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Synopsis :

Carbon steels applied to welded structures such as shipbuilding, offshore structures and line
pipes requires to satisfy not only high strength, but also toughness, ductility and fatigue
property. As the required strength levels in various markets have increased in recent years, it is
essential to understand the relationship between mechanical properties and microstructures such
as bainite and martensite.

In this study, we firstly verified the fracture mechanism of tempered upper bainitic steel, and
confirmed that the C-enriched area near the prior austenite (y) grain boundaries was the
initiation site of brittle fracture.

Then, toughness, ductility, and fatigue characteristics were systematically evaluated using a
ferritic steel containing 0.017mass% C, wherein the state of C was changed to a solid solution,
transgranular cementite, and intergranular cementite. In intergranular cementite steel with
significantly inferior toughness, the coarse intergranular cementite lead to dislocation pile-up,
initial crack formation, and macroscopic brittle fracture. It is inferred that the fine transgranular
cementite had a minor effect on the crack initiation and dislocation mobility. On the other hand,
the toughness of solute C steel was slightly deteriorated, which is assumed to be caused by the
decrease in dislocation mobility.

The tensile test results of solute C steel showed remarkable work hardening and inferior post-
uniform elongation, which are caused by the occurrence of dynamic strain aging. The steel with
fine transgranular cementites exhibited excellent post-uniform elongation. The steel with coarse
intergranular cementite lead to impair post-uniform elongation presumably owing to the void
formation in the cementite/matrix interface or the fracture of cementite.

The fatigue limit ratio (fatigue strength/ultimate tensile strength) under the constant stress
amplitude conditions was the highest for the solute C steel, followed by the transgranular
cementite and intergranular cementite steels. The solute C steel exhibited a prominent vein
dislocation structure and the highest dislocation density, whereas the transgranular cementite
and intergranular cementite steels showed tangled and cellular dislocation structures,
respectively.

The results obtained in this basic study are expected to contribute to the guiding principle for

microstructure control for high-strength steels.
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