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Strength of Kumamoto Andesite in Non-Atmospheric Environments
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The uniaxial compression tests and Brazil tests in non-atmospheric environments were conducted on Kuma-
moto andesite to investigate the environmental dependence on strength of rock. The environments used in the
experiment were organic vapor environments as methanol, ethanol and acetone, inorganic gas environments as
argon, nitrogen and oxygen and water vapor environment.

The obtained results are as follows:

1. From the uniaxial compression test, it was clear that the uniaxial compressive strength of Kumamoto andes-
ite decreases in order of the environment of acetone, ethanol, methanol and water vapor, that the strength in inor-
ganic environments was independent on environments and that the average uniaxial compressive strength in

inorganic environments was 1.7 times of that in water vapor environment.
2. From the Brazilian test, the tensile strength of Kumamoto andesite in environments except water vapor was

almost constant, although that in methanol is slightly low.

3. Both uniaxial compressive strength and tensile strength of Kumamoto andesite were the lowest in water
vapor environment and highest in inorganic environments and these strengths in alcohol environments existed
between those in water vapor environment and inorganic environments.

4. Water is the most effective agent that promotes stress corrosion of rock among the materials used in this
research and the strength of rocks is dependent on the subcritical crack growth due to stress corrosion.
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Fig.1 Photograph of the vacuum chamber.
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Fig.2 Schematic diagram of the evacuation system linked to the chamber.

Control panel

Table 1  Specifications of the rotary pump and turbo molecular pump.

Rotary pump
Type 2010
Pumping speed 170 I/sec
Ultimate pressure 1.0x107%Pa
Rotational speed 1800 rpm

Turbo molecular pump

Type H250M
Pumping speed | N 285 Usec
H, 230 I/sec
Ultimate pressure 1.0x10° Pa
Maximum compression ratio Mﬁo;—-
H, 1.2x10
Rotational speed 51600 rpm
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Fig.3 Photographs of the pressure gages.
(a) pirani vacuum gage, (b) penning vacuum gage.
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Fig.4 Changes of P-wave velocity and unit weight of the specimen
during drying.
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Fig.5 Schematic diagram of the set up of the specimen.
(a) Cross section of the chamber, (b) Uniaxial compression test,
(c) Brazilian test.
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Fig.6 Change of the pressure in the chamber during the test. a: starting
of rotary pump, b: starting of turbo molecular pump, c: injection
of vapor or gas, d: keeping the pressure, e: starting of the test.
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Fig.7 Axial, lateral and volumetric curves of uniaxial compression test
in each environment.
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Table 2 Results of uniaxial compression test.

Uniaxial
Strain rate | Compressive E ;
(10°%/sec) strgngth (GPa) v Environment
(MPa)
1 10.3 73.0 14.5 0.23 Water vapor
2 6.8 80.6 17.0 0.18
3 14.1 83.8 16.8 0.24 Methanol
4 13.5 85.2 16.8 0.19 vapor
5 10.4 86.8 15.3 0.21 Ethanol
6 13.4 96.6 17.9 0.18 vapor
7 6.3 98.5 18.2 0.19 Acetone
8 9.2 106.8 19.4 0.17 vapor
9 6.3 128.6 19.7 0.18
10 6.8 132.7 213 0.16 Argon
11 6.9 133.8 20.9 0.17
12 6.3 113.2 16.9 0.14
13 6.0 1254 21.4 0.18 Nitrogen
14 6.0 137.3 22.7 0.17
15 6.8 130.3 184 0.19
16 6.6 130.1 19.5 0.21 Oxygen
17 5.6 132.1 19.3 0.17
M Ethanol ‘ ]
ater than '
vapor vapo(r) Argon ] Oxygen
25 - " "Methanol | Acetone” | Nltr(:)genr EE
vapor | vapor | .
: ] *
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Materials

Fig.8 Comparison of Young's modulus and Poisson's ratio in each environment.
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Fig.9 Comparison of the uniaxial compressive strength in each environment.
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Fig.10 Stress-displacement curves of Brazilian test in each environment.

Table 3 Results of Brazilian test.

. Tensile
Lc()sﬁ;r;g el;te strength | Environment
(MPa)

1 1.0X107 8.3

2 1.0x103 8.4

3 1.0%107 9.9

4 L0X10° 110 Water vapor
5] 46%X10° 8.4 P
6 4.6X10° 8.5

7 4.6X10° 8.6

8 46X10° 8.6

9 4.9X10° 113 Methanol
10| 4.8X%10° 11.9 vapor
11 4.9X10° 12.9 Ethanol
12|  48X10° 13.1 vapor
13 4.9%X10° 12.5 Acetone
14|  49X10° 13.6 vapor
15 1.0X10° 132

16 1.0X10° 14.2 Argon
17 1.0X10? 14.7

18 1.0X107 12,5

19 1.0x10° 13.4 Nitrogen
20 1.0X10° 13.8
21 1.0X107 12.9
22|  1.0X10° 14.0 Oxygen
23 1.0X10° 15.3
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Fig.11 Comparison of the tensile strength in each environment.
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