
A Practical Review of Earth 
Pressure Theory and the Factors 

Affecting Earth-Pressure 
Retaining Structures

Stan Vitton, Ph.D., P.E.

Civil & Environmental Engineering

Michigan Technological University

Aspects of Earth Pressure10/26/2020



A Practical Review of Earth Pressure

Two primary topics:

1. A practical review of earth pressure theories used 
in the design of earth retaining structures

2. Case study of a $8 million dollar slope failure 
comparing a simple conservative analysis to a 
Flac-3D analysis.

Title of document here10/26/2020



Everything should be 
made as simple as 
possible, but not 
simpler.



Introduction: 

• How I got myself into this mess

• Michigan DOT Sheet Pile Manual

• ASCE 1st Conference on Earth Structures
• Does anyone do hand calculations anymore?



Senior Design Project: Concrete Tunnel Under a 
Major Railway in Canada in Soft Saturated Clay



SupportIT 
Software

Senior Design Project: Concrete Tunnel Under a 
Major Railway in Canada in Soft Saturated Clay



So why does standard sheet pile programs 
calculate such deep embedment depths for 
soft clays?



Just make it a firm 
clay instead!!

• The problem is the 
assumptions made in the 
classical design methods:
• Ka = Kp

• Assuming that the 
strength of the “soft” 
clay doesn’t change 
with depth, therefore

• Passive Resistance: 
p = 2Su
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(Total pile length, ft) 

Hand Calculations 

(Total pile length, ft) 

Maximum soil pressure at dredge line, (psf/ft) 1,089.7 1,090.2 

Anchor Load, (lbs/ft) 2,948 2,901 

Zero Shear location along sheet pile, (ft) 10.94 10.87 

Maximum Moment, (ft-lbs/ft), FOS = 1.0 10,650 10,674 

Sheet Pile Embedment, FOS = 1.00, Du (ft) 2.42 2.42 

USS 20% FOS Embedment Length, Df (ft) 2.9 (18) 2.9 (18) 

USS 40% FOS Embedment Length, Df (ft) 
3.3 (18.5) 3.4 (18.5) 

CP2 FOS Embedment Length, Df (ft) FOS = 1.5 
4.38 (19) 4.37 (19) 

 



Thoughts on earth pressure theories 

• What earth pressure theory should be used????

• What about sloped backfills?

• What critical height, hc, should be used in clay?



What earth pressure theory should be 
used????

• CalTran Revision 12, 1990
• Rankine?
• Coulomb?
• Log spiral?
• Tschebotarioff?
• Teng?



For level backfill, Coulomb and Rankine provide the 
same earth pressures but not so for sloped backfill



Rankine Theory

Coulomb Theory
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Gregory Tschebotarioff Lecture

“……. A further description of the Rankine
Method of analysis and the deviation of his
formula will therefore be omitted as
unnecessary ballast for the general civil
engineering practitioner” G. Tschebotarioff,



For level backfill, Coulomb and Rankine provide the 
same earth pressures but not so for sloped backfill



A couple of thoughts from writing the 
MDOT Sheet Pile Manual

• What earth pressure theory should be used????

• What about sloped backfills?

• In clay what critical height, hc, should be used?



Log Spiral Caquot and Kérisel Method 
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Tschebotarioff Example

Ka



USS Sheet Pile Manual:

Figure 5a (Caquot-Kersiel chart) 
 = 35° &  / = -0.5
Kp’ = about 10
Kp = Kp’ x Rd

Kp = ~10 x 0.674  6.7
Close to Kp = 6.56 OK!

SupportIT© uses European Code 7 (1995):
 

𝐾ℎ = 𝑐𝑜𝑠2𝛽.  
1 + sin ∅′ sin (2𝑚𝑤 + ∅′  

1 − sin ∅′ sin(2𝑚𝑡 +  ∅′)
 . exp 2𝜈 𝑡𝑎𝑛∅′  

𝑚𝑡 =
𝑐𝑜𝑠−1  −

sin 𝛽
sin ∅′ − ∅′ − 𝛽

2
 

𝑚𝑤 =
𝑐𝑜𝑠−1  

sin 𝛿
sin ∅′ − ∅′ − 𝛿

2
 

𝜐 = 𝑚𝑡 + 𝛽 − 𝑚𝑤  

 = 35°



• One of the more comprehensive book available
• Great Britain but based on EU Standards
• Covers a range of walls
• Cover a number of design methods

• Limiting equilibrium
• Discrete-spring models
• Continuum models



A couple of thoughts from writing the 
MDOT Sheet Pile Manual

• What earth pressure theory should be used????

• What about sloped backfills?

• In clay what critical height, hc, should be used?



Cohesive Soils: For stiff soils how high can the soil stand 
unsupported, hc?? 

Hc

𝐻𝑐 = 𝟒
𝑺𝒖

𝜸
Terzaghi (1943)

𝐻𝑐 = 𝟑. 𝟖𝟓
𝑺𝒖

𝜸
Fellenius (1927)

Hc

𝑧 = 𝟐
𝑺𝒖

𝜸Tension Crack 
intersecting a 
potential failure 
surface

Tension Crack

𝐻𝑐 = 𝟐. 𝟔𝟕
𝑺𝒖

𝜸
Terzaghi (1943)



Gregory 
Tschebotarioff 
Lecture

Part II  
Case Study: $8 million dollar slope failure  





Case Study – A simple $8 million dollar failure

• 1988 Rock slope failure in Birmingham, AL



Red Mountain, Birmingham, AL



Vulcan Park

Rock Slope 
Failure

Downtown 
Birmingham





Mountain Top 
Apartments

Crestwood Festival Center
(Formerly called Eastwood)

Slope Direction



75 feet



FILL

CUT

Mountain Top
Apartments



Note: Groundwater was not encountered in the 
exploration boreholes

Seepage

Seepage







Rock Required 
Blasting





Inclinometers Installed





Landslide #1





















Potential Causes for the failure:

• Dipping bedrock at 17 towards the cut

• Interbedded weathered clay layers

• Blasting

• Excavation at greater than a 45

• Potential underground mining activity



Historic 
Underground 
Iron Mining on 
Red Mountain



1924

1924

1958



1925



Subsidence and Its Relationship to Drainage  of the Red 
Iron Mines in Birmingham  District, Alabama
W.R. Crane
1925, 1927







Mined out layer





Vertical 
Joints

50 feet







FS = 1.0



Clinometer Data

Ground Movement 
due to excavation



Flac 3D Model

PhD Student:
• Spent a month – part time 

setting up the model
• Was not able to accurately 

model the joint system’s 
deformation movement

• Results were inconclusive



Lessons Learned

• On many projects, close enough is good enough when 
using classical methods of analysis, at least to get an initial 
understand of the project. 

• Coulomb Earth Pressure Theory is adequate for most 
analysis

• Earth pressures for slopes should use a log-spiral method

• The most important use of classical methods is to 
investigate the big issues quickly and inexpensively.

• Numerical methods, however, should be use don more 
complex projects.


