
   

Copyright  and  Reuse:  Copyright  and  Moral  Rights  remain  with  the  author(s)  and/or

copyright  holders.  Copies  of  full  items  can  be  used  for  personal  research  or  study,

educational, or not-for-profit purposes without prior permission or charge, unless otherwise

indicated,  provided  that  the  authors,  title  and  full  bibliographic  details  are  credited,  a

hyperlink and/or URL is given for the original metadata page and the content is not changed

in any way. For full details of reuse please refer to City Research Online policy.

City Research Online:            http://openaccess.city.ac.uk/            publications@citystgeorges.ac.uk

Citation:  Petrini, F. & Giaralis, A. (2016). Control of across-wind vortex shedding 
induced vibrations in tall buildings using the tuned mass-damper-inerter (TMDI). 
Paper presented at the 6th European Conference on Structural Control - 
EACS2016, 11-13 Jul 2016, Sheffield, England. 

This is the accepted version of the paper.

This version of the publication may differ from the final published version. To cite 
this item please consult the publisher's version.

Permanent repository link: https://openaccess.city.ac.uk/id/eprint/19268/

 

City Research Online
City St George’s, University of London

https://openaccess.city.ac.uk/policies.html
mailto:publications@citystgeorges.ac.uk
http://openaccess.city.ac.uk/


EACS 2016 – 6th European Conference on Structural Control                                    Sheffield, England: 11-13 July 2016 

                  

Paper No. 126 

1 
* Corresponding author 

 
Control of across-wind vortex shedding induced vibrations in tall buildings 

using the tuned mass-damper-inerter (TMDI) 

 
Francesco Petrini1, Agathoklis Giaralis2*  
 1 Sapienza University of Rome, Rome, ITALY 

2 Department of Civil Engineering, City University London, London, UK 
 

ABSTRACT 

In this paper, the effectiveness of the tuned mass-damper-inerter (TMDI) vis-à-vis the 

classical tuned mass-damper (TMD) is assessed to suppress vortex shedding induced vibrations to 

tall building structures in the across-wind direction. The TMDI, previously proposed in the 

literature to mitigate earthquake-induced vibrations in multi-storey buildings, benefits from the 

mass amplification effect of the inerter (i.e., a two-terminal device developing a resisting force 

proportional to the relative acceleration of its terminals by the inertance constant) to achieve 

improved vibration suppression performance from the classical TMD for the same attached mass. 

Herein, a linear reduced-order structural system is developed, defined by a diagonal mass matrix 

and full damping and stiffness matrices, which captures faithfully the dynamic properties of a 

detailed finite element model corresponding to a benchmark 74-storey building with square floor 

plan. A TMDI is added to the structural system by elementary operations to the mass, damping, and 

stiffness matrices under the assumption of an ideal linear inerter. The wind action is represented by 

an analytical spectral density matrix modelling correlated across-wind induced forces accounting 

for vortex shedding and the structural analysis step is undertaken in the frequency domain for 

efficiency. A comprehensive parametric analysis is undertaken demonstrating that the TMDI 

achieves better performance in terms of peak top floor acceleration reduction with increasing 

inertance than a classical TMD with the same attached mass. This is also true for relatively small 

attached masses of practical interest to tall buildings (less than 0.5% the total buildings mass) for 

the case of peak top floor displacements. Further, it is shown that the TMDI reduces significantly 

the peak attached mass displacement, while the peak developing forces at the inerter are not 

excessive and can be locally accommodated by the building. 
 

Keywords: Tall buildings, vortex shedding, tuned mass damper, inerter, wind 

 

1 INTRODUCTION 

Slender high-rise buildings with rectangular floor plan may experience excessive oscillations 

in the across-wind direction (i.e., within the normal plane to the wind direction) due to vortex 

shedding effects generated around their edges (see e.g. [1]). In fact, in many cases, vortex shedding 

induces higher peak floor accelerations in slender/tall buildings in the across-wind direction than 

those exhibited in the along-wind direction ([2], [3]). In such cases, ensuring that the across-wind 

floor accelerations remain below a certain threshold becomes the critical requirement in the design 
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of slender buildings at a serviceability limit state. This is because floor accelerations is closely 

associated with occupants’ comfort ([4]).  

