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Abstract 

Steel dampers are components used in building structures to reduce vibration and energy generated by dynamic loads such 

as earthquakes. Several factors affect the effectiveness of steel dampers in reducing energy, including the cross-sectional 

area, mass distribution, cross-sectional geometry, and material stiffness. The cross-sectional geometry or shape of the steel 

damper can affect how energy is absorbed and dissipated in the structural system. Cross sections with different geometric 

variations can have different mechanical responses to dynamic loads. This study aims to analyze which type of steel damper 

is effective in terms of stiffness and damping capacity against lateral cyclic loads. The steel damper cross-sectional 

variations used are slit steel dampers (SSDs), tapered steel dampers (TSDs), and oval steel dampers (OSDs). Cyclic testing 

of the dampers used displacement control with the same target deviation for all three damper types. The results showed 

that the stress and strain distributions of the oval steel damper were more even than those of the other two models. The 

variations in the energy dissipation capacities of the three cross-section variations are relatively the same. However, the 

slit steel damper type has the best stiffness compared to the other two types. This research is ultimately expected to 

influence the science of the structure of a building in preventing and anticipating earthquakes or other disasters. 

Keywords: Energy Dissipation; Lateral Cyclic Loading; Steel Damper; Strain Distribution. 

 

1. Introduction 

Earthquakes are among the deadliest natural disasters that cause emotional, social, and financial losses [1, 2]. In the 
last ten years, several earthquakes have caused considerable loss of life and damage [3]. Reuters’ news agency has 
recorded several earthquake events in the past decade across the hemisphere, including the Sichuan Earthquake in China 
in 2013. An earthquake measuring 7.0 on the Richter Scale shook China's Sichuan province. It has caused significant 
damage and killed approximately 200 people. Thousands of people were also injured. More than 8,000 people were 

killed, and millions more were affected by this earthquake. In 2017, Mexico City and its surroundings were rocked by 
an earthquake measuring 7.1 on the Richter Scale. This earthquake caused severe damage and killed more than 360 
people. 

In July and August 2018, the Indonesian island of Lombok, Indonesia, was rocked by a series of high-magnitude 
earthquakes. The strongest earthquake had a magnitude of 6.9 on the Richter scale. These earthquakes caused extensive 
damage, killed more than 500 people, and displaced thousands of residents. On September 28, 2018, Central Sulawesi, 

Indonesia, was hit by a 7.5 magnitude earthquake followed by a tsunami. This disaster devastated the city of Palu and 
its surroundings, killing more than 4,300 people and leaving thousands more of people missing or injured. 

With respect to the response of structures subjected to dynamic loads, such as earthquakes, the energy generated by 
these dynamic loads can cause excessive vibration and damage the structure [4]. This dynamic response can physically 
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damage the structure and threaten human safety [5]. Scientists have performed much research and provided several 
alternatives to reduce and even prevent damage to structures caused by earthquakes [6]. One of the alternatives proposed 
is the application of structural control systems that can increase the seismic capacity of structural systems in the form of 

dampers on structural elements [7]. The installed control system dissipates the earthquake energy entering the structural 
system. These control systems are better known as seismic devices [8]. In general, this structural control system works 
by changing the stiffness and adding mass to the structure so that when an earthquake occurs, the structural elements 
can be controlled and planned in an elastic state [9]. 

The category of passive control systems (passive energy dissipation devices) is grouped based on the energy 
dissipation mechanism, which consists of base isolators, viscoelastic devices, tuned mass dampers, metallic yielding 

dampers, friction dampers, liquid dampers, and viscous dampers [10, 11]. A metallic damper or metallic yielding damper 
is a steel material used as a passive energy dissipator in planning an earthquake-resistant building [12]. Metallic dampers 
dissipate incoming energy through inelastic deformation of the material [13]. This device is less expensive than other 
dissipation devices, and its installation is simple. It is installed on the structure to reduce the deformation due to 
earthquake forces through the inelastic deformation of the damper, where this passive control system has elastic stiffness 
[14]. Using this damper minimizes the response of structural deviation and stops vibration so that the deviation between 

levels can be minimized and the lateral force of the column becomes small [15]. 

