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Consolidation

Loaded Soil will Compress Due to: 
Deformation of soil grains (elastic)
Degree water saturation <1

Compression of air and water in voids 
Squeezing water and air out of voids

Degree water saturation =1

Compression of water (very small)
Squeezing water out of voids
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For Load Problems Need to Answer 
1. How much settlement will occur due to 

an applied load?
Magnitude of settlement

2. How long will it take for settlement to 
occur?

Time rate of consolidation

Soil Vertical Stress

z

z

σv’

σv’

σv’
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Spring Analogy to Soil Consolidation

Soil Vertical Stress

z
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Spring Analogy to Soil Consolidation

Immediate settlement

Note: porewater pressure 
increased by Δu = ue

Smax occurs when Δu = 0

Change in volume in container  = 
volume of water removed if Srw=1

Spring Analogy
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Oedometer Test

Δσ=P/A

Record for each stress 

increment (Δσ):

Change in height of 
specimen with time

t=0, ue=0%, t=∞

hw = Δσ/γw

t=1, ue=100%

t=2, ue=50%

Typical 
Stress 
Increment 
Test Data
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Casagrande Log Time Method

ue=100%, U = 0%

ue=50%, U = 50%

ue=0%, U=100%
R=100

R=50

R=0

U = degree of pore water pressure dissipated

Casagrande Log Time Method
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Root 
Time 
Method

Settlement Calculations 

H0

water 
& 

solids
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Δe

solids

voids

ΔH=s
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solids

voidse0

1

Initial Final
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Consolidation Settlement Calculations 

εv = ΔH/H0 = s/H0= Δe/1+e0

s = εv H0= (Δe/1+e0) H0

Note: Want settlement @ U=100% 

100% dissipation of excess porewater pressure

U100 Data for Stress Increments

mv= Δεv/Δσv’ av= -Δe/Δσv’

Coef. of Volume change (mv) Coef. of compressibility (av)
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U100 Data for Stress Increments
Compression Index (Cc)

cc= Δe/(logσ2’- logσ1’) 

cc =(e1-e2)/log (σ2’/σ1’)

If σ2’ = σ1’+Δσ

cc =Δe/log [(σ1’+Δσ)/σ1’]

e1

e2

σ’1 σ’2
e1 =2.4, e2=1.4 Δe = 1.0

σ’1=7.1, σ’2=49

cc = 1.0/(log49-log7.1) = 1.19

Δσ

Settlement Equation in Terms of mv
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Settlement Equation in Terms of av
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Soil Vertical Stress

z

z

σv’

σz’

σz’

Stress on Soil @ depth z 

At depth z

σ’v= σ’z

σ’v= σ’z
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Stress on Soil at depth z=0 

At ground surface

σ’v= 0

σ’v= 0

σ’h= 0 σ’h= 0

Note: soil unloaded from 

σ’v= σ’z to σ’z =0

er er >e0

Soil Formation

σv’

σv’

σ2’

σ3’

z

σv’

1

2

3
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Soil Consolidation Curve
Log σ’
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Oedometer Test on Soil Sample
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Settlement due to Δσ
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Over Consolidation Ratio (OCR)
Log σ’
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Determination of σc’

See Das for procedure

Note σc’ is not a distinct point
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Over Consolidation Ratio (OCR)
If OCR ≤ 1.2  σ’c ~ σ’ then soil is normally 
consolidated

If OCR ≥ 1.2 then soil is over consolidated

Settlement Analysis
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