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ABSTRACT


Search for some novel mathematical tools that would remove the physically unacceptable singularities predicted by the classical Mechanics of Fracture began soon after the publication of the seminal work by Griffith (1920). During the years following WWII two American scientists, Orowan (1956) and Irwin (1957) proposed the “plasticity correction” term that was added in the equations describing the stress intensity factors for fracture of various modes, so that for the crack length approaching zero a finite outcome resulted. This outcome described the intrinsic strength of the undamaged material, while the associated stress at the crack tip could be now identified with a finite stress level corresponding to the local yield stress. 


Similar effort was undertaken in Russia by Novozhilov, who in 1969 suggested that the very nature of the crack propagation is discrete, and who for the first time introduced the concept of the minimum admissible growth step; a0. According to Novozhilov (1969) this entity, named by him a “fracture quantum”, must be included in the energy Griffith criterion – or an equivalent local stress criterion for fracture. Initially, the fracture quantum was identified with the interatomic distance; b. Analogical concepts were proposed independently by Eshelby (1957) and developed further by Mattoni et al. (2004), then by Ippolito et al. (2005), and also by Pugno and Ruoff (2004). In this way the “Quantized Fracture Mechanics” (QFM) was born.


Recent researches by Ippolito et al. (2006) summarize the pertinent results of the newly developed QFM model. This model is based on the hypothesis of discrete nature of crack propagation and it is applied to the explanation of the experimental data collected for a composite containing a silicon carbide matrix, while the cracks for which the fracture resistance is measured are of nano-dimensions. Now, the quantum a0 is no longer associated with the interatomic distance but rather it is shown to be related to the main lattice parameters. In addition to fracture quantum, another length entity has been considered; it is the finite radius of curvature ρ found at the tip of a QFM crack, which resembles a blunt crack known in LEFM. In the end, it turns out that it is not the fracture quantum alone but rather the ratio a0/ρ that describes the microstructural behavior of the material. The third important variable is the crack length itself, especially so in the nano-scale range, where fracture resistance is visibly sensitive to the crack length. Comparing the theoretical and experimental data Ippolito et al. (2006) found that the best fit was obtained for a0 = 0.94c0 and ρ = 0.55c0, where c0 denotes the lattice interbond spacing.


The basis for the presently proposed model of fracture, the so-called Discrete Fractal Fracture Model (DFFM) is provided by the outcome of the earlier research by Wnuk and Yavari (2003, 2005). The inspiration for the theory developed here stems from the careful analysis of the scatter that occurs in the experimental data of Ippolito et al. (2006). Their theoretical curve, which shows the dependence of the specific energy of fracture γ on the crack length, γ = γ(c), has been derived from the QFM model. Here, we propose a generalized model of fracture that encompasses all the QFM results, but it adds one important characteristics of geometrical nature: fractality of the fracture surface. The latter is usually described either by the fractal dimension D, or the fractal exponent α, or the roughness exponent H. Overall, three essential parameters enter the theory: two are used to describe the micro structure when the discrete fracture is considered (like in the QFM model of fracture), while one of them is suggested by the fractal nature of fracture. In this way a new mathematical model is constructed, which in addition to the micro structural parameters, a0 and ρ, incorporates a geometrical variable, namely the fractal exponent α or the fractal dimension D. Therefore, by varying the fractal dimension of the fracture surface one is able to account for all experimental points concerning the γ vs. crack length data as measured in the nano-range of the crack sizes. This matching procedure is fairly simple and it can be accomplished with a high precision.  
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