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1. Introduction 

 

• What are dissipating devices, also known as “Dampers”? 

 

 

 

 

 

 

 

 

 

 

 

 

• Equation of motion 

 

 

 

• Passive and Active dissipating devices  Passive Devices in Buildings 
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𝑥 𝑡 = 𝑚 ∙ 𝑥 𝑡 + 𝑐 ∙ 𝑥 𝑡 + 𝑘 ∙ 𝑥(𝑡) 

𝑥 𝑡 = 𝑚 ∙ 𝑥 𝑡 + (𝑐 + 𝑐1) ∙ 𝑥 𝑡 + (𝑘 + 𝑘1) ∙ 𝑥(𝑡) 
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1. Introduction 

 

• State of the art in conventional design: No Collapse 

 

 

 

 

 

 

 

 

 

 

 

 

• Effects of dampers in design:  

 

• Damage reduction (+) 

• Cheaper structure (+) 

• Devices cost (-) 
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Minor Earthquake Moderate Earthquake Strong Earthquake 

Overall: (+) 
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2. Active Devices 

 

 

 

 

 

 

 

 

 

 

 
Elements of an Active Control System (Michael C. Constantinou et al., 1998) 

 

- Active control system  

- Semi-active controlled systems  

- Hybrid control system 
 

Electricity dependent systems, not the focus of this research. 3 



3. Passive Devices 

 

• Definition:  

 

 

 

 

 

 

 

 

 

 

• 4 types have been widely implemented 

 

• For each device type: 

 

• Working principle 

• Development history 

• Model for describing behaviour 

ENERGY DISSIPATING DEVICES IN SEISMIC REGIONS  

4 

Response according: 

𝑥 𝑡  

𝑥 𝑡  



ENERGY DISSIPATING DEVICES IN SEISMIC REGIONS  

3. Passive Devices 

 

3.1. Viscous Fluid Dampers (VFD): 

 

𝑥 𝑡 = 𝑚 ∗ 𝑥 𝑡 + (𝑐 + 𝑐1) ∗ 𝑥 𝑡 + 𝑘 ∗ 𝑥(𝑡) 

Structure + VFD 

m 

k c 

Model + VFD 

c1 

Double head piston in FVD (ROAD, 2017) 

Diagonal and Chevron Bracing with Dampers (Taylor 

Devices Inc, 2020) 
Car shock absorber (Wayalife LLC, 2020) 
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3. Passive Devices 

 

3.2. Viscous Solid Dampers (VSD): 

 

𝑥 𝑡 = 𝑚 ∙ 𝑥 𝑡 + (𝑐 + 𝑐1) ∙ 𝑥 𝑡 + (𝑘 + 𝑘1) ∙ 𝑥(𝑡) 

Structure + VED 

m 

k c 

Model + VED 

c1 
k1 

(Lago et al., 2019) 
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3. Passive Devices 

 

3.3. Metallic Damper (MD): 

 

Structure + MD 

m 

k c 

Model + MD 

c1 
k1 

𝑥 𝑡 = 𝑚 ∗ 𝑥 𝑡 + (𝑐 + 𝑐1) ∗ 𝑥 𝑡 + (𝑘 + 𝑘1) ∗ 𝑥(𝑡) 

𝐸𝐼 = 𝐸𝑆 + 𝐸𝐾 + 𝐸𝐷 + 𝐸𝐻  

Round hole and  Double X-shaped 

devices (Li et al., 2014) 
Metallic damper with chevron brace 

(Zhang et al., 2015) 
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3. Passive Devices 

 

3.3. Metallic Damper (MD): 

 

Wallace F. Bennett Federal 

Building(Symans et al., 2008) 

Buckling restrained brace, BRB (Soong 

and Spencer, 2002) 

𝑥 𝑡 = 𝑚 ∗ 𝑥 𝑡 + (𝑐 + 𝑐1) ∗ 𝑥 𝑡 + (𝑘 + 𝑘1) ∗ 𝑥(𝑡) 

