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The transformation microstructure and the mechanical properties of martensitic steels have been widely
studied due to its use in advanced high-strength steels. Recently, it was reported that the mechanical
properties of martensitic steels might be affected by microscopic internal stresses generated via martensitic
transformation. In this thesis consisting of 5 chapters, the internal stresses and their effect on cryogenic
brittle fracture behavior were investigated in various types of martensitic steels while considering the
mechanism of martensitic transformation. Neutron diffractometry and electron backscatter diffraction
analysis revealed that the tetragonality of martensite (M) remains even in Fe—Ni alloys where no solution
carbon exists and that the bcc crystal of martensite is elastically distorted along [001]m by the
transformation strain generated via martensitic transformation. By FIB-DIC analysis, it was discovered
that anisotropic internal stresses originate from Bain lattice deformation in martensitic transformation and
are microscopically distributed within each Bain group of lath martensite. In addition, the effect of the
transformation-induced microscopic internal stress on cryogenic fracture behavior was investigated by
conducting both of the dynamic Charpy impact tests and the static three-point bending tests and discussed
in terms of crystallography and solid mechanics. As a result, it was confirmed that the cleavage cracks
prefer to propagate on (001)m rather than (100)m in the lath martensite due to the [001]m tensile internal
stress caused by Bain strain. Furthermore, the numerical analysis using the extended finite element method
revealed that the bending of the main crack is caused by the presence of transformation internal stresses,
and fracture energy is dissipated during the microscopic crack propagation. From these results, it can be
concluded that microscopic internal stress originating from Bain strain is one of the effective factors

dominating the mechanical properties of martensitic steels.
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