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ABSTRACT  

The need for high rise structures in construction and real estate industry is increasing all over the world. These 

structures are light weight and flexible, which have low value of damping, which in turn makes them vulnerable to 

unwanted vibration. This creates problem to serviceability requirement of the structure and also reduce structural 

integrity with possibilities of failure. Current trends use several techniques to reduce earthquake and wind induced 

structural vibration.  Tuned mass damper (TMD) is widely used for controlling structural vibration under wind load 

but its effectiveness to reduce earthquake induced vibration is an emerging technique. To study the effectiveness of 

tuned mass damper to reduce translation structural vibration, a numerical study is proposed. In total three type of 

models, i.e., shear building with single TMD, 2D frame with single TMD and 2D frame with double TMD  are  

considered.  

Five loading conditions are considered, these are called sinusoidal ground acceleration, EW component of 1940 El-

Centro earthquake (PGA=0.2144g), compatible time history as per spectra of IS-1893 (Part  -1):2002 for 5% 

damping at rocky soil (PGA=1.0g), Sakaria earthquake (PGA=1.238g),  The Landers earthquake (1992) 

(PGA=1.029g)  for time history analysis of considered model.  

The effectiveness of single TMD in reducing frame vibration is studied for variation of mass ratio of TMD to the 

frame. The effect of double tuned mass damper on the frame response is also studied for uniform, non uniform 

distribution of mass ratio and variation of damping ratio of damper.  

The result of the study suggests that the effectiveness of TMD increases with increase in mass ratio. Use of double 

TMD is much more effective than single TMD of same mass ratio for vibration mitigation under earthquake as well 

as sinusoidal acceleration. 

1. INTRODUCTION 

BACKGROUND 

Buildings are basically designed to support a vertical 

load in order to support the walls, roof and all the 

stuff inside to keep them standing. Earthquakes 

present a sideways (or lateral), load to the building 

structure that is a bit more complicated to account 

for. 

As the buildings get bigger and taller other 

techniques are employed such as “base isolation.” 

During the past 30 years, engineers have constructed 

skyscrapers that float on systems of ball bearings, 

springs and padded cylinders. Similar to shock 

absorbers in a car, these systems allow the building to 

be decoupled from the shaking of the ground. 

 

 

 

These buildings don’t sit directly on the ground, so 

they’re protected from some earthquake shocks. In 

the event of a major earthquake, they can sway up to 

a few feet. The buildings are surrounded by “moats,” 

or buffer zones, so they don’t swing into other 

structures. 

Vibration means to mechanically oscillate about an 

equilibrium point. The oscillation may be periodic or 

non-periodic. With the modernisation of engineering, 

vibration mitigation technique has found its way into 

civil engineering and infrastructure field. 

Another technique that has been implemented to 

dampen the swaying of a tall building is to build in a 
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large (several tons) mass that can sway at the top of 

the building in opposition to the building sway. 

Known as “tuned mass dampers”, these devices can 

reduce the sway of a building up to 30 to 40 percent. 

The Taipei 101, formerly known as the Taipei World 

Financial Center, is a good example of this technique, 

it has a giant pendulum mounted between the 88th 

and 92nd floors. Weighing in at 730 tons and capable 

of moving 5ft in any direction, it takes the prize as 

the world’s largest and heaviest building damper. In 

fact, it is so heavy that it had to be constructed on site 

since it is too heavy to be lifted by a crane. 

High rise buildings have become common these days 

and their numbers are increasing day by day. While 

these are necessary as population density is 

increasing in cities, commercial zones, it is also 

important because it proves that the country has high 

standards of living. Because the seismic load acting 

on a structure is a function of the self-weight of the 

structure these structures are made comparatively 

light and flexible and therefore have relatively low 

natural damping. This results in making the structures 

more vibration prone under wind and earthquake 

loading. In most cases this type of large 

displacements may not be a threat to integrity of the 

structure. But steady state of vibration can cause 

considerable illness and discomfort to the buildings 

occupant. 

Conservation of energy is a philosophy followed 

everywhere in the world in all fields. If energy 

imposed on a structure by wind and earthquake load, 

is fully dissipated in some way the structure will 

vibrate less. Through various mechanisms such as 

internal stressing, rubbing, and plastic deformation, 

every structure naturally releases some energy. In 

large modern structures, the total damping is almost 

5% of the critical, so new generation high rise 

buildings are equipped with artificial damping device 

for vibration control through energy dissipation. 

