Rankine's Active and Passive Earth Pressure in (c- f) Sail

Passive

0=45092 3
Earth

Pressure

Active
Earth
Pressure

Gf’
oy, is increasing until failure

Effect of Cohesion of the Rankine's Active and Passive Earth Pressure

Active Earth Pressure

Rankine’s Earth Pressure Method for (c- ¢) Soll

Passive
Wedge
Passive

Earith
Pressure

b

'*L; b_' e, ;._'"'_

-2¢ /K,

-20\/_Ka

K, = cosa..

Rankine's Active Earth Pressure in ( f) Soil with inclined backfill

Cosa —\ (cos?o. — cos? ¢)

Rankine's Active Earth Pressure in f - Soil & Water Table

of = oy tan® (450 - g) + 2 ¢ tan (450 - g) 5
Tension Crack
Or 7 = 2c
cr V\/K—a
af = oy K, —2cVK »
@ < —
— si + -
K, = tan? (450 - 9) = 1osin® @
2 1+sin @ <
Coefficient of active earth pressure ) <(_-B
} H K yHK,-2¢c /K
Passive Earth Pressure 20\/@ i a : ‘/_a
of = oy tan® (450 + g) +2c tan (450 + g)
+20/T<p +20/T<p
Or < <
of = oy Ky +2c VK, < )
K, = tan? (450 +9) — 1tsind < —
1-sin® < <
Coefficient of passive earth pressure CEES @\ & @
s20/K, YHK, vHK+20/K,

Flexible Wall G
N
Vsoil

h owr
A\ Oh = Ysoilhl Ka AV
N —

. &> @

Py =057y (hy)’
A4 - ;
Ow = Twl

Op = lesoil ka +
hZ (YSoil - ywater)ka

Effect of Surcharge (g) Load on Active Earth Pressure

q
T T Mg

AN AAAAAA A

AAAAA )G‘/)

ok, aka

A

Ka THK gk, 4y HK,
Effect of EffecF
of Soil
Surcharge Pressur
Load

e

Cosa +V (cos2a — cos? ¢)

|4

Fig.1

Effect of Two Soil Layers on Active Earth Pressure

N
T1
h, O =YsoilKa 2
K
A\ 4 al
b € \
N ~~ O = Vsoih i Kaz
Y2
o,
Ka2
h,
\4

o= (v +7v2 M) Kap

A
V1
h, O = Ysaill Kax .z
v E \[ Ka
N\
K Oy = Vsail Kaz
Y2
[
Kaz
h,
\

o= +72 ) ky

Kamal Tawfiq



Active Earth Pressure in ¢ — Soll

Example -1

Given:

- Vertical retaining wall (flexible)

- Wall height (H) = 12 ft

- Backfill unit weight (y) = 115 pcf

- Angle of soll friction ((I)) = 30° Flexible Walll
- Assume wall to be smooth

>

I

v

Find:
- Lateral force P, acting on the wall

P.=yH" k,

Solution: Ya=12/3
G = Oy ka
P,=v H?k,
1-sing
1+ sing

P,=115x122x 0.5
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Coulomb Earth Pressure Method

Forces acting on the wall.

Wall Displacement = A

active wedge
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Coulomb Earth Pressure Method

Forces acting on an inclined wall.

Wall Displacement

6
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Coulomb Earth Pressure Method

Forces acting on the wall.

Wall Displacement = A

Normal
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COULOMB'’'S WEDGE THEORY

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

d to the normal drawn and the face of the wall that supports the soll

d = the angle of friction between the soil and the wall

W =g (area of wedge ABC)

From the triangles of forces,
P, B w
sin(6 — @)  sin(180° — Y — 6 + @)

b W sin(6 — 0)
¢ sin(180° — Y — 6 + ¢)

Substituting for W,

P = yH? sin (6 — ©) sin(8 + a) .sin(a + pB)
@72 sin?a 'sin(180° — Y — 0+ ¢) sin(6 — B)

The maximum value of Pa is obtained by equating the first derivative of Pa with respect
to 6 to zero; or

(0P,)/06 = 0, and substituting the corresponding value of 6.
The value of P, so obtained is written as
1 sin?(a + ¢)

P, == .yH%
a 2)/

, , sin(@ + &) sin(@ — B)
sin?a sin(a—8) (1 + \/sin((x —3)sinla + 5)

This is usually written as

1
P = .YH? K,

sin?(a + ¢)

Where K, being the coefficient of active earth pressur =

sin?a sin(a—8) |1 +\/

sin(@ + &) sin(@ — B)
sin(a — &) sin(a + B)
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Coulomb’s Earth Pressure
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P, =% K,y H?
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Design of Retaining Wall

Types of Earth Retaining Walls

No vehicle load should exist within 1.5 m of the wall 17 kPa vehicle live load
_ASm e

|- Permanent Walls Live Load at rear
1 of abutment
P—
Dead +
Live Load [
ondeck | KA

— .

