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A Study on the Fracture Toughness Characteristics of Equivalent Stress Gradient
Specimen
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Ideally, it is preferable to obtain the fracture characteristics of a piping from the fracture toughness
of real pipes. However, a fracture toughness test on real pipes not only incurs much expense, but
is very difficult to perform. Therefore fracture toughness tests have been carried out with standard
specimens instead of real pipes. But, the estimates of fracture toughness obtained from standard
specimens are more conservative than those of real pipes owing to the difference in the
constraint effect between real pipes and standard specimens. Therefore, we have been studied
with equivalent stress gradient specimen (ESG) which is designed to behave equally compared
to real pipe about stress gradient on crack tip. In this study, we will evaluate fracture
characteristics of equivalent stress gradient specimen by using analytical methods and compare
with those of real pipe. And finally investigate suitability of equivalent stress gradient specimen.

Key Words: Fracture toughness (It 54), Equivalent Stress Gradient Specimen (S7+2 2 THi Al H), J-R curve (J-R 54)

7|54 J = total J-integral
Jei = elastic component of total J-integral

= length of crack Jpi = plastic component of total J-integral
6 = half circumferential crack angle v = Poisson’s ratio
o, = nomal stress E = Young’s modulus
op = bending stress K = stress intensity factor
o = total stress B = remaining ligament
oy = yield stress W = width of specimen
A = crack area F = shape factor
P =applied load Mp = a function to multiply the area under the load vs.
P_ = limit load plastic load —point-deflection curve to get the plastic
M = applied moment component of the J-integral

I = moment of inertia vy = a function to corrent the J-integral evaluated by ‘n’
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function in crack growth situation
R = mean radius of pipe cross-section
t = wall thicsness of pipe
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Fig. 1 Model of real pipe
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Fig. 2 Model of compact pipe for fracture test
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Fig. 3 Theoretical stress gradient of CT and Compact
Pipe specimen about flow stress
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Fig. 4 Model of Equivalent Stress Gradient specimen
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Fig. 5 Comparison of theoretical stress gradient between
an ESG specimen and a Compact Pipe specimen
about flow stress
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Fig. 6 Finite element model of ESG specimen
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Fig. 7 The values of the shape factors, F for stress
intensity factor
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Fig. 8 FE limit load solution for an ESG specimen
under axial tension
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Fig. 9 Resulting calibration curve for crack length
calculation
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for an ESG specimen
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Fig. 12 Results of Fracture toughness tests for ESG
specimens according to a/W
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