
USING METALLIC DAMPING DEVICES FOR SEISMIC STRENGTHENING OF RC FRAMES 

Tarunveer Singh
#1

 | email id. tarunveer.iitd@gmail.com 

  Prakher Arora
#2

 | email id. prakherarora@gmail.com  
#1, #2

 Department of Civil Engineering, Indian Institute of Technology Delhi 

 

Abstract 

This project was aimed at providing an effective method to upgrade the seismic resistance capacity of existing RC 

buildings, which was done via installation of metallic dampers and a bracing system to re-strengthen a damaged RC 

frame. The first part of this project is the research findings of the seismic performance of steel shear panels used in 

dampers and performing preliminary repairing of strength tested RC frame. The second part is the fabrication and 

installation of the chosen damping device. And the third part compares the seismic response of the RC frame before 

and after the installation of the damping device under to gravity loads and reversed cyclic lateral displacements. 

Evidently, the shear yielding of web plates under lateral loads leads to stable and excellent hysteretic energy 

dissipation. 
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1. Introduction 

Passive control of excessive vibration of structures under seismic loading conditions using metallic dampers is 

considered as one of the most-effective and least-expensive techniques in the earthquake-resistant design. The 

energy dissipation potential of these dampers primarily relies on the hysteresis due to the flexural/shears yielding of 

metallic plates. This concept would be used to re-strengthen a damaged RC frame that has been subjected to cyclic 

loading condition.  

 

Before installing the metallic dampers, it was necessary to re-strengthen the RC frame so that a comparison could be 

drawn. Hence, a two stage repairing was performed on the frame:  

 Epoxy containing adhesives were syringed to the failure-cracks developed in the corner and  

 The sites of dents throughout the length of beam were hammered and then concrete jacketed (using M25 

grade of concrete). 

 

The damper should be chosen and manufactured very carefully so as to avoid excessive local strain concentration. 

Various dampers that can theoretically dissipate energy by undergoing plastic deformation have been explored. 

While the X-shaped and V-shaped dampers have been widely used, dual-pipe dampers and Lead-Extrusion dampers 

are relatively newer concepts. Owing to its ease in installation, especially in space-constrained areas, it was decided 

to design and install a V-shaped Framed Bracing System. 

 

Next the fabricated metallic dampers (MDs) are fixed on the nodes between beams and braces. In the installation 

process, the upper side of the MDs are welded on the embedded level steel plate in the beam, and the underside of 

the MDs are welded on the another level steel plate, which is attached with braces. 

 

Readings of the behavior of a single story RC frame when subjected to gravity loads and reversed cyclic lateral 

displacements were studied (before and after installing the dampers). These readings displayed the shear strain that 

the RC beam + damper system underwent on being subjected to shear force. The critical locations of failure were the 

four corners of the frame. Comparing the strength parameters of the two cases reflected the impact of installing the 

metallic dampers. 

 

The entire projected can be segmented as follows: 

a. Preliminary repairing of the damaged RC frame; choosing an apt metallic damper to re-strengthen the 

structure.  

b. Fabrication and installation of the damper. 

c. Behavior of the frame under gravity loads and reversed cyclic lateral displacements, after the installation of 

bracings and dampers. 

 

Fig. 1-A to 1-B: Frame to be repaired 
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2. Literature Review 

 

2.1. Satpal Singh Taraithia, Dipti Ranjan Sahoo, Alok Madan (2013). Experimental Study of Combined Yielding 

Metallic Passive Devices for Enhanced Energy Dissipation of Structures. The project studied combined metallic 

dampers consisting of both flexural shear plates which exhibited stable and excellent hysteretic response resulting in 

significant energy dissipation. The increase in length of shear plate enhanced the lateral load carrying capacity of 

these dampers. The maximum damping potential of these dampers was found to be 32% at 21.0% drift level. The 

importance of avoiding premature instabilities such as failure of welding, bearing failure of web plates, etc. in order 

to achieve enhanced supplemental energy dissipation was laid thrust upon. 

