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The Effect of the Austenite Grain Sizes on the Transition Fracture

Toughness of Nuclear Reactor Pressure Vessel Steels
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Abstract

The effect of the prior austenite grain size on the fracture toughness was
investigated in the transition region of nuclear reactor pressure vessel steels. Fracture
toughness behaviors were evaluated by ASTM E 1921 based on the weakest link
theory and Weibull statistical approach. Tensile property satisfied the Hall-Petch
relationship, but fracture toughness in the transition region showed a similar
behaviors regardless of the austenite grain size. Fractured surfaces showed that
cleavage initiation distance(CID) did not show the dependence on, while the facet size
was strongly dependent on it. In viewpoint of the weakest link theory, particle dist
ribution in front of the crack tip was more important than the grain size in the
transition temperature range where fracture was controlled by cleavage crack

initiation.
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A:880 /6H,B:960 /6H,C: 1000 /6H

660°C/10h
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Quenching Tempering

Fig. 1. Schematic sketch of three heat treatments

conditions.

(a)

(b)

(c)

Fig. 2. Microstructures of the tested materials, (a) : A, (b) : B and (c) :
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Fig. 3 Carbide size and aspect ratio of the tested materials.
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Fig. 4 Variation of grain size with the effective

grain size measured by EBSD technique.
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Fig. 5 Relationship between austenite grain size

and vield strength.
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Fig. 6 Fracture toughness results of the tested materials.



0 1 | P | 1 | 1 | 1 | 1 | 1
0 20 40 60 80 100 120 140

austenite grain size, mm

Fig. 7 Relationship between austenite grain size and

cleavage initiation distance(CID).

Fig. 8 SEM images showing the facet size : (a) A, (b) B and (¢) C materials.
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