In this context, over the past three decades, tuned mass dampers (TMDs), among other 

devices and configurations for supplemental damping, have been widely used in practice for 

vibration mitigation in wind-excited tall buildings to meet occupants’ comfort performance criteria 

prescribed by building codes and guidelines ([5], [6]). In its simplest form, the linear passive TMD 

comprises a mass attached towards the top of the building whose oscillatory motion is to be 

controlled (primary structure) via optimally designed/”tuned” linear stiffeners, or hangers in case of 

pendulum-like TMD implementations, in conjunction with linear energy dissipation devices 

(dampers). The effectiveness of the TMD relies on “tuning” its stiffness and damping properties for 

a given primary structure and attached mass, such that significant kinetic energy is transferred from 

the vibrating primary structure to the TMD mass and eventually dissipated through the damping 

devices. Focusing on the suppression of lateral wind-induced vibrations, the TMD is tuned to the 

first natural frequency of the primary structure aiming to control the fundamental (translational) 

lateral mode shape (e.g. [7], [8]).  

It is well-understood that the performance of TMDs depends heavily on its inertia property: 

the larger the attached TMD mass that can be accommodated by the primary structure subject to 

structural design and architectural constraints (e.g. in typical tall building applications the attached 

mass usually ranges in between 0.3%-1.5% of the total building mass), the more effective and 

robust to uncertainties the TMD becomes for passive vibration control (e.g. [9]). In this regard, 

recently, a generalization of the classical passive TMD incorporating an inerter device has been 

proposed in [10] and [11] for vibration suppression of base-excited multi-storey buildings termed 

the tuned mass-damper-inerter (TMDI). The inerter is a two-terminal device developing a resisting 

force proportional to the relative acceleration of its terminals ([12]). The underlying constant of 

proportionality (inertance) can be orders of magnitude larger than the physical mass of the inerter 

([13), which, therefore, can be viewed as a mass amplification device. In this respect, it has been 

shown that the TMDI is more effective to mitigate seismically induced oscillations compared to the 

classical TMD for the same attached mass by relying on the mass amplification effect of the inerter 

device ([11]). 

In this paper, the potential of the TMDI to suppress vortex shedding induced vibrations in tall 

buildings vis-à-vis the classical TMD is assessed. This is accomplished by undertaking a parametric 

study involving a typical (benchmark) 74-storey building (primary structure) equipped with TMDIs 

of various attached mass and inertance values and exposed to across-wind excitation which includes 

vortex shedding effects. The structural analysis step is undertaken in the frequency domain and is 

expedited by modelling the primary structure as a reduced-order lumped-mass linear dynamical 

system extracted from a detailed finite element model (FE). Further, this modelling approach allows 

for the incorporation of the TMDI to the primary structure in a straightforward manner. 

The remainder of the paper is organised as follows. Section 2 offers a brief review of the 

TMDI for multi-storey buildings modelled as lumped-mass linear damped dynamical systems. 

Section 3 describes the adopted benchmark primary structure and its dynamical modelling along 

with the considered wind input action represented by a power spectral density function. Section 4 

furnishes and discusses novel numerical data in terms of peak top floor displacement and 

acceleration, attached mass displacement (stroke), and developing inerter force as functions of 

inertance and for different values of fixed TMDI mass. Finally, conclusions are summarised in 

section 5.   

  

2 THE TUNED MASS-DAMPER-INERTER (TMDI) FOR MULTI-STOREY BUILDINGS 

Conceptually introduced by [12], the ideal inerter is a linear two terminal device of negligible 

mass/weight developing an internal (resisting) force F proportional to the relative acceleration of its 

terminals which are free to move independently. Its resisting force is expressed as 
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1 2( - )F b u u ,  (1) 

where u1 and u2 are the displacement coordinates of the inerter terminals as shown in the inlet of 

Fig. 1 and, hereafter, a dot over a symbol signifies differentiation with respect to time. In the above 

equation, the constant of proportionality b is the so-called inertance and has mass units; it fully 

characterizes the behaviour of the ideal (linear) inerter. Importantly, the physical mass of actual 

inerter devices can be two or more orders of magnitude lower than b. This has been experimentally 

validated by testing several different prototyped inerter devices proposed in the literature ([13], 

[14], [15]). In this regard, the ideal inerter can be construed as an inertial amplification device, since 

by “grounding” any one of its terminals, the device acts as a “weightless” mass b ([12]). 

