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Akio Cuo and Hironori Kawakata (1997) A high-pressure, high-temperature rock testing appara-
tus installed at the Geological Survey of Japan —The axial stress drop process in the post
-failure region of Westerly granite—  Bull. Geol. Surv. Japan, vol. 48(8), p.459-468, 11 figs.

Abstract: A high-pressure, high-temperature rock testing apparatus was installed at the GSJ in
1994. The pressure vessel can achieve a confining pressure of up to 500MPa and a temperature of
up to 300°C. The vessel has 24 electrical feedthroughs and 2 pore pressure feedthroughs. Speci-
mens 50mm in diameter and 100mm in length can be tested.

Using this apparatus, dry Westerly granite specimens were loaded under a confining pressure of
100MPa, and the fracture process was controlled by maintaining a constant rate of circumferential
displacement. The specimens were then unloaded from the post-failure region, and their interiors
were observed by an X-ray CT scan.

The axial stress drop process in the post-failure region was composed of three stages. In the first
stage, the stress drop rate was very slow (several MPa/min), and many cracks were observed on
the specimen’s surface. In the second stage, the stress drop rate became ten times faster than in the
previous stage. A shear fracture nucleated near the specimen surface and grew stably toward the
specimen interior. In the final stage, the fracture penetrated dynamically through the specimen

accompanied by a dramatic acceleration of the stress drop.
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A schematic diagram of the hydraulic circuit for the high-pressure, high-temperature rock testing apparatus at

GS]J. a: load frame, b: load cell, c: pressure vessel, d: actuator, e: pore pressure intensifier, f: confining pressure intensifier,
g: controlled clearance pressure intensifier, h: hydraulic power supply, i: feed pump, j: oil reservior, s: specimen, thick solid
line: high-pressure line, thin solid line: low-pressure line, broken line: hydraulic line.
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Fig. 2 Schematic view of the pressure vessel. A
controlled clearance bearing is used as a pressure seal.
Inner diameter of the pressure vessel is 178mm. The speci-
men is 50mm in diameter and 100mm in length. The stiff-
ness of the load train is 780kN/mm. The stiffness of the
load frame, including a load cell and spacer, is 3400kN/
mm.
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Fig. 4 Relationship between seal friction and controlled
clearance pressure. The test was performed under a confin-
ing pressure of 100MPa and at room temperature. The
number on each curve shows the value of the deviatoric
axial load.
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Fig. 5 Comparison of circumferential displacement
between a triple jacketed specimen and a single jacketed

specimen in a triaxial compression test. Confining pressure
was 100MPa.
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Fig. 6 Axial stress pulse in a triaxial vessel caused by a
double-acting confining pressure intensifier during a con-
stant circumferential displacement rate triaxial test. The
pulses happened at the end of the stroke. The Controlled
clearance method was used to seal the inner high pressure
of the triaxial vessel. The confining pressure intensifier
acts continuously because a little oil leaks from a
controlled clearance bearing. Confining pressure was 100
MPa. Controlled clearance pressure was 45MPa.
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Fig. 7 Axial load pulse, measured by the outer load cell,
caused by a double-acting confining pressure intensifier.
The experimental conditions are identical with that of Fig.
6. The 60kN axial load pulse is larger than the 5MPa axial
stress pulse due to the seal friction of about 50kN.
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Fig. 8 Stress-strain diagram for Westerly granite under

confining pressure of 100MPa, showing unloading points
for WGG8, WGG3, WGG6 and WGG2.
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Fig. 9 Axial stress drop after peak strength was mea-
sured for WGG2 in a constant circumferential dis-
placemant rate (0.012mm/min) triaxial test, showing un-
loading points for WGG8, WGG3, WGG6 and WGG2.
Confining pressure was 100MPa. There were three stages
from peak strength to fracture. In the first stage (A-B),
the stress drop rate was very slow. The stress drop in the
second stage (B-C) was about ten times faster than in the
first stage. In the third stage (C-D), axial stress dropped
dynamically, followed by fracture.
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Fig. 10 Sketched images of surface features. a): Direction in which specimen surfaces were observed. Images of b) WGGS,
c) WGG3, d) WGG6 and e) WGG2. The unloading point of each specimen is shown in Fig.8 and Fig.9.
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Fig. 11 X-ray CT scanning images of WGGS8, WGG3, WGG6 and WGG2. a): An illustration of the direction in which scans
were carried out, and scanned cross-sections. Images are shown in order of increasing scan depth (d) from left to right.
The depth values are given under each image. The white lines in WGG3, WGG6 and WGG2 show a fracture plane inside
each specimen.
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