There are many vibration control methods, they 

include passive, active, semi-active and hybrid.  The 

selection of a particular type of vibration control 

device depends on various factors, they are 

efficiency, compactness and weight, capital cost, 

operating cost, maintenance requirements and safety. 

A Tuned mass damper (TMD) is a passive damping 

system, it utilizes a secondary mass attached to a 

main structure, usually through spring and dashpot to 

reduce the dynamic response of the structure. It is a 

widely used method of vibration control in 

mechanical engineering systems. These days TMD 

theory is being adopted to reduce vibrations of tall 

buildings and other civil engineering structures. The 

secondary mass system is designed to have the 

natural frequency, which is dependent on its mass 

and stiffness, tuned to that of the primary structure. 

When the frequency of the structure gets excited the 

TMD resonates out of phase with the structural 

motion and reduces its response.  Now, the excess 

energy that is built up in the  structure can be 

transferred to a  secondary mass and is dissipated by 

the dashpot due to relative motion between them  at a 

later time.  Secondary system mass varies from 1-

10% of the structural mass. Since an earthquake 

contains a large number of frequency content these 

days multiple tuned mass dampers (MTMD) are 

being used to control earthquake induced motion of 

high rise structure where more than one TMD is 

tuned to different unfavourable structural frequency. 

 

1.1 METHODS OF CONTROL  

To produce better control against wind and 

earthquake excitation a large number of techniques 

have been tried. The four broad categories that these 

can be classified into are: passive control,  

active control, semi-active control and hybrid control. 

Each will be discussed in the following section. 

 

1.2.1 Passive control  

The most mechanically simple set of control schemes 

is - the passive control category, which has been 

widely accepted for civil engineering application. 

 

Definition  

Housner et al. have provided brief overviews on 

structural control, including proper definitions for the 

various types of control implemented in structures 

practically. They define a passive control system as 

one that does not require an external power source. 

All forces imposed by passive control devices 

develop as direct responses to the motion of the 

structure. Hence the sum of the energy of both the 

device and the primary system will be constant. 

Efficient dissipation of vibrational energy is the main 

purpose of these systems, and the  
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Various methods of achieving this can be categorized 

in two ways. First method includes  

Converting kinetic energy directly to heat, such as the 

deformation of viscoelastic solids and fluids, yielding 

of metals, or the implementation of friction sliders. 

The second method works on transferring energy 

among two or more of the vibrational modes of the 

building. Generally, this is achieved by adding a 

supplemental oscillator that absorbs the vibrations of 

the primary structure.  

Base isolation, Tune mass damper, tune liquid 

damper, are example of passive system. 

 

Advantages and limitations  

For controlling structural response under wind and 

earthquake loading, Passive control is the most 

widely-used method, but it has some limitations. 

Although it is reliable and relatively straight forward 

to design, passive control systems are generally only 

good for limited bandwidths of dynamics input. As a 

result, they are susceptible to the effects of off-

tuning, de-tuning, or resonances of secondary modes. 

 

1.2.2 Active control  

Active control is a relatively new addition to the field 

of structural engineering. It assures improved 

response as compared to passive systems at the cost 

of energy and more complex systems.  

 

Definition  

Active control system is similar to any control system 

in which an external power source is required to 

provide additional forces to the structure in a 

prescribed manner, by the use of actuators. The 

signals are sent to control the actuators; these 

determine the feedback from the sensors provided on 

or through the structure. Because of the presence of 

an external power source, the force applied may 

either add or dissipate energy from the structure. To 

maximize the performance of an active system, the 

actuator forces must be prescribed in real-time base 

on the inputs of the sensors.  The direction and 

magnitude of these forces can be assigned in the 

variety of ways, all of which have their roots in the 

field of control engineering.  

 

Advantage and limitations   

 The performance of active control system is quite 

pronounced in few cases. Due to its capability to 

respond in real-time, it eliminates most of the tuning 

drawbacks inherent in passive devices. However, 

active control has not been widely embraced by the 

civil engineering community as a result of some 

significant limitations.  

The most significant advantage of active control 

method diminishes by their heavy reliance on 

External power supplies.  The power consumption 

and cost is comparatively large for output of certain 

magnitude forces necessary to control large civil 

structures by the actuator.  