 

 

Figure 1 - Lumped-mass model of a tuned mass-damper-inerter (TMDI) equipped n-storey building 

subject to arbitrary (instantaneous) lateral wind forces and schematic representation of an inerter 

device subject to an external force F.  

________________________________________________________________________________ 

1,

2,2

2,

1 1,1 1,2

2

1

1,1 1,

1 2,

1, 1 1,

,

1,2

2

0 0 0

0

0 0 0 0
, ,

0 0 0

0 0 0

0 0 0

0

and

 

 

n

n n n n

n n n n

n n TMDI TMDI

TMDI

n

n

n

TMDI

m

m

m b

m

m b

c c c

c

c c

b c c

SYM c c

k

b c

k kk

c



  

  

   
   
   
   

    
   

    
   

      







M C

K

,2

2, 1 2,

1, 1 1,

,

0

0

n n n n

n n n n

n n TMDI TMDI

TMDI

k k

k k

SYM k k k

k

  

  

 
 
 
 
 
 
  
 
  

 (2) 

_______________________________________________________________________________________  



4 

 

Shown in Fig. 1 for a planar n-storey building primary structure modelled as a lumped-mass n 

degree-of-freedom (DOF) system, the tuned mass-damper-inerter (TMDI) proposed in [10] and [11] 

() exploits the aforementioned mass amplification property of the inerter device to enhance the 

vibration suppression capabilities of the classical TMD. Specifically, in the herein considered 

topology, the TMDI comprises a mass mTMDI attached to the top floor of the primary structure via a 

linear spring of stiffness kTMDI and a linear dashpot of damping coefficient cTMDI, and linked to the 

penultimate floor by an ideal linear inerter inertance b. The mass M, the damping C, and the 

stiffness K matrices characterizing the dynamic behaviour of the TMDI equipped system in Fig. 1 

are given in Eq. (2) shown in the bottom of the previous page, where mi is the mass of i-th floor 

(i=1,2,…,n), and ci,j and ki,j are the (i,j) elements of the primary structure damping and stiffness 

matrices, respectively. 

Note that for b=0, the matrices in (2) correspond to a building structure having a classical 

TMD attached to its top floor. The latter TMD topology is widely considered to control the first 

mode of vibration of multi-storey buildings which, for regular in elevation structures, dominates 

their dynamic response to lateral dynamic loads. It is further important to note that the inclusion of 

the inerter device alters only the mass matrix which is no longer diagonal. Indeed, the inerter not 

only does it contribute to the mass corresponding to the DOF of the attached mass and of the 

penultimate floor, but also introduces “gyroscopic” inertia cross-terms that couples the 

aforementioned DOFs. The latter alters effectively the dynamics of the primary structure in a 

manner that dampens higher modes of vibration and not only the fundamental one ([16]). 

The fact that the effective inertia corresponding to the DOF of the attached mass is equal to 

(mTMDI+b) motivates the definition of the following dimensionless frequency ratio υTMDI and 

damping ratio ξTMDI 

 
1

( )
,  

2 ( )

TMDI

TMDI TMDI
TMDI TMDI

TMDI TMDI

k

m b c

m b k
 




 


, (3) 

to characterize the dynamics of the TMDI given an attached mass mTDMI and inertance b. In the last 

equation ω1 is the first (fundamental) natural frequency of the primary (uncontrolled) structure.  

 

3 PRIMARY STRUCTURE AND WIND EXCITATION MODELLING 

3.1 Benchmark 74-storey building description and detailed FE modelling 

In assessing the potential of the TMDI in Fig. 1 to suppress vortex shedding induced 

oscillations in tall buildings in the across-wind direction, a high-rise building utilized before for the 

development of a performance-based wind engineering framework ([17], [18]) is taken as a 

benchmark case-study. The adopted structure is a 74-storey steel frame building of 305m total 

height with a 50m-by-50m square floor plan. Its lateral load resisting system comprises two spatial 

steel frames, one inner (core) and one outer (perimetric), connected together by three outriggers 

located at 100m, 200m, and 300m in elevation. The core frame includes 16 columns, while the 

perimetric frame has 28 columns. All columns have hollow square sections, with outer dimensions 

and thickness varying with the height and ranging in between 1.20m to 0.50m, and 0.06m to 

0.025m, respectively. Beams are of various standard double-T steel section profiles and all beam-

to-column joints are taken as rigid. The bracing system of the outriggers is composed by double-T 

or hollow-square struts and spans 2 or 3 stories.  

