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In order to investigate the influence of surrounding environment on strength of rock, the
uniaxial compression test under non-atmospheric environments was conducted on Kumamoto
andesite. The environments used in this study are water vapor, organic vapor environments as
methanol, ethanol and acetone and inorganic gas environments as oxygen, nitrogen and argon.
From the experimental results, it is clarified that water is the most effective agent which
promotes stress corrosion of rock. Furthermore, the strength of rock increases with decreasing
water vapor pressure. From the relation between uniaxial compressive strength and water vapor
pressure, the stress corrosion index of Kumamoto andesite is estimated 24.

1. Introduction

The strength of rock is strongly affected by the properties of rock itself such as the
compositions and textures of minerals in rock, and the quantity, shape and orientation of
pre-existing cracks. From recent researches, however, it has been known that rock shows
time-dependent failure due to subcritical crack growth under static stress below a critical stress
intensity factor. This failure is related to surrounding environment, such as stress/strain rate,
stress condition, temperature, humidity, pH and so on. Among them, the water environment,
such as liquid phase or vapor phase, affects the subcritical crack growth in rocks due to stress
corrosion (Obara et al., 1996a, b, Obara et al., 2000; Jeong and Obara, 2002a, b; Jeong et al,
2003). However, few experimental rcsults have been reported to confirm the fact that water
relates to the stress corrosion. Furthermore, there are few experiments to clarify the effect of
surrounding environment of rock on mechanical properties and strength of rock.

In this study, the influence of surrounding environment of rock on its strength is investigated
experimentally. For this purpose, uniaxial compression tests are performed in various
environments different from atmosphere, using Kumamoto andesite. The environments used in
the tests are water vapor, organic vapor such as methanol, ethanol and acetone and inorganic gas
such as argon, nitrogen, oxygen and hydrogen. Also, uniaxial compression test is conducted
under various water vapor pressures to investigate the influence of water vapor pressure on
strength.

2. Experimental Apparatus and Method

A vacuum chamber was made to control the surrounding environment of rock as shown in
Fig.1. The chamber has six ports and a valve to inject gases.

Non-atmospheric environment can be made by injecting a new vapor or gas environment
after evacuating the air in the chamber using vacuum pumps. The change of the pressure in the
chamber during test is shown in Fig.2. At first, after the air in the chamber was evacuated by
using two vacuum pumps until the pressure of about 10~Pa, then the distilled water was injected
through the injection valve to a pressure of about 10°Pa. As the result, it is considered that the
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pressure in the chamber becomes the saturated water vapor pressure at room temperature and
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Fig.1 Photograph of a vacuum chamber. Fig.2 Change of the pressure in the chamber.

that the chamber is filled with only water vapor. Then the water vapor in the chamber was
exhausted again. After the required water vapor pressure was maintained for about 24 hours, the
uniaxial compression test was performed.

Kumamoto andesite is used as specimen. Since Kumamoto andesite is isotropic and
homogeneous (Obara et al., 1992), the core is drilled from a cubic block randomly. The diameter
and length of the specimen are 35mm and 70mm respectively. In order to achieve complete dry
condition of the rock specimens, these were kept in the electric drier oven at constant
temperature 197°C.

The uniaxial compression test was performed using SO0KN servo-controlled testing machine.
The applied load is controlled by a constant strain rate.

3. Experimental Results

The uniaxial compressive strength of each environment is shown as Fig.3. The plots are
scattered with environments. The uniaxial compressive strength in water vapor was 77MPa in
average and in methanol, ethanol and acetone were 85MPa, 92MPa and 104MPa in average
respectively. It was clear that the strength decreases in order of acetone, ethanol, methanoi and
water vapor. In inorganic environments of argon, nitrogen, oxygen and hydrogen, the uniaxial
compressive strength was 129MPa in average in spite of a scatter in nitrogen. It is considered
that the inorganic environmental dependence on uniaxial compressive strength doesn’t exist.
The uniaxial compressive strength in inorganic environments is 1.7 times of that in water vapor
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environment. It is shown that the uniaxial
compressive strength is the weakest in water
vapor environment and the strongest in inorganic
environment.

