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> Knowledge of soil hydraulic properties is
fundamental

> Soil is deformable

> Intense agricultural systems

> Subject to external stress

> Machinery traffic and flooding

> Changes in volumetric strain and
consequently, alteration of soil hydraulic
properties

> Advances in the field of tomography
imagery allow for the characterization of

a number of soil hydraulic properties
(Wildenschilds and Sheppard, 2013)

> The main objective of this study is to
propose a numeric model to predict the
evolution of soil hydraulic properties
during the consolidation process under
saturated conditions.

Experimental set up

> Cylinder of 56 cm of length and 15 cm of
diameter.

> Unconsolidated Ottawa sand

> Outflow measurement with absolute
pressure transducer (Hobo U20 Water Level
Logger, ONSET, Bourne, MA, USA)

» Constant pressure head of 25 kPa at the
inlet

» Constant pressure head of 0 kPa at the
inlet
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Figure 1. Particle size distribution
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Tomographic analysis
> The study was realised at the

Laboratoire Multidisplinaire de
Scanographie du Québec de I'INRS.

> Medical CT scan of type Somatum

Volume Access (Siemens, Oakville,
ON, CA).

> Energy levels:140, 120, 100 et 80 keV
> Voxel resolution : 0.1x0.1x0.6 mm

Determination of the porosity

Lambert-Beer law
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Model of consolidation (Poroelastic model)

Poroelastic models describe the interaction between fluids and porous media
deformation. The fluids in the soil may absorb stress, which results in fluid
pressure or equally hydraulic head.

Fluid flow through porous media:

The Darcy Law was used to estimate the flow in the poroelastic model within
the pressure head formulation
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where pf is the fluid density, H is the pressure head (m), K is the hydraulic

conductivity (m/s), €, is the volumetric strain of the porous matrix, and ay is
the Biot-Willis coefficient .

Porous media deformation:
The governing equation for the poroelastic material model is:

-V-o =pg

where, o is the total stress tensor, p is the total density, and g is acceleration of

gravity. For an isotropic porous material under plane strain conditions, the
model simplifies to :
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where, E is Young’s modulus (Pa), v Poison’s ratio and g ; deformation
calculated by:

du ov B 1(814 ov
XX Jx VY ay gxy_ 9 ay+a xy  Tyx Xz Vz yz

I

Wildenschild, D. and A.P. Sheppard. 2013. X-ray imaging and analysis techniques for quantifying pore-scale structure
and processes in subsurface porous medium systems. Advances in Water Resources 51: 217-246.
doi:http://dx.doi.org/10.1016/j.advwatres.2012.07.018

Nov. 2-5, 2014 | Long Beach,

CA

GRAND CHALLENGES

GREAT SOLUTIONS =&

ASA, CSSA, & SSSA International Annual Mqui g

e
.-_' : pﬁ? -
> AR IRART 2

)J‘.‘" ——_y
”,..ﬁ‘b’

> -
Y ‘3'/// L

-

/] IS s
LAERE YN,

LT

- | 3 .

Flan

American Society of Agronomy | Crop Science Society of America | Soil Science Society of America

UNIVERSITE

LAVAL

Poster Number 1424

Boundary conditions :
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Fluid flow through porous media:
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Figure 6. Radial plane of spatial variability of displacement (cm) calculated with the

measurement of the density with medical Ct scan.
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Figure 7. Radial plane of spatial variability of displacement simulated with the

model.

_ Conclusion

s

» CT-Scans appear to be very useful in understanding the consolidation processes

occurring un soils under drainage conditions;

> The simulated displacement within the model agrees very well with the measured

displacement.