A detailed linear FE model of the lateral load resisting structural system is developed in 

SAP2000 commercial FE package. An extruded three-dimensional snapshot of the total model is 

shown in Fig. 3(a), while Fig. 3(b) shows the FE model of a 2-story outrigger. The FE model 

consists of 7592 linear Euler-Bernoulli beam elements with pinned or hinged connections as 
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appropriate. Horizontal perfectly rigid diaphragm constraints are imposed at the height of each floor 

to account for the effects of the slabs in the model. The mass and gravitational loads carried by each 

slab are uniformly distributed and lumped at the nodes of the FE model. 

Standard linear modal analysis is undertaken using the above FE model to determine the 

mode shapes and natural frequencies of the benchmark structure. In Fig. 2(c) the first three 

dominantly translational mode shapes along a principal axis of the (double symmetric in plan) 

structure are plotted. The corresponding natural frequencies or periods, and the modal participating 

mass ratios (MPMRs) are reported in Table 1. In the following sub-section the obtained mode 

shapes from the detailed FE model are used, together with an assumed diagonal mass matrix, to 

derive a reduced-order dynamical model which captures faithfully the dynamic response of the 

adopted benchmark structure within a vertical plane of symmetry due to lateral wind induced time-

varying forces. 

 

 

Figure 2- (a) FE model of the benchmark 74-story building, (b) FE model of a two-story outrigger, 

(c) Side planar view of the first three lateral translational mode shapes 

Table 1: Natural frequencies, natural periods and modal participating factors of the first three 

lateral translational mode shapes of the FE model in Fig. 2 

Mode n [Hz] ω [rad/s] T [sec] MPMR 

1 0.18515 1.1634 5.40 0.6233 

2 0.56335 3.5396 1.77 0.1900 

3 1.0518 6.6088 0.95 0.0745 

 

3.2 Reduced primary structure model 

Based on the detailed FE model presented in the previous sub-section, a simplified planar 

dynamical model with 74 dynamic degrees of freedom (DOFs) is herein defined in terms of a mass 

M(0), damping C(0), and stiffness K(0) matrices to be treated as the primary structure. In particular, a 

reduced diagonal 74-by-74 mass matrix M(0) is firstly defined under the assumption of lumped 

masses at each floor level equal to 1250ton. The mass of the structural elements are accounted for 

in this value including the mass of columns equally divided between consecutive floors. Further, a 

full 74-by-74 stiffness matrix K(0) is obtained such that it satisfies the following system of equations 

of standard modal analysis  

2

(0) (FEM) (0) (FEM) 0 ; 1,2,...,74
j j

j   
 
K M φ .  (4) 



6 

 

In the last equation φ(FEM)j and ω(FEM)j are the j-th translational mode shape in the across-wind 

direction (principal axis of building) and the corresponding natural frequency, respectively, 

obtained by the detailed FE model described in the previous sub-section. This was achieved by 

means of standard modal analysis upon constraining all rotational and translational DOFs along one 

of the two horizontal principal axes of the building at master nodes assigned to each floor. The 

choice of accounting for all the 74 mode shapes purely translational along one principal axis of the 

building has been made to capture the local dynamics of the structure near the outriggers, to 

maintain the DOFs of the top and the penultimate floors where the TMDI is connected to, and to 

ensure a fine discretization of the wind loading along the height of the building.    

Lastly, a full C(0) damping matrix is obtained from the expression ([19]) 

   
1 1

(0) mod

T
 

C Φ C Φ ,  (5) 

where  is the 74-by-74 mode shape matrix collecting the φ(FEM)j mode shapes and Cmod is the 

diagonal matrix containing the modal damping coefficients 

  0
2 T

j j j j jc   φ M φ .  (6)  

In the last equation, ξj is the j-th modal damping ratio, assumed as follow:  2% for j= 1 to 3, 4% for 

j= 4 to 6, 6% for j= 7 to 10, 9% for j= 11 to 20, 12% for j= 21 to 40, 15% for j= 41 to 60, 18% for 

the rest of the higher modes (j=61 to 74).   

