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ABSTRACT 
 

Dynamic Response Investigation of an Adaptive Tuned Mass Damper System 
 

Yeon Ho Kim 

Department of Civil and Environmental Engineering 

The Graduate School  

Seoul National University 

 

Nowaday there are a lot of researches about Adaptive Tuned Mass Damper are on progress 

for the upper model of the formal Tuned Mass Damper system. However, there are still only 

a few of actual data and practical results. For these reason most of building and structures are 

not using ATMD but TMD only.  

 

In this essay, we suggest the expected response of structure when TMD and ATMD is work 

in real-time. I suppose the outer force to harmonic load likes most of wind and earthquake 

loads. There are many kinds of ATMD is exist, but I choose pendulum damper model to fix 

the damping ratio. Because of this model, we can easily control the stiffness of mass damper 

by length of the pendulum. And also this pendulum damper is one of the most well-used 

damper model in real structures. In this condition, I analyze the change of displacement of 

primary structure following the change of stiffness of mass damper. 

 

After checking into the result, I can notice the better effect of ATMD than TMD, and also 

this can be a solution of the TMD’s shortages. However, from the result of real-time response 

of primary structure in transition time, ATMD can show worse effect than formal model if 

the tuning time over the transition area. This can be a serious issue to apply the ATMD 

because ATMD cost more than formal model. Therefore, it means we have to check the 

circumstance of the primary structure and have to calculate the most dominating outer forces’ 

transition time to make ATMD meaningful.  
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keywords : Adaptive Tuned Mass Damper, Tuned Mass Damper, Displacement-
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1. INTRODUCTION 

 

1.1  Background and Motivation 

 

In Korea, there are many earthquake occurred nowadays. Therefore, 

many people worried about the damages and try to avoid and decrease 

the actual damages by these kinds of outer forces. Following these steps, 

since late 1900’s century there are many researches are on progress about 

TMD, which can decrease main structures action from the earthquake or 

wind effect. One of the most famous structures which TMD is used is 

Taipei 101. However, TMD has a lot of limitations and shortages because 

of it’s characteristic, cannot be changed after settled. To solve this 

problem ATMD, Adaptive Tuned Mass Damper, newly raised from new 

system. But because of the price and the lack of actual data of ATMD, 

there is a few structures only use this new system.  

In this situation, if we can get more detail data and check the 

applicability of ATMD, we can use this helpful new system in real 

structures, and replace before TMD system. Therefore, I try to check the 

effect of ATMD compare with formal normal TMD, and also figure it out 

the applicability of ATMD in real-time system. Because even ATMD’s 

effect is better than TMD, if this is only capable in the ideal situation 

theoretically, this is impossible to use in real structure.  
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1.2  Contents of Study 

 

This study can be divided by three sections. In first section I will 

introduce about the model of TMD and ATMD. Therefore, what is the 

enhanced portion of ATMD than formal model. And in second part, I will 

choose one of the model of ATMD among many kinds of models. 

Actually this research was proposed to actual test research but some of 

the situation I have to change it to analysis research. Therefore, I will 

suggest the reason of the model why I choose, and algorism of procedure 

of test when this analysis apply to real test condition. Last, I will show 

the result of numerical analysis and suggest the relation of response of 

structure-tuning time delay.  

 

 

1.3  Outline 

 

As I mentioned in 1.1, first of all I try to check the effect of ATMD 

compare with TMD. And try to choose one of the ATMDs, because there 

are some of ATMD following the way to change the factors. As a result, I 

suppose the model to pendulum damper and numerically analyze the 

response of primary structure with pendulum damper. Then, I try to 

analysis the real response of the main structure, in real-time. This ‘in 

real-time’ means that all the times take in this ATMD process. To check 

the difference of tuning time, I divided the situation by two. One is the 

tuning step ended in transition time, and the other over the transition area. 

