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Delayed Fracture Crack Growth Characteristics of High Strength Steels

Takao AOKI, Masao KaNao, and Toru ARAKI

Synopsis: :

The kinetics of subcritical crack growth in distilled water under sustained loading for a JIS SNCM 8 steel
(AISI 4340) tempered at 250°C (D125) and 430°C (D143), and for an SNCM 23 steel (AISI 4320) tempered
at 200°C (D 220) were investigated in connection with their crack morphology. It was observed that the
threshold value of stress intensity factor (Kjscc) was not clearly influenced by temperature but the critical
stress intensity factor for terminal fracture increased with increasing temperature for D125 and D143. It was
shown that this increase was attributed to the microbranching of crack in those steels in which the crack
path was intergranular. The crack growth rate was found to be linearly dependent on K in the range
studied for D125 and D220, while approximately constant for D143. In all the cases the crack growth rate
increased with temperature, indicating activation energies of about 9 000 cal/mol and 8 500 cal/mol for D143

and D220 respectively, but a strong K dependence of activation energy was found in the case of D125, It
was indicated, however, that a single value of about 9 000 cal/mol could be obtained even for D125 by the
compensation of the effect of microbranching on crack growth rate.
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Table 1. Chemical composition of steels (wt2s).
Steel c Si Mn Ni Cr Mo P S Al
DI 0.41 0.13 0.84 1.76 ‘ 0.87 a%’ 0.016 0.018 0.011
D2 0.22 0.14 0.71 1.85 ‘ 1.01 0.27 0.012 ’ 0.020 0.015
Table 2. Heat treatment and mechanical properties.
U.T.S. 0.29,P 8. El
Steel Symbol Heat treatment ‘ ( kg/ mm?) ( kg/ mm?) (%)
850°C 30 O.Q.
DI D125 250°C 141 h 181.2 150.0 10.0
) 850°C 30 0.Q.
D2 D143 30°G 11 b \ 144,0 132.1 12.6
900°C 30" 0.Q
D2 D220 900°C 11 ‘ 156.9 128.0 14.0
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