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Estimation of Fracture Toughness of Different Kinds of
Rocks under Water Vapor Pressure by SCB Test
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In order to investigate the influence of water vapor pressure of surrounding environment on mode I fracture
toughness of rock, a series of Semi-Circular Bend (SCB) tests under various water vapor pressures were conducted.
The water vapor is the most effective agent which promotes stress corrosion of rock. The range of water vapor
pressure used in this paper was from 107 to 10® Pa. The rocks used in this paper were African granodiorite (AG),
Korean granite (KG), Kimachi sandstone (KS), Kumamoto andesite (KA) and Kunum basalt (KB). Measurement
of elastic wave velocity and observation of thin section of these rocks were performed to make clear the micro
structures, namely distribution of inherent micro cracks and grains. The results of the SCB test show that the
fracture toughness of AG, KG, KA and KB were dependent on the water vapor pressure of the surrounding
environment and decreases with increasing the pressure and that the fracture toughness of KS was independent on
the pressure. It is considered that this decrease is due to stress corrosion promoted by water vapor. The experimental
results also show that the degrees of influence of the water vapor pressure on the fracture toughness for AG was
greater than the others. Together with the results and observed micro structures, it was concluded that the degree of
the influence is dependent on the distribution and the density of inherent micro cracks.

KEY WORDS: Rock, Fracture Toughness, Semi-Circular Bend (SCB) Test, Water Vapor Pressure, Stress
Corrosion, Inherent Micro Cracks
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Fig.1 SCB specimen and loading.
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Fig.2 Testing system; (a) Setup of specimen with special equipment placed
at vacuum chamber, (b) Vacuum chamber used to control surrounding
environment of specimen, (c) Evacuation system.
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Fig.3 Change of the pressure in the chamber during the experiment.
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Fig.4 Photographs of SCB specimen and its thin section for African granodiorite
(AG), Korean granite (KG), Kimachi sandstone (KS), Kumamoto andesite
(KA) and Kunum basalt (KB); Thin sections of AG, KG, KA and KB
are crossed nicols and that of KS is parallel nicols. Am: Amphibole, Pl:
Plagioclase, Bt: Biotite, Qtz: Quartz, Px: Pyroxene, Ol: Olivine.

Table 1 Elastic wave velocity for African granodiorite (AG), Korean
granite (KG) and Kimachi sandstone (KS), and defined axes.
Elastic wave velocity, m/s
AG 6760 6580 6540
KG 3990 3850 3640
KS 2640 2590 2580
Axis-1  Axis-2  Axis-3
Axis-1
Plane-1
i Plane-3
Plane-2
i /’ Axis-2
Axis-3

Fig.5 Definition of axes and planes of rock block based on measured elastic
wave velocity; Axis-1 is the direction of the fastest velocity, Axis-2
isntermediate and Axis-3 is the lowest.
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Fig.6 Schematic illustration of preparation process for obtaining two types of
specimen for African granodiorite, Korean granite and Kimachi sandstone.
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Fig.7 Micro crack density in Rose diagram for African
granodiorite (AG), Korean granite (KG), Kumamoto
andesite (KA) and Kunnum basalt (KB).
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Table 2 Average grain diameters of African granodiorite (AG),
Korean granite (KG) and Kimachi sandstone (KS).

(AG)
l?lane (?f Direction Average grain Aspf:ct
thin section diameter (mm) ratio
Axis-2 0.57
Plane-1 1.5
Axis-3 0.84
Axis-1 0.62
Plane-2 1.3
Axis-3 0.80
Axis-1 0.79
Plane-3 1.1
Axis-2 0.88
(KG)
I"lane (?f Direction Average grain Aspfict
thin section diameter (mm) ratio
Axis-2 0.66
Plane-1 1.2
Axis-3 0.76
Axis-1 0.69
Plane-2 1.0
Axis-3 0.68
Axis-1 0.73
Plane-3 1.2
Axis-2 0.63
(KS)
I"lane (?f Direction A.Vf:rage grain Asp'ect
thin section diameter (mm) ratio
Axis-2 0.45
Plane-1 1.0
Axis-3 0.45
Axis-1 0.46
Plane-2 1.3
Axis-3 0.60
Axis-1 0.42
Plane-3 1.1
Axis-2 0.39
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Table 3 Results and conditions of the test for African granodiorite (AG), Korean granite (KG), Kimachi sandstone (KS), Kumamoto andesite (KA) and Kunum basalt (KB).