In addition, there may be situations where the control 

forces needed coincides with the time when the 

power cut is the most likely, such as during an 

earthquake or large wind storm. This raises question 

on reliability concerns.  

Apart from the issue of energy supply, most 

engineers also hesitate to embrace non-traditional 

technologies for structures. The placement of sensors 

and the design of feedback schemes are also beyond 

the scope of most practicing engineers, and poorly 

designed active system may lead to deleterious 

energy inputs and destabilization of the primary 

system. 

 

1.2.3 Semi-active control  

Semi active control performs on the advantages of 

active control and the reliability of passive control; 

this makes it a much more appealing alternative to 

traditional control scheme in Civil structures.  

 

Definition  

Semi active control systems act on the same principle 

of active control system but the difference is that 

their external energy requirement is smaller. The 

devices have an inherent stability in terms of 

bounded-input and output as these do not add 

mechanical energy to the primary system. Therefore, 

it may be viewed as controllable passive device.  

Rather than relying on application of actuator forces 

Semi-active control relies on the reactive forces that 

develop due to variable stiffness or damping devices 

.Which means that by changing the properties of 

these devices, only using nominal power the response 

of the system may be favourably modified. As a 

consequence, semi-active control methods appear to 
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combine the best features of fully active and fully 

passive systems, leaving them as the best in term 

acceptance for structural control.  

 

Advantages and limitation  

The biggest advantage of semi-active systems is in 

their ability to provide improved control forces with a 

low demand for power.  Since, the power can be 

supplied by a battery, which ensures continued 

functionality even at power failure, adding reliability 

to any semi-active control method. Because of these 

benefits, enthusiasm towards the semi-active 

structural control schemes has increased in recent 

years, making it a viable alternative to proven passive 

devices. 

While these advantages are in some case truly 

noteworthy, semi-active control still has its 

drawbacks. Most relevant is the need for sensors 

technology and computer controlled feedback, which 

is vital to semi-active controls 

 

1.2.4 Hybrid control  

Hybrid systems are a combination of passive and 

active control system. For example, a base isolated 

structure which is equipped with actuator which 

actively controls the enhancement of its performance.  

 

1.2 TUNED MASS DAMPER  

A TMD is an inertial mass attached to the part of the 

building with maximum motion (generally near the 

top), through a properly tuned spring and damping 

element. Usually viscous and viscoelastic dampers 

are used. TMDs provide a frequency dependent 

hysteresis that increases damping in the frame 

structure attached to it in order to reduce its motion.  

Its strength is determined by their dynamic 

characteristics, stroke and the amount of added mass 

they employ. The additional damping introduced by 

the TMD is also dependent on the ratio of the damper 

mass to the effective mass of the building in a 

particular mode vibration. TMDs weight is varied 

between 0.25%-1.0percent of the building’s weight in 

the fundamental mode (typically around one third).  

The frequency of a TMD is tuned to a particular 

structural frequency when that frequency is excited 

the TMD will resonate out of phase with frame 

motion and reduces its response. Often for better 

response control MDCs (multiple-damper 

configurations) which consist of several dampers 

placed in parallel with distributed natural frequencies 

around the control tuning frequency is used. A 

multiple mass damper can significantly increase the 

equivalent damping introduced to the system for the 

same total mass. 

Fig: Mass damper in Taipei  

 

1.3 EXAMPLES OF STRUCTURES EQUIPPED 

WITH TUNED MASS DAMPER  

i) Citicorp Centre, New York  

The first full-scale structural tuned mass damper was 

fitted in the Citicorp Centre building in New York 

City. The height of the building is 279 m with 

fundamental period of around 6.5s and damping ratio 

of 1% along both axes. It was finished in 1977. A 

TMD is placed on the sixty third floors in its crown 

and having weight of 400 ton structure. At the time 

the mass of the TMD was 250 times larger than any 

existing TMD. The damping of the overall building 

was increased from 1% to 4% of critical with a mass 

ratio of the TMD 2% of the first modal mass. This 

resulted in reduction of sway amplitude by a factor of 

2. The TMD system consists of a large block of 

concrete bearing on a thin film of oil, with pneumatic 

spring which provides the structural stiffness. 

 

ii) John Hancock Tower, Boston  

Two dampers each having weight of 2700kN were 

added to the 60-storey John Hancock Tower in 

Boston to reduce its response to wind loading. The 

dampers were placed at opposite ends of the fifty-

eighth story of the building with a distance of 67 m 

between them. Due to the peculiar shape of the 

building the damper was designed to counteract the 

sway and twisting of the building.  

