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Abstract—Current building industry trends call for higher and lighter steel structures that are both flexible
and have a low damping value. This raises the likelihood of failure and, as a result, serviceability issues. There
are many approaches available now to reduce structural vibration, among which TLD is a novel idea. The
primary goal of this research is to investigate the efficacy of a structure while using TLD (Tuned liquid damper
method) to reduce vibrations caused by lateral forces. In this research, we shall examine a tall building by
Indian seismic zones Il and V to construct comparison research, use the Analysis tool ETABS to compare a
broad conventional structure with a TLD given structure. The tall tower is designed by 1S-800: 2007 General

code for Design of Steel Structure.
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INTRODUCTION

Controlling Vibrational loading is a crucial consideration when building a structure, particularly if it is tall.
Wind and earthquakes may cause large amounts of vibration in buildings. When seismic waves travel through a
building, immense forces are exerted, speeding up and uprooting the structure, making it deeply unsafe and
eventually causing it to collapse. Furthermore, since today's high skyscrapers are built tall using flexible pillars,
wind may have a significant impact on the structure. This repetitive load cycle might create weariness in the
Shafts, as well as disappointment in the structure, Seismic examination is a subset of fundamental research that
involves estimating the response of a structure that has been subjected to seismic threats. It is a part of the
supplemental plan, seismic tremor designing, or fundamental assessment and retrofit technique in earthquake-
prone areas.Liquid dampers are one of the many options available for reducing vibrations in constructions.
When a system is exposed to excitation, a liquid damper is water contained in a container that utilizes the
sloshing energy of the water to minimize the dynamic response of the system. It has also been shown to be

particularly good in canceling wind-induced vibrations.
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Tuned Liquid Damper

Steel Support

Figure 1: TLD with Steel Support

2. REVIEW OF THE LITERATURE

Ranaet al., Ranaet al., Ranaet al (2018)the efficacy of Tuned Liquid Dampers (TLD) in reducing seismic
vibration of a structure when subjected to flat sinusoidal stimulation was shown by the authors. TLD is a water-
filled container, or simply a water tank, that uses the sloshing energy of water to reduce the dynamic response
of a structure when it is exciting.Analysts advocated for an approach for designing TLD for a structure, as well
as a way for demonstrating TLD in SAP2000 programming. Several investigations were conducted at that time
to determine the effect of different TLD characteristics that may affect its display. Changes in mass proportion,
tuning percentage, excitation proportion, number of tales, TLD location, and so on are all investigated. The
auxiliary response is studied about the largest base shear, the fastest relative growing speed, and the uprooting
of the top storey to the maximum extent possible. Ends are inferred and ideas for an optimal TLD structure are

made based on the results of these analyses.

Roshni and Ritzy (2015) studied the performance of a novel kind of cost-effective damper for reducing
vibrations caused by wind and earthquakes in tall structures. TLD (Tuned Liquid Damper) is a type of TMD
(Tuned Mass Damper) in which the mass is replaced by a fluid (typically water). For modifying the dynamic
qualities of a structure and spreading its vibration vitality under symphonious stimulation, a TLD relies on the
movement of shallow fluid in an unbending tank. TLD's viability is determined by the structure's response
reduction, which is a two-celebrated steel building outline. Different factors that influence TLD display are also

taken into account.

al. Pardeshiet (2014) TLDs with unbending perplex dividers and varying water profundities, such as 50mm,
70mm, 90mm, and 110mm, were investigated. The trials are carried out on a scaled model (G+ 5 storeys) that
has been subjected to sinusoidal excitations using a shaking table examination. The key purpose of
implementing such an astonishing division is to reduce the fundamental vibrations that are exposed to
earthquake excitation. According to the findings, TLD with a water depth of 90mm and a single perplex

becomes more
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potent, resulting in an 80% reduction in speeding up. It's also been observed that only TLD that is properly
tuned to the structure's common recurrence are progressively effective for controlling vibration. TLD's damping

effect is dramatically reduced when it is mistuned.

