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understanding of the effects of superimposed mechanical conditions. The metallurgical
nature of titanium and aluminum alloys preclude the formation of a temperature transi-
tion, and the characterization of fracture resistivity of these alloys is primarily con-
cerned with the mechanical aspects which impede plastic flow. Because certain metal-
lurgical features give rise to unique {racture behavior, generalized fracture-safe .design
procedures correspondingly take advantage of these natural characteristics of structural
metals.

This report considers the trends in the enginecering aspects of fracture technology
and emphasizes the metallurgical and mechanical features which result in rapid rises
or transitions in fracture resistivity. These transitions are triggered when conditions
depart from those associated with the restricted regime of ideal elastic plane strain
fracture, and they define the link between elastic and fully plastic fracture behavior,
Test methods for measuring fracture toughness through transition regions must have
a capability of measuring over a broad range, and the DT test was developed and used
for this purpose (2, 4). Analysis of the rapidly rising fracture resistance in transition
regions is provided by diagrams which include the Fracture Analysis Diagram (FAD)
and the Ratio Analysis Diagram (RAD). The concepts for providing analyses for the
fracture toughness of structural metals have been available for several years, and the
aims of this report are to present the engineering approach for coupling the quantitative-
ness of fracture mechanics theory and to refine the interpretation of the empirical re-
sults of practical fracture toughness tests.

MECHANICAL ASPECTS OF FRACTURE RESISTIVITY

This section is a brief review of general principles related to the mechanical aspects
of fracture, Detailed discussions of concepts and mathematical relationships can be
found in the literature (5-7).

Mechanical constraint (triaxial stress) is generated by cracks and sharp notches
plus thick sections. Constraint is the mechanical factor which tends to decrease the
ability of structural metals to flow plastically by concentrating stress. The stress-
concentration effects provided by a crack readily elevate the stress at the crack tip to
yield strength levels, and a plastic zone is formed, This basic principle is illustrated
in Fig. 1, where it is obvious that the larger the crack-tip plastic zone (increased notch
ductility), the greater the resistance to fracture,
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