 

iii) CN Tower, Toronto  

Due to distinctiveness in the design perspective of the 

Canadian National Tower in Toronto adding TMD 

was compulsory to suppress the wind induced motion 

of the building in second and fourth modes. It was 
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necessary in order to suppress the dynamic wind 

loading effects of the 102m steel antenna at the top of 

the tower. The first and third modes of the antenna 

had the same vibrational characteristic as a concrete 

structure which were more heavily damped.  

To reduce the vibrations, two doughnut-shaped steel 

rings having a mass of 9 tons were added at 

elevations corresponding to the peak vibration of the 

problematic modes. Each ring was mounted on a 

universal joint in such a way that it could rotate in all 

directions and act as a tuned mass regardless of the 

direction of wind excitation.  Four hydraulically 

activated dampers per ring were provided to dissipate 

the energy.  

 

 iv) Chiba Port Tower, Japan  

Chiba Port Tower, a steel structure of 125 m in height 

1950 tons weight and having a rhombus-shaped plan 

with a side length of 15 m (completed in 1986) was 

the first tower in Japan to be equipped with a TMD. 

The time period in the first and second mode of 

vibrations are 2.25 s and 0.51 s, respectively for the x 

direction and 2.7 s and 0.57 s for the y direction. 

Damping for the fundamental mode was computed at 

0.5%.  For higher mode of vibration damping ratios 

proportional to frequencies were assumed in the 

analysis. The use of the TMD was to increase 

damping of the first mode for both the x and y 

directions. The  mass ratio of the  damper with 

respect to the modal mass of the first mode  was  

about 1/120 in the x direction and 1/80 in the y 

direction; periods in the x and y directions of 2.24 s 

and 2.72 s, respectively; and a damper damping ratio 

of 15%.   

 

v) Taipei 101, Taiwan  

Taipei 101 is a steel braced building is the 3rd tallest 

building in the world. Here the TMD serves both 

architectural purposes along with structural purpose.  

To reduce the vibration of the building, a sphere 

shaped TMD of weight 728 ton diameter 5.5 m 

between 88th -92nd floors is used.  

The enormous sphere is suspended by four set of 

cables, and the dynamic energy is dissipated by eight 

hydraulic pistons each having length of 2 m. The 

damper is able to reduce 40% of the tower 

movement. Another two tuned mass dampers; the 

weight of each is around 6 metric tons sit at the tip of 

the spire. These prevent damage to the structure due 

to strong wind loads.  

To mitigate traffic-induced vibration for two story 

steel buildings in Japan, under an urban expressway 

viaduct TMDs were used (Inoue et al.  1994). TMDs 

with mass ratio of approximately 1% result in the  

reduction of the  peak values of the acceleration 

response of the two buildings by 71% and 64%, 

respectively.  

The world tallest high rise structure Burj Al Arab is 

equipped with 11 TMD at different storey to control 

wind induced vibration. 

 

LITERATURE REVIEW AND AIM OF WORK 

2.1  REVIEW OF LITERATURE  

A lot of research works  have been done on single as 

well as multiple tuned mass damper. TMD concept 

was first used by Frahm [1909] for reducing the 

rolling motion of ships as well as ship hull vibrations. 

Later  Hartog  [1940]  developed analytical  model 

for vibration control capabilities of TMDs. He later 

optimized TMDs parameter for harmonic excitations 

as well as wide band input.   

The major drawback of a using single TMD  is its 

sensitivity to the error in the natural frequency of the 

structure and the damping ratio of the tuned mass 

damper. If a TMD is mistuned, its efficiency is 

significantly reduced. To counter this it has been 

proposed to introduce more than one TMD with 

different dynamic characteristics to improve the 

effectiveness.  

 

Iwanami and Seto  [1984] did studies to show that 

two tuned mass dampers are more effective than a 

single tuned mass damper. However the efficacy is 

not that much significant.  

 

Clark  [1988]  studied the  method of designing 

multiple tuned mass dampers to reduce building 

response. The technique used was based on extending 

Den Hartog work from a single degree of freedom to 

multiple degrees of freedom system.  A substantial 

motion reduction was attained for a structure by 

using simplified linear mathematical models and 

design technique under 1940 El Centro earthquake 

excitation.  

