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COULOMB'’'S WEDGE THEORY c

3 w
Sliding Sliding
Wedge Surface Om -0

W = weight of the soil wedge

R = resultant of the shear and normal forces on the failure surface BC

P, = the active force per unit length of the wall. The direction of Pa is inclined at an angle
[1to the normal drawn and the face of the wall that supports the soil

N 0_\f —
d = the angle of friction between the soil and the wall H (180°=y =0+¢)
R
W = g (area of wedge ABC)
, w
From the triangles of forces, 0 -0
P, B w
sin(6 — @)  sin(180° — Y — 6 + ) .
] - Force Triangle
_ W sin(6 — @) Sliding Wedge 0=0.5¢t0 0.7¢ 8
% sin(180° — ¢ — 0 + ) - B
Substituting for W,
- Draw this perpendicular line first

p - 1 yH? sin (6 — 0) sin(f + a) .sin(a + ) - Thendraw P, with anangle=a

¢ 2 sin?a 'sin(180° — Y — 0 + )’ sin(8 — B)

The maximum value of Pa is obtained by equating the first derivative of Pa with respect

to 8 to zero; or

(0P,)/0l1=0, and substituting the corresponding value of 6.

The value of P, so obtained is written as

1 sin?(a + ¢)
Pa = E . )/I'I2 2
. . sin(@ + 6) sin(@ — B)
2 —
sina sin(a—6) |1+ sin(a — 8) sin(a + §)
This is usually written as
_1 2
Pa - E -yH . Ka
sin?(a + ¢)

Where K, being the coefficient of active earth pressur =

sin(@ + &) sin(@ — B)
sin(a — 6) sin(a + B)

sin?a sin(a—§68) |1+
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Earth Retaining Walls




Types of Earth Retaining Walls

Design of Retaining Wall

|- Permanent Walls

I Semi-Gravity Wall

Gravity Wall

4

Cantilever Wall

Counterfort wall

Live Load at rear

y of abutment
———

Dead +

Live Load

on deck !
- S

* Earth
“‘\Pressures

-

No vehicle load should exist within 1.5 m of the wall 17 kPa vehide live load
- A5m e

Cap Biock

\Tmm Sucle

asef! 7 A
/
800mm wide (in) | R i
backiil to be tamped 5 4 4 i
in 200 mm s and ! ﬁ' Vs
wrapped in non-woven f / 7 4
| geclextle . . s
H=35m | y %
1 %
2 & Y/ Strata 56200 Geogrid
R
Z 7
mmx J"”, T
| slots (ported every )
¢ 5 meters) s 4
—_—— . .
hed
: Ciay backht compacdted (o a minimum
of 8% of Standard Proclor Density

200 mm thick crushed gravel granular base:
compacied to 98% SPD.

Segmental Walls

lI- Temporary Walls

Braced cuts

Sheet pile wall

‘Segmental Walls

Kamal Tawfiq



By Kamal Tawfig, Ph.D., P.E

Design of Retaining Wall

1- External Stability
2- Internal Stability

1. External Stability
Sliding
Overturning
Settlement
Overall Failure
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Common Proportions of Cantilever Wall

6 in Preferable minimum

Minimum batter = 1/50

Vertical
Stem

H Toe Slab
H/10 to H/8

Thickness
H/12 to H/10

18” o J/

Heel of Slab

Cantilevered Concrete Retaining Wall

grnved Bkl

Fior drainge
Df Thickness = H/12 to H/10
rentorted sron b

T /,/ B=0.4t00.7 H . T

Base of footing



Approximate Dimensions

t 0.25mto 04 m
1 q = Surcharge Load
T T
1,
(=
50 =
B/3—> <—
g H/12 to H/10 l
D, >1m t, '
J 3
B=
04Ht00.7H H/12 to H/8

Cantilever Retaining Wall

ﬂ

0.3 mto H/12

48

ﬁ

D/2to D
—>
>1m
< B = ~
0.5Ht0 0.7 H D =H/8 to H/6

Gravity Retaining Wall

Kamal Tawfig Ph.D., P.E., F.ASCE



Note:
Assume the Bearing
Capacity of the

Foundation, g, = 3000 psf

Sample of Excel Spreadsheet Analysis and Deign of Cantilever Retaining Walls

-

~

Page 1
Design Input

Page 2

Design Output
(External Stability)