3. OBJECTIVES

The following are the study's key goals:

e ETABS software was used to model and analyze a tall steel building with a tuned liquid damper.

e The purpose of this study was to compare the efficacy of liquid dampers steel structures to ordinary steel
structures under vibrational stress.

¢ To calculate the cost of running and building a liquid damper following S.O.R.

e To propose a structural design idea that takes into account Assigning dampers is a concept.

4. METHODOLOGY

Step 1: Conduct a literature review on seismic assessment and tuned dampers.

Step 2: Decide on the building's boundary conditions and how they will be used.

Step 3: Assigning Liquid Dampers.

Step 4: Assigning Materials and Sectional Properties

Step 5: Examine the liquid dampers and compare them to the overall construction.

Step 6: Formulate the problem and calculate the loading.

Step 7: Analyze the data in terms of maximum bending moments, maximum axial force, maximum

displacements, story-wise displacement, maximum shear force, maximum axial force, and support responses.

Geometrical Data
Plan dimension 14x 18 m
Length (m) 14 m
Width (m) 18 m
Height each floor(m) 3.2m
Number of floors G+10
Tuned damper 3.5m X 4.5m
Column Size 1.5.M.B.200

Table 1: Liquid dampers that have been fine-tuned
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Seismic Weight Calculation
S.No. | Category | no. | length | breadth | height [volume m?|density (T/m?)| weight (T)
1 columns | 30 | 0.35 0.3 3.2 0.336 78.5 26.376
2 beams | 96 | 0.3 0.2 0.3 0.018 78.5 1.413
3 slab 17.8 13.5 0.125 | 30.0375 25 75.0938
4 brick wall 120 0.2 3 72 1.8 129.6
Total building weight 232.4828

Table 2: Composite Structure Weight

5. ANALYSIS AND RESULT

h = Building height in meters. Basement stories, when basement walls are attached to the ground floor deck or

placed between the building columns, are not included. It does not, however, include the basement levels when

111 and V earthquake zones (Z=0.16 and 0.36) 5 is the response reduction factor.

Damping — 5% Importance Factor — 1 Importance Factor — 1 Importance Factor — 1 Importance Factor

Soil Type: Depending on the Location
0.075h0.75 (Ta = 2.145 sec) Natural Time Period (Ta)

they are not as well linked.

Findings of the analysis
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Figure 2: shows the current situation
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Figure 4: Axial Force
Quantity S.O.R. Total Cost
Case (Kg) Rate/Kg (Rs)
General Structure
Zonelll 142800.67 48 6854432.16
TLD
Structure Zone 11 134220.21 48 6442570.08
General
Structure ZoneV 157004.00 48 7536192.00
TLD
Structure Zone V 146000.54 48 7008025.92

Table 3: Analysis of Costs
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Figure 5: Displacement in Zone 11l
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Figure 6: Displacement in Zone V

6. CONCLUSION

A. Displacement of Storey

It has been discovered that tuned liquid dampers are suitable for resisting the general removal of a structure due
to seismic forces; in comparison to a general structure, it is 37.4 percent more stable and resisting uprooting,
resulting in the structure remaining at a reasonable point of confinement.

B. Moment of Bending

In comparison to general construction, a tuned liquid damper structure is more efficient since it has a twisting
minute limit, resulting in a reduction in bending moment and a lower steel demand.

C. Forces

It can be observed that the load distribution becomes uniform and linear as a result of adjusted liquid dampers.
When it comes to hub forces, the vertical circulation of forces becomes constant, and flat forces are generated.
D. Cost

TLD construction is more cost-efficient than general structure in both seismic zones, according to the cost

study, with an 8 percent cost savings.
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E. The work's future scope

In the proposed work, a high-rise steel building is envisaged, which can be expanded to additional stories in the
future with floor-to-floor height fluctuation. In this research, seismic analysis is taken into account, however, in
future studies, wind load or blast load may be taken into account.In this study, ETAB was used for analysis, but

in the future, SAP2000 may be preferred for P-delta analysis.
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