 

Manikanahally and Crocker  [1991] considered 

Multiple Tuned Mass Damper system in which each 

Tuned Mass Damper is tuned to different structural 

frequency. 
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Joshi and Jangid [1997] studied the effectiveness of 

optimally designed multiple tuned mass dampers 

(MTMD) for  reducing  the dynamic response of a 

base  excited structure in a particular  mode  of 

vibration.  The base excitation was modelled as a 

stationary white noise random process.  The 

parameters like damping ratio, the tuning frequency 

ratio and the frequency bandwidth of the MTMD 

system were optimised based on the minimization of 

the root mean square (r.m.s.) displacement of the 

main structure.  The stationary response of the 

structure with MTMD  was  analysed  for the 

optimum parameters of the MTMD  system.  It was 

determined  that  an optimally designed MTMD 

system is more effective for vibration control than the 

single tuned mass damper for same mass ratio, 

damping of the main system does not have any 

influence on the optimum damping ratio of both the 

single TMD and the MTMD system, number of 

TMDs also does not have much effect on the 

optimum tuning frequency and the corresponding 

effectiveness of the MTMD system. 

Zuo  [2009]  studied the characteristics and 

optimization of a new type of TMD system, in which 

multiple TMDs are connected in series to the main 

structure. The parameters of spring stiffness and 

damping coefficients were optimized for mitigation 

of  random and harmonic vibration. It was  concluded  

that series multiple TMDs are more  effective,  robust  

and less sensitive to the parametric  variation of the  

main structure than all the other types of parallel 

MTMDs and single TMD of the same mass ratio. It 

was also found that two TMDs placed in series and of 

total mass ratio of 5% can appear to have 31–66% 

more mass than the classical TMD, and it performs 

better than ten TMDs in optimal parallel of the same 

total mass ratio. 

 

2.2  AIM AND SCOPE OF THE PRESENT 

WORK  

The aim  of the present effort is to study  numerically  

the effect of TMD  either single or multiple on the 

dynamic response of multi-storey frame structures.  

For this Project we will model a 3D frame building as 

multi degree of freedom shear building (1D) as well 

as frame building (2D).  The TMD will be modelled 

as 1D which will respond to horizontal translation 

only. Finite element method shall be used as 

numerical tool to study the dynamic response of 

frame-TMD system. We will then carry out Linear 

time history analysis of multi-storey frame with and 

without TMD under sinusoidal and four past 

earthquake ground accelerations. 

 

Methodology: 

FINITE ELEMENT FORMULATIONS 

  

3.1 ELEMENT MATRIX OF PLANE FRAME IN 

LOCAL COORDINATE SYSTEM   

 

3.1.1  Mass matrix  

The mass  matrix of the individual elements is 

formed in local directions then transformed to the 

global direction. Finally it is substituted into the main 

equation. The inertial property or mass of a structure 

in dynamic analysis can be taken by two methods.  

 

Lumped mass  

This is the simplest method for considering the 

inertial properties of the structure, in this method it is 

assumed that the mass of the structure is lumped at 

the nodal coordinate with corresponding translation 

displacement. 

The inertial component associated with any rotational 

degree of freedom is considered as zero. This type of 

mass matrix is generally taken if the given structure 

is modelled as shear building.  The lumped mass 

matrix is 

diagonal.  The 

lumped mass 

matrix for a 

beam element 

is given below. 

 

Fig. Lumped mass for beam element 

Where ρ = Density of the beam material 

ii)  Consistent mass  

The inertial component associated with any rotational 

degree of freedom is considered. The mass matrix is 

symmetric but not diagonal. The consistent mass 

matrix for a beam element is given below. 

 

3.1.2  Stiffness matrix  

The stiffness matrix is also symmetric matrix. The 

elemental stiffness matrix for a beam or a  
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frame element considering axial deformation is given 

below. 

 

3.2  ELEMENT MATRIX OF PLANE FRAME 

IN GLOBAL COORDINATE SYSTEM  

The above matrices are formulated for a specific 

element in local coordinate system (along the length 

of each element). A frame element consists of 

number of node and element. Hence each element 

matrix will vary according to its local axes 

orientation.  In order to assemble the matrices each 

element matrix is transformed to global coordinate 

system. The plane frame element has six degree of 

freedom – three at each node (two displacements and 

a rotation). The sign convention used here is : 

displacements are positive if they point upwards and 

rotations are positive if they are counter clockwise. 

