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Method for Characterizing Fracture Surface using Two-Dimensional Local Hurst
Exponent, and its Application to the Estimation of J. based on the Quantitative

Evaluation of Stretched-Zone Width

by Kenta YamaGiwa* and Takashi HoNDa*

Abstract: Fractal analyses have been widely used to characterize the fracture surface. It has been
recognized that the local Hurst exponent, which is based on the concept of self-affine fractal, is
useful to detect the transition point of fracture surface. For the calculation of the local Hurst
exponent, a high resolution profile is needed. To measure the profile, however, much time and
effort are needed. Therefore, it is difficult to calculate all profiles of fracture surface and evaluate
the feature of fracture surface in detail.

In this study, a new method to calculate the two-dimensional local Hurst exponent is proposed.
It is realized to evaluate the feature of fracture surface using the local Hurst exponent. To investigate
the validity of the two-dimensional local Hurst exponent, the calculation was applied to the gray-
scaled images in which the stretched zone was observed and the width of stretched zone (SZW:)
was measured. Consequently, SZW. calculated by the two-dimensional local Hurst exponent and
detected by the human observation have the good agreement. Therefore, it was found that the two-
dimensional local Hurst exponent is useful to detect the transition point of fracture surface.
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Fig. 1 lllustation of SZW. measurement using two-dimensional Hurst expoenents averaged over xo direction (H) .
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Fig. 2 Distribution of two-dimensional local Hurst exponent and stretched zone detected by our proposed method.
a) Gray scaled image of fracture surface. b) Relationship between two-dimensional Hurst exponent averaged
over xo direction and the location. ¢) Distribution of two-dimensional local Hurst exponent (H»=0.2) .
d) Distribution of two-dimensional local Hurst exponent (H»=0.25)
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human observation.
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Table 2 Result of quantitative evaluation of SZW. by human observation, one-dimensional local Hurst exponent
averaged over xo direction and Ji. A : SZWe evaluated by human observation. (um) B :SZW: evaluated
by one-dimensional local Hurst exponent averaged over xo direction.  (um)
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Fig. 3 Relationship between J-integral and stretched zone width. 4 and llindicate SZW evaluated by proposed
method and 1-dimensional hurst exponent, repectively.
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