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Estimation of Non-Linear Fracture Parameter
Using Enhanced Reference Stress Method
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Abstract

This paper provides the new engineering method, called the enhanced reference
stress method, to estimate J (or C) for non-linear fracture mechanics analysis of
defective components. 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 and surface cracked pipes. 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.
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Fig. 1 Circumferential through-wall cracked pipes under axial tension (P), pure
bending (M) and internal pressure (p).

Fig. 2 A 3-D FE mesh for the circumferentially through-wall cracked pipe
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Fig. 4 Comparison of FE J values for combined bending and tension with those of the
proposed method: for the load proportionality factor 1=0.5 (a) g/p=0.4, (b)
0/p=0.125, for | =2.0 (c) g/p=0.4, (d) g/p=0.125.
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Fig. 5 (a) Schematic illustration for surface cracked pipes in internal pressure p and
in global bending M, and (b) definition of the crack angle.
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Fig. 6 A typical FE mesh for R,/t=5, a/t=0.3 and b/p=0.1.
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Fig. 7 Comparison of the FE J results with those from the proposed method under
internal pressure.
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Fig. 8 Comparison of the FE J results with those from the proposed method under global bending.
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Fig. 10 Comparison of the FE C* results with those from the proposed method for
through-wall cracked pipes: (a) under global bending, g/p=0.4, RCC-MR law,
and (b) under internal pressure, g/p=0.125, g- projection law.

Fig. 11 Comparison of the FE C* results with those from the proposed method for
surface cracked pipes under pressure with a/t=0.5 and b/p=0.4.
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