
Journal of Physics: Conference
Series

     

PAPER • OPEN ACCESS

Research on Correlation between Metal Damper
Parameters and Damping Effect Based on
Numerical Analysis
To cite this article: Yan Yan et al 2019 J. Phys.: Conf. Ser. 1176 052078

 

View the article online for updates and enhancements.

You may also like
Optimal design of laminated-MRE
bearings with multi-scale model
Shiwei Chen, Xiaojie Wang, Ze Zhang et
al.

-

Lateral vibration control of a precise
machine using magneto-rheological
mounts featuring multiple directional
damping effect
Hyung Tae Kim, An Mok Jeong, Hyo
Young Kim et al.

-

Evaluating the ductility characteristics of
self-centering buckling-restrained shape
memory alloy braces
Hamdy Abou-Elfath

-

This content was downloaded from IP address 18.119.131.72 on 06/05/2024 at 08:19

https://doi.org/10.1088/1742-6596/1176/5/052078
https://iopscience.iop.org/article/10.1088/0964-1726/25/10/105037
https://iopscience.iop.org/article/10.1088/0964-1726/25/10/105037
https://iopscience.iop.org/article/10.1088/1361-665X/aaad9e
https://iopscience.iop.org/article/10.1088/1361-665X/aaad9e
https://iopscience.iop.org/article/10.1088/1361-665X/aaad9e
https://iopscience.iop.org/article/10.1088/1361-665X/aaad9e
https://iopscience.iop.org/article/10.1088/1361-665X/aa6abc
https://iopscience.iop.org/article/10.1088/1361-665X/aa6abc
https://iopscience.iop.org/article/10.1088/1361-665X/aa6abc
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsuVDSDdcICjmdqWVEW2xw0VJMHX3gETZiObargcO8FgpQUU7k-77KVJ-yXbgVG_DNP-vwx0hGvpeLvXzTsixO0nNWnMvrzwXDMpZxYo1axY9__5OPJ41xA9cKrSwkzAO6o9_nUSqQTSJGMab1I8S5tEWlXVEbhzPgFnXtY_qzPs4CCp94TUhRdT60qsax_53QZdNTMt4sFVEfN8etI57EBZgn8_5uQ_W-hZYXNcSRViN39pZ1ts4I3duHmwKebNX88govhcO5OAc0u7w_ybtSlN2pr5ocyw3sHjiu1XI7ENfWRsZE_3wEScsJntr6EODej39V5vkgr15CQzMmWzKsnDOYXDcg&sig=Cg0ArKJSzNZjUfBqflDI&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

SCSET 2018

IOP Conf. Series: Journal of Physics: Conf. Series 1176 (2019) 052078

IOP Publishing

doi:10.1088/1742-6596/1176/5/052078

1

Research on Correlation between Metal Damper Parameters 

and Damping Effect Based on Numerical Analysis 

Yan Yan1,*, Xingzhu Pei2, Yi Fan3 
1Jiangsu University of Science and Technology, Zhenjiang, China, 202003 
2Jiangsu University of Science and Technology, Zhenjiang, China, 202003 
3Jiangsu University of Science and Technology, Zhenjiang, China, 202003 

*Corresponding author e-mail:1064108090@qq.com 

Abstract：In this paper, the damping effect of the metal damper as the parameters are 
changed is studied by adding a metal damper to the single-particle model . The 
influence of metal damper parameters on the damping effect is studied by changing 
the lateral stiffness kd, yield displacement udy and yield strength Fd of the metal 
damper. Using a time history analysis program written by the fortran language to 
calculate the structural seismic response values as the parameters are changed. 
Calculate the response values of displacement, velocity, acceleration and energy 
consumption, plot the curves and analyze them. Research shows that the lateral 
stiffness kd, yield displacement udy and yield strength Fd of the metal damper have 
significant effects on the damping effect of the metal damper. The study gives the 
optimum multiplier of the ratio of the lateral stiffness under multiple earthquakes, and 
the optimal multiple of the ratio of the yield displacement are also given. The results 
of the research provide reference for the design of the energy dissipation and seismic 
systems. 

1.  Introduction 
The structure is subjected to the input of seismic energy when subjected to the influence of seismic 
waves. Therefore, the building needs to have a certain energy consumption capacity to ensure that the 
building will not be damaged during the earthquake[1]. Adding energy-dissipation devices to the 
building can effectively absorb seismic energy and ensure the safety of the main structure. The metal 
has good hysteresis characteristics after entering the plastic state, and can absorb a large amount of 
energy during the elastic-plastic deformation process[2], so it is used to make different types of 
dampers. 

