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ENCE 361ENCE 361
Soil MechanicsSoil Mechanics

Settlement and Volume Expansion
Settlement of Cohesive Soils (Part II)

Consolidation and Time Considerations



Review of ConsolidationReview of Consolidation



Review of ConsolidationReview of Consolidation



OverconsolidationOverconsolidation

�Overconsolidation complicates the analysis of 
primary settlement because the ground being 
compressed acts as if the previous overburden 
pressure is still being applied, irrespective of 
current overburden conditions

�Requires dividing the settlement analysis into 
two parts

�Sometimes referred to as preconsolidation



Overconsolidation RatioOverconsolidation Ratio

�The ratio of the maximum overburden stress 
a soil has experienced to the present 
overburden stress

�If OCR >1, the soil is overconsolidated

�If OCR ~1, the soil is normally consolidated

�If OCR <1, the soil is underconsolidated
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Overconsolidated ExampleOverconsolidated Example

�OCR = 6.6/0.3 = 22

�5 tsf additional load

� With overburden: 5 + 0.3 = 5.3 tsf

� 0.3 < 5.3 < 6.6, thus use

S
pc
 = (6)(12)/(1+1.05)(0.078)log

10
(5.3/0.3)

=3.42”
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Overconsolidated ExampleOverconsolidated Example

�7.5 tsf additional load

� With overburden: 7.5 + 0.3 = 7.8 tsf

� 6.6 < 7.8, thus use

S
pc
 = (6)(12)/(1+1.05)((0.078)log

10
(6.6/0.3)

+(0.42)log
10

(7.8/6.6)) = 4.75”
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Leonards' CorrectionLeonards' Correction

Shown in NAVFAC DM 7.01



Application of Leonards' Application of Leonards' 
CorrectionCorrection

�Assume square foundation (B/H = 1)

�For OCR = 22, from chart, ��= 0.6

�5 tsf load

� Original Settlement = 3.42”

� Adjusted Settlement = (0.6)(3.42) = 2.05”

�7.5 tsf load

� Original Settlement = 4.75”

� Adjusted Settlement = (0.6)(4.75) = 2.85”



Multiple LayersMultiple Layers

�Multiple layers can be handled by computing 
the single layer consolidation for each and 
summing the displacements

�Take care to properly compute or assign the 
additional vertical stresses generated by the 
surface load for each layer (not all of the 
stresses will be the same)

�Take care when dealing with overconsolidated 
soils to properly understand the consolidation 
region for each layer



Secondary Compression of Secondary Compression of 
Cohesive SoilsCohesive Soils

�Secondary compression settlement is a form of 
soil creep that is largely controlled by the rate 
at which the skeleton of compressible soils, 
particularly clays, silts, and peats, can yield 
and compress.

�Secondary compression is often conveniently 
identified to follow primary consolidation 
when excess pore fluid pressure can no longer 
be measured; however, both processes may 
occur simultaneously. 



Computation of Secondary Computation of Secondary 
CompressionCompression

�Formula

� C
�
 = coefficient of secondary consolidation

� t
f 
= time at end of consolidation compression

� t
p
 = time at end of time period of interest in 

settlement computations

Ssc�C�

H o
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log10
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t p



Example of Secondary Example of Secondary 
CompressionCompression

�Given

� As shown

� Expected time for 
primary consolidation 
~ 13 years

� Desired life of 
structure = 110 years

�Find

� Secondary 
Consolidation



Secondary Compression Secondary Compression 
ExampleExample

�Primary Compression Calculation

�Secondary Compression Calculation

� S
sc
 = 

(16'/2)(12 in./ft.)(0.010)(log
10

(110/13))/(1+1) = 
0.45”

�Total Compression = 6.35 + 0.45 = 6.80”



Time Rate of ConsolidationTime Rate of Consolidation



Overview of Time Rate Overview of Time Rate 
ComputationsComputations

�Consolidation is a process that takes place 
over time and is the result of two processes:

� Dissipation of excess pore water pressures created 
by surcharge or new foundation loads at the 
surface.  This takes place when the excess water is 
drained from the soil

� Rearrangement of the soil particles (“soil 
skeleton”) to reflect new effective stress conditions 
created by foundation or surcharge



Arithmetic ScaleArithmetic Scale

Coefficient of Compressibility



Void Ratio and PorosityVoid Ratio and Porosity

av�
�e
� p

Porosity Relationship

�n�
�e

1�eo

Substituting,

�n�
av

1�eo

� p�mv� p

Coefficient of Volume
Compressibility



Consolidation ModelConsolidation Model
Sign Convention
Better Reversed



Continuity of FlowContinuity of Flow
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Substituting,
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u(z,t): Pressure vs. Distance and Time Variable



Darcy's LawDarcy's Law
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Differentiating,
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Equating
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Consolidation EquationConsolidation Equation

�u
� t

�
k

�w mv

�2u

� z2�cv
�2u

� z2

�Rearranging,

�Boundary conditions are the conditions of 
drainage at the surfaces of the consolidating 
layer

�Initial conditions are the effective stress and 
pore water conditions



Drainage ConditionsDrainage Conditions

�Speed of the drainage depends upon the 
conditions at the boundaries of the drainage

�Drainage can be one or two ways

�Distribution of initial pore pressure can affect 
time rate of consolidation



Solution of Solution of 
Consolidation Consolidation 

EquationEquation



Time Rate ComputationTime Rate Computation

�Formula

� T
v
 = time factor for vertical drainage

� H
dr
 = longest distance of drainage to pervious 

surface

� Usually depth of layer for single drainage, half of layer 
depth for double drainage

� c
v
 = coefficient of consolidation

t�
Tv H dr

2

cv



Time FactorTime Factor



Coefficient of Coefficient of 
ConsolidationConsolidation



Coefficient of Coefficient of 
ConsolidationConsolidation



Example of Time Factor Example of Time Factor 
CalculationCalculation

�Given

� As shown

�Find

� Relationship of time of 
consolidation with 
time factor



Solution of Time Factor Solution of Time Factor 
CalculationCalculation

Days
10 0 0 0
20 0.01 10 0.64
30 0.01 10 0.64
40 0.02 15 0.95
50 0.02 15 0.95
60 0.03 20 1.27
70 0.03 20 1.27
80 0.04 25 1.59
90 0.04 25 1.59

100 0.05 28 1.78
200 0.09 32 2.03
300 0.14 40 2.54
400 0.19 48 3.05
500 0.23 53 3.37
600 0.28 60 3.81
700 0.33 63 4
800 0.38 68 4.32
900 0.42 72 4.57

1000 0.47 75 4.76

8
0.03
6.35

Tv
Percent 
Consolidation

Settlement, 
in.

Hdr
Cv
Spc

Tv�
t cv

H dr
2



Time Factor Calculation Time Factor Calculation 
SolutionSolution



Questions?Questions?


