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Choice of simulation approach

Voronoi-bodies

= more physics, more flexible
= computer-intensiv
» potential of numerical instability

l l

Spheres-Clusters-Clumps

= robust, fast, stable
» physical less flexible

Voronoi Bodies
Spheres — Clumps - Clusters

Generation of models
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Micromechanical simulation of concrete considering
grain size, grain shape + grain and binder properties

Groh, Konietzky, Walter & Herbst 2011

Fracture toughness test (Mode-1)
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Micro-mechanical model of single pore of different shape

2a

Elliptical pores with different aspect ratio 11

Tan & Konietzky 2013

Random elliptical cracks (S=0.1)
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Tan, Konietzky & Frihwirt 2014
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Lab test results
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Spatial AE locations

Laboratory test

Spatial acoustic emission (AE) locations and
experimental failure of red sandstone at a
confining pressure of 35 MPa (Yang et al.
2012)

o £
(T

0T
i e - e

%% 20 0 2

40 40 20 40
mm
(a)
50 1
] I | 50
| 1 Wt oy 1
0 407 30 T
£ | ; &
10 1 0
0. il o 20 10
a0 20 0 20 40 B
mm

Acoustic emission (AE) locations and final
macroscopic fracture pattern in the three-
point bending test (a) Berea sandstone;
(b) Sioux quartzite; (c) Charcoal granite;
(d) Rockville granite (Zietlow and Labuz

1998) 2




Theories and approaches utilized

Linear elastic fracture mechanics

Stress intensity factor approach

Subcritical crack growth theory

Charles equation

Crack propagation schemes

Elasto-plastic stress redistribution

21

Subcritical crack growth simulation
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Konietzky, Heftenberger & Feige 2009

(]

~N
w

n

Compressive load

log (number of failed zones)
- 2]

C

ko)

7))

-

2

©

c

Q)

g 05

‘» 0

()] 160 165 170 175 180 185 190

2 time (years) Same load
£ 0] magnitude !
e

© c

; S 50

o B

5 5w Tensile load
& £

-g © 10

> 0

Comparison: damage development

0,233 0,234 0235 0236 0237 0238 0,239
time (seconds) 24




Zone size: 0.04 m;
Initial crack lengths:
l 12 MPa l 57.7 MPa normal distribution;
(Mean: 0.013 m, STD: 0.0001 m)
Initial crack orientations: uniform
distribution

2a=12m 2a =20 mm
Flaws —— Flaws —_—
i2b =10 mm

\q

2b=0.6m

8 m
120 mm

Hwangdeung granite (Lee and Jeon 2011)
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25
Li & Konietzky 2013

Practical Application: Pillar
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Basic model
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Practical Application:
Tunnel , Drift
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Stérung
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Scherspannung

,Phenomenological”
concept

bi-lineares Bruchkriterium nach
Mohr-Coulomb mit Zugspannungsbegrenzung
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, Physical® concept

at the micro-scale
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Initial Final
state state

Compaction of

saturated clay package
under loading

Model set-up

33

Re-orientation of clay plates during compaction process
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Clay plate model without

explicit consideration of water

Porosity
app. 50%
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te Kamp & Konietzky 2002
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Compaction under constant load levels
(note: irreversible plastic deformations)

. a e
o
S o8 90% of peak
8
g

n 2 —

03

g

we 05—

8% 60% of peak

EE

3

N E
g

=2

£

1 I I
Nor?n8 aaaaaaaaaaaaaaaaaaaaa lized axial strain
(with respect to the reference model) (with respect to the reference model)
te Kamp & Konietzky 2002 37
Physical“ concept
w 1Y P
G "
';9‘\\ Bb'@ﬂ
IR
3y I F
’@#/nge\i; 38




Anisotropic model for Opalinus Clay

matrix plane

bedding plane

clay particles forming
aggregates microscopic
level

inter-crystalline pore
filled with liquid

microscopic DLVO and
non-DLVO forces

silt particle

S mesoscopic
S ———
S level
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Tensile stress [MPa]

Uniaxial tensile testing: stress-strain
curves and fracture pattern

e
///_psampe
yd o
INDZSRR
N\
P2l

0.00%

0.01% 0.02%

0.03%

0.04% 0.05% 0.06% 0.07% 0.08%

Axial strain

P-Sample

22 S-Sample

Z-Sample

Uniaxial
compression:

fracture pattern
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Permeability and flow area development in EDZ vs. time

Permeability, m/s

2.5x10™

2.0x10™°

1.5x10"°

1.0x10™°

5.0x10™

0.0x10°

_ — 0.8
i Permeability ®
® Flow area b i
]
— 06
_ — 0.4 Flow area. m2
_ ]
— 0.2
.
0
|
0 40 a0 120 160

Time, davs




EDZ-study: Mt. Terri, tunnel radius

Flowchanel
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Simulation potential
at the meso/macro-scale

based on DEM technique
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Verstandnis mikromech. Prozesse = Voraussetzung fur fundierte Prognose

Knowledge micromech. Processes = Prerequisit for reliable Prediction

Correct micro- and meso-
mechanical simulation
demands the explicit
consideration of:

=Grain shapes

=Grain size distribution

=|nitial damage

=|ntragranular and intergranular
fracturing

»Porosity (shape, size, distribution)

=*Mineral components / phases

=»Critical and subcritical crack growth

=Simulation of granular flow and
compaction

Korrekte mikro- und meso-
mechanische Simulationen

erfordern die explizitethe

Berucksichtigung von:

=Kornform

=Korngrolienverteilung

=|nitiale Schadigung

»Intragranulare und intergranul.
Bruchprozesse

»Porositat (Form, Grolde,
Verteilung)

»*Mineralbestand

=Kritisches und subkritisches
Risswachstum

»Simulation of Partikelstromen
und Kompaktion >1

Thanks for your kind attention
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