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ENCE 4610ENCE 4610
Foundation Analysis and DesignFoundation Analysis and Design

Lecture 5
Shallow Foundations

Total and Differential Settlement
Schmertmann’s Method



Two Failure Modes: Strength 
and Serviceability

• Strength
– Geotechnical Strength 

Requirements
• Design to prevent failure by soil 

plastic shear failure
• Failure is generally catastrophic 
• Can be done either using ASD or 

LRFD
– Structural Strength Requirements

• Design to avoid structural failure 
of foundation components

• Similar to other structural 
analyses

– Common examples: bearing 
capacity failure, retaining wall 
failure

• Serviceability
– Generally refers to failure when 

gradual movement of the structure 
makes its use difficult or 
impossible

– Failure is gradual
– Can also be analyzed using ASD 

or LRFD
– Most common example in 

geotechnical engineering is 
settlement failure



Goals in Settlement 
Analysis

• How much will the 
structure settle until it’s 
either completely or 
partially inoperable?

• Analysis based on:
– Type of Structure
– Size of Structure
– Use of Structure

• How much will the 
structure settle given 
the geotechnical 
configuration?



Types of Types of 
SettlementSettlement
• Definitions of 

Settlement
o Absolute settlement, 

usually associated with 
uniform/total settlement 

o Angular distortion 
settlement, usually 
associated with 
differential settlement 

• Can be expensive 
and hinder the use 
of a structure

o “Bump in the bridge”
o Damage to walls and 

utilities (gas leaks and 
explosions)



Total vs. Differential Total vs. Differential 
SettlementSettlement

• Differential Settlement
o The settlement of a structure 

from one column/pier/load 
bearing member to the next

o Is expressed as a ratio of the 
distance between the relative 
settlement of two 
columns/piers and the 
distance between them

o Can be influenced by the 
following:

• Type of construction (steel, 
concrete, etc.)

• Use of structure

• Total Settlement
o The uniform settlement of an 

entire structure
o Assumes that the structure 

settles as a unit
o Is expressed in units of length
o Can be influenced by the 

following:
• Neighboring structures 

(access, physical 
connection, utility 
connections)

• Aesthetics
• Drainage (a settled 

structure may be more 
vulnerable to ground 
water intrusion)



““TypicalTypical”” Values of Total Values of Total 
SettlementSettlement



Example of Settlement Example of Settlement 
CalculationsCalculations

Given
Steel framed office building, 20' column spacing, 
unreinforced load-bearing walls, δ/L < 1/1000 

Find
Allowable total settlement
Allowable differential settlement

Solution
Typical total settlement specification = 4” (Frames 
structure)
Use δ/L = 1/1000 (Steel and concrete frame); δdu
= (1/1000)(20') = 0.02' = 0.25”



Estimation of Settlement
• As is typical in 

geotechnical engineering, 
there are many methods to 
estimate settlement

• Cohesive Soils
– Classic primary one-

dimensional consolidation 
settlement

– Secondary Consolidation 
(secular effect)

– Discussed in ENCE 3610

• Cohesionless Soils
– Hough’s Method (3610)
– Schmertmann’s Method 

(below)

• All Soils
– Coefficient of Subgrade

Reaction/Plate Load Tests 
(SL 6)

– Elastic Methods (3610, used 
to estimate initial settlement 
for one-dimensional 
consolidation settlement



SchmertmannSchmertmann’’ss
MethodMethod

• Originally set forth by John 
Schmertmann, who did 
extensive research 
concerning settlement in 
sands (FL) and application 
of CPT methods to deep 
foundation capacity

• Several versions; modified 
version is presented

• Not necessary to use elastic 
settlement as initial 
settlement, as it 
incorporates theory of 
elasticity considerations
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