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Abstract. It is the purpose of this paper to analyse the possibility of reducing the vibrations of frame building structures 
with the help of multiple tuned mass dampers. Structures exposed to strong winds are considered. Excitation forces, which 
are functions of wind velocity fluctuations, are treated as random forces. The spectral density functions of wind velocity 
fluctuations are assumed as proposed by Davenport. The correlation theory of random vibration is used and the root mean 
squares of displacements and accelerations are determined. Several remarks, concerning the effectiveness of multiple 
tuned or mass dampers, are formulated from the results of calculation. 
Keywords: reduction of vibration, random vibration, multiple-tuned mass dampers (MTMD). 

 
1. Introduction 
Mass dampers have been used for reducing the vibrations 
of structures for many years (McNamara 1977). They 
have been successfully used in reducing the vibrations of 
building structures subjected to strong winds and seismic 
excitations (Xu et al. 1992). Principally, tuned mass 
dampers (TMD) installed on top floors have been studied. 
They have been designed in such a way that they are 
tuned to the fundamental mode of vibration. In the paper 
by Warburton (1982), a method for optimization of vari-
ous types of excitation forces was presented. The formu-
lae given by him there have often been used to design 
TMD parameters, when reduction of dynamical dis-
placements and/or accelerations is required. Reduction of 
accelerations is important due to undesired influences, 
exerted not only upon the building structure, but also on 
people inside. The problems of TMD analysis and de-
signing are still present in scientific papers. For example, 
in his excellent paper Krenk (2005) derived a new for-
mula for the TMD optimal damping coefficient. More-
over, in paper (Leung et al. 2008) used the particle swarm 
optimization method to optimise the TDM parameters in 
the case of non-stationary excited structures. Optimiza-
tion of TMD parameters is also the subject of paper 
(Singh et al. 2002). 

In the 90’s, studies on the application of multiple 
tuned mass dampers (MTMD) for one-degree of freedom 
systems were started (Xu, Igusa 1992; Igusa, Xu 1994). It 
has been proved that MTMD with distributed natural fre-
quencies are more effective than TMD. The studies of 
MTMD were also developed in (Kareem, Klime 1995; 
Jangid 1995). Later on, structures subjected to seismic 
loads, treated as a multi degree of freedom structures and 
with the MTMD on them were analysed in (Chen, Wu 

2001). The MTMD were designed in such a way that they 
are tuned to several modes of structure vibration. The 
number of dampers depends on the number of vibration 
modes for which dampers are tuned. The performance of 
multiple mass dampers under both wind and seismic exci-
tation is analysed by Kareem and Kline (1995). 

The effectiveness and robustness of a particular ver-
sion of MTMD, called “the multiple dual tuned mass 
dampers”, is analysed in the paper (Han, Li 2006). The 
problem of determination of optimum properties of 
MTMD is considered in the papers (Li, Qu 2006; Li 
2002). Spatial structures with MTMD are analysed in 
(Guo, Chen 2007). 

Moreover, the possibilities of using the so-called ac-
tive and semi-active versions of TMD are also considered 
in a number of papers (Han, Li 2006; Li, Han 2007; Li, 
Zhu 2007; Lin et al. 2005). 

The practical application of TMD on an extremely 
high telecommunication tower is described in a paper 
(Ghorbani-Tanha et al. 2008). 

Up to now, reduction of vibration of structures with 
MTMD caused by earthquake forces are mainly investi-
gated. The analysis of such type of structures under wind 
loads are rare (Kareem, Kline 1995) and the dynamic 
behaviour of structures with MTMD are not fully under-
stand. For this reasons, in the present paper, the possibil-
ity to reduce the vibration of a frame structure with the 
help of MTMD is analysed. The presented description of 
the structure with MTMD exploits a particular form of 
the motion equations to simplify the numerical algorithm 
of the applied method of solution. The structure is under 
the effect of dynamic forces caused by wind pressure. 
Wind velocities are treated as random and ergodic proc-
esses. The spectral density functions of wind velocity 
fluctuations are assumed as proposed by Davenport. 
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Some calculations were made for a 20-story building and 
on this basis the effectiveness of MTMD was estimated. 
The effects of detuning of structure parameters are also 
presented. In this case, the reduction of accelerations of 
structures with MTMD is noticeably greater than the 
structure without or with TMD. 

