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Retaining WallsRetaining Walls
Necessary in situations 
where gradual transitions 
either take up too much 
space or are impractical 
for other reasons
Retaining walls are 
analysed for both 
resistance to overturning 
and structural integrity
Two categories of 
retaining walls

Externally Stabilized
Internally Stabilized



Types of Retaining Walls



Outline of Retaining Wall 
Materials

Review of Lateral Earth 
Pressures
Concrete Gravity 
Retaining Walls
MSE (Mechanically 
Stabilised Earth) Walls
Sheet Pile Walls

Cantilever Walls
Anchored Walls

Braced Cuts

Reference Materials
NAVFAC DM 7.02 

Chapter 3
Verruijt Chapters 32-38
FHWA NHI-06-089 

Chapter 10



Lateral Earth Pressure 
Topics

• States of Lateral Earth 
Pressure
– At-Rest (Neutral) Earth 

Pressure
– Active Earth Pressure
– Passive Earth Pressure
– It’s possible to have in-

between states, but we 
usually don’t discuss these 
in elementary retaining wall 
design

• Theories of Lateral Earth 
Pressure
– Jaky (At-Rest Pressures)
– Planar Failure Surface

• Rankine (Active, Passive)
• Coulomb (Active, Passive)

– Non-Planar Failure Surface
• Log-Spiral Theory (Active, 

Passive)



Lateral Earth Pressure 
Coefficient



At-Rest (Neutral) Earth 
Pressures



Active Earth Pressures



Passive Earth Pressures



Relationship of the 
Different Stress States



Rankine Earth Pressure
• Assumes Mohr-Coulomb 

failure conditions for the 
soil

• Does not include effects of 
wall-soil friction

• Can be extended to include 
sloping backfill (see 
Coulomb Theory)

• Also includes provision for 
cohesive soils (see chart at 
right)



Coulomb Failure Theory
• Includes effects of wall-

soil friction through use of 
failure wedge theory

• Can also be used with 
sloping backfill walls

• Is very 
UNCONSERVATIVE for 
passive pressures with high 
values of wall friction

• Formulas to the right 
assume that δ is positive 
for both active and passive 
pressures



Coulomb Earth Pressure 
Theory



LogLog--Spiral Spiral 
ModelModel

Assumes log spiral 
failure surface 
behind wall
Requires use of 
suitable chart for KAand KP
Requires different 
chart for vertical wall 
and horizontal 
backfill (vertical wall 
shown at left)
With AASHTO 
specifications, only 
log-spiral charts for KPare necessary





Typical Typical 
Values Values 
of Wall of Wall 
FrictionFriction

Maximum wall 
friction suggested for 
design:
Active: δ = 2φ’/3
Passive: δ = φ’/2
Also: δ = tan‐1(sin(φ))



Walls with Cohesive Walls with Cohesive 
BackfillBackfill

Retaining walls should 
generally have 
cohesionless backfill, but 
in some cases cohesive 
backfill is unavoidable

Cohesive soils present the 
following weaknesses as backfill:

Poor drainage
Creep
Expansiveness

Most lateral earth 
pressure theory was first 
developed for purely 
cohesionless soils (c = 0) 
and has been extended 
to cohesive soils 
afterward



Effects of Surface Effects of Surface 
LoadingLoading



Example of Surcharge Example of Surcharge 
LoadingLoading



Groundwater EffectsGroundwater Effects
Steps to properly 
compute horizontal 
stresses including 
groundwater effects:

Compute total vertical stress
Compute effective vertical 
stress by removing 
groundwater effect through 
submerged unit weight; plot on 
Po diagram
Compute effective horizontal 
stress by multiplying effective 
vertical stress by K
Compute total horizontal stress 
by directly adding effect of 
groundwater unit weight to 
effective horizontal stress



Groundwater ExampleGroundwater Example



QuestionsQuestions
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