The difference in mechanism also economically affects the choice of damper installation model [16]. Installation in 
the weak-axis direction requires more dampers and is, therefore, more expensive than installation in the strong-axis 
direction [17]. Dampers installed in the direction of shear force have much greater stiffness [18]. 

The mechanism and damping capacity of metallic dampers depend on the materials used, such as steel, aluminum, 
copper, and tin [19]. Several recent studies have been conducted to obtain a suitable steel damper design. Hwang et al. 

[20] conducted low-cycle fatigue tests on slit dampers with different strip configurations. The test results showed that 
the energy dissipation capacity of the slit damper was quite good, but the damper suffered a brittle failure. Furthermore, 
Feng et al. [21] continued their research to identify the cause of brittle failure. The researchers suggested that the brittle 
failure that occurred in the strip model slit damper was caused by the stress concentration accumulated at the end of the 
blades/strips of the damper. Therefore, researchers have optimized the blade shape of slit steel dampers. 

Bae et al. [22] researched three different steel strip damper models (barbell-shaped, tapered, and hourglass-shaped 

strips). All three models exhibited increased capacity under cyclic loading, stable hysteretic behavior, and cracks 

distributed along the blade/strip. Kim & Kim [23] developed a damper model composed of four steel plates with different 

configurations where each end of the blade was curved to minimize stress concentration. The results of the experimental 

study showed very stable hysteretic behavior. 

The research by Bae et al. and Kim & Kim was further developed by Liu et al. [24] by performing a numerical 

analysis to obtain the optimal shape of the damper by considering the height-to-width ratio. Researchers have modeled 

three damper models (steel slit dampers) with the same model parameters but with different cross-sectional height 

variations. This research concluded that by reducing the width at the center of the cross-section (slit), brittle failure due 

to stress concentration at the end region of the strip can be avoided. The effective damping of the tested dampers is in 

the range of 10%-25%, and the increase in the damping capacity of the test specimens occurs at damper heights between 

90 and 270 mm. 

In this study, experimental testing was conducted on three types of steel dampers (slit steel dampers, tapered steel 

dampers, and oval steel dampers) with different opening type variations, for which two damper geometry models were 

used according to previous research. The difference in the shape of the opening (slit) is a distinguishing factor from 

previous research. The shape of the slit in the steel damper studied is oval. The oval shape of the steel damper slit is 

selected by assuming that the stress distribution along the strip of the damper will be more even. The steel material used 

to manufacture the damper is a steel plate. Tensile tests (coupon tests) were carried out to determine the characteristics 

of the steel plate material according to the American Standard Testing and Materials (ASTMs). 

2. Method 

2.1. Test Specimen Design 

The test specimen samples to be studied are made of steel plate base material. The type of steel plate used is structural 

steel grade 400 (structural steel 400). The reason for choosing this type of steel plate is that, in addition to being 

inexpensive, this type of steel is also readily available on the market. As shown in Figure 2, the planned damper has 

dimensions of 500 mm long, 360 mm high, and 10 mm thick. Nine SG1-SG9 strain gauges are installed on the top of 

the cross section of the damper cross section to ensure that strains occur. Stress concentration occurs at the edges of the 

damper, which causes brittle failure. Strain gauges installed on the end and middle sides of the damper are used to 

determine the stress and strain distributions that occur in the damper and to observe the stress concentration. 

