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Abstract

This paper proposes a robust method for the Ramberg-Osgood (R-O) fit to accurately estimate elastic-
plastic J from engineering fracture mechanics analysis based on deformation plasticity. The proposal is based
on engineering stress-strain data to determine the R-O parameters, instead of true stress-sirain data. Moreover,
far practical applications, the method is given not only for the case when full siress-strain data are available
but also for the case when only yield and tensile strengths are available. Reliability of the proposed method
for the R-0 fit is validated against detailed 3-D Finite Element (FE) analyses for circumferential through-wall
cracked pipes under global bending using five different materials, three stainless steels and two ferritic steels.
Taking the FE J results based on incremental plasticity using actual stress-strain data as reference, the FE ./
results based on deformation plasticity using various R-O fits are compared with reference J values,
Comparisons show that the proposed R-O fit provides more accurate J values for all cases, compared to
existing methods for the R-O fit. Advantages of the proposed R-O it in practical applications are discussed.
together with its accuracy.
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Fig. 1 Circumferential through-wall cracked pipes under
bending
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Fig. 2 A 3-D FE mesh for the circumferential through-
wall cracked pipe
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Table 1 Summary of tensile properties used in the present FE analysis, and relevant R-Q parameters
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Fig. 3 True stress-strain data with its R-O {its for two
materials, the TP316 stainless steel and the mild
steel at room temperature: (a) and (b) are shown
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Fig. 4 Comparison of FE ./ values based on incremental

plasticity using actual stress-strain data with those

based on deformation plasticity using  three
different R-O fits
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Fig. 5 True stress-strain data with the R-O fits according
to the proposed method for two materials, the
TP316 stainless steel and the mild steel at room
temperature: (a) and (b} are shown in entire strain
range, whereas (¢} and (d) are up to 5% strain
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Fig. 6 Comparison of FE J values based on incremental
plasticity using actual stress-strain data with those
based on deformation plasticity using the
proposed R-O fits
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Table 2 Summary of maximum differences for each case
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Fig. 12 Comparison of FE J values based on incremental
plasticity using actual stress-strain data with
those based on deformation plasticity using R-O
fits, for the carbon steel at room temperature
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