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ABSTRACT 

Dampers are important for resisting lateral forces on structures, helping to reduce movement in tall buildings 

during earthquakes. They decrease the chance of damage to columns and beams, making buildings stiffer. The 

research focuses on a G+10 storey building and compares different dampers for multi-storey buildings. It uses AI 

programming in Python to evaluate damper performance based on factors like building mass, seismic load, and 

displacement. The findings show that AI can help identify the best dampers, improving safety and analysis 

efficiency. The study highlights the role of dampers in enhancing the stability and safety of multi-storey buildings 

during seismic events. 

Keywords: Tuned Mass Dampers, Tuned Sloshing Dampers, Viscous Dampers, Base Isolation Dampers, Tuned 

liquid Dampers 

1. INTRODUCTION 

In basic terms, an earthquake is the shaking and movement of the earth's surface caused by underground shifts 

along a fault line. The shaking is due to seismic waves, which are the most dangerous. However, it's challenging 

to equip modern tall buildings and structures with these methods, putting their safety and functionality at risk as 

they get taller. According to standard guidelines, a building that can withstand the strongest earthquake expected 

in its area is considered earthquake-resistant. The most effective strategy for designing earthquake-resistant 

buildings is to reduce the number of casualties and the extent of damage to the building's functionality. The 

unpredictability of when and where earthquakes will strike is one of their most significant challenges to both the 

economy and the safety of buildings. Historical records and recent events show that the world has seen numerous 

devastating earthquakes, leading to increased loss of life from building collapses and extensive damage. This has 

highlighted the need for buildings and structures, including residential homes, public facilities, historical 

landmarks, and industrial sites, to be designed to withstand seismic forces. The use of seismic response control 

devices in structural design is now widely recognized and applied in the field of civil engineering. The concept of 

structural control has been successfully turned into practical technology, with these devices being installed in 

buildings. 

The Various types of damper are summarized below 

A. Tuned Mass Dampers 

Tuned Mass Dampers (TMDs) are employed to introduce tuned damping into a variety of structures, thereby 

mitigating their resonant vibrations. A Tuned Mass Damper (TMD) is defined as a vibrating mass that oscillates 

out of phase with the external perturbing force, thereby counteracting the vibration induced in the structure upon 

which the TMD is installed. 

B. Tuned Sloshing Dampers 

A substantial, water-filled container positioned adjacent to the rooftop of a high-rise structure can enhance the 

performance of a building during periods of strong winds. The elegance of a sloshing damper lies in its simplicity. 

This is achieved through the utilization of a waterproof concrete box, which houses a sequence of PVC and steel 

slats. The natural oscillation of water within the container is carefully adjusted to mitigate the building's 

oscillations. 
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C. Viscous Dampers 

Damping devices are often referred to as viscous damping. Usually, they do this by applying a torque or force that 

opposes motion in a velocity-proportional manner. Magnetic structure motion or fluid movement may have an 

impact on this. Enhancement of the damping ratio is the desired outcome. Seismic dampers, or viscous dampers, 

are hydraulic devices that lessen the force of an earthquake and reduce vibrations between buildings. 

D. Base Isolation Dampers 

A seismic damper absorbs energy as the structure moves, but a base isolator primarily offers a means of 

preventing a structure from needing to move and follow the ground when the ground shakes during an earthquake.  

Isolating the base reduces the movement of the building caused by earthquakes. In the design that is earthquake-

resistant, base isolation is often employed. By adding a flexible or sliding interface, this passive control 

technology essentially decouples the structure from the motion of the ground. 

E. Tuned liquid Dampers 

A Tuned Liquid Damper (TMD) substitutes a liquid, generally water, for the mass. A unique kind of TLD known 

as Tuned Liquid Column Dampers (TLCDs) uses the motion of a liquid column inside a container like a U to 

offset the stresses exerted on the structure. A tuned liquid damper is a device that employs confined water and the 

sloshing energy of the water to lessen the dynamic response of the system when it is excited. It is often installed 

on top of a structure. 

2. OBJECTIVE OF PRESENT STUDY 

A. The objective is to analyze the seismic performance of a chosen G+10 reinforced concrete building utilizing 

different types of dampers, employing Python integrated with artificial intelligence. 

B. The analysis will involve comparing several parameters, including building mass, frequency, sway frequency, 

wind load, seismic load, correlation heat map, displacement. 

C. The goal is to identify the most effective type of damper that enhances earthquake resistance for the selected 

structure. 

3. PROBLEM STATEMENT 

Table 1: Problem statement for analysis 

Structural Details Remark 

Building Height in Meter 30 

Building Mass in Tons 11000 

Sway Frequency in Hertz 02 

Wind Load in  Newton/Square Meter 38 

Seismic Load - Newton 12000 (12 KN/SQ.M) 

4. RESULT AND DISCUSSIONS 

Table 2: Analysis of Dampers 

Tuned Mass Dampers 

Mass of TMD (M) - Tons 142.58 

Spring Constant (K) - Newton/Meter 193911.78 

Damping Coefficient (C) -Newton-Second / Meter 22835.81 

Natural Frequency (ω) - Hz 1.04 

Displacement (x) - Several Centimeters to Meters - 

Depends on the required damping capacity. 

