
Rankine’s Active and Passive Earth Pressure in (c- f) Soil
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Rankine’s Earth Pressure Method for (c- φ) Soil
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I. External Stability

1- Sliding
Factor of Safety Against Sliding = 

Resisting Force
Driving Force

FR= FD

FD =  Pa FR =  Pp + Friction

By: Kamal Tawfiq

B
If the soil is cohesive, add (BC) to the 
shear resistance

Cohesion

δ = 0.5 to 2/3 φ



I. External Stability

2- Overturning

Driving Moment
MD

Resisting 
Moment

MR

Factor of Safety Against Sliding = 
Resisting Moment
Driving Moment

MR= MD

MD =  Pa . ya MR =  Pp.yp + W1 a1 + W2 a2 +W3 a3 +W4 a4Moment About o

By: Kamal Tawfiq
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I. External Stability

3- Bearing Capacity Failure

B
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qmax
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RΣV
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3- Check for Bearing Capacity Failure

e

X
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Retaining wall with a key at the base:



Extent of the Passive
Pressure

Friction Surface of along the Base

Using Key at the Base to Improve Sliding Resistance

Key
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Active Earth Pressure in φ − Soil

∆ = 0

σh = σv ko          For Rigid Wall use ko σh = σvko

Pa=γ H  ko
2

Given: 
- Vertical retaining wall (Rigid)
- Wall height (H) = 12 ft
- Backfill unit weight (γ) = 115 pcf
- Angle of soil friction (φ) = 30o

- Assume wall to be smooth
- Angle of friction between the base and the soil δ = 20o

Determine:
The stability of the wall

Solution:

Example -1

1 - sinφ=Ko

Po = 0.5 γ  H2 ko

Po = 0.5x115x122x0.5 = 4,140 lb/ft

Rigid Wall3 ft

8 ft

H = 12 ft
W1

W2

W3

γ = 115 pcf
φ = 30o

X - Force 
(lb)/ft)

Vertical
Distance

(ft)

Fy (lb)/ft Moment 
Arm X

(ft)

Driving Moment
(ft.lb)/ft

Resisting Moment 
(ft.lb)/ft

Pa= 4,140 4 4,140 x 4 = 16,560

W1= 0.5x5x12x115 = 3,450 6.33 3,450x6.33=21,838.5

W2 =0.5x5x12x150 = 4,500 4.66 4,500x4.66 = 20,970

W3 = 3x12x150 = 5400 1.5 5,400 x 1.5 = 8,100

Pp = 0 0 o

13,350 16,560 50,908.5

O

ya = 4’

x1 = 6.33’ 

x3 = 1.5’ 

x2 = 4.66’ 1- Factor of Safety Against Sliding 

FS(sliding) =   
∑ 𝑉𝑉 tan 20 +𝑃𝑃𝑃𝑃

𝑃𝑃𝑎𝑎
Pp = 0

= [ 13350 tan 20𝑜𝑜]
4140

= 1.2 > 1.5 𝑁𝑁𝑁𝑁𝑁𝑁 𝑂𝑂𝑂𝑂

2- Factor of Safety Against Overturning 

FS(overturning) =   ∑𝑀𝑀𝑅𝑅
𝑀𝑀𝐷𝐷

= 50908.5
16560

= 3.1 > 2 𝑂𝑂𝑂𝑂
3- Factor of Safety Bearing Capacity Failure = FS(BC)

Mnet = ∑MR - ∑MD = 50908.5 -13350 = 37558.5   ft.lb/ft

Mnet = 37,558.5 =  ∑Fy(X) =  13350 (X)

X = (Mnet / ∑Fy ) = 2.81 ft

e =  (8/2) – 2.81 = 1.18 ft < B/6 or 8/6 = 1.33 (Full contact)

𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚 =
∑ 𝐹𝐹𝑦𝑦
𝐵𝐵

1 + 6 𝑒𝑒
𝐵𝐵

= 13350
8

1 + (6)(1.18
8

= 3145.6 𝑙𝑙𝑙𝑙
𝑓𝑓𝑓𝑓2

> 𝑞𝑞𝑎𝑎𝑎𝑎𝑎𝑎 = 3,000 𝑙𝑙𝑙𝑙
𝑓𝑓𝑓𝑓2

𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚 =
∑ 𝐹𝐹𝑦𝑦
𝐵𝐵

1 − 6 𝑒𝑒
𝐵𝐵

= 13350
8

1 − (6)(1.18
8

= 192 𝑙𝑙𝑙𝑙
𝑓𝑓𝑓𝑓2

Friction

qmax = +

qmax = +

qmax = +

qmin = 0

qmin = +

qmin = -

+

+

+
-

1

2

3

3 1 2

L

B

B/3

L/3

Kamal Tawfiq



Active & Passive Earth Pressure in φ − Soil

σh = σv ka

Given: 
- Vertical retaining wall (flexible)
- Wall height (H) = 12 ft
- Backfill unit weight (γ) = 115 pcf
- Angle of soil friction (φ) = 30o

- Assume wall to be smooth
- γconcrete = 150 lb/ft3
- D = 4 ft

Find:
- Resultant Force of the Wall

Solution:

Example -2

1 - sinφ
1 + sinφ=Ka

Pa = 0.5 γ  H2 ka

Pa = 0.5 x 122 x115x 0.33 = 2,732.4 lb/ft2

Pa=0.5 H2 γ ka

Pp= 0.5 D2 γ kp

H=12 ft

D = 4 ft

W

B = 8 ft

L = 4 ft

t = 1 ft

Pp = 0.5x 42 x115x3 = 2,760 lb/ft2
Pp = 0.5 D2 γ kp

1+ sinφ
1- sinφ=Kp

σh = σv kaσh = σv kp

Kamal Tawfiq



Fx (lb)/ft Y
(ft)

Fy (lb)/ft Moment 
Arm X

(ft)

Driving 
Moment
(ft.lb)/ft

Resisting M 
(ft.lb)/ft

Pa= 2,732.4 4 2,732.4x4 = 
10,929.6

W1= 4x10x115 = 4,600 6 4600x6=27,600

W2 =1x10x150 = 1,500 3.5 1,500x3.5=5,250

W3 = 8x1x150=1,200 4 1,200x4=4,800

W4 =2x3x115 = 690 1.5 690x1.5= 1,035

Pp= 2,760 1.33 2,760x1.33= 3,680

7,990 10,929.6 42,365

1- Factor of Safety Against Sliding = FS(sliding) =   
∑ 𝐹𝐹𝑦𝑦 tan 20 +𝑃𝑃𝑃𝑃

𝑃𝑃𝑎𝑎
= [ 7,990 tan 20𝑜𝑜]+2,760

2,732.4
= 2.1 >

1.5 𝑂𝑂𝑂𝑂

2- Factor of Safety Against Overturning = FS(overturning) =   
∑𝑀𝑀𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅

𝑀𝑀𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
= 42,365
10,929.6

= 3.8 > 2 𝑂𝑂𝑂𝑂

3- Factor of Safety Bearing Capacity Failure = FS(BC)

Pa= 2,732.4 lb/ft2

W1

B = 8 ft

L = 4 ft

t = 1 ft

W2

W3

W4
Pp= 2,760 lb/ft2

h = 2 ft

Ya = 4 ft

R

O Friction 
= (∑V)tanδ

Mnet = ∑Mr - ∑Mo = 42,365 -10,929.6 = 31,435.4 ft.lb/ft

Mnet = 31,435.4 =  ∑Fy(X) =  7,990.(X)

X = (Mnet / ∑Fy ) = 3.93 ft

e =  (8/2) – 3.93 = 0.0656 ft < B/6 or 8/6 = 1.33 (Full contact)

𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚 =
∑ 𝐹𝐹𝑦𝑦
𝐵𝐵

1 + 6 𝑒𝑒
𝐵𝐵

= 7,990
8

1 + (6)(0.0656
8

= 1,047.8 𝑙𝑙𝑙𝑙
𝑓𝑓𝑓𝑓2

< 𝑞𝑞𝑎𝑎𝑎𝑎𝑎𝑎 = 3,000 𝑙𝑙𝑙𝑙
𝑓𝑓𝑓𝑓2

𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚 =
∑ 𝐹𝐹𝑦𝑦
𝐵𝐵

1 − 6 𝑒𝑒
𝐵𝐵

= 7,990
8

1 − (6)(0.0656
8

= 949.6 𝑙𝑙𝑙𝑙
𝑓𝑓𝑓𝑓2

𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚 = 1,047 𝑙𝑙𝑙𝑙
𝑓𝑓𝑓𝑓2

𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚 = 949.6 𝑙𝑙𝑙𝑙
𝑓𝑓𝑓𝑓2+

e

X

∑Fy ∑Fx

qmax 

qmin 

+
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Solution
From the figure,
H* = H1 + H2 + T1 = 8 tan 10° + 19.5 + 2 = 22.91 ft

