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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

r 3 Geomec. hanical

o/ _ " Microscopic view of a

o MR three-phase material

liquid phase:
water
Intergranular forces due to
capillary effects
solid phase ,
gas phase: dry air and water vapour oY~ ) Pas e eraion

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(c'—[pg —Swpc]1)+pg:0
Mass balance equation (solid, liquid water and water vapour):
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Multi-phase porous material

Dry air mass balance equation:

a aS a au apga ; MaMw a pga
—np* [ ” }-pg [1 S ]le(at +nS, p —dzv(ngDg grad[ gj]

. a kk”g a
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Energy balance equation (mixture):
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Key advantages

e Flexibility (initiation, propagation, merging,
branching)

e Variational framework

e Simple implementation

a) sharp crack

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

1 — d-1 _ ) - .
e ar, E@TD = [ p(e@)an + G [ by wdn - | t-uas
e J

J |
! !

elastic strain energy fracture energy

£—0

regularization I—convergence

Diffusive crack: phase-field approach

min G, w(d) ,
e, Eewd)= | glypedn+ 2 | |72+ avdl|dn - [ by ouda— | ¢, uds

QN
\ ]\ J
Y Y

elastic strain energy fracture energy
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The Phase-Field Method (PFM) to fracture

...with energy decomposition
min  €e.(u,d)

UEUn,d2dn—_1
= j [g(@)YT (e(u)) + P~ (e(u))]dQ + &j [M + £|Vd|2] dqQ — J b,, - udQ - J t, - udS
Q Cw Jq t Q QN

Phase-field evolution equation —2/A\d + Q%d = 2(2;_60 H o H(x,t):= In[%}g]\lf_'_ (e(x,7))
c T€e|0,
g(d) : degradation function Y: elastic energy density function (y* refers to tension and y- is
compression)
G, : fracture toughness
w(d): local damage function/dissipation function
?: crack length scale parameter/ regularization

length 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 (the
Griphfith code for brittle fracture developed at ETH Zurich).

After validation with experiments designed from the numerical modelling, the model will be
further extended:
a) from quasi-statics to dynamics

Application to study desiccation cracks in clayey materials and in heterogeneous composite
materials.
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Implementation strategy

Describing the coupled problem of poromechanics and cracking under thermal conditions
in variably saturated porous media can be foreseen.

« Reference:

Initialization (r = tp = 0): 0, t, p, ¢, d, H = 0;
forn=0:N-1do
compute ¥ (t = 1,41)
if ¥ = H, then
| Hp+1 < g,+{, = ta+1)s
else
| Hus1 = Ha:
end
solve dy 1 (Hus1 )
solve u-py, = Uy (dy41):
end
Algorithm 1: Algorithmic solution procedure for the u-

Pu-d system

Previous algorithm

= &

Initialization (¢t = t, = 0)
forn=0:N—1do
compute ¥ (t = t,41)
if ¥+ > 7, then

| #per < W = tra)
else

| Hppr = Hy,

end
solve dpi1(Hpi1);

solve u—p.—py—T:= Upyq(dpsq);
end

Algorithm : Algorithmic solution procedure for the u-p -p,-T-d system

New algorithm
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G GRIPHFiTH GRIPHFITH
@ Project information
B Repository GRIPHFITH & e Star | 2

Project L: 23311 [G

¥ Issues 23
oy -0-351 Commits  §° 12 Branches <7 2Tags B3 933.8 MiB Project Storage 4 2 Releases
erge requests 2
Topics:  Finite Eleme... Phase-Field ... Fracture Mec...
&

& Depl . Library for the numerical implementation of the phase-field model of fracture to solve basic and advanced damage and fracture mechanics problems.
eployments

A Packages and registries

G2 Monitor

il i

I Analytics Merge branch... [ses @ P
2 wiki brgerhar authored 6 days ago o
x Snippets

devel GRIPHFITH History Find file & v

[3 README | 3 Apache License 2.0

Name Last commit Last update
B3 .ci-container n .ci-container/README.md: fix registry login 1 year ago
B3 Dependencies add abaqus import to specimen.external 5 months ago
B3 Scripts phase_field.fem.solver: Generalize newton_raphson routines 6 days ago
GROUp 'mplementa O B3 Sources phase_field.fem.solver: Generalize newton_raphson routines 6 days ago
PHase‘ﬁe;d FraCture Theory B Tests Rename label_el -> elem_material_id 4 months ago
¢ gitignore Add macO$ build artifacts to ".gitignore’. 1 year ago
& gitlab-ciyml Linux Cl: remove unused dependency femlab 6 months ago
B9 LICENSE Remove file extension from LICENSE.txt 1 year ago
™+ README.md Update contributors 9 months ago
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What has been done

Implementation of Quad8 element in Griphfith of ETH Zurich to be compatible with
ComesGeo code in UNIPD

Intro to GRIPHFITH COME3=(E

GRoup Implementation for
PHase-field Fracture Theory

A Program for the Analysis of non-isothermal Geomaterials

GRIPHFITH COMESGIEO
o 3

Standard Reduced-integration
8-node element 8-node element
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What has been done