Most of the outer forces of real structure are wind load and earthquake 
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load. But these two loads have huge differences in frequency and return 

period. Therefore, if there is striking difference occurs in response of 

primary structure following the tuning time, it means this ATMD system 

have to consider the time condition also. 

 

 

 

2. Tuned Mass Damper System 

 

2.1 General 

 

In this section I will introduce about Tuned Mass Damper(TMD). As we 

can notice the word damper, this is apply to structure to reduce the 

response of it. TMD add additional mass to primary structure, and this 

mass’s inertia help to reduce the displacement of building when outer 

forced affect to structure. 

 

Figure 2.1 Basic form of TMD 
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Figure 2.1 show basic form of Single Degree Of Freedom-TMD system. 

Here, the subscript d refers to the tuned mass damper. Below equations 

show following notation. 

                          ω2 = k
m

                       (2.1)   

                         c = 2ξωm                      (2.2) 

                          ωd
2 = kd

md
                       (2.3) 

                     cd = 2ξdωdmd                       (2.4) 

                            m���� = md
m

                       (2.5) 

Outer force ‘p’ which affect to primary structure can be wind or 

earthquake effect.  

Then the governing equation of motions are given by 

 

      Primary Structure ∶ (1 + m� )ü + 2ξωu̇ + ω2u = p
m
− m� üd    (2.6) 

          Tunded mass ∶  üd + 2ξdωdu̇d + ωd
2ud = −ü         (2.7) 

I suppose this p to periodic excitation. 

                        p = p�sinΩt                        (2.8) 

 

Then the response of primary structure can be calculated like this. 

           u = p�
km� �

1

1+(2ξm���+
1
2ξd

)2
sin (Ωt + tan−1(−�2ξ

m�
+ 1

2ξd
�)      (2.9) 
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From this (2.9) we can easily notify that there is only two factors, 

stiffness and damping ratio of additional mass effect on displacement of 

this displacement. Last of the other factors are all fixed or can be 

calculated values. 

 

 

2.2 Effect of TMD 

 

As I mentioned in introduction, many structures use TMD nowadays.  

This graph show how TMD work in structure to reduce it’s displacement.  

I suppose when primary structures natural T=0.49, m� = 0.01, damping 

ratio = 0.02. Blue graph shows the displacement when there is no TMD, 

and Red graph shows when there is TMD. From this graph we can check 

the TMD’s effect on primary structure. 

Figure 2.2 Displacement compare TMD, w/o TMD 
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2.3 Optimized TMD 

 

From (2.9) we already check there are two factors which affect to 

response of primary structure. Therefore, it means we can get the 

optimized value which shows best reduction in cases. And we can get 

this optimum values of ωd and ξd by curve fitting schemes.(Tsai and 

Lin(1993)) 

This figure 2.3 show the maximum displacement of primary structure 

following frequency ratio, and these 3 graphs have different damping 

ratio of mass.(ξd) Every graph always pass two joint point. Because of 

this characteristic we can get the optimized value.(Green color graph.) 

Following this result we can also get optimal value of stiffness factor. 

foptimal = �√1−0.5m�
1+m�

+ �1 − 2ξ2 − 1� − �2.375− 1.034√m� −

0.426m��ξ√m� − (3.730− 16.903√m� + 20.496m� )ξ2√m�                       

(2.10) 

Figure 2.3 Maximum displacement following frequency ratio 
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ξoptimal = � 3m�
8(1+m� )(1−0.5m� )

+ (0.151ξ − 0.170ξ2) + (0.163ξ + 4.980ξ2)m�                                       

(2.11) 

 

 

2.4 Limitations of TMD 

 

As we can see from the Figure 2.3, optimized damping ratio cover large 

range but because of the large range the reduction effect on some space 

is not that effective. In middle range( Frequency ratio near 1) blue graph 

show better effect and also in some range green graph show better 

reduction. 

Also the optimal value of damping ratio is too large to in real cases. 