* Earth
“\Pressures
o LN

N

Gravity Wall Semi-Gravity Wall

Clay badkfill compadted to a minimum
of 98% of Standard Proctor Density

200 mm thick crushed gravel granuiar base

compacied 1o 96% SPD,

Segmental Walls

Cantilever Wall

Counterfort wall

lI- Temporary Walls

Sheet pile wall
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By Kamal Tawfiq, Ph.D., P.E

Design of Retaining Wall

1- External Stability
2- Internal Stability

1. External Stability

1- Sliding

2- Overturning
3- Settlement

4- QOverall Failure
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Common Proportions of Cantilever Wall

12 in Preferable minimum
I

Minimum batter = 1/50

Vertical
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H Toe Slab Thick
/1010 W/ /12 to K10
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l Cantilevered Concrete Retaining Wall
|
- | .
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reinforoed sonal w

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

Base of footing



Approximate Dimensions

| 0.25mt0 0.4 m

B3> /e
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r = !
>1m
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Cantilever Retaining Wall
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Counterfort Retaining Wall

H/14 1o M/12




Internal Stability

Structural Design
Steel Reinforcement
and Thicknesses

Structural Design

2_
Internal Stability

Section Il
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|. External Stability

: - Resisting F F
_-— Factor of Safety Against Sliding = ——— 9 " 0C =
1- Sliding Driving Force D

By: Kamal Tawfiq



|. External Stability

| Factor of Safety Against Sliding = —~ooo Moment e
2- Overturning y A9 9= Driving Moment Mo

Resisting
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|. External Stability

3- Bearing Capacity Failure

Unit Width




qall
Umax

Factor of Safety Against Bearing Capacity Failure

=0

. qmin

=+

qmin

I

1
S

=
i

e L, e

S
LS

A S

= B
o =12
'y Bt e e “ﬂ..w”nﬂr
= 7 .1||......, N S e, .. - B

qmin

-
.Il'

Mnet — ZMR - ZMD

= M et

2V X

ax

A

3- Check for Bearing Capacity Failure

ax

-im
qmax

=0

XV =

>H = sum of all horizontal loads

sum of all vertical loads

R=/(ZV) *(ZH)?




Retaining wall with a key at the base: |

Pavement

Cantilever Retaining Wall e B T R R
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Using Key at the Base to Improve Sliding Resistance

Extent of the Passive
Pressure

............

Friction Surface of along the Base



Masonry wall
Coarse soll
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footing
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In situ soll
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Active Earth Pressure in ¢ — Soll 3% Rigia wal

| |
Example -1 q...=+ & frin™ 0 _
i Qmin=1 A - O T
Given: Qv = + |[[I55 , | A )
- Vertical retaining wall (Rigid) = A= - 6.33 = y=115 pcf
- _ =+ @ 3 Xl - . é _ 0
- Wall height (H) = 12 ft Amax = ¢ =30
- Backfill unit weight (y) = 115 pcf H =12 ft =
- Angle of sail friction (¢) = 30° B/3 - —
L <=l wl =
- Assume wall to be smooth oyl | o — )
- Angle of friction between the base and the soil § = 20° a X3=1.5" = P :y H k
Determine: e
The stability of the wall 1- Factor of Safety Against Sliding X, =4.66’ — y =4
——y, =
: . Y.V tan(20)+Pp _ —
Solution: FS siding) = - P,=0 o W2 —
o, = G, K, For Rigid Wall use k, Q|  friction  OL—0O k
_[(3350)tan20°) _ o ey op h viro
Po =0.5 Y H?2 ko - 4140 - ' 8 ft ‘
Ko = 1- sin(l) 2- Factor of Safety Against Overturning
P, = 0.5x115x122x0.5 = 4,140 Ib/ft _  XMpg _ 509085
0 I:S(overturning) - MDR T 16560 =31>20K
3- Factor of Safety Bearing Capacity Failure = FS,
X - Force Vertical F, (Ib)/ft Moment Driving Moment Resisting Moment Mpet = 2Mg - 2 Mp =50908.5 -13350 = 37558.5 ft.Ib/ft
(Ib)/ft) Distance Arm X (ft.1b)/ft (ft.Ib)/ft
(t) (t) Mpee =37,558.5= YF,(X) = 13350 (X)
P.= 4,140 4 4,140 x 4 = 16,560 X =M/ 2F,)=281f1t
W,= 0.5x5x12x115 = 3,450 6.33 3,450x6.33=21,838.5 e= (8/2)-2.81=1.18 ft <B/6 or 8/6 = 1.33 (Full contact)
W, =0.5x5x12x150 = 4,500 4.66 4,500x4.66 = 20,970 5
Fy, 6e\ _ 13350 (6)(1.18\ _ lb B lb
= —|1+—)= 1+ =31456 —= > = 3,000 —=
W, = 3x12x150 = 5400 1.5 5,400 x 1.5 = 8,100 fmax = 7 ( B ) 8 ( 8 ) rez = At ft?
_ Xy __6e) _ 13350 _ (e)(118Y _ W
P,=0 0 o) dmin = 5 (1 B ) T8 (1 8 ) =192 ft2
13,350 16,560 50,908.5




