STATEMENT OF WORK

Bridging Length Scales from Atomistic to Continuum with Fractals:

Applications to Fracture Mechanics

1.0 BACKGROUND

The analytical and computational methods branch (ACMB) has been awarded funding through the NASA Creativity & Innovation program to investigate the application of fractal geometry to the prediction of fracture phenomena. 

Fractal geometry provides a rigorous mathematical description of irregular surfaces that exhibit similar features at increasing levels of magnification.  For example, if one imagines a coastline or mountain range, as one looks closer at the surface features, the geometry looks similar at increasing levels of magnification. The field of fracture mechanics deals with the description and prediction of crack propagation in different materials. When analyzing a fracture surface, a quantity of major importance is the total surface area that has been created. When looking at fracture surfaces at greater levels of magnification, it is now well known that the surface features appear similar at decreasing levels of resolution until a minimum length scale is reached. In addition, the dynamics associated with the development and consolidation of micro damage in the fracture process zone is conjectured to possess fractal characteristics. The self-similarity of geometric features and dynamic growth processes suggests the use of fractal constructs to better describe the actual geometry of fracture and crack propagation. This mathematical description may permit more accurate calculations of the basic parameters of fracture mechanics such as strain energy release rates, stress intensity factors, and crack opening displacements.  

The mathematics of fractal geometry is a broad area in mathematics and has been widely applied to model complex geometries and processes.  NASA Langley does not possess ‘in-house’ expertise in this area and requires an outside expert to perform research into the application of fractals. . 

2.0 SCOPE OF WORK

For our research into fracture mechanics we require an individual  who has a solid background in the area of fractal geometry who can provide insight and innovative solutions to the application of fractals to fracture mechanics. This service will pertain to determining the appropriate fractal mathematics and derivations of analytical formulae to better describe various aspects of the analysis of material failure. 

3.0 TASK

The research requires an expert who can provide the necessary mathematical expertise to provide a rigorous mathematical basis for the new definitions within the area of fracture mechanics that will be developed. 

4.0 PERIOD OF PERFORMANCE

The period of performance will be from January 1st 2003 to October 1st, 2003.

5.0 QUALIFICATION REQUIREMENTS

Offerors must demonstrate an expertise in the mathematics of fractal geometry, and have the ability to apply fractal geometry to the simulation of physical systems.  Offerors shall submit a brief technical proposal (no more than 10 pages) that addresses how they would approach this task.  Offerors who demonstrate a specific knowledge of the principles of fracture mechanics will receive additional credit.

6.0  DELIVERABLES  

It is expected that the contractor develop or formulate valid applications of fractals to fracture mechanics. Specific applications will be defined through ongoing consultation with experts in fracture mechanics at NASA Langley. At the conclusion of this investigation, a final report will be required that documents all work performed under this contract. 