(Normally we use 2~3%, but optimal values show almost 8~10%) 

 

Because of first reason we can notice the severe waste of TMD because 

of it’s fixed characteristic, and also bad flexibility from second reason. 
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3. Adaptive Tuned Mass Damper System 

 

3.1 General 

 

As I said in beginning of this essay, adaptive tuned mass damper is 

evolved version of TMD. To overcome the limitations of TMD what I 

mentioned 2.4, people think the way to changed the two factors (ξd,ωd) 

after construction. The best effort of TMD is using fixed and optimized 

values of factors. However, by concept of changing factors after 

construction, we can get better effect and also react more flexible. 

 

Figure 3.1 show one of the most famous building’s inner structure mass 

damper. They change passively this mass damper’s factors periodically. 

 

 

Figure 3.1 Taipei 101 Passive TMD 
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3.2 ATMD model to use 

 

There are many kinds of ATMD are exist. Therefore, I have to choose the 

system to research.  

During the period of basic data investigation, I can find one of the most 

popular ATMD systems, SAVIS-TMD. This system automatically 

changes the factors in mass damper by feed-back(SAVIS device) from 

response of structure. However this system need to complex steps to 

calculate likes EMD/HT algorism.(S.Nagarajaiah 2009) 

 

 

When I first start to this research, I plan to make a model to get real 

practical data. That’s because as I mentioned in abstract, this ATMD area 

need to get more practical data and also this system is need in 

construction work site. And it means I need to make very simple ATMD. 

Therefore, I choose the ATMD which focus on not damping ratio but 

stiffness only. One of the reasons I choose this model is as I said before, 

because of simplicity. But also there is limitation exist to controlling the 

Figure 3.2 Smart TMD based on SAVIS device & algorism of SAVIS 



１０ 

 

damping factor in real work site. That’s because why I choose the 

pendulum mass damper model. (Richard 2011) 

By choosing the pendulum model we can get very strong advantages to 

controlling the stiffness factor, it’s because it is very simple to change the 

length of pendulum which decide the stiffness factor of mass damper. 

However this model have critical problem to calculate the damping 

factor. But this problem can be solved by eddy current damping system. 

If we use magnetic below the pendulum and controlling the distance 

from the aluminum plate below, we can easily maintain constant value of 

damping factor. 

 

 

3.3 Optimized value of pendulum damper 

 

After I choose my model to pendulum damper, I need to get the 

optimized value to controlling the length of the pendulum.(Which means 

optimum value of stiffness) From my calculation I assume m� = 0.02, 

ξd&ξ = 0.02, T = 1, M = 100, p� = 10 to focus on stiffness factor.  

Therefore, using Newmark method to calculate displacement in real-time 

and using Newmark factor values γ = 1
2

, β = 1
4
 

Followings are notations. 

a0 = 1
(β∗(dt)2)

, a1 = γ
(β∗dt)

, a2 = 1
(β∗dt)

, a3 = 1
2β
− 1, a4 = γ

 β
− 1, a5 =

dt
2
∗ �γ

β
− 2� , a6 = dt ∗ (1 − γ), a7 = γ ∗ dt             (3.1) 
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Matrix M = �M 0
0 m� ,      matrix C = �C + Cd −Cd

−Cd Cd
�, 

                 matrix K = [k + kd −kd
−kd kd

]               (3.2) 

 

                eK = mK + a0 ∗ mM + a1 ∗ mC             (3.3) 

 

hR(i + 1) = [psinΩt; 0] + mM ∗ (a0 ∗ mU(i) + a2 ∗ mU̇(i) + a3 ∗

                   mÜ(i) + mC ∗ (a1 ∗ mU(i) + a4mU̇(i) +

a5mÜ(i)      (3.4) 

 

               mU(i + 1) = inverse matrix of eK ∗ hR(i + 1)       

(3.5) 

          mÜ(i + 1) = a0 ∗ �U(i + 1) − U(i)� − a2 ∗ U̇(i) − a3Ü(i)    (3.6) 

              U̇(i + 1) = U̇(i) + a6 ∗ Ü(i) + a7 ∗ Ü(i + 1)           (3.7) 

҈  the notation ‘i’ means dt and in this case I chouse dt to 0.01sec. 