Subsequently for a structure with ‘n’number of 

nodes, the global stiffness and mass matrix ([K], [M]) 

will be 3n X 3n (since it has three degrees of freedom 

at each node). The global stiffness and mass matrix 

([K], [M]) is formed by assembling the transformed 

elemental stiffness and mass matrix ([Ke], [Me]) by 

making calls to the MATLAB function 

PlaneFrameAssemble which is written specially for 

this purpose. 

 

 

Fig.3.2. Co-ordinate transformation for 2D frame 

elements 

In the fig 3.2.above the local and global nodes are 

1,2and i, j respectively. Similarly global and local 

axes are x, y and X, Y respectively.  

‘T’ be the transformation matrix  and  C=Cosα,  

S=Sinα  for the  frame element, which is  

given by: 

Using the transformation matrix, [T] the matrices for 

the frame element in the global coordinate system 

become: 

 

 

 

 

3.3  DYNAMIC EQUILIBRIUM EQUATION OF 

STRUCTURE  

The dynamic response of a structure at any instant of 

time t under an excitation force is defined by its 

displacement u(t), velocity u̇(t) and acceleration ü(t). 

The total  force acting on a 

structure  is resisted by its 

inertia F(t)I, damping F(t)D  

and stiffness F(t)S  component of reactive force. The 

force equilibrium equation of a structure at any 

instant of time of t, subjected to dynamic load F(t) 

can be expressed by the following equation:  

 

 

 

 

 

 

Where,     m= mass of the system.  

                c = damping of the system  

                k= stiffness of the system 

For multi degree of freedom system corresponding 

equation of motion become: 

 

 

Where,  [M] = The global mass matrix of structure.  

 [C] = The global damping matrix of the structure.  

[K] = The global stiffness matrix of the structure.  

U(t) = Absolute nodal displacement.  

U̇(t) = Absolute nodal velocity. 

Ü(t) = Absolute nodal acceleration.  

F(t) = Force vector. (For earthquake loading F(t)= -

[M].Üg(t) )  

 Üg(t)  = Ground acceleration due to earthquake. 

The effect of TMD can be considered by adding an 

extra force that is opposite in its nature to forcing 

function. 

3.4 DYNAMIC ANALYSIS OF STRUCTURE  

The three major factors that rule any particular type 

of analysis process to be applied to structure are: a) 

the type of loads applied externally, b) the behaviour 

of the structure/or structural materials and c) the type 

of structural model selected. There are two types of 

Dynamic analysis, i) linear and ii) nonlinear analysis. 

The building frame in this project has been analysed 

by linear time history analysis.   

If non-linear behaviour is not involved in structure, 

the linear time 

history analysis 
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is the best method to find out the response of a 

structure than any other method.  In linear time 

history analysis method, the response of a structure is 

determined at discrete time intervals which require a 

great deal of  computational effort. Another 

interesting advantage of this method is that the 

relative values of response quantities are saved in the 

response histories. 

 

3.4.1  Steps for the dynamic analysis of 2D frame  

1.  Discretising the domain: each element is divided 

into number of  small part connected  

by nodes and numbered globally.  

2.  Formulation  of the Element matrices: The 

element or local stiffness and mass matrix is  

found for all elements, which is a symmetric matrix 

of size 6×6. 

3.  Assembling the global stiffness matrices:  The 

element stiffness matrices are  then  

transformed to global coordinate system and 

combined globally based on their degrees of  

freedom values.  

4.  Applying the boundary condition: The boundary 

conditions are applied by suitably deleting  

the rows and columns  of the mass and stiffness 

matrix corresponding zero force or displacements.  

5.  Solving the equation: The equation is solved in 

MATLAB to get the value of U by using  

Newmark’s Beta method. 

 

3.5   SOLUTION OF DYNAMIC EQUILIBRIUM 

EQUATION BY NUMERICAL  

INTEGRATION  

It is not possible to get the analytical solution of the 

dynamic equilibrium equation of the structure if the 

applied force F(t) or ground acceleration Üg(t) varies 

arbitrarily with time or the system is nonlinear. The 

most common approach to tackle such  problem  is 

the direct numerical integration of the dynamic 

equilibrium equations  for each time step. There are 

various numerical integration methods for solution of 

differential equation. All approaches can basically be 

classified as either explicit  or implicit integration 

methods.  Most methods use equal time intervals at 

Dt, 2Dt, 3Dt........NDt. 

