, which can
homogeneous solls (low then be applied to
walls, H < 127) wall stability

e Classifies solls into three calculations
types: - e Horizontal and vertical

1. “Clean” coarse grained soils
2. Coarse grained soils of low pressures are then
permeability; mixed with fine Computed as follows:
grained soils 5
3. Residual soils with granular Kh H
materials and clay content Ph . 2
2
» _ KH




Terzaghi
and Peck
“Low
Walls,”
Straight
Backfill
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CIRCLED NUMBERS INDICATE THE FOLLOWING SOIL TYPES:
(@ CLEAN SAND AND GRAVEL: GW, GP, SW, SP.
@) DIRTY SAND AND GRAVEL OF RESTRICTED PERMEABILITY : GM,GM-GP, SM-SP, SM.
() STIFF RESIDUAL SILTS AND CLAYS, SILTY FINE SANDS,CLAYEY SANDS AND
GRAVELS : CL,ML ,CH,MH, SM, SC,GC.

FIGURE 16
Design Loads for Low Retaining Walls (Straight Slope Backfill)




“Low Walls,” Broken
Backtill

o6 SOIL TYPE | SOIL TYPE 2 SOIL TYPE 3
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FOR DESCRIPTION OF SOIL TYPE SEE FIGURE 16

FIGURE 17
Design Loads for Low Retaining Walls (Broken Slope Backfill)



Example with

Terzaghi &
Peck Charts

Use Previous

Example

Soil Type (1) (clean
sand

H=218
B =10°

P, = 475 (1660)
Ib/ft

P, = 7192 (9418)
Ib/ft
Once these
values are
known, wall is
analysed in
the usual way
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VALUES OF SLOPE ANGLE f3,DEGREES

CIRCLED NUMBERS INDICATE THE FOLLOWING SOIL TYPES:
(D) CLEAN SAND AND GRAVEL: GW, GP, SW, SP.
() DIRTY SAND AND GRAVEL OF RESTRICTED PERMEABILITY - GM,G6M-GP, SM-SP, SM.
(3) STIFF RESIDUAL SILTS AND CLAYS, SILTY FINE SANDS ,CLAYEY SANDS AND
GRAVELS : &L, ML ,CH,MH, SM, SC,GC.

FIGURE 16
Design Loads for Low Retaining Walls (Straight Slope Backfill)




Questions
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