 Most of the existing research is just related to the yield strength of metal dampers[3]. In this paper, 
two other factors related to yield strength are considered: stiffness, yield displacement .The effects of 
all three parameters on the energy dissipation system are studied. 

2.  Metal damper parameters and hysteresis curves 
Figure 1 uses a double line model to represent the restoring force-displacement hysteresis curve of the 
metal damper. Figure 2 is the skeleton model of hysteresis curve[4]. They summarize the mechanical 
properties of the damper and measure the ability of the structure or component to absorb energy[5]. 
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Figure 1.Hysteresis curve of metal damper        Figure 2.Skeleton model of hysteresis curve 
The three main parameters of the metal damper: stiffness, yield displacement, and yield strength 

correspond to the first stiffness kd, the first yield displacement udy, and the yield strength Fd in the 
skeleton model of the hysteresis curve. The relationship between the three is in accordance with the 
formula (1) 

 Fd=kd×udy  (1) 

In order to study the effects of kd, udy, and Fd on the damping effect of metal dampers, the metal 
damper is added to the original structure and the following two cases are used to discuss the seismic 
response of the energy dissipation system: 

Situation 1:Keep the yield displacement udy unchanged, change the damper lateral stiffness kd 
and the yield strength Fd changes with it; 

Situation 2:Keep the lateral stiffness kd unchanged, change the yield displacement udy and the 
yield strength Fd changes with it. 

3.  Calculation model 
The original structure adopts a single particle point model, and a metal damper is added to form an 
energy dissipation system. The connection form is shown in Figure 3. The original structure lateral 
stiffness：kf =  1.18 × 108N/m；the quality：m = 1.55 × 107kg；the height: h = 42.54m.And 
the natural vibration period of the original structure is 2.276 s. 

 
Figure 3.Single particle energy dissipation system 

4.  Vibration differential equation and earthquake ground motion 
The vibration differential equation of the energy dissipation system under earthquake action is: 

 [m]{ẍ}+[c]{ẋ}+[kf+kd]{x}=-[m]{1}ẍg (2) 

In equation(2), [m]represents the structural mass;[c]is the internal viscous damping matrix of the 
structure, expressed by Rayleigh type damping; kf  represents the lateral stiffness of the main 
structure, and kd represents the lateral stiffness of additional metal damper. {ẍ}、{ẋ}、{x} indicate 
structural acceleration, velocity and displacement response; ẍg indicates ground motion acceleration. 

In this paper, two seismic artificial waves are used to analyze the elastoplastic time history of the 
structure and calculate the structural seismic response with the Wilson-θ method. The duration of the 
seismic waves are 60s and 120s, the time interval are both 0.01s. The acceleration time history curves 
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are shown in Figure 4. In order to obtain the situation of the structure under the common earthquake of 
8 degree fortification intensity, the peak value of the seismic waves acceleration are set to 70 cm/s2. 
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    (a)Seismic Wave: Building 01                      (b)Seismic Wave: Building 02 

Figure 4. Seismic waves 

5.  Seismic response analysis 

5.1. Metal damper settings 
Situation 1:The lateral stiffness kd of the metal damper is set to 1, 2, 3, ..., 20 times of the lateral 
stiffness of the original structure. The yield displacement udy of the metal damper is 0.00433m. 

Situation 2: The original structure is attached with a metal damper, the lateral stiffness kd  =
 1.18 × 108N/m, and the initial yield displacement udy =  0.00433m. Maintain the lateral stiffness 
of the metal damper and change the yield displacement of the metal damper, which is 1, 2, 3, ..., 20 
times of the original displacement. 

The shear-displacement curves of the metal damper in two cases are shown in Figure 5. 

5.2. Calculation results 
Figure 6 ,Figure 7 and Figure 8 respectively show the maximum displacement reaction value, the 
maximum velocity reaction value and the maximum acceleration reaction value of the structure under 
earthquake action. In situation 1, with the increase of the damper lateral stiffness kd and the yield 
strength Fd, the maximum displacement value and maximum velocity response of the structure 
decrease. The maximum acceleration value decreases first and then increases. In situation 2,with the 
increase of the damper yield displacement udy and the yield strength Fd, the maximum response 
value of displacement ,velocity and acceleration decrease first, then rise, and finally reach a certain 
value. 
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     (a)Situation 1                                (b) Situation 2 

Figure 5.Shear-displacement curve of metal damper 
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    (a)Situation 1                                (b) Situation 2 

Figure 6.Maximum displacement response 
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     (a)Situation 1                              (b) Situation 2 

Figure 7.Maximum velocity response 
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     (a)Situation 1                               (b) Situation 2 

Figure 8.Maximum acceleration response 
Fig. 9, Fig. 10, Fig. 11 respectively show the energy consumed by the metal damper, the energy 

consumed by the original structure, and the ratio of the energy consumed by the metal damper to the 
total consumed energy in the case that the structure in different situation. 