REQUIRED

AN20 v fx
A B CDEFGH I JKLMNOGPGORSTUWNYWX hd Z_Af AR AC A
20} SECTION A-A & BB h= 1280 m Haan
21 H 1260 m 413 n
27 1) Design Inputs
23 a) Material
24 Concrate grade 1. = 35 Mpa 507632 psi
25 Steel grade f = 420 Mpa BO15.85 psi
2% Material factor & 0%
a7 Conrete density T 24 gim® 15288
a8 Soil density Yo = 18 kim® 11466 pm
29 Anghe of repase for soil 8= 3 degree 30 degres
10 Coefficient of active earth pressure ka = }f;:fga} ke = 033 redian 099 redian
3
az Cosfficient of passive earth pressure ka = 1-sinf8h
Tesin(g)
3
3
a5 Safe Bearing Capacty foan = 500 kPa 10442736 ot
a8 Coeff of friction for Shiding m = a5 05
a7 €] Loading
ag Surchange pressuns q= 12 gNimE 25062521 pRe
29 Design Summary
a0 F.5 againat Overturning = 251>15 Safel
a1 F.8 against Sliding = 1.33<1.5 Not Safe¥ Hence Provide shear Hey
42 Max. bearing pressure = 37263 kPa<500kPa Hence Safe
43 ‘Wall Main reinforcement = 16@ 26cic
a4 Heel Top Main reinforcement = 20 @ 76clc

45 Toe bottom main reinfarceme = 16 @ Elele

2) Design Output
21) Stability Calculation
a) Check for Overdumning

WE

! KN
Mesun T

AN20 ~ fx
A B CDEFGHI JKLMNOPQRSTUWVWX Y Z AA AB AC
1 |Name: PROJECT TITLE: SHEET No.
2 |ID: DESCRIPTION: _ Retaining Wall DATE
3 LOCATION : DATE
g DESIGN OF CANTILEVER RETAINING WALL PER ACI318-05
6 CANTILEVER RETAINING !(NALL
2
7 . —F 2
8 al ., I 1q krunl i (') Geometry input )
9 1 FEEA
10 B= ' 7.00m 22.97 ft
11 by = 150 m 492 ft
12 H hel 1y he D = 250 m 8.20 ft
13 t = 1.50 m 492 ft
14 . TEM he= 11.10m 36.42 ft
15 / F a=  000m 0.00 ft
16 Dy Fﬁ o TeeL t,=  1.00m 3.28 ft
17 f o L4, - ) t, = 0.50 m 1.64 ft
18 7 | I I
19 41, B * b, = 450 m 14.76 ft
20 SECTION A-A & B-B h= 1260m 41.34 ft
21 p N H= 1260m 41.34 ft
22 1) Design Inputs
23 a) Material
24 Concrete grade fo = 35 Mpa 5076.32 psi
25 Steel grade f, = 420 Mpa 60915.85 psi
26 Material factor = 0.9
27 Conrete density Yo = 24 kN/m? 152 88 |p/t®
28 Soil density Yo = 18 kN/m® 114.66 |b/t®
29 Angle of repose for soil 8= 30 degree 30 degree
30 Coefficient of active earth pressure ka = %%}) L ky = 33 redian 0.33 redian )
31
12 Coefficient of passive earth pressure ka = 1sin(6) /
\_ Y, 1+sin
33
34
35 Safe Bearing Capacity fo a1 = 500 kPa 10442.736 |b/it*
36 Coeff of friction for Sliding m = 0.5 0.5
37 | ¢) Loading |
38 Surcharge pressure q-= 12 kN/m?  250.62521 |b/ft?
39 | Design Summary | Q
40 F.S against Overturning ’51 > 1.5 Safe!!
41 F.S against Sliding = 3 <1.5 Not Safe!! Hence Provide shear Key
42 Max. bearing pressure = 372.63 kPa < 500 kPa Hence Safe
43 Wall Main reinforcement = 16 @ 25c/c
44 Heel Top Main reinforcement = 20 @ 75c/c
45 Toe bottom main reinforceme= 16 @ 50c/c
_Ag | 2) Desian Outout -
Design ©)