3.5.1   Newmark’s Beta method  

Here Newmark’s Beta method has been used for 

solution of differential equations.  Because  

of its general flexibility, it has been adopted into 

numerous commercially available computer  

programs for purposes of structural dynamics 

analysis. Newmark’s equations are given by: 

 

 

 

Where,  β and γ are parameters chosen by the user. 

The parameter β  is generally chosen between 0 and 

¼, and γ is often taken to be ½. For instance, 

choosing γ = ½ and β = 1/6, are chosen, eq. 3.12 and 

eq. 3.13 correspond to those for which a linear 

acceleration assumption is valid within each time 

interval. For γ = ½ and β = ¼, it has been shown that 

the numerical analysis is stable; that is, computed 

quantities such as displacement and velocities do not 

become unbounded regardless of the time step 

chosen.  

To find 𝑑𝑑𝑖𝑖+1 , first multiply eq. 3.13 by the mass 

matrix [M] and then substitute the value of   into this 

eq. to obtain 

 
 

Finally, dividing above eq. By  ,  it is obtained 

 

 

 
The solution procedure using Newmark’s method is 

as follows:  

1.  Starting at time t=0,  0   is known from the given 

boundary conditions on displacement, and �̇�0  is 

known from the initial velocity conditions.  

RESULTS AND DISCUSSION 

4.1RANDOM EARTHQUAKE GROUND 

ACCELEROGRAM  

Total four numbers of  past  random  accelerogram 

are taken into consideration for time history analysis  

of the proposed 1D shear building and 2D frame 

building model with and without Single and multiple 

TMD . 

Namely: 

EW component of  1940  El-Centro earthquake  

(PGA=0.2144g)  fig. 4.4.(a),   

compatible time history as per spectra of IS-1893 

(Part  -1):2002 for  5% damping at rocky soil 

(PGA=1.0g)  fig. 4.4.(b),  

Sakaria earthquake (PGA=1.238g)  fig. 4.4.(c),   

The Landers  earthquake  (1992)  (PGA=1.029g)  fig. 

4.4.(d) 

  

Fig. 4.1.(a): EW component of El-Centro earthquake 

accelerogram(1940) 
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4.2  1D SHEAR BUILDING MODEL 

 

4.3  LINEAR TIME HISTORY ANALYSIS OF 

SHEAR BUILDING WITH AND WITHOUT 

SINGLE TMD  

A comparative study is done on the efficacy of single 

TMD  for vibration control by linear time history 

analysis of shear building under a sinusoidal load and 

the previously mentioned four past earthquake data.  

The response is calculated in term of displacement at 

the top floor without and with single Tuned Mass 

Damper.  The damping  ratio  of the shear building as 

well as damper is taken as 0.05 for every mode.  The 

fundamental frequency of the building without TMD 

is tuned to the frequency of the damper in each case. 

 

4.3.1  Effect of TMD mass ratio variation on the 

response of the shear building  

Two different mass ratios of 0.05 and 0.1 are taken in 

analysis.  

 

(a) Sinusoidal acceleration  

First case the shear building is subjected to sinusoidal 

acceleration Ä=Amax sin(ω.t) at ground.  

Where,  Amax  and  ω  are  the  maximum  amplitude  

of acceleration  and frequency of the  

sinusoidal acceleration respectively. The parameters 

Amax and ω are 0.1 m/s2 

 and 3.0637 rad/s (considering resonance condition) 

respectively. 

 

4.3.1  Effect of TMD mass ratio variation on the 

response of the shear building  

Two different mass ratios of 0.05 and 0.1 are taken in 

analysis.  

(a) Sinusoidal acceleration  

First case the shear building is subjected to sinusoidal 

acceleration Ä=Amax sin(ω.t) at ground.  

Where,  Amax  and  ω  are  the  maximum  amplitude  

of acceleration  and frequency of the sinusoidal 

acceleration respectively. The parameters Amax and 

ω are 0.1 m/s2 and 3.0637 rad/s (considering 

resonance condition) respectively. 