The typical stress-axial strain curves under
various water vapor pressures are shown in Fig.4.
The curves show straight lines generally for
Kumamoto andesite. The uniaxial compressive
strength is relatively high in case of lower water f ‘ 1
vapor pressure. The failure mode of the specimen Fig.5 Failure mode of the specimen; a) Failure
for Kumamoto andesite after the tests, can be with one or two shear planes; (b) Failure with
classified two types as shown in Fig.5, namely I: tension failure and shear planes.
failure with one or two shear planes; II: failure
with tension failure and shear planes.

4. Discussion
The stress corrosion of rock is a chemical reaction between hydroxyl group OH™ and
Si—O bonds of silicates as follows:

H-O-H + [=Si-0-Si] < 2[=Si-OH] 6))

The effect of water vapor pressure p on the uniaxial compressive strength S, under constant
strain rate can be represented as follows, using stress corrosion index n (Sano et al., 1981):

logS, o« L logp 2)
n+l

According to the stress corrosion reaction (1), it is clear that stress corrosion 1s the most active
in water vapor environment and that the stress corrosion cannot occur in inorganic environment,
since there are no hydroxyl groups in
inorganic gases. 120 A A

The chemical reaction may take place in S '
methanol and ethanol environments in the
same manner to that in water vapor ' e O O
environment as following equations. 80 R

100 | oo i log$, = l0g106.7-0.040log p -
L e L Typel  n=24

3
Si0,+4CH,0H — Si(OCH,), +2H,0  (3) S
175}

o Typell NG
logS, =1l0g93.1-0.040log p -

)

|
$i0,+4C,H,0H—> Si(OC,H,), +2H,0 (4) G

:1 n=24

Water is generated from these reactions and
is used for the reaction of stress corrosion
represented by the reaction (1). Furthermore,
the solubility of silica in ethanol is lower than 40 : -

that in methanol at the same condition of 10° 10° 10* 10° 10°
high temperature (Iler, 1979). Therefore, the p,Pa

amount of water generated from the reaction Fig. 6 Relations between uniaxial compressive
in methanol environment may be more than  Strength and water vapor pressure.
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that in ethanol environment. It is
considered that the degree of stress ' g
corrosion in methanol is greater ' o
than that in ethanol environment.
Fig.6 shows the relation between
uniaxial compressive strength S, .
and water vapor pressure p for . mﬁgge 38
Kumamoto andesite, plotted on
double logarithmic coordinates. The
strengths of two failure types I and
II are plotted as closed and opened
circles, respectively. It is clear that ‘
the S, increases with decreasing p. 100 ’
The slopes of the straight lines f
calculated by the least squares 1
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coincides with the term 1/(n+1) p,Pa

in eq.(2). Therefore, based on the Fj; 7 Relation between the strength of rock and water vapor
strength of uniaxial compression pressure, and comparison of stress corrosion indexes of various
test, the stress corrosion index of rocks and minerals with those in this research.

Kumamoto andesite can be

evaluated 24.

The results of other researchers for minerals and rocks (Charles, 1958; Mizutani et al., 1977,
Krokosky and Husak, 1968) are also plotted together with those in this research (Type I in
uniaxial compression test for Kumamoto andesite) on double logarithmic coordinates as shown
in Fig.7. The values in the figure represent stress corrosion index of the mineral or rock. The
stress corrosion index for Kumamoto andesite commonly consisted of plagioclase mostly
coincides with that of albite after Charles.

Furthermore, the stress corrosion index obtained from uniaxial compression test under
various stress or strain rates (John, 1972; Peng, 1973; Sano et al., 1981) and double torsion test
(Waza et al., 1980) for rocks other by researchers is between 26 and 62. The results in this study
are harmony with those of other researchers.

5. Conclusions
The uniaxial compression test was conducted on Kumamoto andesite in water vapor, organic
vapor and inorganic gas environments. The obtained results are as follows:

1. The uniaxial compressive strength of Kumamoto andesite decreases in order of the
environment of acetone, ethanol, methanol and water vapor. The strength in inorganic
environments was independent of environments. The average uniaxial compressive strength
in inorganic environments was 1.7 times of that in water vapor environment.

2. Water is the most effective agent which promotes stress corrosion of rock among the
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materials used in this research.

3. As aresult of uniaxial compression test under various water vapor pressures, it was clarified
that the uniaxial compressive strength increases with decreasing water vapor pressure.

4. The stress corrosion index is estimated 24 for Kumamoto, then this index is harmony with
those of other researchers.
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