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Soil Settlement 

Total Soil Settlement = Elastic Settlement + 

Consolidation Settlement

Stotal = Se + Sc

Elastic Settlement also called immediate Settlement occurs 

in

sandy, silty and clayey soils.

Consolidation Settlement  depends on the following:

1.Cohesive soils  due to the expulsion of the water from the 

voids.

2.Soil permeability the rate of settlement may varied  from soil 

to 

another.

3.Variation in the rate of consolidation settlement depends 

on the boundary conditions.



Consolidation Settlement 
(Time Dependent Settlement)

Consolidation = Primary consolidation + Secondary Consolidation

Primary consolidation  - Volume change in soil is due to 

reduction in pore water pressure 

Secondary Consolidation - Volume change is due to the 

rearrangement of the soil particles 

After the primary consolidation no pore water pressure 

change, Δu = 0 then secondary consolidation occurs.



Primary Consolidation 
Settlement

Primary Consolidation Settlement is of two types:

1. Normal Consolidated Soil - A soil that is currently

experiencing its highest stress.

Such soils are more compressible representing high

settlement of loading.

1. Overconsolidated Soil – A soil which are loaded in the

past history and past load was more than present

effective stress. Such soils are less compressible and

more stable.



Normally Consolidate Soil  

DH =                     
Cc H

1 + eO P0

Po + DP
log (            )

These graphs are determined through

Oedometer Test on sample of clay where we

want to determined settlement



Over Consolidated Soil



Over Consolidated Soil



Overconsolidation Ratio 

Maximum past pressure (s’p ) quantifies 

The “stress history” of the soil – it is the 

largest magnitude of effective stress the soil 

has been consolidated to in the past. 

Overconsolidation Ratio (OCR) quantifies the 

magnitude of a soil’s existing state of stress 

relative to its maximum past stress.

𝑂𝐶𝑅 =
𝜎′𝑝𝑜𝑟 𝑃𝑜

𝜎′

If OCR = 1, then ’p = ’ and the soil is 

“normally consolidated” (soft response –

virgin compression)

If OCR > 1, then ’p > ’ and the soil is “over 

consolidated” (stiff response – it has been 

precompressed)

Sources of Overconsolidation:

• Extensive erosion

• Past glacial activity

• Removed structures

• Risen water table

• Evaporation

This graph is received from 

Consolidation (Oedometer) Testing.



• Divide e-log p curve into linear segments

• OC = Overconsolidated (stiff response)

• NC = Normally Consolidated (soft response)

• OC and NC portions separated by s’p

•Po or ’p = “maximum past pressure”

• Cr = Recompression Index (slope of OC)

• Cc = Compression Index (slope of NC)

• Cs = Swell Index (slope of unload response)
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Rate of Consolidation Settlement

• Recall that consolidation is volume change due to pore water being squeezed out

• Dissipation of excess pore pressure

• So consolidation takes time!!! – depends on:

• Hydraulic conductivity (k)

• Drainage boundaries (max length of drainage path, Hdr)

gfillFill

Soft 

Clay

Rock

k

Hdr



Drainage Path Length,Hdr

A
dL

dh
kQ t= Flow rate (rate of consolidation) depends on k and dht/dL

Settlement at any time = Stime

Stime = Sultimate*U

U = f(Tv)……..Tv = Time factor

(Adopted from table)

Tv = f(cv) …….cv = Coefficient of 

Consolidation (obtained from 

Laboratory test)

Tv = cv.t/(Hdr)2

t = time (days, months or years)

Hdr = Drainage path H or H/2

Once you determine Tv, use the table shown on the page to determined U%



Degree of Consolidation (U%) Vs. Time Factor (Tv)



Examples

Example 1: How long for 90% consolidation?

90.0=U

From Table in previous page, 

T = 0.848

𝑇 =
𝑐𝑣𝑡

𝐻𝑑𝑟
2
= 0.848

𝑡 =
0.848 𝐻𝑑𝑟

2

𝑐𝑣

𝑡 =
0.848 3 2

0.0046 𝑚2/𝑑𝑎𝑦
= 1660𝑑𝑎𝑦𝑠
𝑡 = 4.6𝑦𝑒𝑎𝑟𝑠

Clay

cv = 0.0046 

m2/day
6m

Sand



Examples

If S∞ = 1.24m, how long for 0.635m of settlement?

