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Relation between Anisotropy of Rocks and Suberitical Crack Growth

REHX - TS
Yoshitaka NARA, Katsuhiko KANEKO

It is very important to consider the anisotropic property of the materials when the deformation and fracture of rocks are discussed.
However, the materials have been assumed to be isotropic in many studies, and it has been rare to consider the anisotropy of
materials. Generally, the orthorhombic material such as granite has nine independent elastic constants. In the case of granite,
however, it can be considered that there are some conditions to determine the elastic constants, because the anisotropy of granite is
caused by the preferred orientation of pre-existing cracks. In this study, the method to determine the effective elastic constants of
granite was presented, and the subcritical crack growth behavior in granite was investigated using estimated elastic constants. It was
made clear that the elastic constants of granite were determined by estimating the intrinsic elastic moduli of the material and the
values of crack density in three orthogonal directions. The stress level causing subcritical crack growth depended on the crack
density.
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Fig.1 Three types of the crack distribution models

(2) : Microcracks are distributed randomly.
(b) : Microcracks are distributed parallel to each other. The crack plane is normal to 2-axis.
(©) : Microcracks are distributed parallel to each other. The crack plane is normal to 3-axis.

Table 1 Elastic wave velocity for granite

V20 [kmis)

Rocks
Vist Vs Ve Ven Ve Yo Ve Vun
Oshima granite (Sano™) 4.83 4.57 3.75 3.01 2.98 2.78 2.67 2,75
Oshima granite 4.91 4.61 4.51 291 2.97 2.81 2.81 2.82
Inada granite 433 4.69 4.06 2.75 2.78 2.51 2.61 2.59
Table 2 Effective stiffness from Sano?
Effective stiffnes (GPa)
62.2 12.2 12.8 0 0 0
12.2 55.6 9.17 0 0 0
12.8 9.17 37.5 0 0 0
0 0 0 19.6 0 0
0 0 0 0 20.3 0
0 0 0 0 0 3.
Table 3 Effective stiffness and theoretical wave velocity
Rocks e, (%] Effective stiffness [GPa] V,™ [km/s)
62.0 | 12.4 | 8.94 0 0 0 Va=4.19
12.4 56.2 8.25 0 4] 0 Vo=4.57
Oshima granite(Sano™ | 0.3 8.94 | 8.25 | 38.0 0 0 0 V=315
0 0 0 17.8 0 0 V on=V we=2.91
0 0 0 0 18 0 Y ua=V 4n=2-65
0 0 0 0 0 22.3 ¥ ox=V 55=2.59
649 | 138 | 133 0 0 0 V yy=4.90
13.8 | 574 | 12.0 0 0 0 V og=4.61
13. . . =4,
Oshima gramie ol 33 | 120 | 549 0 0 0 V pg=4.51
0 0 0 21.0 0 0 Y o=V e=2.93
0 0 0 0 22. 0 V 2=V 3y =2.90
0 0 0 0 0 227 V oa=V 4282
593 | 11.0 | 9.80 0 0 0 V yy=4.33
11.0 { 507 | 8.6l 0 0 0 V oe=4.70
nada granite ol 9.80 | 8.61 | 444 0 0 0 V g =406
0 0 0 182 0 0 V on=V wa=2.82
0 0 0 0 19. 0 V =V py=2.63
0 0 0 0 0 20.9 ¥ ga=V po=2.73
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Fig4 Relation between K and da/dt for Oshima

granite by isotropic analysis
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Fig6 Relation between K; and da/dt for Inada

granite by isotropic analysis

Table 4 Results of anisotropic analysis for Oshima granite
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Fig5 Relation between Ki and da/dt for Oshima

granite by anisotropic analysis
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Fig.7 Relation between K and da/dt for Inada

granite by anisotropic analysis

Table 5 Results of anisotropic analysis for Inada granite

R . . K, (MN/m3?) . . . . K, [MN/m’1]
Crack t i ! Crack O Direction S| !
rack Opening Direction Specimen (daldi=10% [mis]) rack Opening Direc pecimen (da/d1=10% [mls])
GR 1.72+0.08 . . GR 1.2340.08
R-direction R-direction
HR 1.76 £0.03 HR 1.17+0.14
HG 1.83+£0.08 R HG 1.59+0.10
G-direction G-direction
RG 1.83£0.04 RG 1.54+0.08
GH 201013 . . GH 1.40£0.07
H-direction H-direction
RH 1.99+0.07 RH 1.36£0.11
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