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Fracture Toughness Behavior and Its Analysis on Nuclear

Pressure Vessel Steels

Tadao IWADATE, Yasuhiko TANAKA, Shin-ichi ONO, and Hisashi TSUKADA

Synopsis :

A drop weight Ji4 testing machine has been developed successfully, by which the multiple specimen

J resistance curve test technique can be applied to measure the fracture toughness.

In this study, the

use of a small size round compact tension (RCT) specimen for measuring the fracture toughness Jj, or
Jia of the nuclear pressure vessel steels is recommended and confirmed for the surveillance tests.

The static and dynamic fracture toughness of ASTM A508 C 1.2, A508 C1.3 and A533 Gr.B C1.1
steels in the wide range of temperature including the upper shelf have been measured and their behavior
has been analysed. The fracture toughness behavior under various strain rates and in a wide temperature
range can be explained by the behavior of stretched zone formation preceding the crack initiation. The
scatter of Kj values in the transition range is caused by the amount of crack extension contained in

the specimens.
the Kj value is also presented.
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Table 1. Chemical composition of the materials.
(wt%)
Materials C Si Mn P S Ni Cu Cr Mo A% Al

A508 Cl. 2 Stecl 020 028 0.9 0. 007 0. 005 086 0.05  0.37  0.53 <0.01 0. 024
A508 ClL 3 Steel A 0. 21 0. 21 1.37 0. 009 0. 006 0. 69 0. 08 0.13 0. 149 <0.01 0. 025
A508 Cl. 3 Steel B 0. 21 0.29 L6 0.009 0. 004 0.64 007 0,19 052 <0.01 0. 015
A533 Gr. B CL. 1 Steel 0.18  0.20 124 0. 006 0. 004 0.59  0.03  0.12  0.53 <0.01 0.017

Table 2. Tensile, impact and drop weight properties of the materials.

Carpy V notch

0. 2% Yield Tensile Elongation Dynamic 0, 2<% Drop Weight
Materials Strength Strength in 50 mm Yield Strength Upper Shelf FATT Test NDTT
-3 -2 oy, ] s b4

(MNm~¥) (MNm™%) (%) (MNm~*) Energy (1) (K) (K)
A508 Cl 2 Sicel 443 615 26.7 78 225 233 236
A508 CL 3 Steel A 448 615 6.7 515 180 263 246
AS08 CL 3 Steel B 480 635 27.0 — 215 66 248
A533 Gr. B Cl. 1 Stcel 460 600 30.1 598 186 236 243
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Fig. 2. Contiguration of 0.6T-RCT specimens.
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263K, 253K and 233K.
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