 

2.2. Gang Li, Hongnan Li (2008). Earthquake-resistant design of RC frames with "Dual Functions" metallic damper 

(DFMD). In this paper, the DFMD was presented utilizing the new idea of the force and steel plane being on one 

plane. Model and prototype test were carried out respectively, and test clearly revealed the properties of DFMD 

from its  

large and stable hysteresis curves. The DFMD didn’t only provide certain stiffness, but also showed good ability of 

dissipating the energy. The design procedure and install method of actual building with DFMDs were introduced. 

The dynamic analysis of this building with and without DFMDs was carried out individually. The results presented 

that the DFMD was an effective dissipater. Calculation of the response of the structure with dampers utilizing the 

software ANSYS was done. 

 

2.3. A.M. Reinhorn, M.C. Constantinou, C. Li (1995). Use of supplemental Damping Devices for seismic 

strengthening of lightly reinforced concrete frames. The seismic retrofit of lightly reinforced concrete structures can 

benefit immensely from use of supplementary damping devices. These devices can control and reduce the inelastic 

deformations and remove the demand for energy dissipation form the gravity load supporting members. The retrofit 

can be done by-and-large with minimal interference in the existing structural system and minimal disruption to the 

structure. 

 

2.4. M.D. Symans, F.A. Charney, A.S. Whittaker, M.C. Constantinou, C.A. Kircher, M. W. Johnson and R.J. 

McNamara (1993). Energy Dissipation Systems for Seismic Applications: Current Practice and Recent 

Developments. This paper presents a summary of current practice and recent developments in the application of 

passive energy dissipation systems for seismic protection of structures. The emphasis is on the application of passive 

energy dissipation systems within the framing of building structures. Major topics that are presented include basic 

principles of energy dissipation systems, descriptions of the mechanical behavior and mathematical modeling of 

selected passive energy dissipation devices, advantages and disadvantages of these devices, development of 

guidelines and design philosophy for analysis and design of structures employing energy dissipation devices, and 

design considerations that are unique to structures with energy dissipation devices.  
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3. Experimental Study 

 

3.1. Working principle of a metallic damper 

Supplemental energy dissipation in the structural systems through hysteresis due to yielding of metallic plates is 

considered as one of the most-effective and least-expensive techniques in the seismic-resistant design. Flexural (or 

shear) yielding of metallic plates under cyclic loading conditions results in the supplemental hysteretic energy 

dissipation of structures. Flexural yielding dampers, commonly known as Added Damping and Added Stiffness 

(ADAS) devices, consist of a series of metallic (steel) plates of triangular and hourglass shapes. The relative drift 

between top and bottom of the devices causes the yielding of large volume of steel leading to the supplemental 

energy dissipation. Similarly, shear yielding dampers (known as shear links) consist of metallic (steel or aluminum) 

web plates bounded by stiffening elements along four edges. Shear yielding of web plates under lateral loads leads 

to stable and excellent hysteretic energy dissipation. 

 

In this study, the performance of a combined metallic damper (Fig1) once attached to a damaged RC frame, as 

shown in Figure 2, is experimentally investigated under slow-cyclic lateral loading conditions. Flexure plates are 

welded to top and bottom base plates such that they behave as fixed beams under lateral loading. Because of the 

triangular shape, the yielding of plates spread over their entire lengths. Shear (web) plate, depending upon their size, 

may develop yielding/buckling under lateral loading. Thus, the total energy dissipated by these dampers is sum of 

the hysteretic energy dissipated by the flexure and shear plates. Moreover, the in-plane shear strength of the web 

plate enhances the lateral load -carrying capacity of the combined metallic damper. 
 

 
Fig.2 Schematic view of combined metallic damper (two storey) 

 
 

 

Fig.3 Schematic view of a combined metallic damper once attached to an RC frame. 
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3.2. Choice of the metallic dampers taken into consideration 

 

In Lead–extrusion dampers (LED), mechanical energy changes to heat during the process of lead injection into a 

tube. They are suitable permanent devices for absorption of the dynamic energy of structure during earthquake.  