 
2. Designing of multiple tuned mass dampers (MTMD) 
The aim of designing MTMD is to tune damper parame-
ters to the modal parameters of selected modes of vibra-
tion. It means that the natural damper frequency (or a 
group of dampers) dω  must be close to the natural fre-
quency of a selected vibration mode of structure sω  ( )sd ωω ≈ . Moreover, the damping factor of the damper 
must be appropriately chosen.  

The optimal parameters of such a damper (or group 
of dampers) can be determined from the formulae given 
in a paper (Warburton 1982). The optimal frequency ratio 
is determined from: 
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Here sM  and sK  is the modal mass of the structure and the 
modal stiffness of the s-th mode of vibration, respectively.  

If only a single damper is tuned to the s-th mode of 
vibration with frequency sω , then dm  is the mass of the 
damper, and dk  is the stiffness coefficient of the damper. 
However, if a group of dampers are designed to tune to 
the frequency sω , then dm  and dk  denote the mass and 
the stiffness coefficients of the selected damper of this 
group, respectively. 

Assuming that the mass ratio µ  is known, the dam-
per frequency dω  and the damper stiffness coefficient 
dk  can be obtained from the above formulae. 

If excitation forces acting on a structure, have a ran-
dom character and can be treated as white-noise excita-
tion, the optimal value of non-dimensional damping coef-
ficient is determined from the formula (McNamara 1977; 
Warburton 1982): 
 ( )

( )( )µ2µ18
µ34µγ
++

+
=opt . (3) 

The value of the damping coefficient dc  can be cal-
culated from the relation 
 ddoptd mc ωγ2= . (4) 

Using the above formulae, the parameters of 
MTMD can be determined. 

 
3. Equation of motion 
The building structure is treated as a discrete, linear elas-
tic system. The frame in Fig. 1 is the model of the build-
ing structure. The mass of it is concentrated at the level of 
building floors and the beams of the frame are infinitely 
stiff. Horizontal displacements of floors are the dynamic 

degrees of freedom. The fluctuations of wind velocity 
forces are a load to the frame, and these forces are ap-
plied at the building floor levels (Fig. 1).  
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Fig. 1. The model of structure with MTMD 
 
A set of mass dampers are mounted on the structure. 

A model configuration of dampers is also shown in Fig. 1, 
while in Fig. 2 the scheme of a typical mass damper is 
presented. The concept of a group of dampers is introduced 
in this paper. Each group of dampers consists of a few 
dampers. Each damper in a particular group of dampers 
can be installed on different floors and may have different 
mass, stiffness and damping parameters. However, all 
dampers in the group are designed in such a way that they 
are tuned to a particular mode of vibration. A special nota-
tion described below and concerning dampers is introdu-
ced. The symbols )(txij , ijm , ijk  and ijc  denote, respec-
tively, the damper displacement, damper mass, stiffness 
and damping factor of the damper which belongs to the j-th 
group and is located on the i-th floor (Fig. 2).  

The equation of motion of the system shown in 
Fig. 1 and briefly described above can be written in the 
following form: 
 ( ) ( ) ( ) ( )tttt PqKqCqM ~~~~

=++ &&& , (5) 
where KCM ~

  ,
~

  ,
~  are the global matrices of mass, damp-

ing and stiffness of the considered system (i.e. the struc-
ture and MTMD), respectively, ))(  ),(()( ttcolt xyq =  is 
the vector of displacements of the system, )(ty  – the 
vector of horizontal displacements of frame, and )(tx  – 
the vector of horizontal displacements of dampers. More-
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over, )   ),(()(~ 0PP tcolt =  and )(tP  is the vector of exci-
tation forces acting upon the structure. 

mij

xij(t)

cijkij  
 

Fig. 2. Diagram of damper 
 

The theory presented below could be applied to the 
non-proportionally damped structures. However, in the 
paper we assume that the structure is proportionally dam-
ped, i.e. the damping matrix of the structure is in the fol-
lowing form: KMC   κα += . 