Three types of samples were tested, namely slit steel dampers (SSDs), tapered steel dampers (TSDs), and oval steel 

dampers (OSDs). The geometry dimensions are presented in Table 1. 
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Table 1. Dimensions of the specimens 

Sample’s Name Length (w/mm) Height (H/mm) Slit Height (h/mm) Thickness (t/mm) Center Section Width (bc/mm) 

SSD 550 360 180 10 36 

TSD 500 360 180 10 16 

OSD 500 360 180 10 16 

Modeling using finite element methods was performed to validate the experimental test results. The damping 

capacity of the damper is expressed in terms of the effective stiffness (𝐾𝑒𝑓𝑓) and effective damping (𝛽𝑒𝑓𝑓), from which 

the following equations can be obtained. 

𝐾𝑒𝑓𝑓 =
|𝑃𝑚𝑎𝑥|+|𝑃𝑚𝑖𝑛| 

|𝛿𝑚𝑎𝑘𝑠|+ |𝛿𝑚𝑖𝑛|
  (1) 

𝛽𝑒𝑓𝑓 =
2

π 
 

𝐸𝑙𝑜𝑜𝑝

𝐾𝑒𝑓𝑓(|𝛿𝑚𝑎𝑥|+ |𝛿𝑚𝑖𝑛|)
  (2) 

where Pmax and Pmin are the maximum and minimum loads, δmax and δmin are the maximum and minimum displacements, 

respectively, and Eloop is the dissipated energy per cycle. 

The parameters needed to obtain the stiffness and damping values are obtained from the damping and stiffness 

characteristics, as shown in Figure 1. 

 

Figure 1. Damping and stiffness characteristics 

Three damper variations, namely, tapered steel dampers, oval steel dampers, and slit steel dampers, were tested to 

meet the research objective of analyzing the effect of cross-sectional geometry on damping effectiveness. All dampers 

have the same height-to-width ratio. Likewise, the thickness of the damper. The geometries of the three dampers are 

shown in Figure 2. 

  

 

Figure 2. Damper cross-section geometry 
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The reference specimen is a slit steel damper. The steel material used is a structural steel plate, where a material 

characterization test has previously been carried out, and the steel material is included in BJ SS 400. 

2.2. Test Set Up and Loading Procedure 

The damper specimen to be tested is mounted on a steel portal made of IWF steel. For ease of installation and 

replacement of the damper before and after the test, the damper and portal were connected using bolts. Strain gauges 

were installed at several cross-sections of the damper to read the strain that occurred during loading. The stress and 

strain distributions in the damper cross-section can be determined by installing strain gauges at these points.  

LVDTs were installed at several sections with the main LVDT position parallel to the actuator to read the relative 

displacement values. The LVDT parallel to the actuator was used for the data. 

2.3. Damper Plate Characteristics 

The material used for the damper is a grade 400 structural steel plate (SS 400). In this study, a characteristic test in 

the form of a steel plate tensile test was first performed for each type of damper studied (Table). The thickness of the 

plate used in this study is 10 mm. 

Table 2. Test results of the steel plate characteristics 

Sample Type Melting (MPa) Tensile (MPa) Melt Ratio (%) Elongation (%) 

1 288.293 404.390 71.29 15.91 

2 280.976 401.951 69.90 17.05 

3 268.780 404.390 66.47 18.18 

2.4. Model for Testing the Damper 

Cyclic testing of the damper used displacement control with the same target deviation for the three types of dampers, 

namely 2 mm (0.5 Δ), 4 mm (1 Δ), 8 mm (2 Δ), 12 mm (3 Δ), 16 mm (4 Δ), 20 mm (5 Δ), 24 mm (6 Δ), 28 mm (7 Δ), 

32 mm (8 Δ), 36 mm (96 Δ), 40 mm (10 Δ), and 48 mm (12 Δ). During the test, a data logger connected to the cyclic 

tester recorded the load, deviation, and strain. There were nine strain gauges on each damper sample. The placement of 

the strain gauges used to measure the strain is shown in Figure 3. 