 

 
Fig. 4.4: Displacement of the shear building with and 

without single TMD at 50th 

floor under sinusoidal ground acceleration. For (a) 

Mass ratio 0.05, (b) Mass ratio 0.1 

(b) Random earthquake ground acceleration 

 

 
Fig. 4.5: Displacement of the shear building with and 

without single TMD at 50th floor under EW 

component of 1940 El-Centro earthquake. For (a) 

Mass ratio 0.05, (b) Mass ratio 0.1 

Table 4.1  

Comparison study on the Maximum displacement 

(m) at the top floor of the shear building with and 

without single TMD (with variation of mass ratio) 
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Table 4.2  

Comparison study on the Maximum displacement 

(m) at the top floor of the 2D frame with and without 

single TMD (with variation of mass ratio) 

It can be concluded from table  4.2, that  like shear 

building  the  response  of 2D frame  decreases with 

the increase in mass ratio of the TMD. The maximum 

response reduction under earthquake loading is very 

insignificant than under sinusoidal loading. The 

maximum percentage of response reduction takes 

place under Sakaria earthquake for both mass ratio of 

0.05 and 0.1. 

 
Table 4.3  

Comparison Study on the maximum displacement 

(m) of the 2D frame without and with single or 

double TMD (for non-uniform mass ratio) Here two 

different cases are taken response of  the 2-D frame 

with single TMD and double TMD with different 

mass ratio (ratio of first TMD and second TMD mass 

to total structural mass is kept as 0.075, 0.025). But 

the sum of the total mass ratio of double TMD is kept 

constant as single TMD. It is found  from the table 

4.3  that for random earthquake acceleration, the 

maximum percentage of response reduction (51.96%) 

takes place under The Landers earthquake 1992. Also 

the difference in response reduction is higher for 

Landers earthquake. Percentage of response 

reduction for sinusoidal acceleration is 82.2%.   

 
Table 4.4  

Comparison study on the maximum displacement (m) 

of the 2D frame without and with single or double 

TMD (uniform mass ratio of 0.05 for each damper) 

Effectiveness of double TMD with uniform TMD to 

structural mass ratio is considered here.  

From table 4.4 it is found that double TMD with 

uniform mass ratio are much more effective in 

vibration control than a single TMD of same mass 

ratio or double TMD with non-uniform mass ratio. 

Maximum response reduction of the 2D frame is also 

increase with increase in TMD mass to structural 

mass ratio. Here under almost all earthquake 

significant response reduction takes place but not at 

that much rate as in case of sinusoidal load.  The 

maximum response reduction is 89.55 % for 

sinusoidal ground acceleration and 65.25% for the 

Landers earthquake acceleration. 

 
 

CONCLUSION AND FUTURE SCOPE OF STUDY 

CONCLUSION  

 

Present  study focused on the ability of MTMD to 

reduce earthquake induced structural vibration. The 

frame  is discretised  using finite element technique. 

Linear time history analysis of the frame has been 

done at each time step  by using  Newmarks Beta 

method.  

Numerical simulation has been performed to compare 

the frame response  with  effect of uniform, non-

uniform variation of mass ratio and variation of 

damping ratio of MTMD. From study it can be 

concluded that: 

1)  Response of the  frame building reduces with the 

increase in mass ratio of the single TMD.  

2)  TMDs are much more effective to reduce 

structural vibration  when subjected to sinusoidal 

ground acceleration.  

3)  The MTMD with non-uniform distribution of 

mass ratio is more effective than single TMD same 

mass ratio.  

4)  The  MTMD with uniform distribution of mass 

ratio is most effective in vibration control in the 

present study.  

5)  The frame  has same response with single  and  

multiple  TMD  if multiple  TMD with uniform or 

non-uniform distribution  of mass ratio is tuned to 

same structural frequency.  
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6)  The response of the frame building has no effect 

on the variation of damping ratio of the damper. 

 

5.2  FUTURE SCOPE OF STUDY  

1) The frame model considered here is as one and 

two-dimensional. A further study can be done 

including three-dimensional structure model.  

2) In current study both the frame and Damper has 

been modelled as linear one. Thus a further study of 

this problem can be carried out using a nonlinear 

model for frame or TMDs or both.  

3) A further study includes using MTMD tuned with 

all the unfavourable structural frequency as well as 

placing them in different level of the frame.   

4) A future study can be done with active multiple 

tuned mass dampers.  

5) Optimal MTMD can also be designed considering 

unfavourable frequency of past earth data 
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