
Rankine’s Active and Passive Earth Pressure in (c- f) Soil
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Effect of Cohesion of the Rankine’s Active and Passive Earth Pressure 

Rankine’s Earth Pressure Method for (c- φ) Soil
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COULOMB’S WEDGE THEORY

W = g (area of wedge ABC)
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W = weight of the soil wedge
R = resultant of the shear and normal forces on the failure surface BC
Pa = the active force per unit length of the wall. The direction of Pa is inclined at an angle 
� to the normal drawn and the face of the wall that supports the soil
δ = the angle of friction between the soil and the wall

- Draw this perpendicular line first
- Then draw Pa with  an angle = α



Slope

Wall

Earth Retaining Walls

Wall

Slope



Design of Retaining Wall
Types of Earth Retaining Walls

II- Temporary Walls

Braced cuts

Segmental Walls MSE Walls

Kamal Tawfiq

Sheet pile wall 

Segmental Walls Sea Walls

I- Permanent Walls

Gravity Wall Semi-Gravity Wall

Cantilever Wall
Counterfort wall



Design of Retaining Wall 

1- External Stability
2- Internal Stability

1. External Stability
1- Sliding
2- Overturning
3- Settlement
4- Overall Failure

2

3 4

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

1

Internal Stability
Steel Reinforcement and Thicknesses



Common Proportions  of Cantilever Wall 
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B = 0.4 to 0.7 H

Thickness = H/12 to H/10

Minimum batter = 1/50

6 in Preferable minimum

Toe Slab
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18”
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Approximate Dimensions
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Page 1
Design Input

Page 2
Design Output

(External Stability)
REQUIRED

Page 3
Design Output

(Internal Stability)
NOT REQUIRED

IN THIS PROPJECT

Sample of Excel Spreadsheet Analysis and Deign of Cantilever Retaining Walls

Note:
Assume the Bearing 
Capacity of the 
Foundation, qall = 3000 psf



Counterfort Retaining Wall



Internal Stability
Structural Design
Steel Reinforcement
and Thicknesses

2-

Structural Design



I. External Stability

1- Sliding
Factor of Safety Against Sliding = 

Resisting Force
Driving Force

FR= FD

FD =  Pa FR =  Pp + Friction

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

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

Cohesion

δ = 0.5 to 2/3 φ



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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Retaining wall with a key at the base:





I. External Stability

2- Overturning

Driving Moment
MD

Resisting 
Moment

MR

Factor of Safety Against Overturning = 
Resisting Moment
Driving Moment

MR= MD

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

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

Session Ended 9/30/2020 at 6:15 PM



I. External Stability

1- Sliding
Factor of Safety Against Sliding = 

Resisting Force
Driving Force

FR= FD

FD =  Pa FR =  Pp + Friction

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

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

Cohesion

δ = 0.5 to 2/3 φ
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