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Resistance against the Stable Crack Growth and Brittle Fracture Initiation Site
Controlling the Ductile-Brittle Fracture Transition Behaviors of Low Carbon Steels

Tsuyoshi Y aci, Akthiro Itou and Michihiko Nacumo

Synopsis
observations.

: The fracture process of low carbon steels have been investigated by means of a fracture mechanics test and microscopic
Three steels with characteristic differences in the ductile-brittle transition behaviors such as the

transition temperature, R-curve and brittle fracture initiation stage are employed. A new microstructural parameter,
the constraint factor, is defined to take into account the constraint of plastic deformation by grain boundary carbides.
The constraint factor is successfully correlated with the resistance against the stable crack growth. The crack tip field
is analyzed in terms of the elastic-plastic analyses in terms of ]/ 6, and COD, and the elastic-plastic analyses are found
to be applicable at the ductile-brittle transition region. The brittle fracture initiation is controlled either by the local

stress or by the local strain for respective steels.
fracture initiation sites.

The constraint factor is also correlated with the location of the brittle
The estimated local stress at the brittle fracture initiation site shows a unique temperature

dependence irrespective of the microstructure of steels. It is suggested that the nucleation of an incipient crack at the
brittle initiation site is microstructure dependent through a local deformation behaviors.
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Table 1. Chemical compositions(mass%) of the steels.

Steel C Si Mn P S Ni Al
A 0.077 0.52 <0.003 <0.003 0.003 2.06 0.048
B 0.078 0.47 1.04 0.004 0.004 0.98 0.044
C 0.076  0.50 2.06 0.006 0.006 0.01 0.072
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Fig. 2. Temperature dependence of the J-integrals
at fracture.
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Fig. 3. Relationships between the J-integrals at
fracture and the stable crack length Ja.
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Fig. 4. Relationships between the J-integrals at
fracture and distance x to the brittle frac-
ture initiation site from the precrack front.
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Fig. 6. Schematic illustration to measure the con-
straint factor.

Table 2. Constraint factors(%) and Parameters #
and & in Eq. (5) for respective steels.

Steel Constraint factor 7 &
A 58.1 205 0.63
B 33.2 1113 0.83
C 43.5 725 0.63
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Fig. 10. Temperature dependence of the local fpac-
ture stress at the brittle fracture initiation
site.
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