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The influence of water vapor pressure of surrounding environment on fracture toughness of rock is clarified,
based on the results of a series of semi-circular bend (SCB) test under various water vapor pressures. The rocks
used in the test are Kumamoto andesite and Kunnum basalt, and the range of water vapor pressure is from 1073 to
103 Pa. The results obtained in this paper are summarized as follows:

1) Elastic modulus at 60% of maximum load depends on water vapor pressure, and decreases with increasing

water vapor pressure.

2) Fracture toughness depends on water vapor pressure, and decreases with increasing water vapor pressure.
The tendency of influence of water vapor pressure on fracture toughness is the same as that on uniaxial
compressive strength or tensile strength. The relation between fracture toughness and water vapor pressure
can be represented as:

Kic=pp™
where [ is a constant and -m is the slope of the approximated line on the logarithmic graph. The value m is
0.013 for Kumamoto andesite and 0.012 for Kunnum basalt, respectively.

3) Based on above results for the SCB test, models for load-displacement curve and for relation between crack
velocity and stress intensity factor are suggested.

4) The time until fracture was calculated under the assumption of the crack velocity V= aKj" and the above
equation, where ¢ is a constant and # is stress corrosion index. It is shown that the rock mass of large n
and small m should be selected to assure the stability for long term in spite of change in surrounding water
vapor environment.
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Fig.1  Schematic view of semi-circular bend test.

Fig.2 Semi-circular specimen of Kumamoto andesite with artificial notch.

.

Fig.3 Semi-circular specimen of Kunnum basalt with artificial notch.

DOEMLEN,Z5 25 ETHE, KAEKEDSOEEEIME I E T
IZOWTHOMNZ L TRELIRERDH D,

SC, HALZMGLE LIBERERRLE S L, MREEo=
7 % W T2ikBR1E T & % SENRBB (Single Edge Notched Round Bar
in Bending) FBR1% 101D R0, K AHA QI L BT B0
ZveTray /)y F LIRS O &R AR o R B2 AV
72 CB (Chevron Bend) #t Bt ¥ 1213 SR (Short Rod) # i 1 14,
CCNBD (Cracked Chevron-Notched Brazilian Disk) &% 19, SCB
(Semi-circular Bend) B iE 1618 /e L3 5, Z 0 9 5 CB, SR
G B 25 @ 71 % 2% (International Society for Rock
Mechanics, ISRM) O <€ — N 1 OEEBEEIVETEAL O HESE H1ETH 5,
Z e Rk o T, SRR K ORBREEE O kA
BIET 5L, SCBRBRALLKRINMEAICE/MTEDLEZHBND,

TR T, BEARZIEB L0 o AL (R
A v REEJERS ) O AV T 2 2k ZEKBREE Tzl
TSCBRBAZENE L, THLENDOERDE— T OMENEL
FHi3 5 & & B, IEEIVE O AR RERBR A A B 682 Lz,
S BT, BLNIAERICHE SO CTEA OIS L CiiHET
MEEFTV, AADBEICED £ CTORFZRAE L, Aa0EH
ZEMEIZE L CTRET Lz,

2. SCB B

SCB BREIC I 2 kR & Fig.1 (TR, SR I3 r,

146 (16)

Fig.4 Surface of Kumamoto andesite.

Surface of Kunnum basalt.
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Fig.7  Photograph of vacuum chamber.
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Fig.8 Schematic view of the evacuation system.
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Fig.9 Change of the pressure in the chamber during the test.

SCB B G B EZE T = o N— N OO LICHE S
60?:/ﬂ—iﬁﬂﬁﬁﬁukybéﬂ,Hﬂﬁ%%f«m—
A&7 T VR T HICHT Z LI X0 #iimbez A LaRicH
frEnsd, BRIFOREL, HEO EEHEHRO RICiE S
o— RELTRIESND, RBEF = N—NOHKEIT I BRIC E
WOT7 T VN T HICBE L CHRIESREST 5720, T
PN=INERICELY AT 72 2 RofiikE L i cER AL LT\ D,

FBRIIA B 100kN O —R =2 b o — LA BRI IC k- T
T, RBREEORET — 2%, HEO LMIEFED FICHE
Enfe— ReLTHESh, T—#uad—ickobhbd, £,
A BN BB O BN CHE S 4L, T2 hr—l R
NEBLTCT—Zad—ll¥kbhd,

