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Phase-field modeling of fracture in variably saturated porous materials

Tuanny Cajuhi, Laura De Lorenzis
Institute of Applied Mechanics - Technische Universitat Braunschwelg

Development of a mechanical and computational model to describe The model contains three primary variables: displacement u, water
the coupled problem of poromechanics and cracking in variably pressure p,, and crack phase-field d (1).

saturated porous media. A classical poromechanical formulation is

adopted and coupled with a phase-field formulation for the fracture « Equilibrium equation

problem. The latter has the advantage of being able to reproduce

arbitrarily complex crack paths without introducing discontinuities on V- ((1—-d*)e'™" +0'" —aSypy) +nSypwg + (1 —n)psg =0

a fixed mesh. with the effective stress ¢’ = D*: VSu (linear-elastic law)

The model requires several material and hygral properties: « Mass balance equation of liquid water
* a Biot parameter oo Koo ) _ Sw aPW_I_C OPw
* 1 pOrosity ( ’"W W( Pw = Pw) K, ot " 0Ot

* psyw density of the solid, water

* K, bulk modulus of the solid, water
e G, fracture energy

« ¢ length scale parameter

o S, degree of saturation (van Genuchten)
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 Phase-field evolution equation

e k., relative permeability (van Genuchten) TC (d — led)TIg[%>§]1/J+ =0 jaw
* (, moisture content ’
e k; intrinsic permeability. where YT is the positive energy.

Desiccation In porous materials Shrinkage In cementitious materials and calibration of
material parameters
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Desiccation Is the result of ) KRR AR
drying, shrinkage and cracking
In porous materials, such as
solls. The computational
framework Is used In a
compacted clay based material.

The framework is applied to a cementitious material and a sensitivity
analysis of the material parameters and drying flux is conducted (2).
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A drying flux 1s applied on the
top and sides of a symmetric,
rectangular sample. The
sample IS mechanically
restrained at the bottom.

The results show the phase-
field evolution in half specimen
with Intrinsic permeabllity
k; = 0.5x10"*>m? and drying
flux 6x107"m/s at a t =
15 min, b 30 min onset of first
upper crack, ¢ 45 min,
d 60 min, e 90 min and
f 120 min. The crack at the
corner of the specimen Is
limited In this test case. These
and  further results are
presented and discussed in (1).
The computational results show
good qualitative agreement with

(b)
(a) (b) (c) (d)
The crack evolution at early age (2 hours) for a a reference set of

parameters, b intrinsic permeability reduced by a factor of 10, c half
of the reference flux and d double of the reference flux.

Due to the sensitivity of the
results and the necessity of
several material parameters In
the model, an initial calibration
of the fracture parameters such
as the fracture energy was
carried out In (3). The results
show the crack propagation In
a compact tension specimen.

Calibration of fracture parameters
with the compact tension test

The Improvement and calibration of further material and hygral
parameters for quantitative validation of the framework are the main

experiments. objectives of ongoing research.
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