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Abstract: In this study, the effect of shape parameters on the J-R curves of curved CT specimens was evaluated using
the limit load method. Fracture toughness tests considering the shape factors L/W and R/t of the specimens were also
performed. Thereafter, the J-R curves of the curved CT specimens were compared using the J-integral equation
proposed in the ASTM (American Society for Testing and Materials) and limit load solution. The J-R curves of the
curved CT specimens were also compared with those of the CWP (curved wide plate), which is regarded to be similar
to real pipe and standard specimens. Finally, the effectiveness of the J-R curve of each curved CT specimen was
evaluated. The results of this study can be used for assessing the applicability of curved CT specimens in the accurate
evaluation of the fracture toughness of real pipes.
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Table 1 Cases of Curved CT models for FEM analysis

Material L/W R/t a/W

SA312 1.0, 1.125, | 5,7.5, | 0.4,0.45,0.5,0.55,
TP304L 1.25 10 0.6,0.65,0.7

Table 2 Mechanical properties of Curved CT ©

R-O
Material | E (MPa) Porlztsi%n'S oy (MPa) Constant
o n
SA312
TP304L 204,300 0.3 264 4.62 |4.67

Fig. 1 Analysis model of Curved CT specimen
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Table 3 Shape factor F of Curved CT specimen by FEM

F = A +B(a/W)+C(a/W)* + D(a/W)*
Rt | LW (a/W)+C(a/W) (a/W)

A B C D

1.00 -31.5 237 -499 383

5 1.12 -30.7 230 -484 375

1.25 -30.4 225 -474 370

1.00 -35.6 264 -552 420

7.5 1.12 -34.9 256 -538 412

1.25 -34.5 252 -528 406

1.00 -36.3 269 -562 427

10 1.12 -35.6 262 -547 420

1.25 -35.2 257 -537 414
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Fig. 2 Comparison of the shape factors, F for the stress

intensity factor according to L/W of Curved CT
specimen (R,,/t=5)
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Fig. 3 Comparison of the shape factors, F for the stress
intensity factor according to L/W of Curved CT
specimen (R,/t=7.5)
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Fig. 4 Comparison of the shape factors, F for the stress
intensity factor according to L/W of Curved CT
specimen (R,/t=10)
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Fig. 5 Comparison of the shape factors, F in Curved CT,
CT and CWP specimen according to R/t
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Table 4 Limit load solution of Curved CT specimen

R P, = A +B(a/W)+C(a/W)’ + D(a/W)’
™| LW
/t
A B C D
1.00 | 0.03 0.52 -1.40 0.89
5 112 017 -0.10 -0.48 0.44
125 | 027 -0.58 0.32 0.00
1.00 | 0.10 0.10 -0.61 0.44
75112 ] 015 -0.05 -0.50 0.44
125 | 020 -0.31 -0.10 0.22
1.00 | 0.10 0.12 -0.62 0.44
10 | 1.12] 0.17 -0.21 -0.15 0.22
125 | 026 -0.67 0.62 -0.22
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Fig. 6 Resulting values for the limit load solution for
Curved CT specimen according to L/W (R/t=5)
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Fig. 7 Resulting values for the limit load solution for Curved
CT specimen according to L/W (R/t=7.5)
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Fig. 8 Resulting values for the limit load solution for
Curved CT specimen according to L/W (R, /t=10)
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Fig. 9 Comparison of the limit load solution in Curved
CT and CT specimen according to R/t
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Fig. 15 Fracture appearance of curved CT specimen
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