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In 2021, our research activities are as follows:

1) Development of high-precision rock stress measurement method for submerged vertical borehole in soft rock mass

2) Macro- and microfracture toughness of granite

3) Spatiotemporal fluctuation of vertical rock stress due to large crustal movement

4) Formation process of hydraulic fracturing of high-temperature ductile rock under confining pressure

5) Effect of nonlinearity on the accuracy of the rock stress measurement method based on linear elastic theory

6) Study on high-sensitivity multipoint strain measurement at the bottom of a submerged vertical borehole at a depth of several hundred meters
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Fig.1 24-elements strain sensor

Fig.2 3D-FEM simulation of laboratory experiment

Development of high-precision rock stress
measurement method for submerged
vertical borehole in soft rock mass

We have developed a high-precision rock stress measurement method that
can measure rock stress in vertical borehole drilled from the ground
surface for sedimentary soft rock masses. We decided to adopt the stress
relief method, which is highly reliable and has a proven record; and
proposed a conical borehole wall strain method. Various issues to be
considered for in-situ measurement were extracted from the assumed
measurement environment. We verified the theoretical measurement
accuracy of the proposed measurement method through numeric analysis,
confirming that our method had greater theoretical measurement accuracy
than the conventional CCBO method. We adopted a method of attaching a
24-element strain sensor (Fig.1) to the wall surface of a conical borehole
with an adhesive. After selecting an adhesive, we proposed a new bonding
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Fig.3 Three scale specimens
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Fig.4 Specimen immediately after the experiment

breakdown pressure

Fig.5 Fracture formation after

method that can adhere to the wall surface of a submerged conical
borehole. In a laboratory experiment (Fig.2), we confirmed sufficient
strain measurement sensitivity.

Macro and microfracture toughness of granite

We conducted microfracture toughness (MFT) tests on the minerals that
compose Inada granite (quartz, K-feldspar, plagioclase, and biotite) to
evaluate and elucidating the fracture phenomenon of rock, which is an
inhomogeneous body with fine mineral particles. To evaluate the scale
dependence of the MFT, we conducted MFT tests with three cantilevered
specimens (10pm x 10pm x 50pm, 20pm x 20pm * 50pm, 20pum x 20pum x
100pm) (Fig.3,4). The MFT of mineral was in the order of quartz,
plagioclase, K-feldspar, and biotite from the largest value. Those MFT
were lesser than the macroscopic fracture toughness of the rocks evaluated
in the SCB test: quartz (72%), plagioclase (53%), K-feldspar (50%), and
biotite (9.2%). We found no significant scale dependence for the MFT
itself. The difference from the macrofracture toughness was suggested by
the influence of mineral grain boundaries and the possibility that quartz,
which has a large composition ratio and a large MFT in granite, controls
the overall fracture toughness.

Formation process of hydraulic fracturing of
high-temperature ductile rock under
confining pressure

We experimentally clarified at what stage hydraulic fracture occurs and
progresses as the hydraulic pressure of a borehole increases. In high-
temperature ductile rock under confining pressure, we confirmed that
hydraulic fracture does not occur immediately after breakdown, but
gradually progresses during the process of increasing hydraulic pressure
to form a crack network (Fig.5, 6).

Awards

1) Kiyotoshi Sakaguchi received Graduate School of Environmental
Studies Education Award

Fig.6 Fracture formation at about half
the breakdown pressure
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