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(5) GENERALIZED CRACK TENSOR AND ITS APPLICATION TO ROCK MECHANICS

By Masanobu Oda

ABSTRACT

Elastic compliance and permeability tensors for jointed rock masses are

(m)

formulated in terms of the generalized crack tensor F ™ with - the following
definition;

(m)
F

=% [Jg"nn --- n Bty x)afar

where P = volume density of cracks,

r = size of a crack ( diameter ),

n = unit vector normal to a crack,
)= probability density of cracks,

r
= solid angle, and
m

i

positive integer.

Each crack is treated as a parallel opening connected by two springs whose
normal and shear stiffness are determined by taking into account the
experimental results by Barton et al. (1972) and Bandis et al. (1983). By means
of summing up displacement jumps associated with cracks along a given scanline,
the elastic compliance Cijkl due to the presence of cracks is formulated as

1 1 (3) 1 (3) (3) (3) (3}

Cyge = (¢ Ko, gto.m ) Fijkt * agiomy (CikFit * SkFig * S5eFik + SipFik )}

(3)
where FF?Z F
13

it

second and fourth rank crack tensors with m=3,

1ik2
k(g,y) = normal stiffness depending on ¢ and N, and
g(g,N) = shear stiffness depending on g and N,

Each crack is also treated as a parallel opening with a aperture t which depends
on normal stress acting on it. Adopting the cubic law for laminar flow of
fluids through open cracks consisting parallel planar plates, an equivalent

permeability tensor kij is formulated as follows:

) kij = X(Pkkﬁij - P,.)

ij
’ -, =, — (5)
1 (5) 3 c2 — {(5) 3/C — -y (5) —--——1~———-O" s 0' o
Pij:{zaFij - EYéﬁgfUkﬂpijk£+£§_”_-_Okﬂomnpijklmn ka(glg) X2 mn op ijkfmnop

a,N)

where A = 1/12 when the rock mass is fully disintegrated by many cracks,

¢ = dimensionless constant,
Sij = Kronecker's delta,
Ff§), F}?) = second and fourth rank crack tensors with m=5, and
ij ijk4&
G.). = stress tensor.
1]



