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ABSTRACT 

As a new problem in earthquake-prone countries, high-

rise buildings are likely to resonate with the long-period 

ground motion and large-amplitude cyclic deformation is 

induced in the seismic dampers that are installed in these 

buildings. To overcome this problem, from the viewpoint 

of structural performance and economy, the durability of 

the steel seismic dampers needs to be significantly 

increased. To provide a new steel seismic damper with 

superior fatigue resistance against large-amplitude cyclic 

deformations, a Fe-15Mn-4Si-10Cr-8Ni alloy with 

enhanced low-cycle fatigue resistance was developed in 

our previous work. The purpose of this study was to 

confirm the tensile and low-cycle fatigue properties of the 

fatigue-resistant Fe-15Mn-4Si-10Cr-8Ni alloy. The results 

of static tensile strength tests indicated that this alloy has a 

small yield-tensile ratio, a large elongation, and undergoes 

stable deformation. Low-cycle fatigue tests of this alloy 

were performed by applying symmetric tensile-

compressive loading. Under broad amplitude conditions, 

this alloy has an outstanding fatigue life in comparison 

with the low-yield point steel that is used for the 

conventional steel dampers. Based on these results, we 

confirm that the tensile properties and low-cycle fatigue 

characteristics of this alloy make it suitable for use in 

fatigue resistant seismic dampers against large-amplitude 

cyclic deformations. 
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INTRODUCTION 

Seismic isolation and vibration control structures that 

protect buildings from damage caused by earthquakes have 

become wide-spread in earthquake-prone countries. Steel 

seismic dampers that absorb seismic vibrations through 

elastoplastic deformation have a large load capacity, high 

stiffness, and an outstanding cost-performance ratio. These 

dampers are widely used and are indispensable in 

economical vibration control structures. 

In recent years, long-period ground motion has emerged 

as a new problem because the long-period earthquake 

waves are likely to resonate with the natural period of 

high-rise buildings, causing them to vibrate for a long time 

and with large amplitude. In this situation, large-amplitude 

cyclic deformation occurs in the seismic dampers that are 

installed in high-rise buildings. Conventional steel 

dampers are difficult to overcome this problem as their 

fatigue-resistance properties are insufficient. Thus, to 

withstand large-amplitude cyclic deformations, the 

durability of seismic dampers must be significantly 

increased. 

Here, we focus on Fe-15Mn-4Si-10Cr-8Ni alloy to 

develop a new steel seismic damper with superior fatigue 

resistance. This study aims to confirm the tensile and low-

cycle fatigue properties of this alloy for its use in seismic 

dampers. 

FATIGUE-RESISTANT FE-MN-SI-

BASED ALLOY 

 Fe-Mn-Si-based alloys exhibit a shape-memory effect 

associated with the deformation-induced →martensitic 

transformation and its reversion on subsequent heating. It 

has also been reported that the deformation-induced →

martensitic transformation in Fe–Mn–Si-based alloys can 

cause the reverse transformation by counter-directional 

deformation [Sawaguchi, 2006]. Reversible two-way 

martensitic transformation under cyclic tensile-

compressive loading has also recently been shown to 

improve low-cycle fatigue lives [Sawaguchi, 2015]. 

Based on these findings, a Fe-15Mn-4Si-10Cr-8Ni alloy 

was developed to be used in steel seismic dampers with 

superior fatigue resistance [Sawaguchi, 2015]. The 

development was carried out in consideration of mass 

production for use in large-scale building structural 

members. The manganese concentration of the developed 

alloy was kept at 15 % mass by weight, which allows for 

mass-production in electric arc furnaces. The specimens 

used in this study were taken from rolled plates produced 

for industrial use by an electric arc furnace with an 

authorized capacity of 10 tons. 

TENSILE STRENGTH TESTS 

Uniaxial static tensile strength tests of the Fe-15Mn-4Si-

10Cr-8Ni alloy were carried out to confirm the essential 

mechanical properties for use in seismic dampers. The 

specimens were cut out in a longitudinal direction (L.D.) 

and a crosswise direction (C.D.) from the alloy rolled 

plates. Figure 1 shows the dimensions of the specimens. 

Two punch marks were scribed on each specimen at an 

interval of 50 mm. Total elongation was obtained by 

measuring the distance between these points after the 

fracture. 



Figure 2 shows the results of the static tensile strength 

tests on this alloy. These engineering strains were 

measured using strain gauges. Continuous yielding 

behavior was observed in the engineering stress-strain 

curves of this alloy. Thus, 0.2 % proof stress was used to 

determine the yield strength of this alloy. The mechanical 

properties of the alloy obtained from these tests are shown 

in Table 1. These results indicate that this alloy has a small 

yield-tensile ratio, large elongation, and undergoes stable 

deformation. In addition, the tensile properties are 

isotropic characteristics regardless of the rolling direction. 

Therefore, this alloy is suitable for use in shear and 

bending type dampers as well as tensile-compressive type 

dampers. 

 
Figure 1: Dimensions of specimens used in tensile 

strength tests. 

 

  

Figure 2: (a) Stress-strain and (b) stress-displacement 

curves obtained from the tensile strength tests.  

Table 1: Mechanical properties 

 

0.2% proof 

stress 
(MPa) 

Tensile 

strength 
(MPa) 

Yield-

tensile ratio 
(%) 

Elongation 

(%) 

L.D. 260 676 38.4 73.9 

C.D. 265 669 39.6 74.1 

LOW-CYCLE FATIGUE TESTS 

Low-cycle fatigue tests of the Fe-15Mn-4Si-10Cr-8Ni 

alloy were carried out by applying a symmetric tensile-

compressive loading over total strain amplitudes ranging 

from 0.01 to 0.06. Figure 3 shows the dimensions of the 

specimens.  

 

Figure 3: Dimensions of specimens used in low-cycle 

fatigue tests. 

Figure 4 shows the low-cycle fatigue behavior of this 

alloy, which under broad amplitude conditions, has an 

outstanding fatigue lifetime in comparison with the low-

yield point steel used in conventional steel dampers. 

Figure 5 shows the engineering stress-strain hysteresis 

loops at various strain amplitudes. The alloy exhibited 

stable hysteresis loops across a range of small to large 

strains.  

 
Figure 4: Low-cycle fatigue characteristics of Fe-15Mn-

4Si-10Cr-8Ni alloy. 

    
Figure 5: Stress-strain hysteresis loops during low-cycle 

fatigue tests. 

CONCLUSION 

In this study, we confirmed that the tensile properties and 

low-cycle fatigue characteristics of Fe-15Mn-4Si-10Cr-

8Ni alloy make it suitable for use in fatigue resistant 

seismic dampers against large-amplitude cyclic 

deformations. 
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