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Abstract 

Every civil structure needs Vibration control under earthquake Load, wind Load and service loads. Tuned liquid dampers (TLDs) 

are considered as the most effective and less maintenance method used for protecting high-rise buildings from vibrations. Multiple 

Tuned Liquid Dampers (MTLD’s) is introduced in structural control as an improvement over the single TLD. In this paper an 

analytical study is proposed on the effectiveness of multiple tuned liquid dampers over single TLD under wind and earthquake to 

reduce structural vibration of a multi storied building using FEAST and NASTRAN (software’s for analysis). Primarily, modeling 

of structure was done and free vibration analysis was executed to determine the fundamental natural frequency. Then the 

mathematical model of single and multiple TLD is to be designed for the natural frequency of building and the frequency response 

analysis were carried out by providing wind data and base excitation of 1m/s2. The study revealed that double TLD is found to be 

an optimum (48.57% and 62.34% response reduction for Earthquake and wind vibration respectively) for the selected structure by 

considering effectiveness and practical conveyance. Finally tank dimensions are proposed for practical implementation of TLD.                
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Nowadays, there is an increasing trend to construct tall structures, to minimize the increasing space limitations in urban areas. But 

the response of these structures due to environmental forces makes it vulnerable, which led to the advancement of the controlled 

devices in the recent past .The vibration due to building forces can be controlled by the modification of rigidity, mass, damping, 

shape etc of the structure. The selection of a particular type of vibration control devices is governed by a number of factors which 

include efficiency, compactness and weight, capital cost, operating cost, maintenance requirement and safety. Damping being an 

effective method to control effect of vibration remains as big challenge to engineers. 

It is well known that the single TLD is very sensitive even to small changes in tuning ratio in the optimal design. Errors in 

predicting or identifying the natural frequencies of the structure and errors in fabricating the TLD will also add to its sensitiveness. 

To reduce the sensitiveness to tuning errors, the damping of the TLD can be made higher but this will ultimately make it heavier 

which is not desirable. So in the practical design the optimal values of the TLD parameters are usually not chosen. To overcome 

these difficulties the concept of Multiple Tuned Liquid Dampers (MTLD) were introduced in structural control as an improvement 

over the single TLD. 

The basic configuration of the MTLD is a large number of small oscillators whose natural frequencies are distributed around 

the natural frequency of a controlled mode of the structure. MTLD is not sensitive to tuning errors. For white noise base excitation, 

the MTLD can have better performance compared with the conventional optimal single TLD. The multiple tuned liquid damper 

systems were designed for the structure by taking the results from normal mode analysis. As pointed earlier, the idea of MTLD is 

to use a number of TLDs whose natural frequencies are distributed around the control mode natural frequency of the structure.  

The frequency spacing of TLDs is defined as the difference in tuning frequencies of two successive TLDs. When the natural 

frequencies of MTLD are equally distributed, frequency spacing is constant. In the general case the average frequency of all the 

TLDs is taken as equal to the fundamental frequency of the structure. 

The objective of this paper is to find the optimum number of TLD units under 1.5% mass ratio to effectively control the structural 

response of chosen building by installing a model of TLD’s attached to the structure subjected to wind vibration and ground motion. 

II. DESCRIPTION OF MODEL 

A 25-storey irregular reinforced concrete building with a storey height of 3m and overall height of 78 meters was chosen for the 

analysis. The finite element modeling and different analysis of the building frame was performed using FEAST and NASTRAN 

(software’s for analysis). The material properties of various elements in the model were shown in table 1. 
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Table - 1 

The Material Properties of various elements in the Model 

Material Density (Kg/m3) Modulus of elasticity (N/m2) Poisson’s ratio 

Reinforced concrete 3880 3.31E +10 0.15 

 
Fig. 1: 3-D model of the building studied 

III. FREE VIBRATION ANALYSIS OF THE STRUCTURE 

Natural frequencies and mode shapes of the structure are found out from the free vibration analysis. The data collected from the 

free vibration analysis are the basic dynamic characteristics of the structure and the input details for the design of a damping 

system. The natural frequencies of various modes of the building using FEAST and NASTRAN were shown in table 2. 
Table - 2 

Natural frequencies of various modes of the structure 

Mode 1 2 3 4 5 6 7 8 9 10 

Frequency (FEAST) 0.3451 0.3884 0.4469 1.0949 1.2362 1.4760 1.9662 2.3453 2.8513 2.8916 

Frequency (NASTRAN) 0.3451 0.3884 0.4469 1.0949 1.2362 1.4760 1.9662 2.3453 2.8513 2.8916 

As mentioned earlier, a structure can have many modes of frequency. There will be a particular frequency which is dominant 

for the whole structure. This dominant frequency will produce the maximum effect (response) on the structure compared to other 

frequencies. The fundamental frequency from normal mode analysis is obtained as 0.3451 Hz. 

