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




For LLoad Problems Need to Answer

How much settlement will occur due to
an applied load?

= Magnitude of settlement

How long will it take for settlement to
occur?

= Time rate of consolidation

Soil Vertical Stress




Spring Analogy to Soil Consolidation
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Spring Analogy to Soil Consolidation

a,. Immediate settlement Ag +
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(b} Under load, Ao.

Note increased pore water
Note: porewater pressure Pressure and water flow.

increased by Au = u,

Spring Analogy

Siax Occurs when Au = 0 Is

7
Change in volume in container

U 7
volume of water removed if Sr,,=1

#

{Au = 0)

(c) At equilibrium under g, + Ao
Note settlement s.

Fig. 8.2 Spring analogy as applied to consolidation.




Oedometer Test
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Fig. 9.6 Deformation-time curves for data from Table 9-2: (a) arithmetic
scale; (b) log time scale; (¢) square root of time scale.




Casagrande Log Time Method
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Fig. 9.7 Determination of ty; by the Casagrande method, data from Table 9.2,

U = degree of pore water pressure dissipated
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Fig. 9.8 Terzaghi consolidation theory and a typical experimental curve
used to define t,.
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Root
Time
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Fig. 9.9 Determination of ¢,, using Taylor's square root of time method:
data from Table 9-2.

Settlement Calculations

Initial Final




Consolidation Settlement Calculations

Note: Want settlement @ U=100%

100%6 dissipation of excess porewater pressure

U, Data for Stress Increments
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U, Data for Stress Increments
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Compression Index (C.)

c.= Ae/(logo,’- logo;’)

c. =(e;-e,)/log (o,'/cy")

S— If ('52' = 61,+AG

c. =Ae/log [(o,'+Ac)/0,]

|
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b)

e; =2.4,e,=1.4Ae=1.0
¢’1=7.1, ¢',=49
c. = 1.0/(log49-log7.1) = 1.19

Settlement Equation in Terms of m_

S=¢,H,

Ag,
Ao’

(1/kPa =

H
S= I m,Ac'dz
0

m?/kN)

if m, and Ac"'are assumed constant with depth then
S=m,Ac'H




Settlement Equation in Terms of a_

S=gH, =2 H
1+e,
a, =28 (UkPa = m2/kN)
Ao

H a .
S:j Y —Ac'dz
ol+e,

if a, and Ac'are assumed constant w ith depth then
a'V
l+e,

S=

Ac'H=m Ac'H

a
therefore m, = —
1+e

0

Settlement Equation in Terms of c_

Ae

S=¢H, = H
1+e,
_Ae

a— Note: ¢, = 0.009(LL-10)

log—=

01

C, o, ¢, o, +Ac

S= Hlog—~=——Hlog| ———
1+e, o' 1l+e, o,
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Soil Vertical Stress
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z
Stress on Soil @ depth z
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Stress on Soil at depth z=0

c'\,-0
I Note: soil unloaded from
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Soil Consolidation Curve
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Oedometer Test on Soil Sample
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Settlement due to Ao

S S, +S

total — Or c
S =S :%Holog(gf):lcr H,log(

o',
r — “rebound 1

)

note : for thiscase o', =0

Sc: CC Holog(az): CC Holog(w)
1+e, o, 1+eg, o'

c

Over Consolidation Ratio (OCR)

o

O
where:;

OCR =Over Consolidation Ratio
o'. = preconsolidation pressure of a specimen

OCR =

o' = present (field) effective overburben pressure
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Over Consolidation Ratio (OCR)
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Figure 7.8
Graphic procedure for determining
preconsolidation pressure
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Over Consolidation Ratio (OCR)

If OCR < 1.2 &', ~ ¢’ then soil is normally
consolidated

If OCR = 1.2 then soil is over consolidated

Settlement Analysis

S =S, +S,

total

C o' C o'
S, =——H_log(—%) = ——H,log(—=
=1y Helog(T ) = Holoo(7)

5, = H,log(Z2) = H,log(Zc A
1+ o'

C 1
0 1+e, o,

If OCR=1thenS, =0
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