 

 
Fig4. Lead extrusion damper 

 

A dual-pipe damper consists of two pipes welded at selected locations and loaded in shear. The inelastic cyclic 

deformation dissipates energy mainly through flexure of the pipe body. At large displacements a tension diagonal 

forms in the middle of the device which further adds to stiffness and strength. Due to the complexities in their 

designing, LED and dual-pipe dampers weren’t considered for installation. 

 

 
 

Fig5. Dual Pipe Dampers 

 

 In case of X-shaped and V-shaped dampers, yielding occurs over the entire length of the device. Owing to its ease 

in installation and manufacturing, especially in space-constrained areas, it was decided to use the Framed Bracing 

System (V-shaped). 

 

3.3. Preliminary repairing/ Rehabilitation 

 

The need to rehabilitate a structure may arise at any time from the beginning of the construction phase until the end 

of the service life. During the construction phase, it may occur because of design errors, deficient concrete 

production and bad execution processes. During the service life, it may arise on account of an earthquake; an 

accident, such as collisions, fire, explosions;  situations involving changes in the structure functionality and the 

development of more demanding code requirements. 
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Voids cracks and other flaws need to be addressed before applying finishing. The visible structural failures can be 

catered to in two steps. Firstly, we need to take care of the micro-cracks or the inaccessible regions of the damaged 

RC frame. For this purpose, a hardener named epoxy resin is used. This liquid emulsion easily percolates into the 

cracks when it is superficially applied on the surface of the frame. By the time it settles in, the emulsion starts to 

harden and thereby filling the voids. But, for major cracks or totally worn out corners, the syringed epoxy can’t be 

used. We require an adhesive that has a smaller settling time. For this purpose, the process of concrete jacketing is 

used which is preceded by hammering out the failure zone. If hammering isn’t done, cold-joint would be formed on 

the location of concrete jacketing rendering the zone inadequately strong. 

 

  
 

               

Fig 6A-6B. Epoxy addition 

 

 

4. Tests, Results and Analysis 

 

4.1. Behavior of a metallic damper under gravity loading and cyclic displacement 

(Source: Satpal Singh Taraithia, Dipti Ranjan Sahoo, Alok Madan (2013). Experimental Study of Combined Yielding 

Metallic Passive Devices for Enhanced Energy Dissipation of Structures.) 

 

Test specimens were subjected to a gradually-increased reversed cyclic lateral displacement at their free (top) ends. 

Figure 2(b) shows the displacement history used in the slow-cyclic testing. Drift is defined as the ratio of the top 

displacement to the overall height of specimen. An initial cycle of 0.1875%% drift is applied which progressively 

increased by twice of previous drift value up to a magnitude of 3.0%. The magnitude of subsequent cycles is 

increased by 1.5% drift level till a value of 21.0% or where significant instability of the specimen is observed. Each 

cycle is repeated for three times in order to study the hysteretic response in repetitive cycles of constant drift 

magnitude. It is worth mentioning that the chosen displacement history is similar to the loading protocol specified 

by FEMA 4611 (2007). 
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4.2. Fabrication and Installation of the damper 

 

Basically, the strengthening techniques for reinforced concrete structures can be divided into: 

 Strengthening of the existing structural elements (as discussed above) 

 Addition of new structural elements 

 

A specimen of combined metallic damper (CMD) is described in this section. Figure 1 show the schematic 

representation of a typical test specimen, which primarily consisted of two end (flexure) triangular plates and a web 