The M~ matrix of the system is in the following 
form (Fig. 1): 
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In the above formula, M is the mass matrix of the 
structure and m – the mass matrix of the dampers. The 
symbol ijm  denotes the mass damper of the j -th group 
located on the i -th floor.  

The stiffness matrix K~  of the considered system 
can also be shown in the block form written below:  
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where K  is the stiffness matrix of the structure 
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The block matrices 1k  and *k  are in the following form: 
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As mentioned above, the symbol ijk  denotes the stiffness 
coefficient of a damper of the j-th group which is located 
on the i-th floor (Fig. 2).  

The k  block of the matrix K~ is the diagonal matrix 
and in the following form: 
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The damping matrix of the system C~  is in a form 
similar to that of the stiffness matrix K~ . The specific 
blocks of this matrix are defined below: 
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where iii KMC    κα +=  and ii KC  κ= . 

In the above formulae the symbol ijc  denotes the 
damping coefficient of the damper of the j -th group 
which is located on the i -th floor (Fig. 2). The block c  
of the C~  matrix is the diagonal matrix and has the fol-
lowing form: 
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Taking into account that the matrices of mass, stiff-
ness and damping are in the form (6), the equation of 
motion (5) can be rewritten in the following block matrix 
form: 
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4. Modelling of wind loads 
Wind speed acting on a structure consists of along-wind 
and cross-wind components, and it varies randomly in 
time and space (Simiu, Scanlan 1996; Dyrbye, Hansen 
1999; Holmes 1997). A complete wind velocity field 
should be modelled as a two-dimensional, multivariate 
stochastic process. Usually, the wind speed is treated as a 
stationary Gaussian stochastic process (Simiu, Scanlan 
1996; Dyrbye, Hansen 1999). The wind speed ),( tzU  is 
assumed to be the sum of a steady part )(zU  and a super-
imposed random fluctuation of wind velocities ),( tzu , i.e.  
 ),()(),( tzuzUtzU += . 

The random fluctuation of wind velocity ),( tzu  is a 
zero-mean stationary Gaussian process with a known 
correlation function.  

The along wind speed described above is a stochas-
tic process that is continuous in space and time. When 
high buildings are considered it is necessary to introduce 
some simplifications, to replace the continuous space and 
time random function ),( tzu  with a set of functions 

)(tu i  which depend on time only. The building is divided 
into N section along its height. It is assumed that the wind 
speed does not vary along the section. The typical mid-
point of the section is chosen at a structure storey level. It 
means that wind velocity fluctuations ),( tzu  can be re-
placed by a set of zero-mean stationary processes )(tu i , 
where Ni ...,,2,1= . Thus, the wind force in the midpoint 
of an arbitrarily chosen structure section can be described 
in the following way: 
 )(ρ)( 2 tuΧUACtP iiAi = , (8) 
where AC  is the aerodynamic drag coefficient, A  – the 
wind-exposed area and the ρ  symbol denotes the air 
density. 

The admittance function Χ  describes the influence 
of the building on wind pressure forces and it is always 
that 1≤Χ . According to Holmes (1997), the admittance 
function is connected with a correlation coefficient Φ , 
which is used to determine the matrix elements of the 
spectral density function. It is troublesome to determine 
the admittance function. Moreover, this value is unknown 
in many cases. Therefore, quite often, and also in this 
paper, it is assumed that 1=Χ . 

For multi-degree-of-freedom systems the correlation 
matrix of the fluctuations of wind velocities is formulated 
as: 
 ] [)( T

u E uuR =τ ,  (9) 
where { })(),....,(),...,(),( 21 tutututucol Ni=u  is the vector 
of the fluctuations of wind velocity and the symbol ][ ⋅E  
denotes the expected value of ][⋅ . 