 

Figure 3. Test set up 

The anvil is connected to the strong floor using bolts. Strain gauges were installed on 12 damper parts for each 

variation. Each point is marked sequentially, starting from SG1 to SG12. The aim of installing strain gauges is to read 

the strain in the damper when given a cyclic load. The LVDT is parallel to the actuator axis to measure displacement. 

The measuring instruments were then connected to a data logger to record the strain and displacement. 

The foundation/mount of the damper is a frame that is placed parallel to the axis of the actuator. The damper to be 

tested is then mounted on the frame and connected using bolts. The test setup is shown in Figure 4. 



Civil Engineering Journal         Vol. 10, No. 07, July, 2024 

2348 

 

 

Figure 4. Setup cyclic testing 

2.5. Research Flowchart 

The conclusions that can be drawn from the method used are available in Figure 5. 

 

Figure 5. Flowchart of the research 

3. Results 

3.1. Strain Distribution of Steel Dampers with Variations in the Cross-Section Opening to Lateral Cyclic Load 

For the three types of samples tested under cyclic loading, at minor deviations, there is no visible change in the shape 

of the damper. However, when the deviation increases, the damper cross-section changes shape. The change in shape in 

question is a curved cross-section, and cracks begin to appear in the cross-section. After 12 cycles of applied loading, 

the damper appears deformed, but no damage is visible. This indicates that the damper has good strength. 

The strain distribution of the OSD-type damper is shown in Figure 6. The figure shows that the maximum strain in 

the oval-type damper is 429.70 με. As shown in Table 3, the maximum strain occurs at position SG 7 in the cross-

section. Overall, the strain values are relatively the same for the upper side (SG 1, SG 4, and SG 7) for the cross-sections 

on the middle and lower sides. 
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Figure 6. Strain graph of the oval steel damper 

Table 3. Strain based on experimental testing for the OSD type 

Cross-Section Position Strain Value (με) 

 

Top 

SG 1 429.67 

SG 4 429.68 

SG 7 429.70 

Middle 

SG 2 229.67 

SG 5 229.69 

SG 8 229.69 

Bottom 

SG 3 146.41 

SG 6 146.44 

SG 9 146.42 
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Table 4 and Figure 7 show the strain values on the tapered steel damper where the maximum strain was 397.04 με, 
and the lowest strain was 141.73 με. 

Table 4. TSD-types strain based on experimental testing 

Cross-Section Position Strain Value (με) 

 

Top 

SG 1 397.01 

SG 4 397.02 

SG 7 397.04 

Middle 

SG 2 228.06 

SG 5 228.06 

SG 8 228.08 

Bottom 

SG 3 141.73 

SG 6 141.76 

SG 9 141.74 

 

 

 

Figure 7. Strain graph of the tapered steel damper 
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Similar to the oval steel damper, the most prominent strain position in the tapered steel damper is at SG 7, and the 
smallest strain is at SG 3. The strain distribution model in this damper type is also almost the same as that in the previous 
damper type, where the most significant strain is on the upper side, and the least minor strain is on the lower side. In the 

slit steel damper (SSD) type, the strains that occur are minor compared to those of the previous two damper types. The 
maximum strain for the slit steel damper type is 334.31 με, and the most minor strain is 174.32 (see Table 5). 

Table 5. Strain based on experimental testing for SSD type 

Cross-Section Position Strain Value (με) 

 

Top 

SG 1 334.28 

SG 4 334.29 

SG 7 334.31 

Middle 

SG 2 174.32 

SG 5 174.34 

SG 8 174.34 

Bottom 

SG 3 112.59 

SG 6 112.62 

SG 9 112.60 

The greatest strain occurs in the OSD-type damper. The position of the maximum strain in the three dampers occurs 
at the same point, namely, at SG7. The cross-sectional area influences the difference in strain among the three dampers. 

When the cross-sectional area of the damper is large, the area available to withstand stress also increases, which means 
that the stress generated in the damper decreases. When the stress is lower, the resulting strain on the damper will be 
minor according to Hooke's law. Therefore, when the cross-sectional area of the OSD-type damper is smaller than that 
of the other two damper types, the strain generated in the damper tends to increase. 

