Monday- 3

Analysis of Consolidation Test Data
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Odeometer type 1-D
consolidation settlement



Settlement



Settlement of structures
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Settlement

¢ Definition of strain & settlement
computation

s* Stresses and stress increments

“* Soil parameters: Moduli, Poisson’s
ratio; Consolidation parameters

** Settlement components &
computations
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Coefficients
For saturated soil

Au = Ao, + A[Aal = A03]

A —porepressurecoefficien t
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Settlement

¢ Definition of strain & settlement
computation

s Stresses and stress increments

“* Soil parameters: Moduli, Poisson’s
ratio; Consolidation parameters

** Settlement components &
computations
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Settlement

s Definition of strain & settlement
computation

s* Stresses and stress increments

¢ Soil parameters: Moduli, Poisson’s
ratio; Consolidation parameters

** Settlement components &
computations
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Soil parameters for settlement
analysis
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Soil parameters related to theory of
elasticity

1. Immediate Settlement (no volume change)

Undrained modulus, E (kN/m?);

Undrained Poisson's ratio, v,

2. Totalsettlement (undramed and consolidation)
Drained modulus (kN/m*), E';

Drained Poisson's ratio, '
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1-D consolidation settlement
parametrs : soil parameters
from Oedometer type of test

1. From (e, o)) relation :
(a) Compression index, C_
(b) Coefficient of volume decrease, m (m”/kN)

1
m

v

(kN/m?)

(c) Constramed modulus, D =

(d) Maximum pastpressure,p, (kN/m?)
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2 Fromsettlement - squarte root time plot or
settlement log time plot, Coefficient of
consolidation, ¢ (m” / year)

From settlement - log time plot: Coefficient

of secondary consolidation, C_

3. From,c ,m_,and y_ determine, permeability,k
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Consolidation — Reduction in pore space by
expulsion of water only:

Fig. 15 17



SECTION 8: ONE- DIMENSIONAL
CONSOLIDATION

Load
Porous stones
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Fig 16. Consolidometer Oedometer
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Undrained and Drained strains

1-D Consolidation

Theory of Elasticity for Strains

Consolidation Theory for Strains
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Undrained Deformation

Ag, = EL[AO-{ - U, (2AU§)]

u

|
Ag, = — Ao, —v, (Ao +Ac?)]

u

E - Undrained M odulus

u

v - Undramned Poisson's Ratio

u

v =0.5
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Drained Deformation

Ag, = %[Aa{ —V'(2A0))]

1

Agy, =— [Aag —Vv'(Ao| + Aag)]

E

E' - Drained M odulus

V’

- Drained Poisson's Ratio
=0.2t00.3
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Consolidation Test Graphs & Parameters

1. For each increment

(a) Settlement - Jt Plot : C,
(b) Settlement - Log t Plot:c and C

2. From several increments at equilibrium
conditions with full dissipation of porepressure

Voids ratio (e) -log efective vertical stress (o, ) Plot

aV,CC,mV,(G )maX

A
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Voids ratio-Effective vertical
stress relationship
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1. Slopeof line ACis

Compression Index , C_

2. Slopeof line DB1s

A A |
€ Swell Index - Recompression
Index, C,
D
B
C
>
. (b) Log scale to base ten Logo,
Fig. 22 y

Voids ratio — effective vertical stress plot
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Settlement —time plots

1. Settlement-square root time plot—
Taylor’s plot

2. Settlement log time plot
Casagrande Method
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Settlement (mm)

0 1 | } ‘,
| | | | | H O -
X f ‘ |

0.5 \\.,
|
\

N |
2 | -x\ 'j Rock (Impermeable)

O\
| | | |: ‘ B | C t
25 | l\ \\ ‘ ; 20 O 85

Sqrt Time \ 1'2 ‘ ° H
Fig. 25 \ P 33



o siasRermeable - Boundary:i:
Casagrande method-50 % consolidation =1

Log-of-time method (Casagrande)

" T T 117 |

B | L | Hp
~ A ]

fls | \\ ail - T

* " Permeable Boundary T

s Gravels (Permeable) i

Settlement (mm)

Rock (Impermeable)

25

; ~ 0.195H,

1000 C
Time (log scale)

t
Fig. 26 0 3

0.1 1 v



- Log,,t

Secondary
consolidation

Fig. 27 35



Consolidation Test Graphs & Parameters

1. For each increment

(a) Settlement - Jt Plot : C,
(b) Settlement - Log t Plot:c and C

2. From several increments at equilibrium
conditions with full dissipation of porepressure

Voids ratio (e) -log efective vertical stress (o, ) Plot

aV,CC,mV,(G )maX

\%
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Settlement

s Definition of strain & settlement
computation

s* Stresses and stress increments

** Soil parameters: Moduli, Poisson’s
ratio; Consolidation parameters

* Settlement components &
computations
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P = Poed

P =P TPc



P =Poed T Ps

P=Pi TPc TPsc T Pcreep

Pc = “(poed)



Immediate Settlement
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Janbu, Bjerrum and Kjaernsli
showed that I could be expressed
as

l, = Lol
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L relates to the geometry
B of the loaded area.

is the ratio of the depth of
the loaded area to the least
width of the loaded area.

wile

ﬂ is the ratio of the thickness
B of compressible clay layer
below the loaded area. y



Consolidation settlement



In this section, the traditional
Odeometer type of 1-D
settlement calculation, its
modification by Skempton and
Bjerrum's factor pu to obtain 3-D
type of consolidation settlement
will be discussed.
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Odeometer type 1-D
consolidation settlement



YYYVYYYy Ly

1 AgH, =p,
2 Ag,H, =p,
3 Ag;H, =p,

L =P T L+ L5

Fig. 33
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- - Endof primary
consolidation (ug=0)

Fig. 7.37. Relationship between C_and C¢ during secondary compression
in the e—log o,—log t space (Mesri & Godlewski, 1977).
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Fig. 7.24. Steps for the use of Asacka's method: (a) partition of settlement
record into equal time intervals, (b) plot of settlement values and ﬁthng of

straight line (Magnan & Deroy, 1980).
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Settlement criteria in road
embankment from
motorways
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1) Maximum total settlement is 100 mm following
practical embankment completion over 40 year period

2) Maximum differential settlement is Smm at the
interface between any structure and pavement

3) 90 percent consolidation is deemed to be approximately
full consolidation

4) Secondary compression (creep) is determined for a 40
year design life
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