Using the Fourier transform, the following expres-
sion of the spectral density function of wind velocity 
fluctuations is obtained: 

 τ)τ(2
1)λ( λ de i

uu
τ

π

−
+∞

∞−
∫= RS . (10) 

In this paper, the spectral density function proposed 
by Davenport (Simiu, Scanlan 1996; Dyrbye, Hansen 
1999; Holmes 1997) is used. The elements of the matrix 

)λ(uS  are calculated from the formula: 

( ) ( ) ==
Φ−eSSS u

kk
u
ll

u
lk λλ ( ) ( ) Φ−ezSzS kulu ,λ,λ . (11) 

where ),λ( lu zS  and ),λ( ku zS  are the elements taken 
from the main diagonal of the )λ(uS  matrix. They are 
calculated with the help of the spectral density function 
for the particular stories.  

The diagonal elements of the matrix spectral density 
function of wind velocity fluctuations ),λ( iu zS  are cal-
culated using the spectral density function as proposed by 
Davenport (Simiu, Scanlan 1996; Dtrbye, Hansen 1999; 
Holmes 1997) 
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and n  denotes frequency in Hz. 
The mean wind velocity acting at the level of the  

i-th floor can be calculated from formula: 
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0
* ln5,2)(

z
z

uzU i
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where 
 .)10(* kUu =  (15) 
In relationships (14) and (15), )10(U  is the mean wind 
velocity at the altitude of 10 m, k  – the coefficient de-
pended on type of area, 0z  – the roughness length and 
the symbol iz  denotes the altitude of the i-th floor over 
ground. 

The Φ  symbol denotes the correlation coefficient, 
which takes into consideration spatial correlations of the 
fluctuations of wind velocity. According to monographs 
(Li, Zhu 2007; Dyrbye, Hansen 1999), this coefficient 
can be determined from the formula: 
 )()(

2
kl

klz
zUzU
zzC

+
−λ

=Φ , (16) 

where λ  is the force frequency, whereas zC  is the em-
pirical constant. The symbol )( lzU  is the mean wind 
velocity at the level of the l-th story. If it is assumed that 
the fluctuations of wind velocity are totally correlated, 
then 1=Φ−e  while, if the correlation is disregarded, the 
matrix )λ(uS  is the diagonal one. 

The correlation matrix of the forces excited by the 
wind pressure can be written in the following form: 
 ] [)( Tp E PPR =τ , (17) 
where )}(....,),(...,),(),({ 21 tPtPtPtPcol Ni=P  is the vec-
tor of wind forces acting upon the structure. 

Using relationships (8) and (9), the elements jiPPR  
of the )(τpR  matrix can be written as  
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 )τ() ρ ()τ( 2
jiji uujiAPP RUUΧACR = . (18) 

The spectral density matrix of excitation forces 
)λ(pS  and the correlation matrix )(τpR  are interre-

lated in such a way that 

 ττ
π

= τ−
+∞

∞−
∫ de i

pp
λ)(2

1)λ( RS , 

which means that the element jiPPS  of the )λ(pS  ma-
trix can be written in the following form:  
 )τ() ρ ()τ( 2

jiji uujiAPP SUUΧACS = . (19) 
This is the relationship between the spectral density 

matrix of wind loads acting upon the structure and the 
spectral density matrix of the fluctuations of wind velocity. 

 
5. Solution to equation of motion 
A solution to the equation of motion (5) that fulfills the 
precondition: 0=t , ( ) ( ) 0q0q == tt   ,& , can be written in 
the following form: 
 τ−= ∫ dtt

t
 )τ(~ )τ()(

0
Phq , (20) 

where the symbol )τ( −th  denotes the matrix of impulse 
transfer function and )  ),τ(()τ(~ 0PP col=  is the vector of 
excitation forces appearing in Eq (5).  

