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Evaluation of the Fracture Toughness Transition Characteristics
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Abstract

Fracture toughness of five different reactor pressure vessel steels was characterized in the transition
temperature region by the ASTM E1921-97 standard method using Charpy-sized small specimens. The
predominant fracture mode of the tested steels was transgranular cleavage in the test conditions. A
statistical analysis based on the Weibull distribution was applied to the interpretation of the scattered
fracture toughness data. The size-dependence of the measured fracture toughness values was also well
predicted by means of the Weibull probabilistic analysis. The measured fracture toughness transition
curves followed the temperature-dependence of the ASTM master curve within the expected scatter
bands. Therefore, the fracture toughness characteristics in the transition region could be described by a
single parameter, so-called the reference temperature (T,), for a given steel. The determined reference
temperatures of the tested materials could not be correlated with the conventional index temperatures
from Charpy impact tests.
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Table 1 Chemical compositions and mechanical properties of the tested materials
Chemical Composition (wt.%) Tensile Property
el C|S M| P | S |Ni|[C|Mo|Al|Ccu (I\}I'sa) (%i) Eéf,’/f)g
H1 (VCD) 0.18 | 0.08 | 1.43 |0.008 |0.003 | 0.78 | 0.04 | 0.52 |0.005| 0.06 | 408 547 24
H2 (VCD+Al) | 0.18 | 0.10 | 1.46 |0.006|0.003| 0.86 | 0.15 | 0.51 {0.018| 0.03 | 430 584 27
H3 (SitAl) 0.21 | 0.24 } 1.36 |0.007|0.002| 0.92 | 0.21 | 0.49 | 0.022| 0.03 | 447 595 27
H4 (JFL) 0.17 { 0.25 | 1.44 {0.004|0.002| 0.75 | 0.20 | 0.51 |0.016| 0.01 | 468 607 22
H5 (JRQ) 0.18 | 0.24 | 1.42 [0.017(0.004| 0.84 | 0.12 | 0.51 {0.014| 0.14 | 484 622 22
* Materials Hl ~H4 : ASME SA508-3, Material H5 : SA533-B-1
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Fig. 2 Fracture toughness test results of the tested materials
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based on the probabilistic theory of the cleavage fracture

Material Specimen No. of tests Kic (measured) Kic (size corrected)
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H-3
o PCCv 8 148 122
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