Active & Passive Earth Pressure in ¢ — Soill

Example -2

Given:

- Vertical retaining wall (flexible)
- Wall height (H) = 12 ft

- Backfill unit weight (y) = 115 pcf

- Ang

e of soll friction (¢) = 30°

- Assume wall to be smooth

~ Yconcrete

_D:

Find:

= 150 Ib/ft3
4 ft

- Resultant Force of the Wall

Solution:
Oh = Oy ka
1-sing 1+ sing
3~ 1+ sing P="1- sing
P,=05y H2k,

P.=0.5x122x115x 0.33 = 2,732.4 Ib/ft?

1ft

—
1

w 2
H=12 ft =
D=4ft * P,=0.5H?yk,
Pp: 0.5 szﬁ - | JL=4ft
Gh = Oy Ky oh = o, K,
B=8ft
Pp20.5 Dzykp

P,= 0.5x 42 x115x3 = 2,760 Ib/ft*



F, (Ib)/ft Y F, (Ib)/ft Moment Driving Resisting M
(ft) Arm X Moment (ft.Ib)/ft
(ft) (ft.Ib)/ft
P= 2,732.4 4 2,732.4%4 =
10,929.6
W,= 4x10x115 = 4,600 6 4600x6=27,600
W, =1x10x150 = 1,500 3.5 1,500%3.5=5,250
W, = 8x1x150=1,200 4 1,200x4=4,800
W, =2x3x115 = 690 1.5 690x1.5= 1,035
P,=2,760 1.33 2,760x1.33= 3,680
7,990 10,929.6 42,365

1- Factor of Safety Against Sliding = FSgjging) =

1.5 0K

Y F_tan(20)+Pp _ [(7,990) tan 20°]+2,760

P

a

2- Factor of Safety Against Overturning = FS g ertyrming) =

X = (Mpe,/ SF, ) = 3.93 ft

SE
Amax = =
max B
Gmin =
min B

Y. MResisting _ 42,365

=21>

2,732.4

=3.8> 20K

MpDriving 10,929.6
3- Factor of Safety Bearing Capacity Failure = FS,
Myt = 2 M, - XM, = 42,365 -10,929.6 = 31,435.4 ft.Ib/ft
Mper =31,435.4= 3F (X) = 7,990.(X)
e = (8/2)—3.93 =0.0656 ft < B/6 or 8/6 = 1.33 (Full contact)
6e\ _ 7,990 (6)(0.0656Y _ lb _ b
14+22) =222 (1 4+ L0250 - L0787 < qau = 3,000 -
6e\ _ 7,990 (6)(0.0656Y _ lb

lb
Qmax = 1,047 oz

t=1ft
| | S
qmax @ 1 qmin 0 _::
Amin = + E:
Omax || , . =
qmin_ %
qmax @ 3 Wl %
= —
R R ;L/s 77777 § R
W —
? vV —— 2
h=2ft |7 E= 2,732.4 Ib/ft
W4 7‘ ----- ==—==—1
VSE L e L=4ft
® LYol N
Friction, v\
O :(EV()Jtand VWB
B=8ft
PR R
X H
] ]
| >
* 2. Ble
| 5
‘ . 7\
‘ O @ qmin
qmax Kern
‘ /
| 3(3
'L/3

HHIHHHHHH|HIHIHHIHHHH|H




Example 1

Given
The cross section of a cantilever retaining wall is shown in Figure 1. Calculate the factors of safety with respect
to overturning, sliding, and bearing capacity.

