thermodgnamics
of ettective stress in

Partia”g saturated soils

By: Mario Liu, Yimin Jiang and ltai Einav

Universitg of Sgclneg,

s oo

Australia

Central South Universitg)
China




Terza ghi s eHective stress

1) = g;; — Préy;

Sl Fu”g wet e =0, ?u”g clrg




Partia”g saturated media

Solid-Air-Water interfaces
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thcrmodgnamic treatments

@previous treatments try to follow microscopic
5

surface tensions of complcx 5hapccl interfaces

acurrent treatment follows macroscol:)ic suction

from soil-water retention curves

Note, soil-water retention curves encode the

etects of surface tensions of complcx interfaces




Partia”g saturated media (1>5>0)
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Bishop’s eHective stress
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Partia”g saturated soils (1>Sr>0)
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methodologg

develop a hgclroclgnamic treatment without

neecling to assume the shapes cnc intencaces
@ uncover the meaning of pressure B
3 clistinguislﬁ intrinsic and Partial quantities

A3 reveal the structure of eHective stress




Partial quantities

0. =M/ Vi 3= (A W, S) ==Partia| densities
0= Z 03 ~total densit9
f = f(op) = flea,ow, 0s) =free energy

nw=0f/0p =chemical Potential (Gibbs, 1878)




general hgclroclgnamlc result
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intrinsic quantltles

fﬁ fﬁ (QB) =intrinsic free
fig = 0f3/003, =intrinsic chemical
Pﬁ = 0pllg — fﬁ. =intrinsic pressure

f=2 dsfs(6s)  =totaltree

(total) thermoclgnamic Pressure
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eHective stress and elastic forces

O',L-ejff =i PT&,;J'

use to
integrate

(elastic)
conbackt —p pel/ —

Il s ,
ggiif‘f ¥ constibubive

{orc‘:es relabkions




‘suctionless limit’ and

‘common Pressure’




minimisation of free energy
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equilibrium and suctions

S=UA — UW =‘measured suction’

s = P4 — Py =‘intrinsic suction’




second order aPProximation

around suctionless limit
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CH:CCJE!VC stress

general structure L

. 8% ==loa bw,05) (W




ettective stress

SWRC cﬂependent on saturatlon onlg
3% =P(Sy)




etective Sireas
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eHective stress
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eHective stress
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eHective stress
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eHective stress
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concliusions

3 hgclrocignamics reveal the structure of effective stress in

Partia”y saturated soils

@ Its structure agrees with Bishop, but the parameter
genera”g clepencis on? densities in a way strictlg

connected to soil-water retention

A realistic soil-water retention curves that are a function of
both n and S explain the Versatilitg of observed

experimental X values.




what’s not included

(lett for future work)

B cohesion effects in very low saturations

@ Mass exchanges between Phases




