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論 文 内 容 の 要 旨 

In today’s practical world, fatigue damage study has become a major point of research in terms of 

mechanical engineering since most of the failure in structures are due to fatigue.  Hence for high reliability, 

convenience, environmental-friendliness in practical engineering, and with the advent of modern industries, 

many researchers are working on the material strengthening and improving fatigue strength by many 

different techniques. Solid solution strengthening mechanism has attracted a lot attention and many new 

steels with interstitial and substitutional solutes interaction (i-s solutes interaction) have been developed 

such as twinning-induced plasticity (TWIP) steels, high nitrogen (HN) austenitic steels which have been 

reported to have high work hardening capacity and ductility due to dynamic strain aging (DSA) effect by 

Mn-C couples in TWIP steels, and enhanced dislocation planarity by Cr-N couples in HN steels. However, 

the microstructural effects associated with i-s interaction having dynamic strain aging, and enhanced 

dislocation planarity effects have not yet been studied in detail in the context of fatigue crack growth 

behavior and threshold stress intensity factor range (ΔKth) for a small fatigue crack in austenitic steels. In 

addition, interstitial carbon in ferritic steels is reported to enhance the transgranular fatigue crack resistance 

and fatigue limit due to dynamic strain aging. Interstitial nitrogen is considered to be another candidate to 

cause strain aging in the ferritic steels that can improve the fatigue properties. Distinctly the quantitative 

evaluation about the single effect of interstitial nitrogen on fatigue strength is absent in ferritic steel. Hence, 

the main objective of this thesis research is, firstly I study the effect of dynamic strain aging due to the Mn-C 

interaction in TWIP steel, and enhanced dislocation planarity due to Cr-N interaction in the high nitrogen 

steel (HNS) on the fatigue crack growth behavior and resistance in austenitic steels. Secondly I study the 

effect of interstitial nitrogen on the fatigue crack growth behavior and crack resistance in a binary Fe-N 

ferritic steel. The thesis is organized as follows. 

Chapter 1 describes a general introduction with research background and aim of this research work. 

The motivation of this research work is based on the current issues to develop new materials to improve the 

fatigue performance during cyclic loading. Based on the further requirement for low energy consuming, 

safety, environment friendliness, the fatigue performance should be enhanced. Many new st eels have been 

developed with i-s solutes interaction like Mn-C and Cr-N in austenitic steels, that are known to improve the 

tensile strength and elongation due to DSA effect. In addition, reports have been made on interstitial carbon 

enhancing the fatigue life of ferritic steel. But there is no study on the interstitial nitrogen in BCC steels and 

Mn-C, Cr-N solutes interaction in FCC steels, on the fatigue performance. Therefore, this thesis mainly 

focuses on the influence of i-s solutes interaction such as Mn-C and Cr-N in FCC steels, and interstitial 

nitrogen in BCC steels on the fatigue crack growth resistance.  

Chapter 2 firstly reveals the procedures of the four types of steel preparation i.e. Fe-18Cr-14Ni as a 

reference steel without i-s solutes interaction, Fe-23Mn-0.5C as a TWIP steel with Mn-C interaction, 

Fe-25Cr-1N as high-nitrogen austenitic steel with Cr-N interaction, and Fe-0.0113N as a Fe-N binary steel in 



2 

 

detail. The chemical composition in this study are indicated in wt.%. Next the initial microstructures of all 

four types of steels are shown and discussed. Then, the tensile test results are shown for discussion on the 

variation of tensile strength and dynamic strain aging effect in the Fe-23Mn-0.5C, Fe-25Cr-1N steel, and 

Fe-18Cr-14Ni steels. The tensile test results for the Fe-0.0113N steel are shown at different strain rates and 

the results are compared with the Fe-C binary steels and interstitial-free (IF) steel. 

Chapter 3 reports the fatigue crack growth behavior of the Fe-25Cr-1N, Fe-23Mn-0.5C, and 

Fe-18Cr-14Ni steels in terms of microstructure and crack propagation path. Specifically, we carried out 

rotating bending fatigue tests with a stress ratio of -1 and frequency of 30 Hz, and subsequent observations of 

specimen surface by replica technique, fracture surface by scanning electron microscopy, and detailed 

microstructure in a vicinity of the fractured part by electron backscatter diffraction observations. Fatigue 

limits of the Fe-25Cr-1N, Fe-23Mn-0.5C and Fe-18Cr-14Ni steels were 310 MPa, 260 MPa and 110 MPa, 

respectively. The Fe-25Cr-1N, Fe-23Mn-0.5C steels showed a lower fatigue crack propagation rate and higher 

fatigue limit compared to the Fe-18Cr-14Ni steel. The following effects on crack initiation and growth are 

discussed in the Fe-23Mn-0.5C austenitic steel with the Mn-C interaction. As a negative effect, it is 

considered that deformation-induced decomposition of Mn-C couples results in local softening, causing strain 

localization that assists crack initiation observed along {111}γ slip planes. On the other hand, the ease of 

crack initiation along the slip planes causes crack branching, zigzag crack growth, and subcrack formation. 

These factors enhance roughness-induced crack closure: a positive effect. In addition, the formation of 

subcracks works for stress release at a crack tip: another positive effect. The Cr-N interaction affected the 

fatigue crack growth behavior as follows. The short crack region exhibited a planar glide dislocation pattern, 

but multiple slip systems were activated as the crack lengthened. As the dislocation pattern remained planar 

on each slip plane, the crack propagation occurred along the {111} slip planes, even in the long crack.    

Chapter 4 reports the underlying mechanisms of the enhanced small fatigue crack resistance in the 

Fe-23Mn-0.5C and Fe-25Cr-1N austenitic steels. Particularly, I applied electron channeling contrast imaging 

near tips of non-propagating fatigue cracks in both austenitic steel with i-s interaction and Fe-18Cr-14Ni 

austenitic steel without significant amount of interstitials. In addition, I made quantitative evaluation of the 

ΔKth for small-fatigue-crack propagation in the case of different notch sizes and discussed the variation of 

ΔKth with the occurrence of i-s interactions in dislocation microstructure near a non-propagating fatigue crack 

tip. The Fe-25Cr-1N and Fe-23Mn-0.5C steels showed enhanced crack resistance in comparison to the 

Fe-18Cr-4Ni steel. However, the mechanisms for the crack resistance in the Fe-25Cr-1N steel and 

Fe23Mn-0.5C steels are different. 

Chapter 5 reports the fatigue crack initiation and propagation behavior of a water-quenched 

nitrogen-supersaturated fully ferritic steel (Fe-0.0113N). The results were compared to the Fe-C binary steels, 

and IF steel. Tension tests were conducted at initial strain rates of 10−3 s−1, 10−4 s−1, and 10−5s−1 at room 

temperature, and tension-compression fatigue tests were conducted at room temperature on the Fe-0.0113N 

steel. The Fe–0.0113N steel showed a fatigue limit at 150 MPa and a non-propagating fatigue crack at the 

fatigue limit. The fatigue limit of Fe-0.0113N is lower than that of Fe-0.017C (210 MPa) and comparable to 

that of Fe-0.063C (150 MPa), indicating a lower effect of nitrogen than carbon as an interstitial solute.  

Chapter 6 is summarized for the results obtained by the present study, the Mn-C and Cr-N have positive 

effects on the fatigue crack growth rate and improves the fatigue limit in the austenitic steels. In terms of 

ferritic steel, the Fe-N steel showed lower fatigue limit in comparison with the Fe-C steel, detailed findings 

are listed out in the general conclusions.    