I

Page 3
Design Output
(Internal Stability)
NOT REQUIRED
IN THIS PROPJECT

85 Mo [kNm])
66 2000
&7 3178
B8 2318 kNm
-]
70 1 2
71 < Load (kN) | Distance(m)
72 w 5991 475 4271
73 w2 252 35 882
74 w3 | 1332 225 2597
75 Wi | 688 1833 1221
76 W5 54 475 2565
77 Tolal 1405 kN 5831.0 kNm
78
79 Tolal Cverlurming Momient Moo= 2318 kNm
80 Taotal Restanng Moment Mra = 5B31.1 kNm
a1 Factor of Safety = MroMo = SEM/2NTe 251 »15 Safell
P
a3
a4 b) Check for Shiding
85 Total Horizontal force: H = 5267 kN
a6 Restonnglorce = mxSW= 0.5x1404.9 He = T025 kN
a7 FactorSafety = HiH = TOZASS26T 133 <16 Not Safell
ua
29 Hence Provide shear Key
%0
1] €} Check or Bearing pressure
a2 Cogof Load x = (Mro-Mo)P 2501
a3 eeoenlnoty e = BR2-x 0090
[T} Thmax = PIA[1+6eB) IT26 kP < SD0OKPa
a5 fomin = PIAM -6 eE) 2BTE KP§ >0
o5 Hence Safe
97
.| 2.2) Structural Design
o0 | AlL_Desinnol Stem eedical reinfonrament - inner Gaes.i17)
: =
Design ‘ O,



Counterfort Retaining Wall
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Internal Stability

Structural Design
Steel Reinforcement
and Thicknesses

Structural Design

2_
Internal Stability

Section |-l

The earth pressure on the
stem will cause
moment at section I-|

Moment,, = P, . arm

;
N
3
3
N,
Arm:,
3
3
3
x

Tension
Zone

Earth Pressure

s, onthe stem =P,

Internal Stability

Internal Stability

Section |-l Section llI-ll

Tension

The bearing pressure on The bearing eressure on

the footing will cause Zones the stem will cause Tension
moment at section I1-11 moment at section 1l - 111 Z0nes
Moment, , = Force . arm Moment,,, = Net Force . arm
Force
Weight of the

soil In the
backfill area

i
| l|||||||||!||||||||||||HIII|||||||||||||||||||mm

qmax

.00

t

9o 1/ @ 318 m.
TAdare ert, prine.)

NTH=10.00

- 12 030 m.

1.90 8172 @ 094

| 045 | 0.0

SRR A, AR

~ [htara GUpar. Iopato)

14 rr.
Zapata.)

[Ac=re langhudinal B
datallon.’

DETALLES DE MURO DE CONTENCION



Resisting Force
Driving Force

Factor of Safety Against Sliding

|. External Stability

1- Sliding

Fr= P, + Friction

By: Kamal Tawfiq, Ph.D., P.E., F.ASCE



Using Key at the Base to Improve Sliding Resistance

Extent of the Passive
Pressure

Friction Surface of along the Base



Retaining wall with a key at the base: |

Pavement

Cantilever Retaining Wall D - o [ R

_ Pavement

L i i w & 3 e . . Ay W his sy W G o ol
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T

/*- Vertical stem steel

Run some of the stem
steel through base
into key when key

is located here riL*_ P, -
; —  L'=L
S — - LF
P-I' = hH:KP Friction and p{};ﬂm slip surface
cohesion
(a) Base key near stem so that stem steel  (b) Potential sliding surface using the key location of 4.
may be extended into the key without There may be little increase in sliding resistance

additional splicing or using anchor bends.  from this key, if the slip surface develops as shown.

Possible passive
soll failure

Heel key

E

o located here

Possible slip along
this inclined plane

(¢) Possible sliding modes when using a heel key.
Figure 12-14  Stability against sliding by using a base key.



|. External Stability

Resisting Moment Mg

2- Overturning Factor of Safety Against Overturning = Driving Moment. ~ Mo

Resisting

Driving Moment

-ﬁ-“_ \i
P

d,

- . ..'“: O P g et b
= T - e L
'—';_L.;E— B i T oz

i
e

Moment About o Mp= P,.V, Mg = Py, + W, a, + W, a, +W; a; +W, a,

By: Kamal Tawfiq, Ph.D., P.E., F.ASCE



Resisting Force
Driving Force

Factor of Safety Against Sliding

|. External Stability

1- Sliding

Fr= P, + Friction

By: Kamal Tawfiq, Ph.D., P.E., F.ASCE
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