Innovation in structural integrity prediction models
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Abstract. Strong predictive models are needed for precise, reliable mechanical
design in the aeronautical industry, to control the typically observed fatigue var-
iability. Especially with the advances of additive manufacturing and the emer-
gence of organic geometries. This paper reviews the development of structural
integrity models, from early empirical formulations to advanced physics-based
methods. The historical reliance on empirical models like Paris Law and the edge
of'its concept, The NASGRO, which, despite their utility, are often limited due
to their empirical nature, is analyzed. One of the central themes of discussion is
the scientific conflict between the "Global Driving Force" school, centered on
extrinsic crack closure, and the “Local Cyclic Plasticity school, mainly focused
on the induced plasticity at the crack tip. The limitations of both “schools” are
scrutinized, including the inability of closure-based models to describe the be-
havior at high stress ratios and the kinematic constrains linked to the local plas-
ticity models. At the end of this research paper, the Christopher-James-Patterson
(CJP) model is presented as a conciliatory approach, considering the crack as a
plastic inclusion within an elastic material. This model provides a mechanistic
description that accounts for plasticity-induced shielding and retardation without
requiring arbitrary geometry correction factors. This review suggests the CJP
model as the future of fatigue crack growth predictions.
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