(AG) (KS)

Specimen vapo‘:] :r‘:;sure Radius  Thickness ES;: slres:] ;::::];ts}f(fi'aclor M"’l’;‘::l"m Fracture toughness Specimen VaPO‘l)'v:f(:;Sme Radius Thickness i‘:gcl: 5“55?;::::;:;(;“‘“ Ma;‘:lum Fracture toughness
No. p (Pa) y(mm)  f(mm)  a (mm) Y, P (KN) Ko (MN/m®?) No. p (Pa) r(mm) ¢(mm)  a (mm) )l P (KN) K (MN/m™?)
1-1 42 % 10" 37.5 203 18.7 6.63 231 243 1-1 23x107 375 21.0 188 6.65 0.68 0.70
12 72x10" 375 21.6 18.6 6.59 252 247 12 4.2%10% 375 20.7 19.0 6.75 0.71 0.75
13 85107 37.5 20.2 19.1 6.77 222 242 13 3.0x10" 375 217 18.8 6.67 0.65 0.65
1-4 5.4%10° 375 20.2 19.0 6.73 223 242 1-4 13 % 10° 375 213 18.9 6.71 0.63 0.64
1-5 8.7 % 10" 37.5 17.8 18.8 6.65 1.96 237 1-5 2.7%10° 375 214 18.8 6.65 0.69 0.70
1-6 2.0x 10" 37.5 19.9 19.0 6.73 1.80 1.97 1-6 1.8 % 10' 375 217 18.8 6.65 0.66 0.65
1-7 33x10' 37.5 215 18.8 6.65 232 232 1-7 9.4 % 10' 375 20.9 18.7 6.63 0.72 0.74
1-8 6.9 % 10" 37.5 203 18.9 6.69 1.98 2.12 1-8 1.8 x 10° 37.5 207 18.8 6.67 0.68 0.71
19 8.7 % 10" 375 19.0 18.8 6.65 1.97 223
1-10 2.0 % 10 375 20.1 19.0 6.75 1.89 2.06 Specimen Water Radius  Thickness Crack N‘ormzn]f'sed Maximum Fracture toughness
111 38 % 10° 375 19.0 18.8 6.67 173 1.97 vapor pressure length  stress intensity factor load

No. p (Pa) F(mm) o (mm) a (mm) Y Pro(®N) Ky (MNim™)
ise ; 31 2.7 %107 375 20.6 18.8 6.67 0.70 0.73

Specimen vapo‘:] ;:::sure Radius  Thickness i:‘;}: slres:] Z?:QT; ‘ll'aclur Mﬁm" Fracture toughness 32 42x10° 375 214 18.9 6.71 0.73 0.74
No. p (Pa) r(mm) ¢ (mm)  a (mm) ¥, P (KN) Ko (MNP 33 4.5% 102 37.5 20.5 19.1 6.79 0.62 0.67
3-1 8.4 x 107 37.5 20.1 18.9 6.69 1.79 1.94 34 12x 10" 37.5 20.3 19.0 6.75 0.70 0.76
32 24%10" 37.5 17.2 19.1 6.79 1.52 1.96 3-5 12 10" 375 213 19.0 6.73 0.73 0.75
33 52%10" 375 20.1 18.9 6.69 1.62 175 3-6 11x10° 375 215 18.9 6.67 0.82 0.83
3-4 8.6x 10" 375 18.9 19.1 6.77 1.59 1.86 37 2.8 10° 375 21.4 18.9 6.71 0.75 0.76
35 1.1 % 10° 37.5 19.6 19.0 6.73 1.82 2.03 3-8 1.3%10" 375 21.2 18.9 6.69 0.67 0.68
3-6 25%10° 375 19.7 18.7 6.63 171 1.86 3-9 2.7 10" 375 21.2 18.9 6.69 0.70 0.72
37 4.7 %10 375 18.7 18.5 6.53 1.71 1.91 3-10 3.0 % 10 375 20.4 18.8 6.67 0.71 0.75
3-8 1.5% 10" 375 21.2 19.0 6.75 175 1.82 3-11 5.8 10° 37.5 213 19.0 6.75 0.73 0.75
3-9 3510 37.5 17.1 18.8 6.65 1.28 1.62
3-10 48x 10" 375 19.6 18.8 6.65 1.76 1.94
3-11 9.3 x 10" 37.5 19.9 18.7 6.63 1.66 1.79
312 1.4 % 10° 375 19.9 19.0 6.75 1.51 1.67
313 42 % 10° 37.5 18.9 18.4 6.51 1.67 1.84
3-14 7.7 % 10° 37.5 19.0 18.7 6.61 1.61 1.81

(KG) (KA)