Note that the consideration of the above M(0), C(0), and K(0) model is necessary as it allows to 

incorporate the TMDI and especially the inerter which, to the best of the authors’ knowledge, is not 

currently contained in the element library of any structural analysis FE software, in a 

straightforward manner as suggested by Eq. (2). That is, by adding a DOF (i.e., a row and a 

column) together with the additional stiffness kTMDI, damping cTMDI, and inertial mTMDI and b 

contributions of the TMDI to the M(0), C(0), and K(0). The resulting model of the primary structure 

plus TMDI represented by the M, C, and K matrices in (2) can be readily used in conducting 

frequency domain structural analysis in any high-level computer language (e.g., MATLAB) in a 

computationally efficient manner as described in the following sub-section. 

 

3.3 Wind model and Frequency domain approach for building response evaluation 

For the purposes of this work, the wind action is considered only in the across-wind direction 

as this is the critical one for the occupants’ comfort criterion for the particular benchmark primary 

structure ([18]). This is modelled as a zero-mean Gaussian ergodic stochastic process represented in 

the frequency domain by the 74-by-74 power spectral density matrix SFF(0) which collects all wind 

force components acting to each of the 74 floors (i.e., as a function of the height of the building) 

accounting for both wind turbulence and vortex shedding effects.  

 

Figure 3- Considered across-wind force spectra at three different floors. 
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Specifically, the elements of the SFF(0) matrix are evaluated using the parametric formulae 

derived in [1] based on experimental wind tunnel data involving rectangular cylinders of various 

side ratios. The considered benchmark building has a square floor plan and, therefore, the 1:1 side 

ratio case is taken. Examples of across-wind force power spectral density functions evaluated at 

three different heights are shown in Fig. 3 assuming mean wind velocity at the top floor equal to 

35m/s. 

The PSD matrices of the displacement and the acceleration response of the TMDI equipped 

primary structure defined in the previous sub-section excited by the above wind force PSD matrix 

are obtained using the frequency domain input-output relationships of random vibrations [20]  

       
*

   
xx FF

S B S B  (7) 

and 

   4 ,  
xx xx

S S  (8) 

respectively. In Eq. (7), SFF is the PSD wind force matrix SFF(0) augmented by a zero row and a zero 

column corresponding to the DOF of the TMDI which is not subjected to any wind load, the (*) 

superscript denotes complex matrix conjugation, and the transfer matrix B is given as 

 
1

2 i  


    B K M C . (9) 

In the last equation, 1i    and the (-1) superscript denotes matrix inversion.  

Further, the response displacement and acceleration variances of the k-th floor for the TMDI 

equipped primary structure are obtained as  

 
max

2

0

k k kx x xS d



     (10) 

and 

 
max

2

0

k k kx x xS d



    , (11) 

respectively. That is, by integrating the response auto-spectra populating the main diagonal (k,k)  

elements of the response PSDs in Eqs. (7) and (8), along the frequency axis up a maximum (cut-off) 

frequency ωmax above which the energy of the underlying processes is negligible. Moreover, the 

variance of the relative acceleration response between two different floors k and n is obtained by 

 
max

2 2 2

0

2
kn k n k nx x x x xS d



        , (12) 

where the integrand is the acceleration response cross-spectrum corresponding to the k and n DOFs. 

Finally, peak k-th floor displacements and accelerations and peak relative acceleration 

between floors, or more generally between DOFs, k and n are estimated by the expressions 

     2 2 2max , max , and max ,
k k knk x k x kn xx g x g x g      (13) 

respectively. In the above expressions, g is the peak factor estimated by the following widely used 

in wind engineering applications empirical formulae due to Davenport [21] 

 
 

0.577
2

2
wind

wind

g ln T
ln T




  , (14) 
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where η=2π/ω is the effective structural response frequency in Hz (e.g., can be assumed equal to the 

fundamental natural frequency of the primary structure), and Twind is the assumed time duration of 

exposure to the wind action during which the maximum response quantities in (13) are evaluated. 

The latter consideration implies that the underlying stochastic input/output processes are quasi-

stationary (i.e., stationary/ergodic time-limited processes). 

