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1. Introduction

Unlike ordinary carbon steel where residual 

deformation occurs after imposing the elastic 

limit, the superelastic shape memory alloy 

(SMA) retains the configuration memorized at 

the time of material creation. Even if a 

substantial amount of deformation takes place 

due to an external impact, this special metal 

can restore original shape only after the 

removal of stress at room temperature [1]. 

Because of the unique material properties of 

these superelastic SMAs, life products such as 

metal stents, antennas, spectacle frames, 

braziers, and actuators have been widely used 

as the smart devices. Recently, manufacturing 

costs have been lowered owing to the 

development of material technology, and thus it 

has started to be used in construction fields 

such as connection bolts, earthquake 

rehabilitation devices, seismic restrainers, damper 

systems. Furthermore, related studies are being 

carried out at the laboratory stage [2-3]. 

The superelastic SMA materials have 

outstanding mechanical strength and fatigue 

resistance, and reduce residual strain with 

recentering force as compared with other 

metallic materials [1]. Contrary to ordinary 

carbon steel, strength, and residual strain 

characteristics presented in the stress-strain 

curves of such superelastic SMA materials vary 

in accordance with loading speed. In order to 

design accurate and efficient seismic retrofitting 

devices (i.e., dampers and isolators) made of 

superelastic SMAs, it is necessary to grasp the 

mechanical characteristics of these materials 

according to various loading speeds as well as 

different fatigue cycles. Most of the 

superelastic SMA devices are designed by 

utilizing material properties obtained by the 

static loading test without considering fatigue 

and loading speed. For this reason, there is a 

limit to some extend of accurately estimating 

the performance of the device under different 

seismic loads with different durations and 

speeds. Therefore, this study is intended to 

investigate the mechanical properties of 

superelastic SMA specimens by varying the 

number of loading cycles and loading speeds. 

Thereafter, we can also observe the post-yield 

strength and residual strain of these specimens 

in the obtained force-displacement curve.
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2. Test Set-up

Figure 1 shows a specimen installed in a UTM 

device and the size of superelastic SMA specimens 

prepared in accordance with ASTM regulations for 

material testing [4]. In this study, dynamic loading 

tests were carried out under the 

displacement-controlled loading history under 

different loading speeds, and quasi-static fatigue 

tests were conducted as well with different 

loading cycles under the same loading speed. Each 

of specimens uniformly has 3mm thickness while 

the effective width and length were designed to 

be 25mm and 60mm, respectively. The average 

stress-strain curves of the material specimens 

used in the experimental tests are presented in 

Figure 2. The loading history was imposed on the 

specimens with the target strain of 1%, 3%, and 

5% by the displacement control method. Finally, 

ultimate strain was applied until failure occurred. 

The loading speed was also 0.033mm/sec for three 

specimens measuring the stress-strain property 

curves.

Figure 1. Overview of the experimental test set-up 
and specimen size.
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Figure 2. Material property of the superelastic SMA 
specimens.

The superelastic SMAs used in this study are 

a nitinol alloy made by mixing nickel and 

titanium at almost the same atomic ratio. They 

are composed of 55% of nickel and 45% of 

titanium. The temperature at which austenitic 

phase transformation starts is in the range of 

minus 15°C to minus 10°C . The material 

tests were carried out at room temperature of 

25°C in order to obtain the stress-strain 

curves. These curves exhibit an initial elastic 

slope of about 30GPa, and martensitic phase 

transformation starts to occur at yield stress of 

510MPa, corresponding to about 1.8% strain. 

The strain of 2-3% is almost recovered to 

orgianl configuration after the removal of the 

applied load. However, as strain imposed on the 

specimens gradually increases, residual strain 

also starts to increase. The stress of about 

620MPa is generated at 5% strain, and then 

necking phenomeon occurrs at approximately 

9% strain. Stress hardening take places after 

that, and finally the specimen is broken near 

14.8% strain rate. 

3. Loading Conditions

Figures 3 and 4 show the hysteresis curves of 

the quasi-static cyclic loading history used for the 

fatigue test and those of the dynamic loading 

history with different loading speed, respectively. 

