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Rigid Walls
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External vs. Internal Stabilit vy

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. (@) (b)




External Stabilit y Problems

— |
[
(a) {h_] ]
Sliding Failure Overturning Failure

— Deep Seated Shear Failure

(c) ) -
Normal Force on Footing Bearing Capacity Excessive Settlement —




Design Parameters for Ri gid

SEMIGRAVTTY

Walls

LOCATION OF RESULTANT

MOMENTS ABOUT TOE:

ds wWo + Pye -Pyb
w+P,

ASSUMING Pp=0
OVERTURNING <

CANTILEVER

MOMENTS ABOUT TOE:

| Wo
Fg - Pb - Pue 215
IGNORE OVERTURMNING IF R IS WITHIN MIDOLE
THIRD (SOIL) , MIDDLE HALF (ROCK).
CHECK R AT DIFFERENT HORIZONTAL PLAMES
FOR GRAVITY WALLS.

RESISTANCE AGAINST SUIDING <
_(W+Py)TAN 8 +CaB ) |«

Fg P,
Fo- {W+H.r]1lﬂpl31+t:uﬂ+FEi 20

F={w+f,) TAN 8 +Cq 8



Design Parameters for Ri gid
Walls

SEMIGRAVTTY

Cq=ADHESION BETWEEN SOIL AND BASE

TAN 8 = FRICTION RACTOR BE TWEEN SOIL
AND BASE

WaINCLUOES WEIGHT OF WALL AND SOIL IN FRONT
FOR GRAVITY AND SEMIGRAWTY WALLS.

INCLUDES WEIGHT OF WALL ANC SOl ABOVE
FOOTING, FOR CANTILEVER AND COUNTERFORT
WALLS.

CANTILEVER

CONTACT PRESSURE ON FOUNDATION <




Structural Structural
wedge wedge

|@ fime
I
W
l g
| W,
|
g '
| |
| Re
T
////
/// o
=W
T= R - R T= 2Hcos0 -2 Vsino N'= 2 Vcost ++ 2 Hsint
ZH and EVare summation of all forces not including T and N'
a. Simple retaining wall b. Flood wall with sloping base and key

Figure 3~4, Forces on base of wall



Factor of Available shear resistance

safety Shear required for egquilibrium

Safety assessed by checking base
resuitant location

b. Overturning

Use bearing theory for Inclined,
eccentric load, sioping base

c. Bearing




Cantilever Wall Desi gn Example

Include this solil with wall weight

| e \Wall as shown
e Solil
1‘£/1/ :
. e e Behindthe Wall: Fineta
™ = e e Medium Sandg' = 35°,yF
k [] I R 1S S .,
[ = 122 pcf :
O e Below the Wall: Fineto:
| Medium Sandg' = 38°,y
b ths 05+ 12+ 60114y =155
I
I
L. ¥
| ft ’7 I3y
i ..;__‘_ 6ft ——m-




Cantilever Wall Desi gn Example

e Assumptions

e Coulomb model of lateral earth pressure
e Backfill slopep = arctan (V4) = 14°
~ | e Coefficient of sliding frictionu = 0.5 (Table 8.3) B

e Angle of wall frictiong,, or § = arctanu = 26.6°
e K =0.292

K =47.85




Cantilever Example

e Objectives

Wall/50il Unit
_ . , e Compute resistance
/% against sliding

y e Compute resistance =
= " / “ against overturning &=
= /"_P"”’ e Compute bearing
Y pressure
%

ey




Cantilever Example

e Active Earth

Wall/So1l Unit

% Pressures

i

/// G,=y K,cosp,,

" E’:u i b .=(122)(0.292(c0s26.6°=31. :'_ﬁ

“ ! s G,=y K_sing,,
G,=(122)(0.292(sin26.6° =16 pcf &= =

P,_GnH"_31.8x15.25

—3698Ib/ft.

”*\\\



Cantilever Example

e Weight of wall and

Wall/Sonl Unit . .
Included soll
t | - . T
/ e Per calculation in book

Wib l (p 794), W/b=12,761

A\

= s e

Ib/ft

/?//"‘_P“”’ e Reaction of base of =
wall




Cantilever Example

e Friction of base

Wall/Soil Unit
A % @) Vf/b =u Pf/b — =
/% (0.5)(14622) =7311 =

l bft =

i / ” e Compute actual
/"‘—’““”’ sliding factor of safety

V, /b




Overturnin g Moments

Y/ i N/
l
|
| .
Wty of soil, | 4
wajter and
cohcrete in
s“rrtjuci'urol
wedge
R ————__2 S
| |
|
| “ |
, i
A a ,
Pay
Water Effective Soil W_T—;z'fH Effective Soil Water
Point O
2 Mg
X o e—————
R™ Ty
X
2V Resultant Ratio = R
Base width
Base width
=l —

