Letter to the Editor

Importance of Metallic Yield Dampers in Environmental and Seismic Effects
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ABSTRACT 

	One of the common and feasible ways to control structural behavior under seismic effects is to use metallic yield dampers that can be easily replaced after an earthquake. Metallic yield dampers are one of the most effective and economical mechanisms for dissipating seismic energy obtained through inelastic deformation of the material. Metallic yield dampers can be integrated into the system either directly into the bracing element or by placing them between the bracing system and the beam. In order to increase the use of dampers and thus improve the performance of structures, especially in underdeveloped and developing countries, it is important to consider factors such as economic production and environmental sustainability as well as strength, stiffness and energy consumption capabilities in the design of metallic yield dampers.
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1. INTRODUCTION 

The severe earthquakes we have experienced all over the world have resulted in great loss of life and property. In major earthquakes such as Iran (Mw: 7.3; 2017), Haiti (Mw: 7.2, 2021) and Turkey (Mw: 7.6; Mw: 7. 7, 2023), buildings were severely damaged by exhibiting non-ductile behavior, especially due to soft/weak storey. These experiences have shown the importance of ductile behavior of structures under earthquake effects.

Using FRP (Fiber Reinforced Polymer) or steel jackets for reinforced concrete buildings is widely used for local reinforcement. These methods have little effect on the lateral stiffness and lateral strength of the structure. For steel and RC buildings, adding a shear wall or base isolation improves the system behavior, but entails both high cost and heavy construction demolition works.

Steel braces are effectively used as a lateral load system in the strengthening of structures.  Concentrically braced systems (CBFs) provide high lateral stiffness and strength with economical cross sections. Despite this important advantage, CBFs have low energy absorption capacity and low ductility. This is because the behavior of the diagonal members under compression causes a decrease in energy dissipation capacity and loss of strength (Akşar et al., 2018). It is possible to overcome this problem by using damper elements in CBF systems.

The use of dampers, especially steel dampers, can be an efficient and economical method that can be easily developed to improve the behavior of steel and concrete buildings. Many dampers are currently used in many countries, especially in developed countries. However, many of them are complex to construct and install or are expensive, making employers unwilling to use them for general buildings. Furthermore, due to the general lack of simple and effective design procedures in standard building codes, the application of dampers in current practice is quite limited.

Studies show that compared to conventional CBF systems and CBF systems equipped with dampers, the systems strengthened with dampers are able to dissipate energy with stable hysteretic behavior without any sudden degradation in stiffness and strength, and the system performance is improved. In addition, damages are limited to the damper and all other structural elements of the structures remain elastic (Alehashem et al., 2008; Alshimmeri et al., 2021; Behnamfar, 2023; Mohemmi & Zahrai, 2022; Mohsenian & Mortezaei, 2019; Oinam, 2019; Özçelik, 2016). Studies on the development of metallic yield dampers (Ghadami et al., 2024; Mohemmi & Zahrai, 2022; Thongchom et al., 2022; Yousefi et al., 2022) aim to improve the dampers' properties such as energy absorption, stiffness, lateral strength of the system as well as ease of construction and economy. The achieved results show that optimum designs can be obtained that improve the behavior of the structure and at the same time, simple fabrication/installation and economy can be taken into account.

Researchers (Ferraioli et al., 2023) studied applying metallic yield dampers to real buildings. The application confirmed what was foreseen, such as minimal interference with existing structures and systems, easy and quick installation of the diagonals equipped with dampers, and less interference with ongoing activities.

Accordingly, it is also important for environmental impacts that new designs are economical, easy to manufacture and practical in terms of assembly/replacement. Economical designs help to keep costs under control, while easy manufacturing and assembly/replacement processes increase the efficiency of the production process and can reduce the amount of waste. This positively affects environmental impacts. Furthermore, in terms of environmental sustainability, it is also important that such designs use recyclable materials or consume less energy.

Consequently, in order to support the success of metallic dampers in improving the performance of structures under seismic effects and to increase their use, the further studies on the subject will be useful to focus on effective design procedures to be included in building codes. And also, it would be useful to focus on designs, thus taking into account economic and environmental impacts.
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