In the following section, the peak response quantities in (13) are used to assess the 

effectiveness of the TMDI to suppress wind induced vibrations in tall buildings. 

 

4 PARAMETRIC ANALYSIS AND DISCUSSION 

A parametric investigation is herein conducted to explore the potential of the TMDI reviewed 

in section 2 to mitigate vibrations in the across-wind direction of tall buildings due to wind induced 

forces modelled by the spectra in Fig. 3. To this aim, the dynamical model defined in terms of the 

M(0), C(0), and K(0) matrices in section 3.2 is adopted as the given primary structure which captures 

the in-plane lateral oscillatory response of the 74-storey building reviewed in section 3.1 

represented via the therein detailed linear FE model. Furthermore, the wind induced lateral forces in 

the across-wind direction of the building are modelled by the PSD of Fig. 3 which assumes a mean 

wind velocity at the top floor equal to 35m/s. The structural analysis step is undertaken in the 

frequency domain as detailed in section 3.3 to obtain the peak structural response quantities in (13) 

assuming one hour of exposure to the wind action, that is, Twind = 3600s in (14). Further, the 

effective frequency value in (14) is taken equal to the fundamental natural frequency of the adopted 

primary structure, that is, η= 0.185Hz (see also Table 1), which results in a peak factor value g= 

3.97.    

Six different values of the attached TMDI mass equal to 0.3%, 0.5%, 0.8%, 1%, 1.2%, and 

1.5% of the total primary structure mass are considered in the parametric study. Further, the 

inertance b value is let to vary in the range of 0% to 100% of the total building mass, with the 

special case of b=0 being the same as the classical TMD. In all cases considered, the values of the 

TMDI frequency and damping ratios in (3) are obtained from the expressions 

     

   

1 0.5 1 0.75
and

1 4 1 1 0.5
TMDI TMDI

     
 

     

       
       

, (15) 

respectively, where μ= mTMDI/M and β=b/M with M being the total building (primary structure) 

mass. The expressions in (15) correspond to optimal tuning parameters for the classical TMD 

derived in closed-form in [22] that minimise the displacement response variance of white noise 

excited undamped single DOF primary structures in which the TMD mass ratio μ has been replaced 

by the sum of the mass ratio plus inertance ratio μ+β. In this regard, these expressions do not yield, 

by any means, optimum TMDI design parameters for the herein adopted primary structure 

corresponding to any particular optimisation criterion. However, they do yield reasonable values for 

the stiffness and the damping properties of the TMDI which suffice for the purposes of the present 

parametric study.  

 In Fig. 4 the peak top floor displacement and acceleration of the TMDI equipped primary 

structure is plotted as a function of the inertance ratio β=b/M for six values of the attached mass. 

The reported values are normalised by the corresponding peak value of the uncontrolled (no TMDI) 

structure. It is seen that the inclusion of the inerter becomes beneficial in terms of reducing the peak 

top floor displacement for the relatively small attached mass. In fact, for μ≥0.5% the classical TMD 

outperforms the TMDI for the whole range of β values considered. However, for the smaller 

attached mass, the inclusion of the inerter reduces the top floor displacements appreciably and it is 

seen that the smaller the attached mass, the more effective the inclusion of the inerter becomes. 

These trends confirm similar results reported in the literature for the case of earthquake excited 

building structures [11]. More importantly, interpreting the results in Fig. 4(a) from a performance-
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based design viewpoint, it can be seen that the TMDI can achieve the same performance with larger 

mass classical TMD which suggests that the inclusion of the inerter leads to mass reduction or 

replacement for the same performance. For example, a TMDI with μ=0.1% and β=50% achieves 

the same performance in terms of peak floor displacement as the classical TMD with double the 

mass μ=0.2%.   

Turning the attention to peak floor accelerations (Fig 4(b)), it is seen that for all the values of 

the attached mass considered, better vibration suppression performance is achieved with higher 

inertance values. For higher attached mass, this improvement is monotonic, but tends to saturate 

faster and is less significant compared to smaller attached mass. Overall, the results in Fig. 4 

suggests that the TMDI is more effective in reducing floor accelerations than displacements and 

that it is wiser to combine large inertance values with small attached mass. This consideration 

allows for significant weight reduction in the overall passive control system and therefore gains in 

terms of axial gravity load accommodation for the primary structure. Moreover, given that floor 

accelerations are more critical than floor displacements for design verification at a serviceability 

limit state, it is practically more reasonable to pursue optimum design in terms of floor 

accelerations in practice, though, this aspect is not treated in this paper.  