Figure 4-2, Forces for overturning analysis for wall with horizontal base




Cantilever Example

— 8'4“;‘
st | 77
i Z

r ///

I/S01] Unit

n

e Compute factor of
safety against

briving — gyerturning

Moment
lw / e Determine moment

arms about the toe

e P, 1 o
| e Driving Moment
15.25/3 = 5.08' ® MPa/b: (3698)(508) —

Take moments about the toe

- W o



Resisting

Moment

Cantilever Example

e Determine moment
arms about the toe

A

— g
Wa\l.fﬁnil Uit
| Driving o
/// Moment ® Resisting Moment

W% - e M,, = (1861)(8) =
14,894 ft-Ib/ft

]
/*—Pufh—f e M, =(12761)(5) =
/ 63805 ft-Ib/ft

7

Take moments about the toe

- W o




Cantilever Example

“ 8!
Wa\l.-‘ﬁﬂil Unit

e Compute Factor of

% | Safety
- | riving
Resisting /
Moment=T<f—%%4< /// Moment Fo_ Resisting Moments
w’h/lm / " Driving Moments
el e _,/ - 14,894+ 63,805
.*—Pu*‘h—f " 18786
Y /15 25/3 = 5.08 Fu=42>15
//‘I . — J.

Take moments about the toe

- i ]




Cantilever Example

Wall/Soil Unit o COmpUte Bearing

. % Pressure
/% e Compute maximum

% w/ N and minimum bearing”
H, / ‘ pressures Ih',
/*—Pﬂ”’ e Insure that base
7

7

i

reaction I]?b IS within




Bearin g
Pressure

ey

lﬂ

e N %max

Cgmln

|
|
|
|
|

a. Simple wall, resultant in middle one-third of base

| OD.W Gper %} (@%‘e)
36 =)

b. Flood wall with sloping c. Pressure for resultant outside
base middle one~third




Cantilever Example

!
| o

1/Soil Unit o COmpUte Bearing
Pressure

Wa

N

“\\ﬁ

e Compute maximum
lp ) and minimum bearing

AN

pressures

e Insure that base
reaction I]?b IS within

ﬁ&*\

Vilb




Cantilever Example

LTHA
e

e Insure that base

Wall/So01l Unit
1 7% reaction Bb is within

the kern

e Compute location of |

/_ o
/ ¢ M, =(1861)(8) =
7
/ o

Va/b

14,894 ft-Ib/ft




Cantilever Example

e Insure that base reaction
VSoil Unit Pf/b IS within the kern

o X = (14894 + 63805)/(1861 +
12761) = 5.33 E

'l"’“”* e Middle third extends from =
~— Py 8/3 to 2*8/3, or 2.67' t0 5.33,

so design is barely in the =
kern '

l_IA
L o

“\\ﬁ

Wa

N

AN

.....

[ p——

<
=g
N
=
=




Stability of Cantilever Retaining Walls

Date April 10, 2002
Identification Example 24.1

Input Data
Units of Measurement

Wall
Stem height
Footing thickness
Footing embedment
Stem thickness - top
Stem thickness - bottom
Toe extension
Heel extension
Backfill angle

Backfill Soil
Gh
Gv
Unit weight

Foundation soll
Allowable bearing pressure
Allowable passive pressure
Allowable coefficient of friction

Copyright 2000 by Donald P. Coduto

RETWALL

Results
EE or Sl
Sliding
Overturning
121t Resultant in mid third?
1.25ft Max q
1.751t Min g
0.67ft Equiv q
1ft Bearing pressure OK?
1ft
6 ft
14 deg
31.8Ib/ft"3
16 Ib/ft"3
122 Ib/ft"3
5000 Ib/ft"2
250 Ib/ft"3
0.5

2.15
4.05
Yes

2176 Ib/ft2
924 |b/ft2

1910 Ib/ft2
Yes
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VALUES OF SLOPE ANGLE f£,DEGREES

CIRCLED NUMBERS INDICATE THE FOLLOWING SOIL TYPES: H Orlzontal

(i) 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)

Terzaghi &
Peck Methods
for Low Walls

e Useful for
walls under
12' — 20" In
height _

e Charts shown:

are for a =

straight slope = —




Example witH

Terzaghi & Peck T =5 pE (168

Charts

e Use Previous

4] 10 20 30 40
a0

i :[
2ol Py T PP /0
od
85 o
S

o 0'

Example

- e Soil Type (1)
B (clean sand)

- e H=15.2%
o B=14°
e Once these

120

@
I

32 |pcf (31.8)

100 H

80 / Cz

"
/

VALUES OF Ky, PSF PER LIN. FT

o .
®

6:| 3:0 2:1 /21
0 1 1 1 l

0 o) 20 30
VALUES OF SLOPE ANGLE f3,DEGREES

CIRCLED NUMBERS INDICATE THE FOLLOWING SOIL TYPES:
(i) 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.