1.85 

Damping Ratio (ζ) 0.03 

Tuning Ratio (TR) 1.03 

Tuned Sloshing Dampers 
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Liquid Volume in TSD - Gallons 24305.58 

Baffle Systems Internal baffles to control sloshing motion -

Baffles are used to reduce sloshing and improve 

damping efficiency. 

Sloshing Frequency - Hz Tuned to match building sway frequency -

Sloshing frequency is adjusted based on building 

dynamics 

Building Displacement (x) - Several Centimeters 

to Meters Depends on the required damping 

capacity. 

1.44 

Damping Characteristics Influenced by liquid properties and baffles -The 

effectiveness of damping depends on liquid 

properties and baffles 

Viscous Dampers 

Viscous Damper Damping Coefficient (C) - 

Newton Second/Meter 

99819.89 

Viscous Damper Design Various designs using hydraulic or viscous fluid -

The specific design of the viscous damper may 

vary. 

Displacement (x) - Several Centimeters to Meters - 

Depends on the required damping capacity. 

0.62 

Base Isolation Dampers 

Base Isolation System Elastomeric bearings, sliding bearings, or hybrid 

systems -The type of base isolation system used 

may vary. 

Natural Period of Base Isolation (T) Second 1.83 

Tuned liquid Dampers 

Liquid Volume in TLD (V) - Gallons 57235.91 

Baffle Systems Internal baffles or sloshing suppressors- Baffles 

are used to control the motion of the liquid and 

enhance damping efficiency 

Sloshing Frequency - Hz Tuned to match building sway frequency -The 

sloshing frequency is adjusted based on building 

dynamics. 

Displacement (x) - Several Centimeters to Meters - 

Depends on the required damping capacity. 

0.7 

The analysis of the table indicates that Tuned Mass Dampers are the most suitable option for the specified model. 

It is recommended to incorporate Baffle Systems alongside the Tuned Sloshing and Liquid Dampers, while the 

Sloshing Frequency should be modified according to the dynamics of the building. The viscous damper exhibits 

the lowest displacement, recorded at 0.62. 
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Figure No. 1, “Tuned Mass Dampers optimization diagram” 

 
Figure No. 2, “Histogram between Building Height & Frequency” 

 
Figure No. 3, “Histogram between Building Mass & Frequency” 
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Figure No. 4, “Histogram between Sway Frequency & Frequency” 

 
Figure No. 5, “Histogram between Wind & Frequency” 

 
Figure No. 6, “Histogram between Seismic Load   & Frequency” 
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Figure No. 7, “Correlation Heatmap” 

 
Figure No. 8, “Pair Plot” 
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Figure No. 9, “Displacement vs Mass of TMD considering building mass & wind load” 

 
Figure No. 9, “Displacement vs Mass of TMD considering building mass & Seismic load” 

CONCLUSION 

A. The natural time period for the base isolation damper is 0.83 seconds. 

B. The displacement (x) can range from several centimeters to meters, depending on the required damping 

capacity, which is measured at 1.85, 1.44, 0.62, and 0.7 for Tuned Mass Dampers, Tuned Sloshing Dampers, 

Viscous Dampers, and Tuned Liquid Dampers, respectively. 

C. Internal baffles or sloshing suppressors are utilized to manage liquid motion and enhance damping efficiency 

in Tuned Liquid Dampers, while in Tuned Sloshing Dampers, baffles serve to mitigate sloshing and improve 

overall damping performance. 

D. It can be concluded that Tuned Mass Dampers play a crucial role in minimizing and managing the seismic 

response of structures compared to other damper types. 

287



ISSN: 2633-4828  Vol. 5 No. S4, (July-Aug 2023) 

 

International Journal of Applied Engineering & Technology 
 

 

Copyrights @ Roman Science Publications Ins.  Vol. 5 No. S4, (July-Aug 2023) 

 International Journal of Applied Engineering & Technology 

 

  

 

REFERENCES 

Journals 

1. ROBERT J. MCNAMARA AND DOUGLAS P. TAYLOR, “FLUID VISCOUS DAMPERS FOR HIGH-

RISE BUILDINGS”, Wiley Inter Science (www.interscience.wiley.com). DOI:10.1002/tal.218, May 2002. 

2. Samuele Infanti, Jamieson Robinson, Rob Smith, “VISCOUS DAMPERS FOR HIGH-RISE BUILDINGS”, 

the 14th World Conference on Earthquake Engineering October 12-17, 2008, Beijing, China. 

3. Ruixue Chen, Guolei Xing, “SEISMIC Analysis of high-rise buildings with composite metal damper”, 

MATEC Web of Conferences, http://dx.doi.org/10.1051/matecconf/20153111002, 2015. 

