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Avalilable Models

. Elasto-plastic material laws

. standard algorithms can be used

- neglecting the fluid-structure interaction
- limited to small deformations

- no material reorganisation

e.g.. Xie, Wang, de Jonge, Kolditz: Numerical Modelling of Swelling Pressure
In Unsaturated Expansive Elasto-Plastic Porous Media.
Transport in Porous Media (2007) 66:311-339
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Swelling Model of Bentonite

New poroplastic model

Multiscale poroplasticity with material reorganisation

. Poroplastic material laws allowing

v fluid-structure interaction

v large deformations

v Inclusion of material reorganisation

. multi-scale modeling approach allowing

. Inclusion of design parameters (pellet size and form
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The Poroplastic Model

swelling-model of Bentonite

Mass-balance: 1 _

J + 5 Jp$on tr{B,B; ] - Div [K(F,Bp)Grad p] =
Momentum- — —1p-T | ¢ —
balance: Div (—Jpg F +P5C(F?BP)) =0,
Evolution law: B, +R(F,B,) =0

e with F' the deformationgradient, J = det (F),

e with B, the inelastic deformation tensor, J, =

1
v/ det (By)’

y

e with p the pressure, P, the first Piola-Kirchhoff stress tensor,
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Simulation

. The Mode|
- Implemented In simulation system =4

. =4 |s a solver for general systems of pdes

- unstructured grids, o v

. multi-scale problems and method¢ -~ _
. parallel adaptive computing -

. excellent parallel scaling propertie

. software basis of d3f and r3t
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Swelling Test of Bentonite

Numerical Test

Eedometer test of a cylinder-specimen (mentioned e.qg. in Nguyen et al,
004):

Boundary conditions (solid,
fluid): Load, p = R

——————
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H=1LF
Impermeable

ur =0,
Impermeable

uz=0, p=0

height (Ho): 3 mm, diameter: 3 mm

displacement in mm
2 B® =2 5 =2 8-

Load
(Compression):
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Comparison of the Pressure

Swelling Test of bentonite

without swelling with swelling

pressure pressure
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—> swelling leads to larger pressure in the cylinder
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Proposal

New poroplastic model

Include poroplastic multiscale model into the new project

. This will allow
. description of the bentonite reorganisation process
. Inclusion of design parameters (pellet size and form)

. Inclusion of anisotropies e.g. due to construction layers
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