 

(a) (b)

 

Figure 4- Peak top floor displacement (a) and acceleration (b) of TMDI equipped primary structure 

for different values of inertance ratio β=b/M and attached mass ratio μ= mTMDI/M and normalised 

by the corresponding peak values of the uncontrolled structure. 

 

Additional data of practical importance in structural design are furnished in Fig. 5. 

Specifically, Fig. 5(a) plots the peak attached mass displacement as a function of the inertance 

normalised by the value attained for b=0 (classical TMD). This response quantity is critical in the 

TMDI design as it relates to the damper and the inerter stroke (relative displacement of the device 

terminals), as well as with the required clearance between the attached mass and the host structure. 

It is seen that the inclusion of the inerter in the TMDI configuration yields significant reductions to 

the peak attached mass displacement (note the logarithmic scale in the y-axis of Fig. 5(a)), though 

the rate of this reduction reduces as the inertance value increases for the same attached mass 

(saturation). Lastly, Fig. 5(b) plots the peak force developed in the inerter as a function of the 

inertance. Following (1), this force is given as the product of the inertance value b with the peak 

relative acceleration in (13) between the DOF corresponding to the attached mass and the DOF of 

the penultimate floor. It is seen that this force attains a local maximum for β values dependent on 

the attached mass (β=20% on average for the attached mass herein considered) and then slightly 

reduces with increasing inertance. This is quite welcoming as the inerter force needs to be 

transferred to the primary structure and, therefore, high inerter forces would contribute to an 

increase of the TMDI installation cost compared to the classical TMD. In any case, aalthough local 
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detail design of the inerter-to-the-primary-structure connection falls well beyond the scope of this 

paper, it is important to note that the peak developing internal force of the inerter that needs to be 

transmitted locally to the primary structure is reasonable for the scale of the primary structure 

considered and no special provisions for local connection detailing would be required. 

 

(a) (b)

   

Figure 5- (a) Peak TMDI attached mass displacement normalised to the corresponding value for 

the classical TMD (β=0), and (b) Peak inerter force developed for different values of inertance 

ratio β=b/M and attached mass ratio μ= mTMDI/M. 

5 CONCLUDING REMARKS 

The effectiveness of the tuned mass-damper-inerter (TMDI) vis-à-vis the classical tuned 

mass-damper (TMD) has been assessed to suppress wind induced vibrations in typical tall buildings 

in the across-wind direction. This was accomplished by undertaken a comprehensive parametric 

study involving a linear dynamical system defined defined by a diagonal mass matrix and full 

damping and stiffness matrices, which captures faithfully the dynamic properties of a detailed finite 

element model corresponding to a benchmark 74-storey building with square floor plan. This 

structural system is equipped with TMDIs of several different values of attached mass and inertance 

coefficients by elementary operations to the mass, damping, and stiffness matrices. The wind action 

is represented by an analytical spectral density matrix modelling correlated across-wind induced 

forces accounting for vortex shedding and the structural analysis step is undertaken in the frequency 

for efficiency. Using sub-optimal values for the frequency and damping TMDI ratios, it was found 

that the TMDI achieves better performance in terms of peak top floor acceleration reduction with 

increasing inertance than a classical TMD with the same attached mass. This is also true for 

relatively small attached masses of practical interest to tall buildings (less than 0.5% the total 

buildings mass) for the case of peak top floor displacements, though for larger attached masses the 

inclusion of the inerter is detrimental to floor displacement suppression. Further, it is shown that the 

TMDI reduces significantly the peak attached mass displacement, while the peak developing forces 

at the inerter are not excessive and can be locally accommodated by the building. Overall, the 

herein reported results demonstrate that the inclusion of the inerter to the classical TMD is more 

beneficial for small attached masses, while the same level of vibration suppression can be achieved 

with TMDIs of significantly smaller attached mass (and large inertance value) from the attached 

mass that the classical TMD would require. The latter leads to significant weight reductions to the 

overall passive vibration control system. 
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