4. Ankit Jain and Dr. R. S. Talikoti, “Performance of High Rise Structure with Dampers at Different Location”, 

International Journal of Engineering Research & Technology (IJERT), ISSN: 2278-0181 Vol. 5 Issue 07, 

July-2016. 

5. Khaled Ghaedi, Zainah Ibrahim, Hojjat Adeli, Ahad Javanmardi, “Invited Review: Recent developments in 

vibration control of building and bridge structures”, JVE INTERNATIONAL LTD. JOURNAL OF 

VIBROENGINEERING, DOI https://doi.org/10.21595/jve.2017.18900, accepted 26 July 2017. 

6. M. S. Landge & Prof. P. K. Joshi, “Comparative Study of Various Types of Dampers used for Multi-Story 

R.C.C. Building”, International Journal for Research in Applied Science & Engineering Technology 

(IJRASET), ISSN: 2321-9653, Volume 5 Issue IV, April 2017 

7. You‐Lin Xu, Hong‐ping Zhu, “Energy regenerative tuned mass dampers in high‐rise buildings”, WILEY, 

DOI: 10.1002/stc.2072, Accepted: 2 July 2017. 

8. Vyacheslav Teplyshev, Alexey Mylnik, Maria Pushkareva, Murad Agakhanov and Olga Burova, 

“Application of tuned mass dampers in high-rise construction”, E3S Web of Conferences 33, 02016, 

https://doi.org/10.1051/e3sconf/20183302016; (2018) 

9. Khalil Yahya Mohammed Almajhali, Bin Xu, Qingxuan Meng, “Seismic Response Evaluation of High-Rise 

Building withand Without Fluid Viscous Damper”, American Journal of Civil Engineering, 

http://www.sciencepublishinggroup.com/j/ajce , doi: 10.11648/j.ajce.20180605.15, ISSN: 2330-8729 (Print); 

ISSN: 2330-8737 (Online), 2018 

10. Hamid Radmard Rahmani and Carsten K¨onke, “Seismic Control of Tall Buildings Using Distributed 

Multiple  Tuned Mass Dampers”, Hindawi Advances in Civil Engineering Volume 2019, Article ID 

6480384, https://doi.org/10.1155/2019/6480384, Published 19 September 2019 

11. N I Zakieva, D V Grankina, D K Vasilieva, A D Tyutina, “Damping of high rise buildings”, IOP Conf. 

Series: Materials Science and Engineering 698 (2019) 022042 IOP Publishing doi:10.1088/1757-

899X/698/2/022042, CATPID-2019. 

12. Lekshmi Suresh and K. M. Mini, “Effect of Multiple Tuned Mass Dampers for Vibration Control in High-

Rise Buildings”, American Society of Civil Engineers, DOI: 10.1061/(ASCE)SC.1943-5576.0000453, 2019. 

13. MajdArmaly, HalaDamerji, JaafarHallal, MahmoudFakih, “Effectiveness of friction dampers on the seismic 

behavior of high rise building VS shear wall system”, WILEY, DOI: 10.1002/eng2.12075, 16 November 

2019. 

14. Ubair Gul Khan & Mirza Aamir Baig, “Behaviour of Tall Buildings using Tuned Mass Dampers”, 

International Journal of Engineering Research & Technology (IJERT), ISSN: 2278-0181 Vol. 9 Issue 09, 

September-2020 

288

http://dx.doi.org/10.1051/matecconf/20153111002
https://doi.org/10.21595/jve.2017.18900
https://doi.org/10.1051/e3sconf/20183302016
http://www.sciencepublishinggroup.com/j/ajce
https://doi.org/10.1155/2019/6480384


ISSN: 2633-4828  Vol. 5 No. S4, (July-Aug 2023) 

 

International Journal of Applied Engineering & Technology 
 

 

Copyrights @ Roman Science Publications Ins.  Vol. 5 No. S4, (July-Aug 2023) 

 International Journal of Applied Engineering & Technology 

 

  

 

15. Sadegh Etedali, Morteza Akbari and Mohammad Sei, “Friction Tuned Mass Dampers in Seismic-Excited 

High-Rise Buildings with SSI Effects: A Reliability Assessment”, Journal of Earthquake and Tsunami Vol. 

17, No. 2 (2023) 2250022. DOI: 10.1142/S1793431122500221, Published 5 October 2022. 

16. Mohamed Hechmi El Ouni, Mahdi Abdeddaim, Said Elias and Nabil Ben Kahla, “Review of Vibration 

Control Strategies of High-Rise Buildings”, MDPI, https://doi.org/10.3390/s22218581, 7 November 2022. 

17. Mariyala Vaishnavi, G V V Satyanarayana, and V Naresh Kumar Varma, “ Seismic analysis of high-rise 

building with tuned mass damper and core column”, E3S Web of Conferences 391, 01199 (2023),   

https://doi.org/10.1051/e3sconf/202339101199, ICMED-ICMPC 2023 

 

289

https://doi.org/10.3390/s22218581
https://doi.org/10.1051/e3sconf/202339101199

