SUBSIDENCE MECHANICS: CONSOLIDATION (37)

| Main Topics

A Consolidation vs. compaction
B Mechanics of subsidence due to pore

pressure changes

(Evaluation of subsidence)
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Il Consolidation vs. compaction
Definitions from Lambe and Whitman (1969)

A Consolidation: a
decrease in volume
resulting from
dissipation of excess
pore pressure.
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Il Consolidation vs. compaction
Definitions from Lambe and Whitman (1969)

B Compaction: a OPTIMIZING SOIL COMPACTION
densification process ‘
involving mechanical
equipment, usually a
roller, and as
distinguished from pre-
loading and dewatering.

©D.H.Gray

http://dot.ca.gov/ha/LandArch/webinars/images/optimizing_soil_compaction.jpg
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Il Mechanics of subsidence due to pore
pressure changes

A Stages of consolidation
1 Initial consolidation: Void volume loss due to air loss

2 Primary consolidation: Void volume loss due to pore fluid
loss

a Fluid "loss" requires fluid flow
b Flow reflects changes in pore pressure/effective stress

¢ Flow and pore pressure dissipation takes time, so
primary consolidation is time-dependent

3 Secondary consolidation: due to decrease in solid
volume

B Pressure here is considered to be positive
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C Hydromechanical analog for
consolidation
* Soils, sediments, and e
sedimentary rock S| |
consolidate as fluid
volume (and pore P
volume) is lost |
* As pore volume and pore =
pressure (u) decrease N ey =
— Material column height =
d ecreases Load applied, valve closed Valve open, water flows Equilbrium
— Effective normal e s”"‘wgg
compressive stress s T o ver || oo
increase ‘/ “ :
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D Consolidation: poro-elastic strain
AH
AH =H, _H
y el Trose
. . . AH HsAe
For 1-D consolidation voids || Hseo Vods | 1 Heer
AH Ae)/H .
AH=H, =H, ( ) — Ho Hy
H, (I+e)/ H, Solids Hs Solids Hs
Ae
AH = HO = Hogvert
I+e, 1 -
where . . .
. . e = void ratio n = porosity
e = void ratio;
= initial id rati o= Vioias — Vioids _ (vad.\') Vet __n
eo = Infhal void ratio Vioiias — Viorar = Vioias (mel ~Vivias )/ Voa 1-1
Ae = change in void ratio Vo Vaw (Vi) Vere e
Evert = Verﬁcal strain " Vol N Veiias  Vioias h (‘/.x(r/idx + me.\) Viotias Tl+te
Settlement = -AH
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D Consolidation: poro-elastic strain

Assumption: change in void T ] Hete
ratio scales with the change Vouds | | Hse0 Voids | _t Hset
in effective stress: Ae < Ac’.
’ Ho Hq
AH = H Ae [ -Ao] = —H,m]Ac’ Solids He Solids Hs
“l+e, | ~Ac! ‘ :
where 4
m, = (‘Ae)/(l,"'%)
Ao,

m, = -vertical strain/change in effective stress

m, = coefficient of volume change
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D Consolidation: poro-elastic strain

Alternative expression T A”I Hoto
’—‘ Voids 71580 Voids | _} Hse1
Ae | —Ac’ -H
AH = H,— ( 2 |= 2@
1+e,\|-Ao] I+e, Ho Hy
Solids Hs Solids Hs
where
—Ae A1
a, = ;
Ao;

a, = -void ratio change/change in effective stress
a, = coefficient of compressibility
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E The consolidation ratio U

* Total pore pressure - Aug (ogative
Change (Autotal) equals stress (or |10 i Aug (ultimate)
. pressure)
change in pore pressure  atdepin
in excess of hydrostatic otal | Unyd  Yequiliorium

pressure (Au = Au,)

excess Time

U = pore pressure
U, = EXCess pore pressure

u

total — uhydroslazic + uexcesx

= U, = initial excess pore pressure
Autotal Auexcess 0 /= R P P

Unyq = hydrostatic pore pressure
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E The consolidation ratio U

Effective normal compressive stress

Applied
load

* Increase in effective T and pore pressure
normal com press St ress Compressive colznfwfzil;/;vr;o;wzlss
stress
Pore pr
(Au,,) equals decrease | —
in excess hydrostatic
pressure (Auexcess = Aue) Normal Al (negative)
stress (or |U0 . Aug (ultimate)
pressure) -
-0’ t depth
Gz(total) =0 tu z o
, Utotal|| Ynhyd Uequilibrium
o-z = Gz(total) —u
’ — —
AGZ - _Au - _Auexcess Time
u = pore pressure
U, = EXcess pore pressure
U, = initial excess pore pressure
Unyq = hydrostatic pore pressure
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E The consolidation ratio U
* Primary consolidation H(t=0)

N . N N Aug (negative) —
ratio U(t) varies with time  tomal Aug (utimate) >
as fluid flows, pore prcaure) e H(t=22) %
pressure (u) drops’ and " Utotal || Uhyd Uequilibrium @
effective normal
compressive stress (Ao’,) Time
increases

u = pore pressure
U(t) — AH(t) — Ae(t) U, = excess pore pressure
- AH . Ae . Ug = initial excess pore pressure
AH " H " AG’ AG” Upyq = hydrostatic pore pressure
— m
U = = 0 v 2z = z
AI—Imax _HOvao-z,(max) Ao-;(max)
—-A —-A A
U = u = ue = ue
_Aumax _Aue(max) Aue(max)
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E The consolidation ratio U
* Primary consolidation _ H(t=0)
. Normal Aug (negative) . —
ratio U(t) depends on oo [fo A (imate =
. o =oo) X
the ratio of the excess pressure) Ht=ec) :
pore pressure (ue) tO " Utotal || Uhyd Uequilibrium <
the initial excess pore
Time

pressure (u,)

U(f)= AH (t) _ Au,
AI{max Aue(max)
Au,=u,—u,
Aue(max) ="l
Ut)=1-"«
Uy
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u = pore pressure
U, = excess pore pressure

Ug = initial excess pore pressure
Unyqg = hydrostatic pore pressure

Note: U usually varies with
position. One can use the
average consolidation ratio in a
column of material to find the
height change for the column.
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