Specimen vapo‘:]:rtz:surc Radius  Thickness i;ﬂ;]; slrcs?;::]nil:;‘;aclur Mz\;:r;um Fracture toughness Specimen vapu‘:’v;r‘:sure Radius  Thickness i‘:;: slres:’;::‘:l:;(ll'aclor Ma])s;‘lum Fracture toughness
No. p (Pa) r(mm) ¢ (mm)  a (mm) Y, P GN) K (MNm'?) No. p (Pa) r(mm) ¢ (mm)  a (mm) ¥, P (N) K (MN/m?)
1-1 1.0 x 102 375 19.6 18.6 6.57 L18 1.28 1 3.7x10° 375 20.0 19.0 7.04 1.52 1.78
12 2.1x 107 3715 20.2 18.7 6.63 1.26 1.33 2 9.5x10° 375 19.9 19.0 7.00 1.47 171
13 3.3x 107 375 20.7 18.9 6.71 1.33 1.40 3 1.4x10™ 37.5 20.0 18.8 6.87 1.50 1.69
14 4.5%102 37.5 20.6 18.7 6.64 1.26 1.31 4 L1x10° 37.5 203 18.9 7.00 1.50 L7
1-5 1.8 10" 375 214 18.8 6.67 1.36 1.37 5 1.4x10" 375 203 19.1 7.00 1.44 1.64
16 45% 10" 375 213 18.7 6.61 1.36 1.36 6 1.1x10" 37.5 19.8 19.0 7.04 1.36 1.60
17 1.1 % 10° 37.5 19.6 18.6 6.60 1.26 136 7 2.0x10* 375 20.2 19.2 7.00 131 1.50
1-8 32x10° 375 204 18.8 6.66 1.23 130 8 4.4x10° 37.5 20.3 18.9 6.91 1.35 151
19 4.8 % 10° 37.5 20.8 19.0 6.72 1.25 131 9 7.0x10° 31.5 19.6 19.3 7.09 1.28 1.54
1-10 1.2%10" 37.5 18.8 18.8 6.65 1.26 1.44
1-11 1.4 10" 37.5 20.7 18.9 6.70 1.30 1.38
1-12 2.0% 10" 375 20.1 18.8 6.66 1.24 1.34 (KB)

1-13 8.7 % 10" 37.5 20.7 18.7 6.63 127 1.32
1-14 1.3 % 107 375 213 18.4 6.52 L11 1.09
1-15 2.6 % 10° 37.5 20.0 19.0 6.73 1.06 1.16
1-16 41 %107 375 207 18.9 6.71 124 131 Specimen Water Radius  Thickness oK Normalised Maxinum o ure toughness
7 S8 10° 175 188 189 670 0.9 106 vapor pressure length  stress intensity factor load
No. p (Pa) 7 (mm) t (mm) a (mm) Y, P ax (KN) Ko (MN/m*?)
- - 1 8.0x10° 375 19.9 19.0 6.67 235 2.55
Specimen Water Radius  Thickness Crack N.orma]fsed Maximum Fracture toughness 2 2.0x107 375 20.0 19.2 6.63 229 245
vapor pressure length  stress intensity factor load N S o10? s 105 e a0 o 250
o A el h Pun ) Ky MNin 4 S0 375 198 190 655 240 255
31 1.1% 102 375 213 183 6.48 1.22 1.19 : o : : - ’ :
32 32x 102 37.5 213 18.0 6.36 118 L12 s 1'2“0: 375 201 190 640 240 24
33 85x10° 375 19.8 188 667 1.03 113 6 6610 373 201 186 640 232 235
3-4 1.9 % 10" 37.5 21.2 18.8 6.68 117 1.20 7 130! 373 198 191 67 20 232
35 46x10" 315 19.9 187 661 13 121 8 80x10' 375 201 188 047 226 233
3-6 1.0 % 10° 37.5 19.8 18.9 6.71 1.09 1.19 o 4'8“(% 373 200 185 025 230 226
17 1510 175 101 187 66 091 Loz 10 7.0410° 37.5 20.2 18.4 6.14 242 2.29
3-8 5.8 10° 37.5 213 19.2 6.81 1.07 L1l 1 1410 37.3 20.1 186 640 205 207
39 1.9% 10" 375 20.2 18.9 6.72 0.98 1.06
3-10 44x10" 37.5 21.4 18.8 6.65 0.98 0.98
3-11 8.1 10" 375 19.3 18.7 6.63 1.05 1.16
312 9.9 % 10" 37.5 19.4 18.7 6.63 1.00 L1l
313 1.7 % 107 375 213 18.5 6.54 115 113
3-14 4.9 % 10° 37.5 21.6 18.6 6.60 1.00 0.98
3-15 6.3 % 10° 3.5 213 18.8 6.66 1.10 112
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Fracture

Fig.8 Fractured specimen of African granodiorite.
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Fig.9 Load-displacement curves of African granodiorite (AG), Korean
granite (KG), Kimachi sandstone (KS), Kumamoto andesite (KA)
and Kunnum basalt (KB).
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Fig.10 Relation between fracture toughness of African
granodiorite (AG), Korean granite (KG), Kimachi
sandstone (KS), Kumamoto andesite (KA) and
Kunnum basalt (KB), and water vapor pressure.

Table 4 Parameters of approximated curve for African granodiorite
(AG), Korean granite (KG), Kumamoto andesite (KA) and

Kunum basalt (KB).
m s R
AG Type-1 0.0301 243 0.82
AG Type-3 0.0102 1.88 0.48
KG Type-1 0.0119 1.32 0.50
KG Type-3 0.0098 1.13 0.52
KA 0.0129 1.65 0.95
KB 0.0125 241 0.88
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