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Energy Approach to Poromechanics

« rocks, soils . dryn'lg and shrlnkgge
* wetting and swelling
* concretes . .
« woods * temperature rise and build-up of pressure
" * hydraulic diffusion and subsidence
* foams ) :
b * freezing and spalling
* bones S i
livine ti » capillarity and cracking
* living tissues i s
. oc * electro-osmosis and consolidation
- . etc.
Outlines :

1. Revisiting the Energy Approach of Saturated Poroelasticity
2. Energy Approach to Partially Saturated Poroelasticity
3. From Poromechanics to the Mechanics of Colloids




Revisiting Biot’s Energy Approach to Saturated Poroelasticity
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Separate equality for the skeleton
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Linear Poroelasticity and Poroplasticity (saturated)
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do = Kde—bdp,
K=K (G +p ﬂ) Dormieux et al., 2002
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Extension of Energy Approach to Unsaturated Poroelasticity

Liquid water saturation
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Unsaturated Poroelasticity: Equivalent Pore Pressure ©t

oF, Solid Interface Coussy et
op. = _ﬁ matrix energy Dangla, 2002
l l —— —A—
— F:;k = Esolid (gij ’ ¢)+ (I)U(Sl) Energy separation
a'plo i aF‘EO i
Gy dgii tn d(l) - dﬁ;olid =0 Gy = ?.l,d T :T(I)ld

i
p* Averaged pore pressure (= Bishop’s equivalent pore pressure)

I_H
=S8 p+8,p,—U= Equivalent pore pressure

™
U= —le p,(s)ds

c=Ke—-br!
. (MPa) h, (%
p;oo r".(()(;)) Pam™ 0.1MPa :pg (neglected)
o l,s | O;tD (Bishop’s effective stress)
2001 ; .
o G, Tn=06,+p -U (here)
. 150
00 N MPa
0 . 125
o 120 "
0 " { i : 0 100 —n= _p + U
0 20 40 60 80 100
Sy (%) el -
60 h
s —p
U= —J.l p,(s)ds 40
20
0 S
Cement paste 20 40 60 80 100

S; (%)




w (kg/m?)  Sorption curve 1/3 € (109 (Swelling)
200 - 2000 F | [ |
r | ® Ezperiment
150 | /f 1500 [ Predicted /o
100 f /Z 1000 | - ]
50 | P 500 oAt
s | o :
okl Ll LR 2 D N B
0 20 40 60 80 100 0 20 40 60 80 100
h, (%) h,. (%)

Cellular cement
fiber composite
b=0.79

Carmeliet, 1999

W
b T
—X XJ.
nk

h,

W an
h

o

€=

From poromechanics to mechanics of colloids
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At constant solution
pressure and decreasing
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From poromechanics to mechanics of colloids
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As a conclusion build a bridge between ...

Upscaling methods
thermodynamics

POROPHYSICAL

CHEMISTRY
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