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Fracture Toughness in the Transition Region of a Carbon Steel and a Ferritic Nodular Cast Iron
Keishi Nakano and Takashi Y asunaka

Synopsis : In order to characterize the fracture toughness in the ductile-brittle transition region for thick-walled cylinders of
ASME SA350 Gr.LF5 carbon steel and JIS FCD300LT ferritic nodular cast iron, elastic-plastic fracture toughness tests
were carried out. The specimens were fatigue precracked compact tension (CT) specimens of 25mm in thickness. The
tensile testing machines used were Instron type, electrohydraulic type and drop-weight type ones.

In the static fracture toughness test on a FCD300LT cast iron, CT specimens were often fractured at somewhat
higher loads after the initiation of pop-in cracks. Although the scatter of pop-in fracture toughness was small, the
values of critical J-integral at the unstable brittle fracture scattered largely.

In the transition region of SA350 steel, the initiation of pop-in crack was not observed, and fracture toughness

scattered largely.

At the propagation of the unstable crack near the transition temperature, the Weibull distribution provides good fits

for the critical CTOD and the critical J-integral.

This distribution can be mainly interpreted by the scatter of the

distance between the precrack tip and the origin of unstable brittle fracture.
Key words : fracture toughness ; ductile-brittle transition region ; Weibull distribution ; carbon steel ; ferritic nodular cast iron.
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Table 1. Chemical composition (wt%).

Material C Si Mn P S Ni
SA350LF5 0.11 0.28 1.25 0.008 0.005 148
FCD300LT 3.56 2.04 0.15  0.03 0.001 —

Table 2. Mechanical properties at room tempera-
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Material yield tensile elongation reduction
strength strength of area
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SA350LF5 293 437 36.5 80
FCD300LT 246 364 20 —
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Fig. 1. Configurations of the compact tension speci-
mens for a drop-weight type tensile machine
(a), electrohydraulic type and Instron tensile
machines (b). ‘
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Fig. 2. Effects of temperature and stress intensity
rate on fracture toughness of SA350 steel.
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Fig. 3. Load versus load-line displacement in CT
specimens of FCD300LT cast iron at the
stress intensity rate of 0.42MPam'?s™! show-
ing the initiation of pop-in cracks.
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Fig. 4. Effect of temperature on fracture toughness
Jic of FCD300LT cast iron at the stress
intensity rate of 0.42MPam'?s™'.
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Fig. 5. Critical J value J¢ in the transition region at
the stress intensity rate of 0.42MPam'?s™!
for FCD300LT cast iron.
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Fig. 6. Relationship between Jc transition tempera-
ture and stress intensity rate.
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Fig. 7. Weibull probability plots of CTOD. and J,c
at 163K and the stress intensity rate of 0.367
MPam'?s™* for SA350 steel.
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Fig. 9. Weibull probability plots of J. at 178K and
the stress intensity rate of 0.42MPam!?s™!
for FCD300LT cast iron.
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