40

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




Broken Slope Backfills

S0IL TYPE S50IL TYPE 2 S50IL TYPE 3%

0
|

K
- A s
v

g g LS

—

K, PSF FER LIN. FT.

20}k, —-

_ﬂ.:-zﬁ% e 3

o a2 DE ©OA a

g2 0O+ 08

VALUES OF RATIO Hi/H

(g-I-L

FOR DESCRIPTION OF SQIL TYPE SEE FIGURE 1&

FTGURE L7
Design Loads for Low Retaining Walls (Broken Slope Backfill)




Failure Causes for Retainin ¢
Walls

UNSATISFACTORY DIMENSIONING
OF WALL BASE

\——MiSSING OR INADEQUATE
\ DRAINAGE SYSTEM

COULD NOT BE
CLASSIFIED

CARELESS
CONSTRUCTION

STRUCTURAL FAILURE
OF STEM

FAULTY BACKFILLING

a., Causes of failure of rigid concrete retaining walls
(Techeng and Iseux 1972)

BACKFILL UNKNOWN
FOUNDATION: UNKNOWN
BACKFILL: CLAY
FOUNDATION: CLAY

BACKFILL: CLAY
FOUNDATION: SAND,
GRAVEL, ROCK

BACKFILL: UNKNOWN
FOUNDATION: CLAY

BACKFILL: SAND, GRAVEL
FOUNDATION: CLAY

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




Methods of Improvin g Stabilit y

( Install Tieback Anchor

|--— Extend Heel

Lse
I
|

I||!I||II||II||II||I|I||I|II|I||I|II|I||_

Install Tieback Anchors

es—



e | s Cantilever
;i Flood

L; . e ’.e'_]

HORIZONTAL BASE KEYED Wal IS

HORIZONTAL BASE SLOPED BASE INTO STRONGER SOIL

NOTE: R.S.= RIVER SIDE (OR SEAWARD, UNPROTECTED SIDE)
L.S.= LAND SIDE (OR PROTECTED SIDE)

INVERTED T-TYPE CANTILEVER WALLS

CANTILEVER I-TYPE SHEET PILE WALLS ¥

SHEAR CONNECTORS

<z——— PRESTRESSED CONCRETE SHEET
] PILES WITH WATERTIGHT
a JOINTS st

BRACED SHEET PILE CCASTAL FLOOD WALL”®

3% Analysis of this type of wallis beyond
the scope of this manual.




GUTTER

IMPERVIOUS LAYER x

N L

5 -2\ DRAINAGE BLANKET ~

\.. LONGITUDINAL
V& DRAINS 5

, Cantilever
IMPERVIOUS FILL Wal | S

NOT TO SCALE



Drainage of
Cantilever

Walls

POTENTIAL FAILURE PLANE\
w/DRA/N }/ PHREATIC SURFACE

q ;

WATER PRESSURE
DISTRIBUTION ON

NN

AR ) POTENTIAL FAILURE
HAn & PLANE DUE TO
NGl STEADY SEEPAGE.

R

POTENTIAL FAILURE PLANE

INFILTRATION
T ¥ y
Ah 7 lyg 7
x5 N¢ £
Ahd S DRAIN
Ah{ bl B NOTE INCREASE IN
D: U WATER PRESSURE ON
b v POTENTIAL FAILURE
- / PLANE DUE TO
: SURFACE INFILTRATION.
Y \\\\N ST T
NN

(b) SURFACE INFILTRATION (VERTICAL DRAIN)

INFILTRATION POTENTIAL FAILURE PLANE
bv Y

N\ /” TS,
/
e
| DRAM = NOTE WATER PRESSURE
7 > IS ZERO ON POTENTIAL
_ 1 FAILURE PLANE.
/f 6.6'
N & rs
S TTTTITTTTTI 77T 7T T 7777707

(c) SURFACE INFILTRATION (INCLINED DRAIN)



Questions




Quiz 4




Quiz 4

e Find the total active lateral earth force along the
surface AB. Use Rankine theory. Also compute
the location of the resultant of this force.

STRUCTURAL WEDGE
B=0 -
A

i
BACKFILL:
y=0.12 KCF
¢ =30°
c=0




