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New Engineering Method for Non-Linear Fracture Mechanics Analysis
Enhanced Reference Stress Method
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Abstract

This paper briefly describes the new engineering method, called the enhanced reference stress method, to
estimate J (or C*) for non-linear fracture mechanics analysis of defective components, recently proposed by
authors. The proposed method offers significant advantages over existing methods in terms of its accuracy,
simplicity and robustness. Examples of application of the proposed method to typical piping integrity
problems such as through-wall cracked pipes under combined loading, and surface cracked pipes under
internal pressure and bending are given. Excellent agreements between the FE J and C* results and those of
the proposed method provide sufficient confidence in the use of the proposed method. One notable point is
that the proposed method can be used to estimate J (or C¥) along the crack front of surface cracks. Moreover
simplicity of the proposed method makes it easy to extend to more complex problems. Thus the proposed
method is attractive to assess the significance of defects under practical situations
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Fig. 1 Circumferential through-wall cracked pipes under
axial tension (P), pure bending (M) and internal

pressure (p).
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Fig. 2 Stress-strain curve and three different fitting

results for SA312 TP304 steel (50T)

Fig. 3 A 3-D FE mesh for the circumferentially through-
wall cracked pipe
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Fig. 4 Comparison of FE J values under pure bending

with those of the proposed method for (a)
8/7 =04 and (a) &/x =0.125.
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Fig. 6 (a) Schematic illustration for surface cracked pipes
in internal pressure p and in global bending M,
and (b) definition of the crack angle ¢.

Fig. 7 A typical FE mesh for R, /=5, a/r=0.3 and 5/7=0.1.
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Fig. 10. Comparison of the FE J results at various points
along the crack front (¢=0, n/6, ©/3 and n/2) with
those from the proposed method.
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