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1. Introduction 3. Experimental setup 4. Elastic wave velocities, mechanical behavior, damage monitoring and permeability
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Thermal treated glass (TT)

Thermal treatment . P 0
protocol 0.2 < crack porosity < 0.24 %
I Heating + Thermal shock | | *56 < Edynamn: 84 GPa
from Ta (20°C) TH TA
toTw (100, 200, 300 °c)  AT= 024<v reric < 0.29
‘ ~15 hours + 5 sec. ‘
TT glasses

»Homogeneous distribution with
randomly oriented cracks (isotropic
cracked glass)

Seljadur basalt (SB)

Fig. 2: Cracks in TT samples: a) surface
pattern photo; b) SEM view.

+Homogeneous microstructure with few gas bubbles
*Microlitic texture similar with very small grains
(<100 mm)

Fig. 3: SB texture

observed with :
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Ultrasonic data acquisition
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Fig. 6: Ultrasonic signal ling system :
a) acoustic emission system (passive mode);
b) elastic wave velocity system (active mode).
Experimental conditions
Temperature for all tests: 20°C
(1) Dry hydrostatic tests
Pressure: 0-50 MPa
(2) Dry deviatoric tests
Confining pressure P_ . 15 MPa
Axial stress o up to failure
(3) Saturated hydrostatic tests
Fluid pressure P;. 5MPa
0-20 MPa

Effective pressure P_:
L eff

obtained on 300TT sample
under hydrostatic pressure.
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Eﬁecllve hydrostatic pressure P, MPa

« Permeability linearly drops on 4 orders up to diffusion
+ No dependance of fluid nature (gas, liquid)

5. Interpretations & conclusions

<

Crack density p, (penny-shape cracks assuming
NIA ) calculated following:

« Bristow (1960) and Walsh (1965) for overall
isotropy;

«Kachanov (1994) and Sayers & Kachanov
(1995) for anisotropic crack distribution (TI
symmetry) in an isotropic medium.
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Fig. 13: Thermal crack density evolu-
tion under hydrostatic loading.
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«Independent evidence for crack
closure at P, < 15 MPa

« Rare experimental data on
percolation threshold
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Fig. 14: Percolation inves-
tigations on 300TT glass.

«TT samples: the anisotropic me-
chanically induced cracks dominate
over the initial thermal cracks.
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Fig. 12: AEs rate correlated to the axial deformation

under deviatoric loading (P,

=15MPa).

- Strong influence of thermal treatement for AT=300°C on
glass mechanical properties; minor influence for smaller

thermal treatement temperatures.
- Close behavior of TT glasses and basalt.

Next steps:

+ Direct correlation of

crack density and

permeability

Z

+ Thermomechanical

coupling effect on

Deviatoric stress o,-c,, MPa
=]

glass properties
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- Stress corrosion
investigations
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Fig. 15: Mechanical behavior under
deviatoric stress: evidence for dilatancy.
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Fig. 16: Total crack density calculated
Jfor damage under deviatoric stress.
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