 

By these (3.4)~(3.7), effective K, hR, Newmark method, we could get 

the displacement of primary structure, following time. 

 

To find the optimum value of ωd, I draw a graph x-label to range of this 

stiffness of mass damper following change the value of outer forces 

frequency.(Ω) I use y-label to the maximum displacement in steady-

state. Therefore, the lowest point of y-value in below graph means the 

most effective reduction occurred. 
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Figure 3.3 Maximum displacement when 𝛀𝛀 = 𝟏𝟏.𝟐𝟐𝟐𝟐 

Figure 3.4 Maximum displacement when Ω=1.0ω 
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These figures x-label show the ωd ‘s value from 0.6ω to 1.4ω. From 

these result I can check in situation the damping factor was fixed, the 

most effected reduction can be gotten when ωd and Ω are same. I 

could check this result from 0.6 to 1.4 values of Ω at intervals of 0.01. 

 

As a result, it means that when we used fixed value of damping factor as 

a pendulum damper by eddy current effect, we can get the best reduction 

synergy effect by tuning the stiffness of mass with outer forces frequency 

ratio. 

Figure 3.5 Maximum displacement when Ω=0.8ω 
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Figure 3.6 Maximum displacement when Ω=0.6ω 

Figure 3.7 Maximum displacement when Ω=1.4ω 
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From figure 3.6 and 3.7, we can see there is a little gap in these graphs. 

But this is come out into the open, after I change the x-label’s range 

larger. Therefore, it can be estimated the result of the edge condition’s 

problem from the calculation. 

 

 

 

3.4 Effect of model 

 

If we draw primary structure’s displacement in time label on adaptive 

tuned mass damper system, that graph shows like the figure 3.8 below. 

 

In this case of figure 3.8 we can guess the transition area about 

30seconds, and after this period we can judge the maximum 

displacement of primary structure on the steady state. (Black line in 

figure 3.8 ) 

 

Figure 3.8 Displacement of primary structure with ATMD 
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Figure 3.9 Maximum displacement by ATMD (tuning 𝟐𝟐𝐝𝐝 𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰 𝛀𝛀 ) 

 

 

 

Figure 3.9 graph represent, the maximum displacement of primary 

structure, when we tuned the mass’s stiffness factor with Ω. To compare 

0

0.001

0.002

0.003

0.004

0.005

0.006

0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4

Figure 3.10 Comparing maximum displacement TMD & ATMD 
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with TMD’s effect, I draw the comparison graph in figure 3.10 together.  

Figure 3.9 blue graph represents in figure 3.10’s green graph. As we can 

see in figure 3.10 we can get great reduction effect even we tuned 

stiffness factor of mass damper only. And moreover, green graph show 

best reduction effect throughout whole stiffness range areas. 

 

 

 

4. Response Analysis 

 

4.1 General 

 

If we just looking at the piece of result simply, it’s looks like adaptive 

tuned mass damper show better result in all of the aspect than formal 

fixed tuned mass damper. However, this system is very close to in real 

work site. Thus, I had to thought in real action can be shown quiet a lot 

difference with ideal theoretical result. 
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 As we can see from figure 4.1, this algorism I made focus on real 

practical test so that every steps take some of times. And this time delay, 

even if it is small, this can give rise to serious difference to response of 

primary structure. Theoretical ATMD tuned the stiffness of mass damper 

with outer frequency at the same time, however this is impossible in real 

world actually as I mentioned. And also TMD has a characteristic that it’s 

very sensitive to the change of stiffness. We could check this characteristic in 

section 2 & 3’s displacement graphs. 

Therefore, I planned to analysis the actual response of structure in real-time 

follow the changes of length of pendulum damper(stiffness) under 

considering time delay. 