3.2. Effectiveness of the Energy Dissipation of Steel Damper with Variations in the Openings in the Cross-Section 

against Lateral Cyclic Loads 

After cyclic loading, the data logger recorded several parameters, including the load and displacement. Furthermore, 
the envelope curve of the specimen, which is the relationship between the force and maximum load, is given in Figure 

8. The results of the maximum load and maximum displacement, which illustrate the force and displacement capacity 
for each specimen variation, are given in Table 6. 

Table 6. Load and displacement of the test specimens for 12 loading cycles 

OSD TSD SSD 

P (kN) δ (mm) P (kN) δ (mm) P (kN) δ (mm) 

60,593 35.420 73.143 33.340 91.249 30.210 

84.949 28.830 99.673 28.570 113.265 21.320 

78.848 21.600 92.514 21.370 105.130 21.330 

72.356 16.000 84.898 16.760 96.475 17.140 

62.426 10.400 73.247 11.750 83.235 11.910 

39.113 5.880 45.892 5.540 52.150 5.550 

20.993 3.100 24.631 2.740 27.990 2.630 

15.908 2.380 18.665 2.070 21.210 1.980 

11.003 1.580 12.910 1.380 14.670 1.310 

6.210 0.900 7.286 0.760 8.280 0.730 

3.094 0.340 3.630 0.370 4.120 0.340 

0.000 0.000 0.000 0.000 0.000 0.000 

2.554 0.200 2.996 0.260 3.405 0.270 

3.881 0.340 4.554 0.510 5.175 0.500 

5.288 1.060 6.204 1.100 7.050 1.040 

15.908 1.700 18.665 1.590 21.210 1.540 

20.993 2.440 24.631 2.140 27.990 2.180 

39.113 5.020 45.892 4.200 52.120 4.420 

62.426 10.680 73.247 9.910 83.235 10.300 

72.356 16.000 84.898 15.330 96.475 15.770 

78.848 21.660 92.514 20.660 105.130 21.640 

84.949 26.740 99.673 25.580 113.265 25.879 

60.953 34.880 73.143 32.270 91.429 30.366 
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(a) 

 
(b) 

 
(c) 

Figure 8. Envelope curves of the tested specimens (a) OSD (b) TSD (c) SSD 

The difference in damper cross-sectional geometry affects the load capacity and displacement due to cyclic loading. 

Based on the table above. the damper with an oval cross-section (oval steel damper) has the most significant 

displacement. The displacement of the OSD sample is 8.52% greater than that of the slit steel damper and 1.67% greater 

than that of the tapered steel damper. For the load capacity, the oval cross-section decreases compared to the other two 

cross-section variations. The OSD has a load capacity that is 1.84% lower than that of the slit steel damper and 0.82% 

lower than that of the tapered steel damper. In general, reducing the cross-sectional area causes a decrease in the load 

capacity of the steel damper. However, the percentage decrease in the three damper variations due to the cross-sectional 

area reduction is insignificant. 

The effective stiffness is used to calculate the potential energy at each cycle of the damper. Based on Equation 1, the 

variation in the effective stiffness of each test specimen at the peak load is presented in Table 7. 

