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Extremely low cycle fatigue tests, up to a total axial strain amplitude of 10%, were conducted on Fe-15Mn-10Cr-8Ni-4Si bidirectional
transformation-induced plasticity (B-TRIP) steel. The fatigue life was approximately five times longer than that of SUS316 when the total strain
amplitude was 4% or higher. The improved fatigue life of Fe-15Mn-10Cr-8Ni-4Si was attributed to reversible bidirectional γ § ε
transformation during fatigue deformation, which might mitigate fatigue damage. In contrast, the fatigue life tended to decrease with increasing
strain rate when the strain rate was varied from 0.1 to 2.5%/s with a total strain amplitude of 10%. Fractography revealed that the fracture
surface varied significantly with strain rate. At low strain rates, crystallographic fracture surfaces characterized by facets and secondary cracks
were observed, whereas these features were not observed at high strain rates. Electron backscatter diffraction measurements of the postmortem
microstructure showed that frequent ε-martensite formation occurred at low strain rates, whereas martensitic transformation was suppressed at
high strain rates. The change in the specimen surface temperature was evaluated in terms of the Gibbs free energy difference between γ-austenite
and ε-martensite (i.e., ¦Gγ¼ε), and the effect of strain rate on the extremely low cycle fatigue was discussed from the viewpoint of the
deformation mechanism. At a low strain rate, the condition for B-TRIP to work effectively, that is, ¦G γ¼ε is negative but close to zero, was
maintained over the entire life span. At a high strain rate, the deformation mechanism changed to one in which γ-austenite was dominant because
of the increase in ¦Gγ¼ε caused by self-heating; the fatigue damage mitigation mechanism provided by B-TRIP was less likely to occur at high
strain rates, which reduced the fatigue life. [doi:10.2320/matertrans.MT-Z2024002]
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1. Introduction

A vibration control structure is one in which seismic
dampers act as energy-absorbing components to reduce the
shaking of the building and minimize damage to the main
structural members such as columns and beams. There are
several types of seismic dampers, including steel, oil, and
rubber dampers. Steel dampers absorb seismic energy input
to a building by converting it to heat through elastoplastic
deformation. Steel dampers offer advantages over other types
of dampers because of their low cost and ability to add
stiffness to buildings. However, since their operation
principle involves cyclic elastoplastic deformation, they
exhibit low cycle fatigue. Therefore, their design should be
based on the limited life design concept. In other words, the
product life of a steel damper depends on the fatigue
durability against low cycle fatigue (or plastic fatigue) of the
steel used as the core material.

Japan regularly experiences major earthquakes, such as the
Great East Japan Earthquake in 2011, the Kumamoto
Earthquake in 2016, the Hokkaido Eastern Iburi Earthquake
in 2018, and the Noto Earthquake in 2024. Additionally, the
Nankai Trough Earthquake is predicted to occur with a high
probability. Therefore, earthquake preparedness is extremely
important. Recently, the problem of long-term long-period
ground motion has attracted much attention. Structures that
have a long natural period, such as high-rise buildings, may
resonate with the long-period component of ground motion,
causing long-lasting strong shaking. Conventional steel
dampers cannot cope with long-term long-period ground

motion because the plastic fatigue life of conventional steel is
too short to endure the severe cyclic deformation.

In general, the type of steel is unlikely to significantly
impact plastic fatigue life [1]. However, our previous work
developed Fe-15Mn-10Cr-8Ni-4Si alloy, which exhibits a
long plastic fatigue life because of its deformation
reversibility [2–5]. This Fe-15Mn-10Cr-8Ni-4Si alloy has
been used as a seismic damper in some structures in Japan.
The deformation mechanism of this alloy is characterized
by reversible bidirectional transformation between the face-
centered-cubic structure, γ-austenite, which is an initial
microstructure, and the hexagonal-closed-packed structure,
ε-martensite; this transformation is called γ § ε trans-
formation [5]. Extended plastic fatigue life may be
attributed to fatigue damage mitigation resulting from high
deformation reversibility.

In practical applications of Fe-15Mn-10Cr-8Ni-4Si alloy
as a seismic damper, the expected deformation, specifically,
the total axial strain amplitude, is up to 1% during shaking
caused by L2 ground motion under extremely rare earth-
quakes. When a joint part is subjected to fatigue deformation,
it is necessary to consider the occurrence of significant strain
concentration, and when a damper shape such as a U shape
[6] or a lens shape [7] is used, it is necessary to assume that
large deformation will occur repeatedly. In addition, it is
required to consider L3 ground motion under extreme
earthquakes that exceed the conventional assumption of L2
ground motion. Therefore, it is crucial to understand the
extremely low cycle fatigue property of Fe-15Mn-10Cr-8Ni-
4Si alloy to guarantee its integrity when used as a seismic
damper.