𝑈 =
𝑆𝑡
𝑆∞

=
0.635

1.24
= 0.5 (50%)

From table, T = 0.196

𝑇 =
𝑐𝑣𝑡

𝐻𝑑𝑟
2
= 0.196

𝑡 =
0.196 𝐻𝑑𝑟

2

𝑐𝑣

𝑡 =
0.196 3 2

0.0046 𝑚2/𝑑𝑎𝑦
= 384𝑑𝑎𝑦𝑠

𝑡 = 1.05𝑦𝑒𝑎𝑟𝑠

Clay

cv = 0.0046 

m2/day
6m

Sand



If bottom boundary is impervious, how long for 90% consolidation?

90.0=U

Clay

cv = 0.0046 

m2/day
6m

Impervious rock

From table, T = 0.848

𝑇 =
𝑐𝑣𝑡

𝐻𝑑𝑟
2 = 0.848

𝑡 =
0.848 𝐻𝑑𝑟

2

𝑐𝑣

𝑡 =
0.848 6 2

0.0046 𝑚2/𝑑𝑎𝑦
= 6634𝑑𝑎𝑦𝑠

𝑡 = 18.2𝑦𝑒𝑎𝑟𝑠 !!!!!!



Compute total consolidation settlement and time for 95% 

consolidation

OCR = 1, so clay is NC.

pi ''  =

Analyze using Point A at midpoint of clay
Clay

k = 10-6 cm/s

e0 = 1.2

Cc = 0.40

g = 16 KN/m3

OCR = 1

15m

Impervious Rock

6.2m

A

7.5m

𝜎′𝐴𝑖 = 16 7.5 − 9.81 7.5 = 46.4 𝐾𝑁/𝑚2

𝜎′𝐴𝑓 = 46.4 + 16 6.2 = 145.6
𝐾𝑁

𝑚2

𝑆∞ = Δ𝐻 =
𝐶𝑐𝐻

1 + 𝑒𝑜
log

𝜎′𝐴𝑓

𝜎′𝐴𝑖

𝑆∞ =
0.4 15

1 + 1.2
log

145.6

46.4
= 1.35𝑚



Clay

k = 10-6 cm/s

e0 = 1.2

Cc = 0.40

g = 16 KN/m3

OCR = 1

15m

Impervious Rock

6.2m

A

7.5m

Not given cv, so need to calculate…

𝑐𝑣 =
𝑘

𝑚𝑣𝛾𝑤

𝑚𝑣 =
𝑑𝜀

𝑑𝜎′
=

ൗΔ𝐻
𝐻0

Δ𝜎′
=

ൗ1.35
15

99.2
= 9.07 × 10−4

𝑚2

𝐾𝑁
𝑠𝑜

𝑐𝑣 =
10−8𝑚/𝑠 86,400𝑠/𝑑𝑎𝑦

9.07 × 10−4 9.81
= 0.0971 𝑚2/𝑑𝑎𝑦

If U = 95%, T = 1.129

𝑡 =
𝑇 𝐻𝑑𝑟

2

𝑐𝑣
=

1.129 15 2

0.0971
= 7.1 𝑦𝑒𝑎𝑟𝑠

𝑆𝑡 = 𝑈 𝑆∞ = 0.95 1.35 = 1.28𝑚



Numerical Analysis

This example I took from Rocscience RS2 Tutorials. This 

example will show how the fill of road embankment and later 

the traffic load generates excess pore water pressure and 

consolidation settlement from the time of start of construction 

will become negligible with the time.

This process is of 65days. This process also shows the 

dissipation of excess pore pressure as well with the passing of 

days.



Numerical Analysis – Stages of Loading

Stage 1 – Actual Soil Profile (0 

day)
Stage 2 – 1st layer of Embankment fill (day 

-1 )

Stage 3 – 2nd layer of Embankment fill (day -10th ) Stage 4 – 3rd layer of Embankment fill (day 20th )

Stage 5 – 4th layer of Embankment fill ( day 

60th )
Stage 6 – Vehicular Loding (day 60th onwards till 

day 65) 



Results

Excess Pore Pressure



The deformed contour for Stage 5 (60 d)

The vertical settlement
underneath the embankment
increases until
stage 5 (addition of traffic loads)
and then stays constant for the
remaining stages.

Result - Settlement



Any Questions 

Please write in the comments below