The Rankine active force per unit length of wall = 

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.
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Driving 
Pressure 
(lb/ft2)/ft

Resisting 
Pressure
(lb/ft2)/ft

Weight/Unit Length (lb/ft)
Moment Arm 
from Point O 

(ft)

Driving Moment
(ft.lb/ft)

Resisting Moment (ft.lb/ft)

Ph1 = 920.13 11.45 920.13x11.45 = 10535.49

Ph2 = 10096.45 7.64 10096.45x7.64 = 77136.88

W1 = 120 x 8 = 960 8.5 960x8.5 = 8,160

W2 = 8X19.2X112 = 17,203.2 8.5 17,203.2x8.5 = 146,227.2

W3 = 0.5X1.41X8X112 = 631.7 9.83 631.7x9.83 = 6,209.6

W4 = 1X19.5X150 = 2,925 4.0 2925x4 = 11,700

W5 = 12.5X2X150 = 3,750 6.25 3750x6.25 = 23,437.5

W6 = 0.5X1.25X19.2X150 = 1,800 3.08 1800x3.08 = 5,544

∑Pv = 162.24+1780.28 = 1,942.52 12.5 1942.52x12.5 = 24,281.5

∑Ph = 11,016.58 0 ∑ Fy = 29,212.4 ∑MD = 87,672.37 ∑MR = 225,559.86

1- Factor of Safety Against Sliding = FS(sliding) =   ∑ 𝐹𝐹𝑦𝑦 tan 20 +𝑃𝑃𝑃𝑃
𝑃𝑃𝑎𝑎

= [ 29,212.4 tan 20𝑜𝑜]+0
11,016.58

= 0.96 < 1.5 𝑁𝑁𝑁𝑁𝑁𝑁 𝑂𝑂𝑂𝑂

Add Passive Resistance
Pp = 0.5 x 4.52 x 115 x 3 = 3493.13 lb/ft
2- Factor of Safety Against Sliding = FS(sliding) =   ∑ 𝐹𝐹𝑦𝑦 tan 20 +𝑃𝑃𝑃𝑃

𝑃𝑃𝑎𝑎
= [ 29,212.4 tan 20𝑜𝑜]+3493.13

11,016.58
= 1.28 < 1.5 𝑁𝑁𝑁𝑁𝑁𝑁 𝑂𝑂𝑂𝑂

3- Factor of Safety Against Overturning = FS(overturning) =   ∑ 𝑀𝑀𝑅𝑅
∑𝑀𝑀𝐷𝐷

= 225,559.86
87,672.37

= 2.57 > 20 𝑂𝑂𝑂𝑂

4- Factor of Safety Bearing Capacity Failure = FS(BC) = 

Kamal Tawfiq



Mnet = ∑MR - ∑MD = 225,559.86 - 87,672.37 = 137,887.5 ft.lb/ft

Mnet = 137,887.5 =  ∑Fy(X) =  29,212.4  (X)

X = (Mnet / ∑Fy ) = 4.72 ft

e =  (12.5/2) – 4.72 = 1.53 ft < B/6 or 12.5/6 = 2.083 (Full contact)

𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚 =
∑ 𝐹𝐹𝑦𝑦
𝐵𝐵

1 + 6 𝑒𝑒
𝐵𝐵

= 29,212.4
12.5

1 + (6)(1.53)
12.5

= 4053.28 𝑙𝑙𝑙𝑙
𝑓𝑓𝑓𝑓2

> 𝑞𝑞𝑎𝑎𝑎𝑎𝑎𝑎 = 3,000 𝑙𝑙𝑙𝑙
𝑓𝑓𝑓𝑓2

No good

𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚 =
∑ 𝐹𝐹𝑦𝑦
𝐵𝐵

1 − 6 𝑒𝑒
𝐵𝐵

= 29,212.4
12.5

1 − (6)(1.53
12.5

= 621 𝑙𝑙𝑙𝑙
𝑓𝑓𝑓𝑓2

qmax 
= 

4053.28 lb/ft2

qmin = 621 lb/ft2

+
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L = 1 ft 
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