Figure 9 (a) shows that the energy consumption of the metal damper increases with the increase of 
the lateral stiffness kd and the yield strength Fd of the additional metal damper; Figure 9 (b) shows 
the metal damper with the increase of the yield displacement udy and the yield strength Fd. The 
energy consumption of the damper increases first, and then decreases after reaching the peak value. 
Figure 10 illustrates the energy consumption of the original structure. 



SCSET 2018

IOP Conf. Series: Journal of Physics: Conf. Series 1176 (2019) 052078

IOP Publishing

doi:10.1088/1742-6596/1176/5/052078

5

Figure 10(a) shows that in Situation 1, the energy consumption of the original structure is first 
reduced and then increased. Figure 10 (b) shows that in Situation 2, the energy consumption of the 
original structure is first reduced and then increased. Finally, it tends to a fixed value. 

Figure 11 (a) illustrates that the increase in the metal dampers kd and Fd causes the proportion of 
the energy consumption of the metal damper to increase first and then gradually decrease. (b) Explain 
that the increase of the metal damper udy will increase the proportion of the energy consumption of 
the metal damper first and then decrease it greatly. 

0 5 10 15 20

0.0E+00

5.0E+05

1.0E+06

1.5E+06

2.0E+06

2.5E+06

M
et

al
 d

am
pe

r c
on

su
m

es
 e

ne
rg

y 
(N

·m
)

multiple

 Building 01
 Building 02

           
0 5 10 15 20

-2.0E+05

0.0E+00

2.0E+05

4.0E+05

6.0E+05

8.0E+05

1.0E+06

1.2E+06

1.4E+06

1.6E+06

M
et

al
 d

am
pe

r c
on

su
m

es
 e

ne
rg

y 
(N

·m
)

multiple

 Building 01
 Building 02

 
      (a)Situation 1                                 (b) Situation 2 

Figure 9.Energy consumed by the metal damper 
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     (a)Situation 1                                (b) Situation 2 

Figure 10.Energy consumed by the original structure 
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    (a)Situation 1                                 (b) Situation 2 

Figure 11.Proportion of energy consumed by metal dampers 
It is inferred by comparison that in the case of situation 1, the damping effect of the metal damper 

first increases and then gradually decreases. When the structure is subjected to seismic waves with 
multiple earthquakes, the lateral stiffness of the metal damper is preferably 5 times of the lateral 
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stiffness of the original structure. Because if the multiple increased continuously, the structural seismic 
response values (displacement value, velocity value) are not much reduced, but the acceleration value 
of the system is greatly increased. 

In situation 2, the metal damper will make the damping effect of the metal damper better when the 
parameter increase is not large. With the increase of the parameters, the damping effect of the metal 
damper will gradually become smaller, and the ability to consume seismic energy gradually disappear. 
The yield displacement of the metal damper is 3 times the initial yield displacement as the best effect. 
Continue to increase the multiple, structural seismic response values: displacement value, velocity 
value, acceleration value will increase. The metal damper consumes less energy and the original 
structure absorbs more energy. 

By comparing the structural response value and energy consumption in two situations, it can be 
found that the same increase in the yield strength of the metal damper and the increase in the lateral 
stiffness of the metal damper are better than the increase in the yield displacement of the metal 
damper. 

6.  Conclusion 
Through the analysis of the above example model, the following conclusions are drawn: 

When the passive energy dissipation structure is added with a metal damper, increasing the lateral 
stiffness kdand the yield strength Fd of the metal damper will make the damping effect better. When 
the structure is subjected to multiple earthquakes, the lateral stiffness of the metal damper is preferably 
5 times the lateral stiffness of the original structure. 

As the yield displacement udy and the yield strength Fd of the metal damper increase, the 
damping effect of the metal damper slightly increases and then continues to decrease. When the 
structure is subjected to multiple earthquakes, the yield displacement of the metal damper is preferably 
3 times the initial displacement of the metal damper. 

In order to increase the damping effect of the metal damper, it is better to change the lateral 
stiffness kd and the yield strength Fd of the metal damper. 
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