Our previous work conducted extremely low cycle fatigue
tests on the alloy involving a maximum total strain amplitude
of 10%, converted to the axial direction from the radial
direction [8]. The present work conducted fatigue tests at a
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total axial strain amplitude of 10% with different strain rates.
The effect of strain rate on the extremely low cycle fatigue
of Fe-15Mn-10Cr-8Ni-4Si alloy was determined based on
fracture surface observation and microstructural analysis.

2. Experimental Procedure

An Fe-15Mn-10Cr-8Ni-4Si (mass%) alloy was used in this
study. The microstructure after heat treatment at 1273K for
1 h followed by water quenching was γ-austenite with an
average grain size of 95 µm.

A radial strain-controlled fatigue test was conducted using
a 50 kN servo-hydraulic fatigue testing machine. Triangular
waves were applied to the specimen at a strain ratio of ¹1,
total radial strain amplitudes (¾td, a) of 2, 3, 4, and 5%, and an
axial strain rate of 0.5%/s (hereafter, these tests are referred
to as the single strain rate tests). In addition, tests at ¾td, a =
5% were performed with axial strain rates of 0.1, 0.5, and
2.5%/s to study the effect of strain rate (hereafter, these tests
are referred to as the multiple strain rate tests). An hourglass-
shaped specimen with a minimum diameter of 6mm was
subjected to the single strain rate tests, and an hourglass-
shaped specimen with a minimum diameter of 8mm was
subjected to the multiple strain rate tests. Radial strain was
monitored to control the test using an extensometer attached
to the minimum diameter part along the radial direction. The
temperature at the specimen surface was measured during
the fatigue test using a Type T thermocouple wire. The
measurement point was approximately centered in the
specimen. The radial strain ¾td was converted to axial strain
¾tl by the following equation:

¾tl, a ¼ ð·a=EÞð1� 2¯Þ þ 2¾pd, a ð1Þ
where ¾tl, a, ·a, E, and ¯ are the total axial strain amplitude,
stress amplitude, Young’s modulus (189GPa), and Poisson’s
ratio (0.27), respectively. The total strain amplitude can be
written as the summation of the elastic and plastic
components, and the first term on the right-hand side of
eq. (1) shows the elastic component. The second term
represents the plastic component, where ¾pd, a was measured
as half of the distance between the x-axis (strain axis)
intercepts on the hysteresis loop, i.e., half of the plastic radial
strain range. Hereafter, unless otherwise noted, strain
amplitude and strain rate refer to axial values.

Fractography was performed using a field-emission
scanning electron microscope (FE-SEM) (Thermo Fisher,
Scios2), and Thermo Scientific MAPS software was used to
automatically capture the overall fracture surface.

The fracture surface was cut parallel to the direction of the
load axis using a precision cutting machine to expose the
longitudinal section for analysis of the microstructure beneath
the fracture surface. The cutting positions were approx-
imately through the fracture origin. The sample was wet
polished with #180–#1200 waterproof abrasive paper,
followed by intermediate polishing with 9, 3, and 1 µm
diamond abrasives, and then finished with colloidal silica
for a mirror finish. Observations were performed using an
FE-SEM (JEOL, JSM-7900F), and electron backscatter
diffraction (EBSD) measurements were conducted using a
detector (DVC5, TSL) equipped with the FE-SEM. The

EBSD data were analyzed using OIM Analysis v8 software
(EDAX).

3. Results

Figure 1 shows the ¾-N curve, representing the relationship
between the total strain amplitude ¾tl, a and the fatigue life Nf

obtained by the single strain rate tests (0.5%/s) [8]. The
results of the axial strain-controlled fatigue tests at total strain
amplitudes of 0.25%–2% obtained with a strain rate of 0.4%/
s in the previous work ( ) [3] and the results of the multiple
strain rate tests in the present work ( ) are plotted in the
figure along with the results of the single strain rate tests ( ).
Additionally, the results of SUS316 obtained by Kamaya ( )
[9] are presented in the figure for comparison. The Fe-15Mn-
10Cr-8Ni-4Si alloy exhibited an extended fatigue life
compared to SUS316. In the regime of extremely low cycle
fatigue, the fatigue life of Fe-15Mn-10Cr-8Ni-4Si alloy was
approximately five times longer than that of SUS316, and it
was found to be 28 cycles at ¾tl, a = 10%.

