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Abstract: This paper present the problems in recent  analysis of the critical crack extension force with the fractal model and  show the possibility of applications of fractals to fractures in materials.
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1. INTRODUCTION

Fracture will always have a wide-ranging importance to man. 

The man and his hominid ancestors had been fashioning stone for more than a million years when it was made. Once man built large expensive structures, he had to ensure that they did not fracture and collapse. Fracture mechanics is basically about scaling. Leonardo da Vinci (1452–1519) was the first to record an understanding the scaling of fracture and he make strength tests on iron wires. Size effect is very important in fracture and Galileo saw that this effect placed a limit on the size of structures, both man-made and natural, which makes it impossible to build “ships, palaces, or temples of enormous size in such a way that all their oars, yards, beams, iron bolts, and other will hold together; nor can nature produce trees of extraordinary size because their branches would break down under their own weight”. 

Although most manmade objects have linear or smoothly curvilinear shapes, natural objects (such as rivers, mountains, clouds, and fractures) are commonly rough fragmented, or discontinuous. The apparent randomness of these irregularities, coupled with our bias toward Euclidian geometry, handicapped us in studying and properly modeling such objects until the advent of fractal geometry (Mandelbrot, 1983). An inherent property of fractal objects is the statistical replication of patterns to the different scales; a magnified part of a fractal object is statistically identical to the whole. A fractal is a shape made of parts similar to the whole in some way. This property, called self-affinity under a scale transformation, is common to all fractal objects. The mathematical fractal model has an infinite number of generations without upper and lower limits; otherwise coarse graining of the initiator or fine graining of the lowest limit of generation would not give the same shape as the original one. Fractals in nature are approximate models.

2. A RELATIONSHIP BETWEEN FRACTAL DIMENSION AND FRACTURE TOUGHNESS
In Irwin's approach in fracture mechanics, the critical strain energy release rate, the critical crack extension force,
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 may be written as:

· for brittle fracture


[image: image3.wmf]s

2

c

G

g

=



























      (1)

· for quasi – brittle fracture
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where, 
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 is the specific surface energy and 
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represents the energy expanded in the plastic work necessary to produce unstable crack propagation at the crack tip. In the quasi-brittle case (or the small scale yielding case) we assume that the plastic zone at the crack tip is very small and the thickness of plastic deformation is very thin.

Self-similarity implies that a similar morphology appears in a wide range of magnification in the analysis. Fractured surfaces require careful metallographic analysis to determine not only a 
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 value but also to establish their self-similarity. The total length, 
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of a Koch curve is given by [1]:
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where, 
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 is the yardstick length, 
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 is the normalized yardstick length with respect to 
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 the length of the initiator, 
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 is the fractal dimension of the Koch curve. The parameter 
[image: image15.wmf]n

r

=

e

 and 
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 is the reduction in scale by one iteration 
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Owing to the crack propagation along a zig-zag line, the real areas of fractured surfaces (or lengths of lines) are actually larger than the data obtained by macroscopic measurements. The area of the fractured surface per unit thickness of specimen will be 
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, one in fracture mechanics. Then, instead of equations (1) and (2), results:
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and 
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From equation (3) and (4) results fallowing equations:
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 Logarithm this equation will result next relation:
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3. CONCLUSION
The logarithm value of critical crack extension force or facture toughness is linear in relationship with the fractal dimension of fractured surface. This relation, based on fracture mechanism, holds in many experimental measurements [2, 3]. It seems that the best way to measure the fractal dimension of fractured surfaces may be the next relation [1, 4]:
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The total length of crack propagation must to measure with different lengths of yardsticks. Then, the fractal dimension can be obtained by the slope of the linear relationship between 
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. In case of intergranular cracks may be connected to construct a Koch curve in a two dimensional system [1]. According to this model, 
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 are enhanced;
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The fractal dimension 
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 can be calculated from geometrical consideration because 
[image: image30.wmf]d

 is the size of the grain, the lower limit for the scaling range and 
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is a length related to the crack propagation, the upper bound for the scaling range, which can be determined by equation (8). The enhancement of 
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 by self-similarity features of the fractured surface must not be very large. Enhancement by plastic deformation may be orders of magnitude higher [1, 5]. Therefore, the fractal description of fractures is a question of technological importance and interesting theoretical problem.
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