Solution _
From the figure, 97 120 Ib/ft_oit
H*=H, +H,+T,=8tan 10° + 19.5 + 2 = 22.91 ft
o | ) Ho =141 1
The Rankine active force per unit length of wall = W e = 115 Ib/f3
aq 1 W, 11 g) 00
. 2 ., 2 . 2 . 2 a 1~
K. = cose S0 \/cos® @ —cos® ¢ K. = cos10 c0s10—4/cos? 10— cos® 30 034 3 6 =0
COS & ++/C0S” o —C0S” ¢ c0s10+./cos® 10—cos® 30
P, =Lateral Pressure from Surcharge + Lateral Pressure from Soil 3 Pvl H2 = 19.5 ft
Pal — q H ’ ka 2 Pa 1
1 B /
P.2 =57 H Kk, a, W, |$,$ 10° P,
@ ~
P,=120x22.9x0.34=934.321b/ ft a, ké}/ <2> P2 P
P.=934.32s5in(10°)=162.24 Ib/ ft P y 100
_ 0y 6w Ph2
P,=934.32 cos(10°)=920.13 Ib/ ft a; |/ W4
22.9
Yo ==, - =11.45ft W, Ya
P, =0.5x115x22.9°x0.34=10252.22 =11186.541b/ ft 45 ft
P,=10,252.2 sin(10°)=1780.28 Ib/ ft ' & w. (5) T,=2ft
5
P,=10,252.2 cos(10°)=10096.45 Ib/ ft 0
22.9 v, = 112 Ib/ft3
Yo =5 =7.631 2.25ft 2.25ft 8 ft $, = 200

¢, = 800 Ib/ft2



Driving Resisting Moment Arm

Pressure Pressure Weight/Unit Length (Ib/ft) from Point O Drivz:tglmtf)tTent SR i3 s s,
(Ib/ft2)/ft (Ib/ft2)/ft (ft) .
P, =920.13 11.45 920.13x11.45 = 10535.49
P, = 10096.45 7.64 10096.45x7.64 = 77136.88
W,=120x8 = 960 8.5 960x8.5 = 8,160
W, = 8X19.2X112 = 17,203.2 8.5 17,203.2x8.5=  146,227.2
W, = 0.5X1.41X8X112 =  631.7 9.83 631.7x9.83 = 6,209.6
W, = 1X19.5X150 = 2,925 4.0 2925x4 = 11,700
W, = 12.5X2X150 = 3,750 6.25 3750x6.25 = 23,437.5
W, = 0.5X1.25X19.2X150 = 1,800 3.08 1800x3.08 = 5,544
SPv = 162.24+1780.28 = 1,942.52 12.5 1942.52x12.5= 24,281.5
5P, =11,016.58 0 > F,=29,212.4 My = 87,672.37 M= 225,559.86

2 F tan(20)+Pp _ [(29,212.4) tan 20°]+
P 11,016.58

a

9 — 0.96 < 1.5 Not OK

1- Factor of Safety Against Sliding = FSging =

Add Passive Resistance
P, =0.5X 4.5%2 x 115 x 3 = 3493.13 Ib/ft

2- Factor of Safety Against Sliding = FS gjiging) =

Y F tan(20)+Pp _ [(29,212.4) tan 20°]+3493.13
P 11,016.58

a

= 1.28 < 1.5 Not OK

3- Factor of Safety Against Overturning = FS e rurning) = EZR = 28275’657529'3876 =257>20 OK
D B .

4- Factor of Safety Bearing Capacity Failure = FSgc) =



M. = SMg - ¥M, = 225,559.86 - 87,672.37 = 137,887.5 ft.Ib/ft

Mpe = 137,887.5= SF,(X) = 29,212.4 (X)

X= M/ 2F,)=4721t
e= (12.5/2) - 4.72 =1.53 ft <B/6 or 12.5/6 = 2.083 (Full contact)

b

_ Xk 6e\ _ 29,2124 (6)(1.53)\ _ 1 _
Gmax = = (1 +2 ) = 22 (1 e ) =4053.28 2% > qau = 3,000
_ IR (. 6e)_292124 (. (6)(153) _ b
Amin = (1 B ) T 125 (1 12.5 ) 621ft2

Qi = 621 Ib/ft2

O
Omax

4053.28 |b/ft?

B=12.5ft

Kern

No good

4.3

q = 120 Ib/ft

H

V\llz %%Phl

1100

=141 1t

v, = 115 Ib/ft3
¢; = 30°
c,=0

H, = 19.5 ft
Pal

I:)v2
L%

I:)a2

I:)h2

Ya

v, = 112 Ib/ft3

225 ft

2.25 ft

8 ft

¢, = 20°
¢, = 800 Ib/ft2
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