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ABSTRACT

This paper introduces the basics of fractal measurements. The fracture surface roughness and
the toughness of a series of steel samples were analyzed using two kinds of fractal dimen-
sions.
Fracture surface profiles were obtained by means of the cross vertical sections through the
fracture surface of steel samples coated with copper in order to protect the surface. Wllll
image processing, the fractal dimension of numerous profiles was measured by Euclidean
erosion and dilation through the distance map. This 1D fractal dimension measure described
the roughness of fracture surfaces and was correlated with the fracture toughness of the
materials.
We also applied mathematical morphology fractals to analyze the grey level images of
fracture surfaces of steel samples examined by SEM , which were treated as three -
dimensional suifaces. The grey level morphological method was based on a series of dilations
on this surface and plotting area of the resulting set of surfaces versus the structuring element
size. It was demonstrated that the 2D fractal dimension measure was strongly correlated with
both rouglmess and fracture toughness.
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INTRODUCTION

There has been great interest in describing and quantifing complex surfaces - non-planar
surfaces, such as fracture surfaces of materials. The materials surface roughness and
irregularity were investigated using the fractal dimension by E.E.Undenv0od [1986,1990],
J. C. Russ [l99l,l992] and many others.
The concept of fractal dimension was introduced by Mandelbrot in early 196ps. For some
curves the measured length is a function of the size of measuring unit used to estimate the
length and the apparent length becomes infinite as the size of measuring unit approaches zero.
The fractal dimension D is used to describe irregular self-similar curves. Self-similarty means
that the cu1've has the same apparent visual shape and configuration under any magnification.
Fractal geometry is being used in materials science, because it can be applied to describe non-
linear structures. In fractal geometry noninteger dimensions occur and are characterized by
self-similarity, scale invariance and discontinuities on all scales [Mecholsky, l989,l99l,l992].