(shear) plate. These are connected in parallel such that the applied lateral load is shared by them based on their 

relative flexural/shear stiffness. Flexure plate of 250 mm width, 200 mm height and 8 mm thickness was used in the 

specimen. The flexural plate was welded to base plates of 16 mm thickness placed at top and bottom of the 

specimens to simulate the moment-resisting connections. The width of the web (shear) plate of 3.2 mm thickness 

was designed to be 300 mm. Due to smaller thickness of shear plates; they were not directly welded to the base 

plates. Instead, shear tabs of 16 mm thickness was placed centrally and welded to both the boundary plates as 

shown in figure. Web shear plates were then connected to these shear tabs using 10 mm diameter high-strength 

bolts at a center-to-center spacing of 25 mm. Mild steel plates were used for all elements in the specimens. Table 

summarizes the geometric properties of various element used in the test specimen in this study. There was no direct 

connection between the web and end plates of both test specimens. A gap was maintained at both ends of web plate 

in order to achieve the energy dissipation of end plates due to flexural yielding without any inter action of shear 

carried by the web plates. 
 

       Table 1: Dimensions of various components of test specimens 
 

Specimen End plates Web plate Base plates All dimensions 

CMD- 2 250x200x8 300x200x3.2 360x270 x16 Millimeters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

                                                                        

                                                 

Fig 7A-7B: Installation of the fabricated dampers (without bracings) 
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The dimensioning of the bracings was done as follows: 

AB = 2.6 m; AD=BC= 1.7 m 

By taking into account the damper measurements and using trigonometry, the measure of braces was calculated to 

be 1.93 metres while they must be set at an angle of 47.74 degrees from the horizontal foundation. 

 

 
Fig8. Rough sketch of damper and bracing system 

 

The main parameters investigated are (i) lateral strength, (iii) hysteretic response, (ii) energy dissipation, (iii) 

hysteretic damping, and (iv) failure mechanism. Test results showed stable hysteretic response with significant post-

yield lateral strength leading to excellent energy dissipation and damping. The relative contribution of flexural and 

shear plates to the overall energy dissipation potential of the dampers is also studied. 

 

4.3. Strength testing of the RC frame with bracings and damper attached 

The shear resistance of the combined damper and RC frame structure is predicted to be nearly 2.5 to 3 times than the 

strength of the damper. The readings would be shown during the course of presentation 

 
                        Fig 9.  Arrangement of an ADAS (Added Damping and Stiffness) Device 

 

 
 Fig 10. Stiffness degrading model        Fig11. Stationary State hysteresis of system 
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5. Conclusion 

The seismic retrofit of lightly reinforced concrete structures can benefit immensely from use of supplementary 

damping devices. These devices can control and reduce the inelastic deformations and remove the demand for 

energy dissipation form the gravity load supporting members. The retrofit can be done by-and-large with minimal 

interference in the existing structural system and minimal disruption to the structure.  

 

 However, important issues should be addressed by the designer and further research is still necessary to clear 

complex issues:  

 

(a) The durability and longevity of friction devices is an issue for the design professionals and researchers. Metal to 

metal slip friction characteristics may be altered due to corrosion if mismatched materials are used at the interface. 

Steel on steel, bronze or brass on steel may produce increased corrosion.  

 

(b) Most damping systems are suitable when load reversals are expected. For shock loadings only specially designed 

dampers can be used. Structures need to be verified for expected seismic action specific to the construction site. 

Near fault construction needs to have shock protection as well as damping energy dissipation. 

 

 (c) The retrofit design of any system, using dampers, as well as using conventional methods needs to be verified in 

its integrity and not only components by component. The interaction of new and old components may render one to 

be inefficient and the other to be unsafe. Proper integral design can prove to be beneficial to the structure.  

 

(d) The current damping systems use entirely passive components. If the response can be measured in real-time and 

fed back into the damping device an adjustment can be made to obtain an adjustable or semi-active damper. These 

types of devices might be applicable for both shock and damping energy. 

 

(e) Passive mass dampers which produce also energy dissipation by transfer of energy between modal components 

can be coupled with sensing and real-time processing to produce hybrid dampers which may adjust properties to 

protect LRC structures against multiple hazards such as wind and earthquake simultaneously. 
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