Table 1 lists the fatigue lives at ¾tl, a = 10% under strain
rates of 0.1, 0.5, and 2.5%/s obtained by the multiple strain
rate tests. As shown in the table, fatigue life decreased with
increasing strain rate. The fatigue life of SUS316 at ¾tl, a =
10%, estimated by extrapolating the results shown in Fig. 1,
was Nf = 9 cycles. Thus, although the fatigue life of Fe-
15Mn-10Cr-8Ni-4Si alloy decreased with increasing strain
rate, it remained superior (approximately two times longer)
compared to that of conventional steel.

Figure 2 shows the relationship between N and the
maximum stress ·max from the multiple strain rate tests.
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Fig. 1 Relationship between the total strain amplitude and fatigue life.

Table 1 Results of fatigue tests at a total axial strain amplitude of 10% and
different strain rates.
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Remarkable hardening occurred during the initial part of
the fatigue tests at all strain rates. In the test at 0.1%/s, the
hardening became saturated with additional cyclic loadings,
whereas in the tests at 0.5 and 2.5%/s, the hardening
continued until fatigue fractures occurred. Significant hard-
ening was observed, particularly at 2.5%/s. The maximum
stress at half-life Nf/2 increased with the strain rate, as shown
in Table 1.

Figure 3 shows the specimen temperature during the
fatigue tests. In the test at 0.1%/s, the temperature was
almost stable at room temperature, whereas in the tests at 0.5

and 2.5%/s, the temperature increased with cyclic loadings.
Significant self-heating was observed, particularly at 2.5%/s.
In the following section, the mechanism of extremely low
cycle fatigue of Fe-15Mn-10Cr-8Ni-4Si alloy is investigated
by analyzing the fatigue fracture and deformation micro-
structure obtained from the multiple strain rate tests.

Figures 4(a)–(c) show the overall fracture surfaces. The
fracture origin was on the specimen surface regardless of
the strain rate. Figures 4(d) and (e) show the magnified view
of the region formed by fatigue crack growth in the tests at
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Fig. 2 Relationship between the number of cycles N and the maximum
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Fig. 3 Relationship between the number of cycles N and the specimen
temperature T during the fatigue test at a total axial strain amplitude of
10%.

Fig. 4 Fracture surface. (a)–(c) Overall fracture surface obtained with strain rates of 0.1%/s, 0.5%/s, and 2.5%/s. (d)–(e) Fatigue crack
growth region in (a) and (c). (f )–(h) Magnified view of the fracture surface at the fracture origin, the fatigue crack growth region, and
the fast fracture region in (a).
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0.1%/s and 2.5%/s. The fracture surface obtained at 0.1%/s
had an angular crystallographic morphology, frequently
displaying facets and secondary cracks. In contrast, the
fracture surface obtained at 2.5%/s had a rounded
morphology without facets. Figures 4(f )–(h) present exam-
ples of the crystallographic morphologies observed on the
fracture surface obtained at 0.1%/s. Facets and secondary
cracks were observed in the origin site and the fatigue crack
growth region. Secondary cracks were often found at the
edges of facets. In the final fracture region after fatigue crack
growth, dimples coexisting with facets were observed. In the
case of 2.5%/s strain rate, only dimples were observed in the
final fracture region. The fatigue fracture surface significantly
changed with varying strain rate, as shown in Fig. 4, and a
crystallographic fracture surface characterized by facets and
secondary cracks was formed when the strain rate was low.

Figures 5(a) and (b) show the SEM images of the
longitudinal section obtained at strain rates of 0.1%/s and
2.5%/s, respectively. The macrographic crack growth
direction was oriented from right to left. The blue open
arrows, green blank closed arrows, and red solid closed
arrows point at secondary cracks from the main crack, surface
cracks, and internal cracks, respectively. Although the
fracture origin was on the specimen surface, as shown in
Fig. 4, internal cracks were also present on the longitudinal
sections. The number of cracks on the longitudinal section
varied significantly depending on the strain rate, with many
cracks observed when the strain rate was 0.1%/s.

