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ABSTRACT 

In the recent years, large-amplitude cyclic vibrations of 

high-rise buildings due to long-duration and long-period 

ground motion have become a new problem. Therefore, 

performance requirements for seismic dampers installed in 

vibration-controlled buildings have increased dramatically, 

and durability to cyclic deformation has become essential. 

We have developed shear-panel-type fatigue-resistant Fe-

15Mn-4Si-10Cr-8Ni alloy seismic dampers to counteract 

long-period ground motion. In order to confirm the 

deformation performance and fatigue resistance of Fe-

15Mn-4Si-10Cr-8Ni alloy seismic dampers, we performed 

dynamic loading tests. The results revealed that the 

developed damper has significantly better fatigue life than 

the conventional steel dampers and offers outstanding 

deformation performance and durability under low-cycle 

fatigue. In 2014, 16 seismic dampers made of this alloy 

were installed in a 196-m-tall high-rise building.  
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INTRODUCTION 

Vibration control structures employed in many high-rise 

buildings are intended to absorb seismic energy 

preferentially via dampers in the event of an earthquake 

and to minimize damage to the principal structural 

members (columns and beams) by reducing the swaying of 

the building. Representative types of seismic damping 

devices are steel dampers, and viscous and oil dampers. In 

the former type, the elastoplastic deformation of low-yield-

point steels (steels with lower strength than the ordinary 

architectural steel) is used. In the latter type, the viscous 

resistance of viscous bodies or oil is employed. In high-

rise buildings, in order to ensure the redundancy and 

robustness of quake resistance performance, numerous 

damping devices are used considering the characteristics 

and suitable locations for each type. 

Recently, awareness of the importance of damage control 

measures against the long period, long-duration seismic 

response of high-rise buildings has increased. The high-

rise buildings undergo vibrations of larger amplitude and 

longer period than those experienced by less taller 

buildings. This is a result of resonance of the high-rise 

buildings with seismic ground motion, in which long-

period components are predominant. In cases where the 

durability may be compromised because of metal fatigue, 

the conventional low-yield-point steel dampers are not 

suitable for use in maintenance-free countermeasure 

technologies for long-period, long-duration seismic motion. 

However, steel dampers are indispensable for economical 

vibration control structures. Therefore, it is necessary to 

increase considerably the durability of steel seismic 

dampers. 

Against this background, we developed fatigue-resistant 

seismic dampers made of a Fe-15Mn-4Si-10Cr-8Ni 

damping alloy to counteract long-period ground motion 

[Sawaguchi, 2015]. This study aims to verify the 

deformation performance and fatigue resistance of this 

new seismic damper. 

FATIGUE-RESISTANT FE-MN-SI-

BASED ALLOY SEISMIC DAMPER 

The detail of the Fe-15Mn-4SI-10Cr-8Ni damping alloy 

is described in [Sawaguchi, 2015]. We have developed 

shear-panel-type seismic dampers made of this damping 

alloy. Figure 1 shows photographs of a developed seismic 

damper and of the inside the alloy panel (the energy-

absorbing member). This shear panel-type seismic damper 

exhibits a hysteretic damping effect owing to its 

elastoplastic deformation. Under a maximum rated 

deformation angle of 1/25 rad, the damper can bear loads 

up to approximately 4,000 kN, placing it in the highest 

class of steel dampers. 

 

 
Figure 1: (a) Shear-panel-type Fe-15Mn-4Si-10Cr-8Ni 

alloy seismic damper and (b) alloy panel. 

DYNAMIC LOADING TESTS 

In order to confirm the deformation performance and 

fatigue resistance of the developed alloy seismic dampers, 

we performed dynamic loading tests. Because of the load 

limit of the force-application actuator, the test samples 

were fabricated such that their shapes were similar to the 



shape of a seismic damper, but the height, width, and 

thickness of the movable portion of the alloy panels were 

scaled to half the actual values. 

Figure 2 shows the force-application system and the test 

sample for the dynamic loading tests. The force-

application device used was a large dynamic actuator with 

a maximum load capacity in the 2,000-kN class. Shear 

deformation was applied to the test sample via horizontal 

displacement of a steel beam. Using this force-application 

system, a progressive strain increase test and a low-cycle 

fatigue test at constant strain amplitudes were performed 

on the developed damper. 

 

 
Figure 2: Force-application system and test sample. 

Figure 3 shows the relationship between the load and 

the deformation angle as obtained in the progressive strain 

increase test. Three cycles of sinusoidal waves with a 

period of 5 s (which is the natural period of the vibration 

of a typical high-rise steel building) were applied with 

various amplitudes. No discontinuous load decreases due 

to buckling or failure were observed during this test. The 

relation between the load and deformation angle was stable 

over a range of deformation angles, resulting in a stable 

hysteresis loop. 

 

 
Figure 3: Relationship between the load and rotation 

angle with gradually increasing displacement. 

 

To Strain-controlled low-cycle fatigue tests were 

performed to examine the fatigue endurance of the seismic 

dampers. For this purpose, a sinusoidal wave with a period 

of 5 s was applied for representative share deformation 

angles of ±1/100, ±1/50, and ±1/25 rad. 

Figure 4 shows the results of low-cycle fatigue tests. 

The test results revealed that the developed damper has 

significantly better fatigue life than the conventional steel 

dampers and offers outstanding deformation performance 

and durability under low-cycle fatigue. 

      

 Figure 4: Low-cycle fatigue characteristics. 

As shown in Figure 5, in 2014, 16 developed seismic 

dampers were installed on floors 1-4 of a 196-m-tall high-

rise building in Nagoya, Japan. Structural analysis of this 

building revealed that it is possible to achieve extra-high-

grade vibration control with performance margins that 

allow the building to withstand long-period, long-duration 

ground motion, and repeated after-quakes. 

 

 
Figure 5: Application of the developed dampers in a high-

rise building. 

CONCLUSION 

The outstanding deformation performance and 

outstanding durability in low-cycle fatigue regions of shear 

panel type fatigue-resistant Fe-15Mn-4Si-10Cr-8Ni alloy 

seismic dampers were confirmed. Developed seismic 

dampers made of this alloy were installed in a high-rise 

building. 
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