IV. EFFECTIVENESS OF MULTIPLE TUNED LIQUID DAMPERS 

Frequency response analysis is a method used to compute the structural response of steady state oscillatory excitation. A base 

excitation of 1 m/s2 was provided at all supports of the building in the shortest direction and wind forces can be in the form of 

applied forces on each nodes on different storey level (calculated as per IS 875: 1987 part 3).  

The differences in phase between building and damper allow the effective dissipation of energy.  Also the maximum phase 

difference (900) occurs when the TLD is tuned exactly to the natural frequency of the building. From IS 1893: 2002, the damping 

of the structure is selected as 5%. 

The sloshing mass and spring constant values for different TLD configurations can be calculated by keeping the frequency is 

same as the natural frequency of the building as shown in table 3. 
Table - 3 

Slosh mass and spring constant for different TLD configurations 

Sl No. TLD Configuration Slosh mass, Ms (Kg) Spring constant, k 

1 1 TLD 218876.4 1029590.20 

2 

 
2 TLD 

146647.2 689826.47 

72229.21 339765.24 

3 3 TLD 

54719.10 257397.91 

109438.20 514795.85 

54719.10 257397.91 

4 4 TLD 

43775.28 205918.33 

87550.56 411836.68 

43775.28 205918.33 

43775.28 205918.33 
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(a)                                                                                        (b) 

      
(c)                                                                                (d) 

Fig. 2: Structure with different TLD configurations  (a) Single TLD (b) Double TLD (c) 3 TLD (d) 4 TLD 

Frequency response analysis was carried out and compares the response of building with different TLD configurations under 

wind and earthquake is shown in table 4 and fig. 3, 4. 
Table - 4 

Comparison between different TLD configuration underground excitation and wind 

EFFECT OF MTLD UNDER GROUND MOTION AND WIND VIBRATION 

Sl 

No. 

GROUND MOTION WIND VIBRATION 

Response 

with no 

TLD 

MTLD 

Configuration 

Response 

with Different 

TLD's 

Percentage 

Reduction 

Response 

with no 

TLD 

MTLD 

Configuration 

Response 

with Different 

TLD's 

Percentage 

Reduction 

1 11.26 1 7.55 32.94 3.93 1 1.52 61.32 

2 11.26 2 5.79 48.57 3.93 2 1.48 62.34 

3 11.26 3 5.69 49.46 3.93 3 1.45 63.10 

4 11.26 4 5.57 50.53 3.93 4 1.36 65.39 
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Fig. 3: Response of building with MTLD underground excitation             Fig. 4: Response of building with MTLD under wind vibration 

 

The Fig. 3 and 4 shows that there is a marginal decrease in response at 3 and 4 TLD configuration compared to double TLD 

during wind and earthquake. Therefore it can be concluded that by considering effectiveness and practical conveyance 2 TLD is 

considered as optimum TLD configuration under both the cases of ground motion and wind vibration for the considered structure. 

   
Fig. 5: Comparison of FEAST and NASTRAN results at optimum TLD configuration (a) Ground motion (b) wind vibration 

V. PRACTICAL IMPLEMENTATION 

Swimming pools and Firefighting tanks are essential for a taller apartment building. If these tanks are effectively constructed and 

maintain a particular water level, it can also be used as TLD’s for effective vibration control of structures. There for the tank 

dimensions for optimum case by considering practical implementation purpose was found using closed form solutions. The 

dimensions of rectangular and circular tanks were given in table 5. 
Table - 5 

Practical dimensions of Circular Tank 

CASE 
Diameter of the 

tank (m) 

Height of  

water (m) 

Slosh mass of liquid in 

tank (Kg) 

Slosh mass 

required (Kg) 
Remarks 

Double TLD with 1.5 % 

mass ratio 

11.9 1.725 146904.55 146647.2 
On right top of the 

building 

8.15 2.15 72425.17 72229.21 
On left top of the 

building 

Table - 6 

Practical dimensions of Rectangular Tank 

CASE 
Width of the 

tank (m) 

Length of the 

tank (m) 

Height of  

water (m) 

Slosh mass of liquid 

in tank (Kg) 

Slosh mass 

required (Kg) 
Remarks 

Double TLD with 1.5 

% mass ratio 

12 12 1.51 146854.3 146647.2 
On right top of the 

building 

8.2 10 1.57 72393.49 72229.21 
On left top of the 

building 
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VI. CONCLUSIONS 

Earthquake and wind vibration control of a 25 storey benchmark building installed with Multiple Tuned Liquid Dampers (MTLDs) 

as per modal frequencies and mode shapes are investigated using FEAST and validated by NASTRAN. From frequency response 

analysis double TLD was found to be most effective by considering effectiveness and practical conveyance (48.57% and 62.34% 

response reduction for Earthquake and wind vibration respectively). Practical dimension of TLD tanks were found out for optimum 

case by considering rectangular and circular shapes. 
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