EBSD analysis was conducted on longitudinal sections.
The measurement areas located beneath the fatigue crack
growth regime are represented by the dashed rectangles in

Figs. 5(a) and (b). The size of the measurement area was
800 µm © 800 µm, and the measurement step was 1 µm. The
EBSD phase and grain boundary maps are shown in
Figs. 6(a) and (b) for 0.1%/s and Figs. 6(c) and (d) for
2.5%/s. The figures exclude measurement points with a
confidential index value less than 0.1. The phase maps are
superimposed on the image quality maps. A significant
amount of ε-martensite was formed when the strain rate
was 0.1%/s, as shown in Fig. 6(a), and the retained γ-
austenite locally existed. In addition, limited amounts of
αA-martensite were detected. As shown in Fig. 6(c), the
deformation microstructure at 2.5%/s consisted only of
γ-austenite. Deformation twinning was only found at 2.5%/s,
as shown in the grain boundary maps. Deformation micro-
structure varied with strain rate. At low strain rates, the ε-
martensitic transformation occurred frequently, whereas at
high strain rates, the transformation was suppressed, and the
deformation mechanism changed to one in which γ-austenite
was dominant.

4. Discussion

Fe-15Mn-10Cr-8Ni-4Si alloy had an extended fatigue life
even at strain levels that cause conventional steels to exhibit
extremely low cycle fatigue, as shown in Fig. 1. The alloy
underwent bidirectional γ § ε transformation as a plastic
deformation mechanism, referred to as B-TRIP [10–13].
High deformation reversibility can improve fatigue life [14–
16]. Fe-15Mn-10Cr-8Ni-4Si alloy possesses high deforma-
tion reversibility in the form of bidirectional transformation,
resulting in extended fatigue life. Although its deformation

Fig. 5 Longitudinal section at the fatigue crack propagation regime: strain rate of (a) 0.1%/s and (b) 2.5%/s.

Fig. 6 Electron backscattering diffraction maps of the postmortem microstructure obtained from the region shown in Fig. 4: (a) phase and
(b) grain boundary maps for strain rate of 0.1%/s; (c) phase and (d) grain boundary maps for a strain rate of 2.5%/s.
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reversibility decreases with increasing strain, Fe-15Mn-10Cr-
8Ni-4Si alloy still exhibits superior fatigue life compared
to conventional steel at a high strain level [15]. Therefore,
the fatigue improvement mechanism via B-TRIP may be
effective in the extremely low cycle fatigue regime.

The fatigue life and cyclic hardening behavior of Fe-
15Mn-10Cr-8Ni-4Si alloy varied with strain rate, as shown
in Table 1, respectively. Furthermore, the fatigue fracture
surface and deformation microstructure were dependent on
the strain rate. As shown in Fig. 4, the fatigue fracture
surfaces obtained at a low strain rate (resulting in longer
fatigue life) often displayed facets and secondary cracks,
whereas these features were not observed in the fracture
surface obtained at a high strain rate (resulting in shorter
fatigue life). In terms of the fatigue deformation micro-
structure, large amounts of ε-martensite were detected at a
low strain rate, whereas ε-martensitic transformation was
significantly suppressed at a high strain rate. Previous work
on the fracture surface of Fe-33Mn-6Si alloy reported that it
had a crystallographic appearance consisting mainly of facets
with frequent secondary cracks [17]. This may be attributed
to the high probability of ε-martensitic transformation due
to its low stacking fault energy (SFE) !SFE. Therefore, the
crystallographic fracture surface observed in Fe-15Mn-10Cr-
8Ni-4Si alloy at a low strain rate may also be attributed to
ε-martensite. The absence of facets on the fracture surface
at a high strain rate can be explained by the significant
suppression of ε-martensite.

Austenitic steels, including Fe-15Mn-10Cr-8Ni-4Si alloy,
exhibit different plastic deformation mechanisms depending
on the SFE [18].

� SFE ¼ 2µ�G�!" þ 2·�=" ð2Þ
where the molar surface fraction on the γ plane is µ, the Gibbs
free energy difference between γ-austenite and ε-martensite
is ¦Gγ¼ε, and the surface entropy interfacial surface energy
between the γ- and ε-phases is ·γ/ε. A detailed description
of the !SFE and ¦Gγ¼ε is presented in the previous paper
[19]. The plastic deformation mechanism changes from
stress-assisted ε-martensitic transformation to strain-induced
ε-martensitic transformation, deformation γ-twinning, and γ-
slip with increasing SFE. For instance, Fe-33Mn-6Si alloy
can readily undergo ε-martensitic transformation due to its
low SFE.