As shown in Figure 3, N1, N10, and N25 of the 

model ID indicates the number of repeatedly 

applied times at the target strain of 5% 

corresponding to 3mm displacement. The same 

loading speed of 0.303mm/sec corresponding to 

0.05Hz was applied for the fatigue test with 

quasi-static cyclic loading. After 5% target strain, 

7% strain was applied, and final strain was 

imposed on the specimen until ultimate fracture 

decisively occurred. In case of dynamic loads, 

experimental tests were performed by applying a 

triangular sawtooth displacement-controlled load 

history, which gradually increases the amplitude of 

the displacement load cycle (Δcycle), to the 

material specimen. Basically, the same 

displacement-controlled load hysteresis curves 

were used for five models, but material 

experiments were performed with different loading 

speeds (i.e., 0.033mm/sec for SMA-1, 0.165mm/sec 

for SMA-2, 0.330mm/sec for SMA-3, 1.650mm/sec 

for SMA-4, and 3.300mm/sec for SMA-5model).
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Figure 3. Loading protocols for quasi-static cyclic 
tests.

Figure 4. Loading protocols for dynamic tests.

4. Test Results

Figure 5 shows force-displacement hysteresis 

curves obtained by applying the displacement- 

controlled load histories presented in Figures 3 

and 4 to the material specimens. As can be seen 

in Figure 5(a), the fatigue test results shows 

almost the same strength performance in the 

hysteresis curves after the yield point at which 

the martensitic phase displacement occurs in three 

material specimens. This means that the 

superelastic SMA can reproduce the nearly same 

force-displacement behavior irrespective of the 

number of loading cycles, and does not change 

the mechanical properties by fatigue.
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Figure 5. Experimental test results.

Figure 5 (b) shows the force-displacement 
curves obtained from dynamic tests with different 
loading speeds. In case of the SMA-1 model with 
the slowest loading speed, the maximum 
displacement exceeded 8.25mm, and thus the best 
displacement performance among five material 
specimens is shown. However, after the yield 
point where martensitic phase displacement begins 
to occur, strength performance is the lowest 
among five material specimens. On the other 
hand, the SMA-5 model with the fastest loading 
speed can be found in the hysteresis curve to 
allow the smallest maximum displacement in spite 
of showing the greatest strength performance 
after the yield point. At a displacement of about 
7mm, the SMA-5 model has a load of 60kN, while 
the SMA-1 model shows a load performance of 
about 47kN. Therefore, as loading speed increases, 
strength performance improves, but maximum 
displacement allowed before the fracture occurs is 
reduced. The performance of typical seismic 
retrofitting systems is designed by applying the 
mechanical material properties obtained in a 
quasi-static load state with a low loading speed. 
Therefore, it can be assumed that the superelastic 
SMA devices under a seismic load having a 
relatively fast loading speed exhibit greater 
resistance than strength performance applied at 
static loading design.

Figure 6. Comparison for residual displacements 
along measurement displacement load cycles.

For the purpose of understanding the 

recentering capacity of the superelastic SMA 

material specimens according to the loading 

speed, residual displacement (Δres) was 

measured at the point (refer to Figure 5(b)) 

where force was zero in the path after 

removing the applied load in each displacement 

load cycle (Δcycle). Figure 6 presents the plotted 

curves of the residual displacements measured 

along the corresponding path of displacement 

load cycles. In the same displacement load 

cycle, the SMA-1 model has the least residual 

displacement. The remaining four material 

specimens display almost similar residual 

displacement distributions, but the SMA-2 

model, which has a relatively slower loading 

speed, exhibits smaller displacement distribution. 

It can be seen that as the loading speed 

increases, the amount of residual strain is 

increased by reducing recentering force 

generated in the material specimen. For 

example, the SMA-1 model shows 1mm residual 

displacement under 5mm displacement load 

cycle, while the SMA-5 model shows a 1.5mm 

residual displacement. Therefore, in this study, 

it can be concluded that the mechanical 

properties of the superelastic SMA materials 

utilized for seismic retrofitting design, change 

when the loading speed is varied. 

5. Conclusion

In this study, we investigated superelastic shape 

memory alloy which can be used as a damper in 

a construction site. The experimental results of 

the superelastic shape memory alloy, which is the 

subject of the study, reduce the occurrence of 

residual displacement based on excellent restoring 

force. The superelastic shape memory alloy 

exhibits flagship hysteretic behavior with improved 

energy dissipation capability when quasi-static 

cyclic loading is applied by controlling 

displacement at room temperature. Based on the 

results of this study, it can be concluded that the 

superelastic shape memory alloy can be 

effectively used for earthquake load under high 

speed load condition instead of low speed static 

load. In the future, it will be possible to develop 

a seismic design method with improved 

performance if a super - elastic shape memory 
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alloy is applied to seismic system.
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