F = N NOREKEDOHEICIE, KEEHOY T =—H

%

FrERBEZEAON= TEEHERAW., ZhbDEZE #T@E
SNTeT = N—NOETa > ha— R L EiE T Eel
LCcHihans,

5. 8% B A &
REE, F = N—HNOZEREKRLDIZE S B L, KRR

%b_&ﬁbfﬁbﬂécﬁﬁ¢@%i/n~W®Fﬁ£m%
Fig.9lomd, £, ik ez F 2o "—Nick vy b L, —% U —
R 7HBEBEEDL L, Fx o N—HNOEHIWAOT S, KRIZ,
pN10%Pa T 72 T L B FER L CTH — Ry TRy e fEB &
5L, plEESITEAT D, p BB KT 10°%Pa £ T L2,
BER A VT AT 5 ERIFFCH ABA VT L) ZBEKET =
UR—NIZ|AEH D, ZORp IXfafIkEKETH S 1.0 X
1@%&&@,%@%ﬁgﬁyf&@@éﬁ,ﬁﬁ®m%%Et
i?%%bto:®&¢’ib?xyﬂ—w TERITKER

ICEEHRz O EB 2N, ZORE %ﬁ6ﬁﬁ%ﬁb

147 17)



JRJEM - e R A - K il

Table 1

Results and conditions of SCB test for Kumamoto andesite.

Specimen Wataer vapor pressure Radius Thickness Crack length Normalised stress intensity factor Maximum load Fracture toughness

3/2

No. p(Pa) r(mm) ¢(mm) a(mm) Y, Pmax(kN) K ;c(MN/mm™)
1 7.0x10° 37.0 19.6 19.3 6.93 1.28 1.51
2 4.4x10° 37.0 203 18.9 6.78 1.35 1.48
3 2.0x10 37.1 20.2 19.2 6.88 1.31 1.48
4 1.1x10' 36.8 19.8 19.0 6.86 1.36 1.56
5 1.4x10° 37.0 20.3 19.1 6.85 1.44 1.61
6 1.1x10° 36.8 203 18.9 6.82 1.50 1.67
7 1.4x10™ 37.0 20.0 18.8 6.75 1.50 1.66
8 9.5x10” 36.9 19.9 19.0 6.84 1.47 1.68
9 3.7x10° 36.8 20.0 19.0 6.86 1.52 1.74

Table 2 Results and conditions of SCB test for Kunnum basalt.

Specimen Wataer vapor pressure Radius Thickness Crack length Normalised stress intensity factor Maximum load Fracture toughness

3/2

0 0.1 0.2 0.3 0.4 0.5
Displacement, mm

Fig.11 Load-displacement curves of all specimens for Kumamoto andesite.
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No. p(Pa) r(mm) ¢(mm) a(mm) Y, Pmax(kN) K ;(MN/mm”™)
1 1.4x10° 38.0 20.1 18.6 6.52 2.05 2.12
2 7.0%10 38.5 20.2 18.4 6.39 242 2.39
3 4.8x10° 38.3 20.0 18.5 6.45 2.30 2.33
4 8.0x10" 38.0 20.1 18.8 6.58 2.26 2.26
5 1.3x10" 376 198 19.1 6.75 2.09 2.09
6 6.6x10" 38.0 20.1 18.6 6.52 2.32 2.39
7 1.2x10° 38.4 20.1 19.0 6.58 2.40 2.50
8 5.0x10™ 38.0 19.8 19.0 6.65 2.40 2.59
9 5.0x107 38.0 19.5 18.6 6.52 2.40 2.56
10 2.0x107 38.0 20.0 19.2 6.71 2.29 2.48
11 8.0x10° 37.7 19.9 19.0 6.69 2.35 2.56
3
2.5
- 2
x
< 1.5 g S R
: /
1 1))/
B y P4
0

0 0.2 0.4 0.6 0.8 1
displacement, mm

Fig.12 Load-displacement curves of all specimens for Kunnum basalt.
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Fig.13 Relationship between elastic modulus of 60% of maximum load and
water vapor pressure for Kumamoto andesite.
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Fig.14 Relationship between elastic modulus of 60% of maximum load and
water vapor pressure for Kunnum basalt.
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Fig.17 Relationships between crack velocity and stress intensity factor.
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Fig.18 Estimation of long-term stability in m=0.02.
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Fig.19 Estimation of long-term stability in n=10.
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Fig.20 Estimation of long-term stability in n=40.
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