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In 2020, our research activities are as follows.
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1) Codependency between the macro fracture toughness and the micro fracture toughness of rock (Figs.1, 2, and 3)

2) Development of high-precision rock stress measurement method in soft rock mass

3) Elucidation of the doubling phenomenon of vertical crustal stress after a huge earthquake

4) Effect of loading control system on hydro-fracturing crack formation in the ductile rock (Figs.4, 5, and 6)

5) The mechanism of the hydraulic fracturing under the supercritical conditions

6) Injection-induced slip characteristics of a rock fracture under high temperatures
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Fig.1 The testing system for the micro fracture
toughness using the micro-sized specimen.

Fig.2 View of the specimen placed at the testing system.

Codependency between the macro fracture
toughness and the micro fracture toughness
of rock

The purpose of this study is to elucidate the fracture propagation
mechanism of rocks from the viewpoint of codependence between the
macro fracture toughness and the micro fracture toughness of rocks. We
introduced a micro fracture toughness test system (Fig.l and Fig.2)
equipped with a CCD camera with a maximum magnification of 2,500
times. The specimen used is a cantilever type with a size of 10 pm>10 um
x50 um processed by FIB (Focused Ion Beam) on the square surface of a
rectangular parallelepiped rock block with a size of 3 mm x 5 mm x 7 mm
(Fig.3). This year, specimens of biotite, quartz, plagioclase, and alkali
feldspar, which are constituent minerals of Inada granite, were prepared,
and fracture toughness tests were conducted.

imen block

Fig.3 SEM images of the micro-sized specimen
of alkali feldspar.
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Development of high-accuracy rock stress
measurement method in soft rock

We have proposed a high-accuracy rock-stress measurement method by
vertical boreholes in soft rock bodies. This new method was based on the
overcoring method, which is considered a highly accurate and reliable
method. We proposed an overcoring method in which the bottom of the
borehole is processed into a conical shape and a small-diameter borehole
for storing cuttings is provided at the tip. Numerical simulation by the
boundary element method by changing the borehole bottom shape to
maintain high accuracy and high measurement yield was conducted. The
optimum borehole bottom shape was proposed.

Effect of loading control method on hydraulic
fracture formation in the ductile rock
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We conducted hydraulic fracturing experiments on the ductile crust. An
excessive fracture phenomenon was observed, which was thought to be
due to the load control. To clarify whether or not the fracture or

permeability was overestimated, the experimental equipment was
improved to a displacement control type (Fig.4), and the experiment was
conducted. The state of the specimen after the experiment was clearly
different (Fig.5 and Fig.6), and in the case of displacement control, it
seemed to be no-fracture. However, the permeability definitely increased
by two orders of magnitude. Therefore, the effectiveness of hydraulic
fracturing of the ductile crust was clarified.

Awards

1) Kiyotoshi Sakaguchi received the Best Paper Award from the Japanese
Society for Rock Mechanics.

Grants

1) JSPS KAKENHI 17H03504 (Co-investigator)

2) JSPS KAKENHI K18K 190390 (Co-investigator)

3) JRPs-LEAD with DFG (Co-investigator)

4) Development of the rock stress measurement technique for soft rock

(Collaborative research/Investigator)
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Fig.4 Experimental system of displacement control type.

system. There appear to be no cracks, but the
permeability has increased by two orders.
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