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1. Studying thermal microcracking; why and how. 2. Overview of the experimental setup. 3. Optimisation for acoustic emission acquisition.

Thermal microcracks are common in nature and can affect the physical properties of rock, including
elastic moduli, ultrasonic velocities, permeability, attenuation and strength (ex. Jones et al., 1997;
David et al., 1999; Reuschlé et al., 2003; Vinciguerra et al., 2005; Heap et al. 2013). The mechanics
involved may also be analogous to fractured rock at a larger scale i.e. the thermal stressing through
heating and cooling of rock in a geothermal reservoir.

Various steps were taken to maximise the quality of the

recorded signal :

Adjustable crossbar Spring

, - The piston acts as a continuous waveguide made
44 kKN Load Cell 1 from a single piece of heat resistant stainless steel. This
it means there is very little attentuation in the recorded
signal at the top of the piston.

AE transducer

Thermal microcracks form as a result of thermal stresses due to: Broadband AE trandsducer

-
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Single piece, steel upper

- Thermal expansion mismatch between the different phases present in the material. _ _
piston/wave guide

- Thermal expansion anisotropy within individual minerals.
- Thermal gradients across minerals.

s - The broadband AE transducer is embedded in the
Silent air-cooling system piston and coupling is assured by a spring and gel

couplant. Piston
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Previous laboratory studies have used acoustic emissions (AE) as a proxy for microcrack damage. AE Thermal insulation
are the elastic waves which are released as the material cracks and breaks. Here we present a new
experimental setup which has been optimised to record AE from a thermally and mechanically
stressed rock. We then show preliminary results of thermal stressing experiments on Darley Dale

sandstone and Westerly granite.

Furnace (max. temp. 1000 °C, Acoustic wave

80 mm constant temp. zone) - The piston is air-cooled by two dual heatsinks, each
Cylindrical sample (40 mm ﬁ | equipped with two silent, high-airflow fans. The heat
- flow from the piston to the fins is assured by heatpipes.

_ Fracture
length, 20 mm diameter)
Rock sample

Thermocouple
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4. Examples of acoustic emission data.

Westerly granite heated to 700 °C at 1 °C/min and 1 MPa constant uniaxial load (servo-
controlled). The AE hit rate increases with temperature from around 100 °C with a sharp rise at Ceramic plate

the quartz alpha-beta transition (~573 °C). Most of the recorded acoustic energy is released _
during cooling. Moving platen
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_ - The AE transducer remains at temperatures of around
Lower piston 30 °C during a test, avoiding any thermal effects on
the piezoceramic which could otherwise be dramatic.

700 \ 7. Uniaxial deformation.
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Darley Dale sandstone heated to 700 °C at 1 °C/min and 1 MPa constant uniaxial load (servo- To test the choice of embedding the trandsucer inside the piston, a Hsu-Nielson Pt o R BBOY YR o R
controlled). The hit rate increases with temperature from around 100 °C. The quartz alpha-beta source (lead break) at the sample was recorded simultaneously by two identical AE ST Stan) S Staine)

transition (~573 °C) sees an increase in the hit rate. Most of the recorded acoustic energy is sensors. One (a) was attached to the side of the upper piston at the same level as the
released during heating. the second transducer (b) which was embedded in the piston as in (3). These graphs show the results of AE monitoring of a uniaxial test at room temperature on

Darley Dale sandstone and are presented to underline the wide spectrum of possible tests
combining mechanical and thermal stress with this setup.
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{100F 25 ) \ f _ _ : : This apparatus was designed for the AE monitoring of thermally and mechanically stressed

el 0 ok L T b o geomaterials. The results presented here show AE activity during heating and cooling in two
Time (hours) Time (hours) 100 2(%9 300 400 200 600 700 0 100 22_0 300 400 5d00 600 700 rock types. Future efforts will be concentrated on the analysis of the recorderd waveforms
ime (microseconds) ime (microseconds) themselves to try and understand their source mechanisms.
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5. Effect of thermal stressing on rock physical properties. |
Pre-heating Post 700°C
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— — have a strong negative
Westerly Granite A effect on acoustic wave
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The signals (a), (b) and their corresponding frequency spectograms (c) and (d) show
how the first arrivals are recorded with a higher amplitude and broader spectrum when ,

Porosity velocities (left, samples to S _
_ scale) the AE transducer is within the waveguide.
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