 

 

Figure 4.1 Algorism that the pendulum damper work 
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4.2 Basic assumptions and concepts to calculate response in real site 

 

 

 The table below shows all the constants & notations I used to calculate. 

 

Table 4.1 Constants and notations used in calculation 
Constants & Notations Value 

T 
(Natural period of structure) 

1 

M 
(Mass of structure) 

100 

m 
(Mass of damper) 

1 

ξd & ξ 

(Damping ratio of structure&damper) 
0.02 

β 
1
4 

γ 
1
2 

dt 
(Time interval) 

0.01 

tT 
(Total time to analysis) 

50 
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I supposed the model of ATMD to pendulum damper, so I have to change 

the optimum value of ωd to Ld (the length of pendulum damper). 

 

                        �g
L

= �m
k

= ω                  (4.1) 

                         ∴ Ld = g
ωd2

                    (4.2) 

           Optimum length of pendulum Ld ∶  g
Ω2         (4.3) 

 

 

4.3 Response analysis under considering time delay 

 

By similar procedure from section 3, I used effective K matrix, hR, 

Newmark method to calculate the response of structure. 

 

      mU(i + 1) = inverse matrix of eK ∗ hR(i + 1)        (4.4) 

 mÜ(i + 1) = a0 ∗ �U(i + 1) − U(i)� − a2 ∗ U̇(i) − a3Ü(i)     (4.5) 

  U̇(i + 1) = U̇(i) + a6 ∗ Ü(i) + a7 ∗ Ü(i + 1)           (4.6) 

  

To consider time delay occur from tuning, I divided total time 50seconds 

by 5 seconds interval. Below (4.7) shows one of the case when time 

delay is 40seconds. 

concern starting point stiffness ωd =  ωn 

               ωd = ωn + (Ω −ωn) ∗ dt
4000

             (4.7) 

After tuning ended, ωd fixed to optimum value Ω. 



２１ 

 

I assume the fixed case to Ω = 1.2 ∗ ωn to check the influence only 

depend on tuning time. 

 

 

 

4.4 Result 

 

First of all I draw a graph when TMD work on the structure to compare 

with the effect of ATMD. And also draw a idealistic structure 

displacement graph when ATMD work with no time delay. After get 

these two standard displacement graphs, I consider the delaying time to 

synchronize the mass’s stiffness. 

 

 

Figure 4.2 Displacement delay time 5sec 
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Figure 4.4 Displacement delay time 15sec 

Figure 4.3 Displacement delay time 10sec 
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Figure 4.5 Displacement delay time 20sec 

Figure 4.6 Displacement delay time 25sec 
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Figure 4.7 Displacement delay time 30sec 

Figure 4.8 Displacement delay time 35sec 
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Figure 4.9 Displacement delay time 40sec 

Figure 4.10 Displacement delay time 45sec 
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To compare with the effect of changing velocity, I also calculate the 

displacement by using model when Ω = 2ωn. 

 

Figure 4.12 Displacement delay time 50sec (𝛀𝛀 = 𝟐𝟐𝟐𝟐𝐧𝐧) 

Figure 4.11 Displacement delay time 50sec 
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From the result, we can notify a huge difference when the tuning time 

over the transition area. To check this feature distinct, I also calculate the 

displacement of primary structure under this condition, when only TMD 

work & when idealistic ATMD work. 

 

 

Figure 4.13 Displacement with TMD 

 

 

 

 

Figure 4.14 Displacement when ATMD work idealistic 
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Figure 4.15 Displacement when tuning time shorter than transition period(10sec case) 

 

 

 

Figure 4.16 Displacement when tuning time longer than transition period(50sec case) 
 

From this result, we can find that if the tuning time is longer than transition 

area, TMD reduction effect is preferable than ATMD. 

Also as we can see the figure 4.12, even if the tuning gap is high or low, this 

features appeared.  
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5. Conclusion 

 

The formal TMD design used fixed values of mass’s stiffness and damping 

parameters. Therefore, they have limitation and also have weakness in 

flexibility from outer forces and fatigue.   