* In new version of Griphfith

# vtk DataFile Vezsion 3.0 S =S
Solution 2 :“;‘;mﬂ
- Four el t--Quad8--4 Gauss point
4 DATASET UNSTRUCTUREN_GRID
vz s 0 FOUP elements--Quad4--4 Gauss points: 2o == our elemen ua auss points
0. 00000000 JOE+000  0.000000000000000E+000  0.000000000000000E+000 d E : et ; “ “::f::::
0.000000000000000E+000  0.500000000000000 0.000000000000000E+000 . o o e PSS
0.000000000000000E+000 1.00000000000000 0.000000000000000E+000 o 0.7 0.000000000000000T+000
0,500000000000000 0.000000000000000E4000  0,000000000000000E+000 : o N PPSES b
0000000000000 9.500000000000000 0,000000000000000E+000 o 0. 200 0.000000000000000L+000
0.500000000000000 1.00000000000000 0.000000000000000E+000 0. 0. 6.0000000000000002+000
1.00000000000000 0.000000000000000E+000  0.000000000000000E+000 0. 1 0. 0000000000000002-000
1.00000000000000 0.500000000000000 0.000000000000000E+000 0. 0 000 0.000000000000000E000
1.00000000000000 1.00000000000000 0.000000000000000E+000 0. (]
CELLS 4 20 0. 0
4 o 3 0! o
4 1 0. 1 {]
s 1 4 0. 0. o0zr000
5 2 [ 0. 0000
4 3 & 0. 1 0000
7 4 L. L] COOE+000
4 4 7 L o -
8 5 L o
CELL_TYFES 4 L o7
: 0 2 10 .
. 2 i 12 1t
o s : . ; " :
VECTORS Displacement float o1t ryces 1
©.000000000000000 ©.000000000000000 ©0.000000000000000 T &
.000000000000000 05000000000 0.000000000600004 H
©.900000000000000 9.910000900000009 0.000000000000000 s
-0.000000000000000 ©.000000000000000 ©0.000000000000000 ]
0.000000000000000 005000000000000 0.000000000000000 c1r_paTa. 1
0.000000000000000 0.010000000000000 0.000000000000000 SCAIARS MRT_ID dns 1
=0.000000000000000 0.000000000000000 0.000000000000000 LOOKUP_TABLE default
0.000000000000000 0.005000000000000 0.000000000000000 L
0.000000000000000 0,010000000000000 0.000000000000000 1
TENSORS Strain float L
-8.524500002264655E-015 4.336808689542014E-015 0.000000000000000E+000 L
4.336808659942014E-01% 1.000000000000000E-002 0.000000000000000E+000 FOINT_TATA 2
0.000000000000000E4000 0. 000000000000000E+G00 0. 000000000000000E+000 vecTeRs uwﬂ;:zf::a;::::mu .
1.005061465257237E-019 -2.1684043445971009E-018 0.000000000000000E+000 -0.000000000000000 0.0
-2.1684 71009E=018 1.000000000000001E=002 0.000000000000000E+000 -
0.000000000000000E+000  0.000000000000000E+A00 0. 0007 ::Wa:::u::u:cc

-1.1623

-5,386827741239659E-019 7.589415207398522E-019% ©
5§9415207398522E-01% 1.000000000000000E-002  0.000000000000000E+000
00E+000 0.000000000000000E+000 0.000000000000000E+000

0.00000000000

3.712501886513109E-020
-2.818925648462311E-018
Q

S30TEE-034 -4.77048955853621TE-018

1.00 D00
+000000000000000E+000 0. 000000000000000E+000 0, 000000000000000E+000D

000000000000000E+000
-4.770485558936217E-018 5.9555595955595558E-003 0.000000000000000E+000
0.000000000000000E+000 0.000000000000000E+000 0. 000000000000000E+000

+000000000000000E+000

0.000000000000000E+000
0.000000000000000E+000

-0.000000000000000
[

00000000
00000000
00000000
00000000
00000000
000000
00000000
00000000
00000000
00000000
00000000
0000000000
00000000

0,01000000000000¢
0.000000000000000
o -

L 000000000000000

000000000000000
0000000

00000

- 0000000000
- 000000000000000

000000000000000
0000000000000
0000000000000
000

Tensile problem

| =
U,=0.01

1.842751267224808E-035 5.3125506451TB868E=018 0 0000000000E+000 .
5.312500€45179969E-01% 1.000000000000000E-002 ©0.000000000000000E+000 ©.000000000000000 -
0.000000000000000E+000 0.000000000000000E4000  0,000000000000000E+000 . 000000000000000 - 0000000000000
TENSORS Scress fleat
~1.845155480214625E-01% —1.51788304147570SE-018 0.000000000000000E+000 ':'“E :Eff‘:‘:fg"“ 2. E020852LARESALIT-00E ‘-“““"‘_’-’”“““f’“” - P—
~1.5178830414767058-018 ©.9555549685545485E-003  0.000000000000000E+000 = o214 1 “GE2 0000080000000 000
. 0. ¢ 0 000 0.000000000000000+000
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0. 00
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Work methodology

Tensile Problem

Shear Problem

Zechao Chen

What has been done

Summary
Number Of Gauss New Version’s Elasticity New Version’s Brittle Problems
Elements Points Problem Fracture Problem
1 Quad 4 4 v v
1 Quad 8 4 v v
4 Quad 4 4 v v /
4 Quad 8 4 v v

Number Of Element Gauss New Version's Elasticity New Version's Brittle PrObIems
Elements Tvpe POintS Problem Fracture Problem
1 Quad 4 4 v v
1 Quad 8 4 4 v can not compared with
analytical solutions and
4 Quad 4 4 v v the result of Quad4
4 Quad 8 4 v v
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