Because random loads acting upon the structure are 
stationary processes, then also dynamic responses of the 
system are a stationary process. Thus, the correlation 
matrix of the structure responses can be written as: 
 )](),([),( 2121 ttEtt Tq qqR = . (21) 

By substituting (20) into (21), we obtain: 
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∫ ∫ −−

1 2

0
2122

0
2111 ττ)( )]τ(~)τ(~[)(

t
T

t
T ddtEt ττ hPPh . (22) 

Taking into account that  
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Eq (22) can be rewritten in the form: 
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where H~  is the matrix conjugate to the H~  matrix de-
fined below 
 ( ) 12 ~λ~λ~)(~ −

+−=λ CMKH i . (26) 
Moreover, 

 ( ) 


 λ=
00
0S

S             )λ(~ P
P , (27) 

where the )(λPS  is a matrix of which the elements are 
given by formula (19). 

After inserting 0τ =  into Eq (25) the correlation 
matrix of displacements ( )0qR  is obtained and, on this 
basis, the root mean square of displacements can be de-
termined from  
 ( ) ( )∫

+∞

∞−

= λλ0 dqq SR , (28) 
where 

 )λ(~)λ()λ(~
  
  

)λ( ~
Tp

xxxy
yxyy

q HSH
SS
SS

S =



= . (29) 

The integral appearing in Eq (29) can be calculated 
numerically.  

The calculation of the )λ(qS  matrix is substantially 
simplified if we take into account the structure of the 

)λ(~PS  and )λ(~H  matrices.  
After writing the )λ(~H  matrix in the following 

block form: 
 




λλ
λλ=λ )(  )(

)(  )()(~
2221

1211
HH
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H  (30) 

and introducing Eq (27) and (30) into (29) we obtain: 
 )λ()λ()λ()λ( 1111

Tpyy HSHS = ,  (31) 
 )λ()λ()λ()λ( 2121

Tpxx HSHS = , (32) 
 )λ()λ()λ()λ( 2111

Tpyx HSHS = , (33) 
 )λ()λ()λ()λ( 1121

Tpxy HSHS = . (34) 
It is easy to observe that the root mean square of 

structure displacements and the root mean square of 
dampers displacements can be calculated from the fol-
lowing relationships: 
 ( ) ( )∫

+∞

∞−

= λλ0 dyyy SR  , (35) 

 ( ) ( )∫
+∞

∞−

= λλ0 dxxx SR  , (36) 

respectively. It means that, in fact, only the )λ(yyS  and 
)λ(xxS  matrices must be calculated.   
Now, the matrices )λ(11H  and )λ(21H , which are 

blocks of matrix )λ(~H , must be determined. This can be 
done by assuming the excitation and the solution to 
Eq (7) in the form: 
 )exp()( tit λ= IP , (37) 
 )λexp()λ()( 11 tit Hy = ,  (38) 
 )λexp()λ()( 21 tit Hx = .  (39) 
where I  denotes the identity matrix. 

After introducing Eq (37–39) into Eq (7) we obtain: 
 ++− 111111

2
11  )λλ( HCMK i  

 IHCK =+ 211212  )λ( i , (40) 
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 ++− 212222
2

22  )λλ( HCMK i  
 0HCK =+ 112121  )λ( i . (41) 

From Eq (41) it follows that 
 11212121  )λ( )λ( HCKGH i+= , (42) 
where the matrix 
 1

2222
2

22 ) λλ( −+−−= CMKG i , (43) 
is easy to calculate because the matrices 22K , 22M  and 

22C  are diagonal.  
After introducing Eq (42) into (40) we obtain 

 [
] .)λ( )λ()λ(            

)λλ( 
1

21211212

1111
2

1111
−++
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CKGCK

CMKH

ii

i  (44) 

 
6. Results of exemplary calculations 
In this section, the results of dynamic analysis of the ex-
emplary structure with MTMD are discussed. Addition-
ally, for comparison, results for the structure with only 
one tuned mass damper (TMD), which is tuned to the 
first vibration mode of structure will be presented. The 
above-mentioned TMD is located on the top floor of the 
structure.  

The building parameters were calculated on the ba-
sis of paper (Spencer et al.) and they are given in Table 1.  