-100

-80

-60

-40

-20

0

20

40

60

80

100

-40 -30 -20 -10 0 10 20 30 40L
o

a
d

 (
k

N
)

Displacement (mm)

-150

-100

-50

0

50

100

150

-40 -30 -20 -10 0 10 20 30 40L
o

a
d

 (
k

N
)

Displacement (mm)

-150

-100

-50

0

50

100

150

-40-30-20-10010203040

L
o

a
d

 (
k

N
)

Displacement (mm)



Civil Engineering Journal         Vol. 10, No. 07, July, 2024 

2353 

 

Table 7. Effective Stiffness 

OSD TSD SSD 

δ (mm) Keff δ (mm) Keff δ (mm) Keff 

35.420 1.734 33.340 2.230 30.210 3.109 

28.830 3.082 28.570 3.681 21.320 4.799 

21.600 3.645 21.370 4.402 21.330 4.893 

16.000 4.522 16.760 5.291 17.140 5.863 

10.400 5.923 11.750 6.033 11.910 7.495 

5.880 6.027 5.540 6.648 5.550 7.886 

3.100 6.312 2.740 6.987 2.630 8.246 

2.380 6.770 2.070 7.025 1.980 8.552 

1.580 7.883 1.380 7.707 1.310 9.243 

0.900 8.138 0.760 9.323 0.730 10.939 

0.340 10.458 0.370 10.518 0.340 12.344 

0.000 0.000 0.000 0.000 0.000 0.000 

The Table above shows that the SSD-type sample has the best stiffness compared to the other two damper variations 

at 12.344 kN/mm. For the OSD and SSD types, there is no significant difference in the stiffness; in other words, the 

effect of reducing the cross-sectional area ratio on changing the effective stiffness of the OSD-type damper is relatively 

small. The graph in Figure 9 shows that when the sample melts, the effective stiffness decreases. The change in effective 

stiffness at smaller displacements is significant and tends to have a steep curve, while at larger displacements, the 

displacement curve becomes gentler. Figure 8 also shows that the SSD-type damper has the most effective stiffness 

compared to the other two dampers. However, the sizeable effective stiffness does not directly affect energy absorption 

because the energy absorption in a damper depends more on how the damper dissipates the energy. 

 

Figure 9. Effective stiffness of the test specimen 

Effective damping describes the energy absorption capacity of the damper, which is closely related to displacement. 

The effective damping of the damper for each loading cycle can be obtained using Equation 2. 

The calculation results summarized in Table 8 show differences in the practical damping values for the three types 

of dampers in the first three loading cycles. However, when entering the fourth to the last loading cycle, the practical 

damping values of the three dampers are almost the same. The calculation results also show that the OSD-type damper 

has the most effective damping, ranging from 15.9% to 17.6%. Meanwhile, for the TSD type, the practical damping 

value is 11.7% - 16.6%. Although the stiffness of the SSD-type damper is greater than that of the other two damper 

types, the effective damping is not better than that of the OSD-type damper, which is 15.9% - 16.6%. 
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Table 8. Effective damping of three types of dampers 

OSD TSD TSD 

Eloop Keff βeff Eloop Keff βeff Eloop Keff βeff 

35.420 1.734 0.159 33.340 2.230 0.159 30.210 3.109 0.159 

28.830 3.082 0.159 28.570 3.681 0.159 21.320 4.799 0.159 

21.600 3.645 0.159 21.370 4.402 0.159 21.330 4.893 0.159 

16.000 4.522 0.159 16.760 5.291 0.159 17.140 5.863 0.159 

10.400 5.923 0.159 11.750 6.033 0.159 11.910 7.495 0.159 

5.880 6.027 0.159 5.540 6.648 0.159 5.550 7.886 0.159 

3.100 6.312 0.159 2.740 6.987 0.159 2.630 8.246 0.159 

2.380 6.770 0.159 2.070 7.025 0.159 1.980 8.552 0.159 

1.580 7.883 0.170 1.380 7.707 0.166 1.310 9.243 0.166 

0.900 8.138 0.176 0.760 9.323 0.117 0.730 10.939 0.166 

0.340 10.458 0.163 0.370 10.518 0.162 0.340 12.344 0.161 

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

4. Discussion 

Research on three types of dampers with different geometric cross-sectional variations, namely, oval (OSD), tapered 

(TSD), and slit (SSD) types, was conducted to determine the damping effectiveness of these dampers. Several research 

stages were carried out, from examining steel characteristics and stress-strain analysis to energy dissipation. The tensile 

test results for the steel plates showed that the average maximum tensile strength for the three samples tested was 404.88 

N/mm². The average strain for the three samples reached 17.12%, with a yield stress of 366.83 N/mm². The failure 

patterns of the three types of samples show that the steel plate material can absorb energy, indicating that the tested steel 

plates have good ductility properties. Based on the test results, it can be concluded that the steel grade used as a damper 

material has almost the same level of uniformity and belongs to the BJ SS 40 category. 

