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Idealized problem
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Methodology

1. Linear material behaviour:
Poroelasticity

poro-viscoelasticity

Analytical ou Quasi—-analytical solutions

(Benchmarks)

2. Non-linear behaviors
Poro-viscoplasticity,
Iso/aniso damage,...

Numerical solutions
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1. Linear material behaviour :
Poroelasticity
Poro-viscoelasticity

Analytical or quasi—-analytical
solutions




Principal equations
Poroelasticity

@ Behaviour laws (Coussy, 2004)
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@rtial differential eqs\

d(p—po)
dt
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Analytical solution : tools

Laplace Transform

ﬂ)rdlnary differential eq\
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Analytical solution
Poroelastic rock, spherical cavities
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Quasi-analytical solution
phases 1, 2, 3

@ 18t stage : instantaneous excavation

pH(r) = po ull(r) = -~ —

@ 2"d et 3" stages : unlined gallery, pore pressure dissipation
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Quasi-analytical solution
Stage 4: backfill + post-closure

Numerical inversion (Stehfest, 1970) = p®(r,t), u®(r,t)
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Analytical solution
Poroviscoelasticity, spherical cavities

(0-0,)+(p-p,)=KOC

Stress-strain:
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Analytical solution
Poroviscoelasticity, spherical cavities
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2. Non-linear behaviors
Poro-viscoplasticity,

Iso/anisotropic damage, ...
Numerical solutions
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Cast3M : superposition of models
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CAST3M \@ Interface elements

Huge library of liner - rock

material models . .
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@ possible gap opening
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Comparisons : analytical & numerical
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Poro-viscoplastic damageable (iso)
behavior law

@ Strain partition
E=E°+&™

S

elastic  viscoplastic

@ Damageable viscoplastic Lemaitre’s law
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Parametric study relative to different kinetics of Lining
support degradation

Normal & Accidental Scenarios
@ Undamaged poroplastic liner
@ Brittle poroplastic liner

@ Progressive leaching of the liner from outer to inn er face

Simplified model, e (t) = e, (TD)J; focus on rock mass behaviour
(Torrenti & al., 2008)
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After leaching front: elastic moduli and strength ->~0
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Lining support degradation

Progressive leaching front :
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Backfill compaction

@ Brittle poroplastic liner :
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Poro-viscoplastic behavior +
anisotropic damage

¢ = C°(D):¢ — p|,B(D) — C(D): &™
¢ = B*(D):¢ + (D),

D = 2nd order tensor
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- 1D FEM code in C++ (Pereira, 2005)
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Conclusions

Multi-physical phenomena (HM-diffusion, creep, damage, leaching).
Structural response depends on ratio between characteristic times
Progressive (slow) leaching of liner

—> N0 excess pore pressure
Well compacted backfill (brutal liner failure)} bore p

Interesting result : complex transitional behavior at rock/liner &
liner/backfill interfaces during hydraulic readjustment (possible
theoretical gap-opening leading to hydraulic conductivity increase...)

Perspective: improvements by accounting for:
- anisotropic damage (on-going)
- desaturation/resaturation phases
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