 
Table 1. Main parameters of structure 

Story Mass [kg] Stiffness [N/m] 
1 2.83×105 3.31×108 

2–4 2.76×105 1.06×109 
4–7 2.76×105 6.79×108 
8–10 2.76×105 6.79×108 
11–13 2.76×105 5.84×108 
14–16 2.76×105 3.86×108 
17–19 2.76×105 3.47×108 
20 2.92×105 2.29×108 

 

Damper parameters were designed using Formulae 
(1–4) and assuming that these parameters tune dampers to 
the structure’s first three modes of vibration. The shapes of 
the first, second and third mode of vibration are shown in 
Fig. 3. In this case, it has been assumed that 3 groups of 
dampers are installed on the structure. Each group of 
dampers consists of one damper only. All dampers are 
located on the top floor. The damper parameters and their 
locations on the structures are given in Table 2. The total 
mass of MTMD is nearly equal (by 4.4% smaller) to the 
mass of TMD. 

Moreover, the values of non-dimensional damping 
coefficients of the first and second vibration modes are 
equal to 1% of critical damping. 

 
 

 
 

 
 

Fig. 3. First 3 vibration modes of structure 
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The following values of parameters appearing in 
Relationships (25–28) are chosen: 3,00 =z , 

,kg/m  226.1ρ 3
=  ,m/s  30)10( 2

=U  31012 −
⋅=k . 

 
Table 2. Parameters of dampers 

Number of mode/ placement Mass [kg] Stiffness [N/m] 
TMD 

1/20 36214 472468 
MTMD 

1/20 18107 238870 
2/20 7956 722685 
3/20 8550 2182386 

 

Because the dynamic response of the structure is a 
stationary and ergodic random process, the root mean 
square of freely chosen displacement iq  and acceleration 

iq&&  could be calculated from the following formulae: 
 λ)λ(σ2 dS q

iiqi ∫
+∞

∞−

= , λ)λ(λσ 42 dS q
iiqi ∫

+∞

∞−

=
&&

, (45) 

where q
iiS  is the diagonal element of the )λ(qS  matrix.  

Using the above formulae, an analysis of the struc-
ture without dampers, with installed conventional TMD 
and with MTMD was made. The results of the analysis 
are shown in Figs 4 and 5. In Fig. 4 the root mean square 
of structure displacements is shown. It has been observed 
that displacements reduction with MTMD installed is a 
little smaller than in the case of TMD installed on the 
structure. Compared with the structure without dampers, 
the maximum reduction of root mean square of structure 
displacements (top floor) is 30% for TMD and 25% for 
MTMD, respectively.  
 

 
root mean squares of displacements [m] 

 

Fig. 4. Root mean squares of displacements 
 

As it was mentioned previously, the results concern-
ing accelerations were elaborated (Fig. 5). It has been 
observed that, when using MTMD acceleration, reduction 
is bigger only below the 11th floor than when using 
TMD. Above the 11th floor, the observed reduction of 
accelerations is smaller, compared with TMD. The 
maximum root mean squares of acceleration (top floor) 
are almost equal. The total sum of root mean square of 
acceleration is 38% for MTMD and 40% for TMD, com-
pared with the structure without dampers. 

The sensitivity of both TMD and MTDM with re-
spect to change of structure parameters is also investi-
gated. Calculations are made for a structure for which the 
values of all masses and all stiffness coefficients change 
by %10± , but the parameters of TMD and MTMD are 
kept constant. The above-mentioned changes of structure 
parameters reflect some possible uncertainties connected, 
for example, with determining the properties of structural 
material and/or with errors which are introduced when 
the theoretical model of structure is chosen. All these 
irregularities lead to the so-called detuning of dampers. 