Previous work on the low cycle fatigue behavior of Fe-
Mn-Al-Si alloys with systematically varied SFE demon-
strated that the cyclic hardening behavior varied accordingly
[20]. Significant cyclic hardening occurred in all alloys.
However, the lower SFE alloys exhibited saturation in
hardening with the progress of the fatigue cycle, whereas
the higher SFE alloys showed noticeable secondary harden-
ing. A previous study proposed that a higher SFE, which
makes cross slip more likely to occur, triggers an interaction
with the lattice dislocation, resulting in secondary hardening.
As shown in Fig. 2, Fe-15Mn-10Cr-8Ni-4Si alloy exhibited
saturation in the hardening when it had lower SFE, whereas
it showed secondary hardening when it had higher SFE. The
high strain rate test demonstrated significant self-heating,
leading to an increase in SFE. In general, a high strain rate
causes an increase in the deforming stress due to enhanced

viscous resistance to dislocation motion. However, the
increase in SFE due to self-heating may play a role in the
strain rate dependence of the cyclic hardening behavior in
the Fe-15Mn-10Cr-8Ni-4Si alloy.

In our previous work, the occurrence conditions for B-
TRIP were expressed as ¦Gγ¼ε ¯ 0 (¦Gγ¼ε is negative
and close to zero) [21]. Additionally, the relationship between
the plastic deformation mechanism and the fatigue life was
characterized by ¦Gγ¼ε [19]. Therefore, in this study,
¦Gγ¼ε was used instead of !SFE to discuss the effect of
strain rate. The increase in ¦Gγ¼ε, which has a positive
dependence on temperature, implies an increase in the
stability of γ-austenite with respect to ε-martensite. There-
fore, the significant strain rate dependence of the fatigue
life of Fe-15Mn-10Cr-8Ni-4Si, shown in Table 1, may be
attributed to the increase in ¦Gγ¼ε due to self-heating at a
higher strain rate. Thus, the specimen temperature shown in
Fig. 3 was converted to ¦Gγ¼ε, and the change in ¦Gγ¼ε

with the number of cycles is shown in Fig. 7. As shown in
Figs. 3 and 7, no significant self-heating occurred at a strain
rate of 0.1%/s, and the condition of ¦Gγ¼ε ¯ 0 was satisfied
throughout the fatigue life, resulting in enhanced fatigue
durability due to B-TRIP. As shown in Fig. 6(a), the
postmortem microstructure was mainly occupied by ε-
martensite at the strain rate of 0.1%/s. As previously
mentioned, Fe-33Mn-6Si alloy can readily undergo ε-
martensitic transformation, resulting in a large amount of
ε-martensite after fatigue fracture. An extremely low cycle
fatigue test has not yet been conducted on Fe-33Mn-6Si
alloy, but its fatigue life at a total strain amplitude of less than
2% was not long [17]. Therefore, the ε-martensitic trans-
formation is not likely to contribute to the improvement
of fatigue life. The Fe-15Mn-10Cr-8Ni-4Si alloy exhibited
enhanced fatigue life due to B-TRIP; however, not all of the
ε-martensite formed by the forward transformation (γ ¼ ε
transformation) underwent the reverse transformation (ε¼ γ
transformation), and the gradual accumulation of ε-martensite
up to the fatigue fracture may have developed the
deformation microstructure shown in Fig. 6(a).

As shown in Fig. 5, many cracks were initiated inside the
material at a low strain rate. It has been reported that the
fracture mode caused by internal cracks due to the static
fracture mechanism occurs in the extremely low cycle fatigue
in addition to the fracture mode caused by surface cracks
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according to the general fatigue crack growth law [22].
Koyama et al. reported that the formation of ε-martensite
triggers the brittle-like crack initiation, resulting in premature
fracture in the tensile fracture of high-Mn steel [23].
Therefore, many internal cracks found at the low strain rate
despite the extended fatigue life can be attributed to the
deformation-induced ε-martensite, which can be the initiation
site of the crack due to the static fracture mechanism.
However, the Fe-15Mn-10Cr-8Ni-4Si alloy showed surface
fracture regardless of the strain rate, and there was no
evidence of coalescence with internal cracks initiated
independently of the main (surface) crack on the fracture
surface, as shown in Fig. 4. Therefore, the fatigue life of this
alloy can be evaluated using the fatigue crack growth law for
general low cycle fatigue, at least in the range of strain rates
investigated in the present work.