Strain distribution of three different types of damper cross-sections, namely, slit steel dampers (SSDs), tapered steel 

dampers (TSDs), and oval steel dampers (OSDs), was conducted and the results show that the most significant strain 

occurs in the oval steel damper type, where the strain reaches 28.5% higher than that of the slit steel damper type. This 

increase in strain is due to the reduction in the cross-sectional area. The tapered steel damper type also showed a more 

significant strain of 18.76% compared to that of the slit steel damper. Although all three types of dampers experienced 

deformation based on visual observation, they did not experience significant damage. 

Geometric parameters such as the strip width at the center height (bc), strip height (h), and thickness (t) were selected 

as critical variables to reduce the stress concentration at the tip and improve the performance in terms of the effective 

stiffness and damping of the three types of slit dampers. Regression equations for effective stiffness and effective 

damping were obtained as a function of the design variables of width at the center height of the damper (bc), damper 

height (h), and damper thickness (t). The relationships among the effective stiffness, effective damping, and shape 

variables can be formulated by referring to the second-order polynomial equation. 

𝑌 =  𝛽0 + ∑ 𝛽𝑖  𝑥𝑖
𝑛
𝑖=1 + ∑ 𝛽𝑖𝑖  𝑥𝑖

2𝑛

𝑖=1
+ ∑ 𝛽𝑖𝑗  𝑥𝑗𝑥𝑖  

𝑛

𝑖=1
  (3) 

where Y is the design parameter, and β0, βi, and βij are regression coefficients obtained from experimental test results 

data management. 

Based on the analysis of the experimental test results, a numerical analysis can then be performed to predict the 

effective stiffness and effective damping of the damper expressed in terms of the design parameters with regression 

coefficients, which are expressed as follows: 

𝐾𝑒𝑓𝑓 = 7.41 + 2.21𝐴 − 26.37𝐵 − 8.55𝐶 − 0.98𝐴𝐵 + 0.41𝐴𝐶 + 12.88𝐵𝐶 − 1.64𝐴2 + 22.92𝐵2 + 5,07𝐶2  (4) 

𝛽𝑒𝑓𝑓 = 22.72 + 0.44𝐴 − 5.62𝐵 − 4.28𝐶 + 0.44𝐴𝐵 + 0.79𝐴𝐶 − 7.65𝐵𝐶 − 1.21𝐴2 − 9.92𝐵2 + 3.84𝐶2  (5) 

where A, B, and C are the strip width at the damper center height (bc), strip height (h), and damper thickness (t), 

respectively, and the second-order interaction effects are given as (A2, B2, C2, AB, AC, and BC).  

From Equations 4 and 5, it is concluded that the strip height and thickness are the most influential factors on the 

effective stiffness. Moreover, the strip height significantly contributes to increasing the effective damping. 
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5. Conclusion 

Based on the study's results, the force-displacement hysteresis curves of the three damper types tend to be stable 

and have good energy dissipation capacity. This is evident from the condition of the test specimen that does not 

buckle at the maximum displacement condition. The strain distribution in the three dampers is quite good. Based on 

visual observation, the three dampers were deformed but not damaged. This indicates that the damper has good 

strength in terms of distributing strain. In terms of stiffness, the SSD-type damper has the highest stiffness. However, 

the OSD type has better effective damping, so increasing the stiffness does not directly increase the damping capacity 

of the damper. 
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