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Motivation: cracks due to hydro-thermal effects

Damage

Geoenvironmental engineering
Desiccation (Laloui 2009)

15% 85%  Material lifetime

Damage in composite laminates
doi.org/10.1007/s10853-018-

Desaturation/cracks
developement of EDZ

(Excavation Damaged
Zone)

Deep nuclear waste

disposals induced cracking in concrete Cracks in wood
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Multi-phase porous material

Composed by a solid skeleton with open pores containing one or more fluids

, 3 Geomec hanical

oY/ _ " Microscopic view of a

I el three-phase material

liquid phase:
water
Intergranular forces due to
capillary effects
solid phase ,
gas phase: dry air and water vapour oY~ ) P reur grersion

g uld viscosity

Heat transfer Fluid flow

Mechanics of multi-phase porous materials

solid-fluids interaction, liquid-gas interaction, non-isothermal conditions
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Multi-phase porous material

Equilibrium equations (mixture; quasi-statics):
div(o'—[pg—SWpC]1)+pg:O
Mass balance equation (solid, liquid water and water vapour):
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Multi-phase porous material

Dry air mass balance equation:
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Energy balance equation (mixture):
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a) sharp crack OB

Key advantages

e Flexibility (initiation, propagation, merging,
branching)

e Variational framework

e Simple implementation

Disadvantages

e Fine mesh needed
e Efficiency/robustness of solution
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The Phase-Field Method (PFM) to fracture

Sharp crack: (variational reformulation of) Griffith
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elastic strain energy fracture energy

-0

regularization I—convergence

Diffusive crack: phase-field approach

min G. [ [w(d) ,
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elastic strain energy fracture energy
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The Phase-Field Method (PFM) to fracture

...with energy decomposition
min €., d)

uely,,d=dy_ ~ N B G, w(d)
— fﬂ [g( YT (e(u)) + Y~ (e(u))]dQ + afﬂ [T + £|Vd|2] dQ — jﬂ b, - udQ — fanN t,-udS

Phase-field evolution equation —2[/A\d + Q%d = 2U0-d gy Y (x,t) :== max /s (e (x,7))

Ge 7€[0,1]
g(d) : degradation function Y: energy storage function (y* refers to tension and y- is compression)
G, : fracture toughness w(d): local damage function
?: crack length scale parameter Vd: spatial gradient
u: displacement field c,,+ hormalization constant
d: fracture phase field b, : body force vector t,: face force vector
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Develop a THM (Thermo-Hydro-Mechanical) crack
Phase-field numerical model

« Develop a numerical model able to study the nucleation and propagation of cracks induced by
thermal effects in multiphase heterogenous porous materials.

 Merge a thermodynamically consistent multiphase porous media model (and the associated
finite element code Comes-Geo developed at the UNIPD) with a crack phase-field model (and
the associated FEM code for brittle fracture developed at ETH Zurich).

- After validation with experiments designed from the numerical modelling, the model will be
further extended.

« Application to study cracks in clayey materials and in heterogeneous composite materials.
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