544 #% & W 77T HE (1991) B4 B

© 1991 1ISIJ
I

‘A
af K
s

A533 B i O 4k - Mg P4 E AL 1m B I A 1
BUFAMMEOES o X L REAAENE

MOEoE OEY-H bk oE @

Temperature Dependence and Scattering of Toughness of A533 B Steels in
Ductile-Brittle Transition Region

Michihiko NAGUMO and Tatsuya INOUE

Synopsis :

Temperature dependence and scattering of the critical COD, dc, and J-integral values in the ductile-
brittle transition region were investigated with A533 B steels the microstructures of which were widely
varied. 0¢’s at the maximum loads were in a linear relation with J/oy with a proportional constant of 0.49
irrespective to microstructures and test temperatures. It suggests that the stress-strain field at the crack
front area could be described with the Hutchinson, Rice-Rosengren solutions even at the D-B transition
region. '

Linear relations also existed between 8¢ as well as J and the stretch zone width, szw, but the data were
grouped according to the relative locations of the test temperatures in the transition region. Analysis in
terms of tearing modulus was also examined, suggesting that the resistance to the crack extension is
temperature and microstructure dependent. It was discussed that the temperature dependence of the
toughness and its scattering at a given test temperature could be discriminated in a sense that the former is
related to the resistance of the crack extension while the latter is to the transition to the stable crack or
brittle crack initiation.

Key words : toughness; COD; J-integral; ductile-brittle transition; Ab533 B steel; fracture; fracture

mechanics ; scatter of toughness ; tearing modulus.
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Table 1.
(wt% ).

Chemical compositions of the material

C Si Mn P S Mo Ni
0.19 0.28 1.50 0.009 0.006 0.53 0.65

Table 2. Heat treatment conditions and hardness
of tested materials.

Series Quenching Tempering DPN |0y (293 K)(MPa)
A 1173 KX1h—0.Q. 263 650
B 1053 KX1h—0.Q. [823KX2h—0.Q.| 244 612
C 1473 KX1 h—0.Q. 265 650

Photo. 1.
Table 2.

Optical micrographs of the materials.

Each photo corresponds to specimen series in
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Table 3. Proportional constant A of equation 3 of
each series by regression analysis.

Series | A-120 A-150 B-120 B-150 C-90 C-120  Total

A 0.471  0.437 0.529 0.337 0.508 0.477 0.494
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Fig. 2. Linear relationship between J;/
oy and critical COD, 8¢ of specimens
which show scattered values at two test
temperatures. Symbols are indicated in
the figure. A-150, for example, indicates

specimens of series A tested at —150°C.

i
Fig. 3. Relationship between the stretch
zone width, szw; and critical COD, dc
showing separate groups corresponding to

relative test temperatures. Same symbols
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Fig. 4. Relationship between the stretch
zone width, szw, and J values at
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Fig. 5. Relationship between J values
at the final fracture and the crack
extension length, szw + Aa, where
Aa is the stable crack length. Same

4 symbols as Fig. 2.

Fig. 6. Linear relationship between J
values at the final fracture and bend
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