ATMD can fix these kinds of formal system’s shortages but they can be more 

effective if we can control in real-time. To apply this ATMD in real work site, 

we have to considering all the algorism steps occurred, when it’s work. 

Idealistic ATMD shows great reduction than formal concept of TMD. 

However, if we consider the actual operation time of the ATMD, if tuning 

time over the transition period, it give us worse damping effect than TMD. 

One of the reasons why most of building still use TMD system only is 

because of it’s economic feasibility. But as we can see from the result of this 

essay if the ATMD shows ineffective damping ATMD cannot be used in real 

site, and only stay in theoretical skills.  

I though the reason of this result, begin from the concept of ATMD which 

use the maximum displacement factor from steady-state period. This ATMD 

skills intimate with variability. Therefore, it means that if the tuning 

happened, in real-time continuously and it mean the displacement keep stay 

in transition period. 

To solve this problem to apply this ATMD in real structure, the dominate 

outer forces and circumstance of building have to calculated to check the 

tuning time and transition period relation. 
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As I mentioned in introduction section, actually this essay focus on the 

experiment and applicability. From this point of view, in this adaptive tuned 

mass damper need the classification system by the condition of the site of 

construction. 

These days in Korea, many earthquakes occurred unlike in the past. 

Therefore, stability of construction rises to hot potatoes. In this situation, 

ATMD system is unimpeachable key skills. Thus, to apply this skill we have 

to considering a transition period’s response of the structure.  
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ABSTRACT (in Korean) 
 

오늘날 기존의 고정된 값을 이용하는 동조질량댐퍼(Tuned Mass Damper)에 대한 

상위호환 연구인 능동동조질량댐퍼(Adaptive Tuned Mass Damper)에 대한 

연구가 활발히 진행되고 있다. 하지만 아직까지 이에 대한 실제적인 데이터와 

실험 자료는 많이 부족한 상황이다. 이에 따라 아직도 실제적으로 

능동동조질량댐퍼가 적용된 구조물은 거의 없는 상황이다. 

이 논문에서는 능동동조질량댐퍼를 실제로 실시간으로 적용하였을 때 결과적으로 

예상 되어지는 구조물의 응답을 제시한다. 능동동조질량댐퍼는 기존의 다양한 

모델 들 중에서 가장 우리가 통제하기 편하고 실제로 많은 기존 건물들에 사용된 

진자질량댐퍼(Pendulum Damper)를 사용한다는 가정을 통하여 댐퍼의 

강성(Stiffness) 값을 변화시킬 때에 일어나는 구조물(Primary Structure)의 변화를 

분석하였다. 

이를 통하여 기존의 외부 변화나 시간에 따른 구조물의 피로변화에 대한 

융통성의 문제가 있는 동조질량댐퍼에 대한 해결책이나 이상적인 실시간 변위를 

맞춰주었을 때의 결과적인 구조물의 응답 부분에서 능동동조질량댐퍼가 큰 

효율을 보인다는 것을 확인할 수 있는데에 비하여, 실제로 적용되었을 때에, 

분석하여 실시간으로 보정되는 시간이 전이구간보다 길 경우에는 오히려 기존의 

동조질량댐퍼보다 더 좋지 못한 효율을 보여준다는 것을 확인할 수 있었다. 이는 

실제로 능동동조질량댐퍼를 구조물에 설치할 때 그 구조물에 가해지는 외력의 

변화의 주기에 민감하게 작용할 수 있으므로 이에 대한 고려가 필요하다는 

사실을 확인하였다. 

…………………………………… 

주요어 : 능동동조질량댐퍼, 동조질량댐퍼, 변위-강성도-감쇠비 상호작용, 구조물 

응답해석, 전이구간, 진자질량댐퍼, 댐퍼조정시간 

학 번 : 2015-22920 
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