 

 
root mean squares of accelerations [m/s2] 

 

Fig. 5. Root mean squares of accelerations 
 
Figs 6–8 illustrate the effects of such detuning of 

dampers for structures of which the stiffness increases by 
%10 . In Fig. 6, the resonance curves are presented. The 

thin solid line shows results for structures without damp-
ers, the dashed line shows the response curve for the 
structure with TMD, while the thick line presents results 
for structures with MTMD. In a similar way, in Figs 7, 8, 
the root mean squares of displacements and accelerations 
are presented, respectively. It is obvious that now MTMD 
reduce both displacements and accelerations to a greater 
extent than TMD. Similar trends are observed when the 
structure stiffness decreases and when the mass of struc-
tures increases or decreases. The quantitative information 
concerning the effectiveness of TMD and MTMD con-
cerning the effects of detuning of structure parameters is 
given in Table 3. 
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Table 3. Reduction effects for structures with changed  
parameters 

Reduction of top displacement – mass changes 
 Original structure +10% MS –10% MS 

TMD 18 % 20% 24% 
MTMD 16 % 26% 27% 

Reduction of top displacement – stiffness changes 
 Original structure +10% KS –10% KS 

TMD 18% 24% 20% 
MTMD 16% 27% 26% 

Reduction of top acceleration – mass changes 
 Original structure +10% MS –10% MS 

TMD 28% 26% 37% 
MTMD 23% 32% 45% 

Reduction of top acceleration – stiffness changes 
 Original structure +10% KS –10% KS 

TMD 28% 37% 33% 
MTMD 23% 43% 42% 
 
 

 
frequency [rad/s] 
 

Fig. 6. The response curve of top of structure – structure 
with changed stiffness  
 

7. Concluding remarks 
The analysis of vibrations of a building structure with 
MTMD installed, which are tuned to selected modes of 
vibration, has been studied in this paper. The root mean 
squares of displacement and accelerations of a structure 
with MTMD were determined. These calculations were 
compared with the root mean squares of displacement 
and acceleration of the same structure with conventional 
TMD installed.  

The following conclusions could be formulated 
from the results of calculations: 

 

 
root mean squares of displacements [m] 

 

Fig. 7. Root mean squares of displacements – structures 
with changed stiffness  

 
 

 
root mean squares of accelerations [m/s2] 

 

Fig. 8. Root mean squares of accelerations – structure 
with changed stiffness 

 
• In the case where parameters of structures are not 

exactly known, MTMD reduce better both dynamics 
displacements and accelerations of structures than 
do TMD. This is the main advantage of MTMD. 

• MTMD reduce both displacements and accelera-
tions of structures to a similar extent. 

• MTMD reduce accelerations on lower floors of 
structures to a greater extent, compared with TMD. 
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These are the first results of calculation and, there-
fore, the above conclusions cannot be treated as defini-
tive. Generally speaking, the effectiveness of MTMD and 
TMD are similar. However, MTMD are smaller than 
conventional TMD and they occupy a much smaller spa-
ce for installation. 

Moreover, the acceleration reduction of structures 
with MTMD is noticeably greater in comparison with 
structures without or with TMD and when the values of 
structure parameters are not exactly known. The problem 
of detuning the dampers parameters needs further investi-
gations. In particular, parameters of structures must be 
regarded as the random quantities. 
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KONSTRUKCIJŲ SU KELIAIS MASĖS SLOPINTUVAIS DINAMINĖ ANALIZĖ 
R. Lewandowski, J. Grzymisławska 
Santrauka 
Nagrinėjama galimybė sumažinti stipraus vėjo veikiamų rėminių pastatų konstrukcijų svyravimus, taikant masės 
slopintuvų sistemą. Vibracijas sukeliančios jėgos, priklausančios nuo vėjo greičio svyravimų, laikomos atsitik-
tiniais dydžiais. Vėjo greičio svyravimo spektro tankio funkcijos nagrinėjamos Davenport metodu. Atlikus atsitik-
tinių vibracijų regresinę analizę, nustatytos poslinkių ir pagreičių vidutinės kvadratinės paklaidos. Remiantis 
skaičiavimo rezultatais, padarytos masės slopintuvų efektyvumo išvados. 
Reikšminiai žodžiai: svyravimų mažinimas, atsitiktiniai svyravimai, masės slopintuvai. 
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