At a strain rate of 2.5%/s, the ¦Gγ¼ε increased and
eventually became positive as the test progressed, resulting in
the deformation of γ-austenite without the martensitic
transformation, as shown in Fig. 6(c). Significant self-heating
due to high strain rate, which increased ¦Gγ¼ε, inhibited
the bidirectional transformation, resulting in a decrease in
fatigue life. However, the Md point—the upper limit of the
temperature at which martensite can be induced by plastic
deformation—of Fe-15Mn-10Cr-8Ni-4Si alloy is 100°C [19],
and the maximum temperature measured at a strain rate of
2.5%/s (shown in Fig. 3) was lower than the Md point.
The measurement point of the specimen temperature was
approximately located at the minimum diameter, but it was
impossible to place the thermocouple at the exact point at
which maximum strain occurred because the extensometer
needed to be placed there. Self-heating is expected to be more
pronounced in the locations at which large deformations
occur, and the temperature at the minimum diameter may
have been higher than that shown in Fig. 3. In addition, the
fatigue crack is expected to cause further self-heating at its
tip [24] thereby increasing SFE. Figure 5 was taken from
the lower region of the fracture surface, and as shown in
Fig. 6(c), little martensitic transformation occurred at high
strain rates, which can be explained by the local heat
generation near the crack. A detailed analysis of the local
heat generation at the crack propagation zone and the fatigue
deformation microstructure around the crack is a subject for
future study.

As described in Section 3, the fatigue life of Fe-15Mn-
10Cr-8Ni-4Si alloy decreased with increasing strain rate and
was 25 cycles, which was more than double that of SUS316,
even at the highest strain rate of 2.5%/s. The decrease in
fatigue life was due to self-heating, as discussed above.
However, the increase in specimen temperature due to self-
heating gradually occurred over the entire fatigue life at a
high strain rate (Fig. 3), as did the associated increase in
¦Gγ¼ε (Fig. 7). Therefore, B-TRIP was effective in the
early stage of fatigue life, leading to the longer fatigue life
compared to general steel at a high strain rate. In addition, it
is unrealistic to assume that high-speed large deformations
will continue until fatigue fracture during a real-world
earthquake. Instead, intermittent deformations are more likely
to occur. In this case, even if self-heating occurs because of
high-speed large deformations, if sufficient heat removal is

achieved, B-TRIP in the subsequent fatigue deformation and
the fatigue damage accumulation mechanism might be
effective. In other words, the fatigue test under constant high
strain rate conducted in the present work is significant
because it represents the worst case of fatigue fracture of
Fe-15Mn-10Cr-8Ni-4Si alloy. In conclusion, Fe-15Mn-10Cr-
8Ni-4Si alloy exhibits excellent fatigue life under large cyclic
deformation when the heat generated during deformation is
properly controlled. This alloy helps to ensure design
margins against extreme earthquakes and has strong potential
for application in various types of seismic dampers.

5. Conclusion

Fe-15Mn-10Cr-8Ni-4Si alloy, developed for steel damper
exhibits bidirectional γ § ε transformation (B-TRIP) as a
plastic deformation mechanism that mitigates the accumu-
lation of fatigue damage, resulting in approximately five
times longer fatigue life compared to SUS316 at a total axial
strain amplitude over 4%. However, the fatigue life decreased
with increasing strain rate between 0.1%/s and 2.5%/s at a
total axial strain amplitude of 10%. The fatigue fracture
surface also changed with strain rate; facets and secondary
cracks were observed at a low strain rate (longer fatigue life),
whereas these features were hardly observed at a high strain
rate (shorter fatigue life). EBSD analysis of the deformation
microstructure demonstrated that the γ ¼ ε-martensitic trans-
formation occurred frequently at a low strain rate, whereas
the transformation was suppressed at a high strain rate. The
specimen temperature measurement revealed that significant
self-heating occurred only at a high strain rate of 2.5%/s,
indicating that the increase in ¦Gγ¼ε due to self-heating
inhibited B-TRIP, resulting in a decrease in fatigue life at
high strain rates. The fact that the Fe-15Mn-10Cr-8Ni-4Si
alloy maintained a relatively long fatigue life compared to
general steel implies that the fatigue damage mitigation
mechanism due to B-TRIP was effective at the early stage of
fatigue life when less self-heating had occurred.
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