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Crack Opening Analysis by means of the X-Rays CT
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Crack Projection Method has been proposed for the crack opening measurement of rocks, using the 3-
dimensional data of the linear absorption coefficient given by the X-rays Computerized Tomography. This is
a promising method to measure the crack opening from the X-rays projection normal to the crack surface. The
fundamental formulae for the crack opening measurement have been firstly described as well as the necessary
regional averaging technique and the data processing for measurement of accuracy to micron meters, and sub-
sequently the crack model experiments using a couple of half-moon aluminum plates has been conducted to
examine the accuracy and reliability of the method.

As a case example of the Crack Projection Method, the Short Rod testing has been presented and discussed,
that is a suggested testing method of the International Society for Rock Mechanics for determining the fracture
foughness of rock. Crack growth characteristics with pull-loading has been described by showing the 2-
dimensional images of the X-rays Computerized Tomography. The permanent opening displacement of the
extended crack has been successfully examined by the subtraction of the crack opening profiles measured
before and after the Short Rod testing, and the elastic opening of the extended crack has been also examined
by analyzing the change of the crack opening profile by reloading. Moreover, the dimension of the fracture
process zone has been estimated as well as the permanent strain in this zone.

KEY WORDS : Rock, Crack, Crack Opening, Crack Projection Method, X-rays Computerized Tomography,
Short Rod Testing
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Projection : p,+p

Fig.3 An alignment of the drop region and the base region.
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Fig. 4 Promising applications of Crack Projection Method; The measurement of
(a) opening of parallel cracks, (b) opening volume of parallel micro-cracks,
(c) opening volume of conjugated micro-cracks and (d) strain of the frac-
ture process zone.
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(a) Initial stage (b) After crack propagation by loading

Fig.5 Elimination of the influence of rock inhomogeneity by subtracting the

initial image from the image after crack opening.
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Thickness gauge
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3000 — , :
Half of | Half of
basc? region base region
/ Drop region
2500 Lo [T = ""P=5.§6mm“"f - .
@ Rureertyy : Seetastygt
E ] /
S 2000 Lo &) &0 .
[ .
)
N’ H
1500 b ........ @) . ..................... B0 B
1000 i i i
-10 -5 0 5 10

()

Fig.6 Measurement of linear crack opening using a couple
of half-moon shapéd aluminum plates; (a) geometry
of the model, (b) a cross-sectional gray-level
thresholding image, (c) procedure of setting region
for the crack opening measurements by analyzing the
distribution of mean CT value in the Y-axis direction.
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Fig. 7 Result of linear crack opening measurements, indicating
the amount of scatter in the measurements decreases
with increasing the cross-sectional area S, and a well
agreement is obtained in the case of S = 586 mm? (W =

7.32mm, H = 8mm).
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Fig.8 Deviation of the measurement ¢ 4 versus the number of

pixels S in the cross section of the projection region, in
the case of P =586 mm ( P = 20).
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Fig.9 Apparatus for the Short Rod testing and geometry of
standard specimen.
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Fig.10 Load-crack mouth opening displacement curve for
Akiyoshi marble. The crack length, Aa (in the fig-
ure), is evaluated by the numerical solution pre-
sented by Matsuki et allo), A, B and C represent the
three stages of X-rays CT, and DE is a linearized un-
loading line.
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Fig.11

(b)

(e)

Gray-level thresholding images of Short Rod specimen; (a) at the initial stage A,

(b) at the unloading stage B, (c) at the reloading stage C.
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Fig.12 Crack opening profiles of Short Rod specimen measured at
the three stages A, B and C. The values of wy, wpg and wg¢
are the crack openings at the three stages A, B and C
respectively.
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Fig.13 Crack deformation analysis by subtraction : uc = we—wa
and up = wp—w,, suggesting that the fracture process
zone is ranging from Y = 46 mm to ¥ = 60 mm.
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