𝐸𝐼 = 𝐸𝑆 + 𝐸𝐾 + 𝐸𝐷 + 𝐸𝐻  

Santa Clara 

Medical Center 

(Symans et al., 

2008) 
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3. Passive Devices 

 

3.4. Friction Damper (FD): 

 

𝑥 𝑡 = 𝑚 ∗ 𝑥 𝑡 + (𝑐 + 𝑐1) ∗ 𝑥 𝑡 + (𝑘 + 𝑘1) ∗ 𝑥(𝑡) 

𝐸𝐼 = 𝐸𝑆 + 𝐸𝐾 + 𝐸𝐷 + 𝐸𝐻  

Structure + FD 

m 

k c 

Model + FD 

c1 
k1 

Monterey County Government Center 

(Chang et al., 2008) 

Cross-brace friction damper detail 

(Soong and Spencer., 2002) 
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4. Experimental Evaluation 

 

 

 

VFD (Reinhorn et al., 1995) 

VSD (K.-C. Chang & Lin, 2004) 

 MD (Guerrero et al., 2016) FD (Park et al., 2012) 

10 



ENERGY DISSIPATING DEVICES IN SEISMIC REGIONS  

4. Experimental Evaluation (Products) 

 

 

 
~EH (%) ~EAD (%)

8.1.1 (Kasai & 

Matsuda, 2014)

Steel 

Frame

5 floor full size with dampers in the 

two plan directions (2x2 bays)
~10% 10% - 15% 50.0% MN Intact

19.3% 9.4% 30.0% MN 15% 80% Intact

37.4% 12.1% MN Intact

9.9% 1.5% 45.0% MN Intact

17.70% 5.50% 60.0% MN Intact

19.40% 1.50% 70.0% MN Intact

8.1.2.2 (Reinhorn et 

al., 1995)

RC 

Frame

3 floors scaled retroffited with 

dampers in all floors (3x1 bays)
25.0% 15% ~40% MN 10% 80% Intact

Steel 

Frame

1 floor scaled with 2 nonlinear 

dampers (1x1 bays)
22.0% 10.0% 40.0% 13% 85% Intact

16.7% 2.5% 50.0% MN Intact

26.8% 5.00% 70.0% MN Intact

32.5% 8.00% 80.0% MN Intact

8.1.2.4 (M. 

Constantinou et al., 

2001)

Steel 

Frame

1 floor planar scaled with toggle 

braced damper (1 bays)
16.5% 12.50% 52.6% MN Intact

21.0% 0.00% 35.0% L Intact

36.0% 29.03% 47.0% L Intact

8.1.2.6 (Hwang et al., 

2006)

RC 

Frame

Two identical 3 floors scaled with 

one wall (2x2 bays): one with TBD in 

all floors

N.A. N.A. 41.9% N 10% 85% Intact

VFD

N. A.

8.1.2.1 (M. C. 

Constantinou & 

Symans, 1992)

Steel 

Frame

1 floor scaled with 2 and 4 linear 

dampers (1x1 bays)

N. A.

N. A.

8.1.2.3 (M.C. 

Constantinou & 

Seleemah, 1997)
Steel 

Frame

8.1.2.5 (Hwang et al., 

2005)

Steel 

Frame

3 floors scaled with 2, 4 and 6 

nonlinear dampers (1x1 bays)

N. A.

Steel 

Frame

3 floors scaled with 2, 4 and 6 linear 

dampers (1x1 bays)

N. A.

N. A.

N. A.

N. A.

N. A.

3 floors scaled with dampers in all 

floors (2x2 bays). VFD in diagonal 

and toogle brace system

N. A.

N. A.

Device Section / Reference

Structure

ξ (%) Δω(%)
Type Description

ADC
LRFS 

State

Energy Distribution Damper 

State

ξ: Damping ratio (bare frame vs damper equipped frame)

Δω: Frequency variation (initial frame vs damper equipped frame)

ACD: Achieved displacement control

LRFS: Lateral resisting force system, initial frame (Lineal, Moderately Nonlineal, Nonlineal)

~EH (%): Energy dissipated by hysteretic mechanism in the LRFS

~EAD (%): Energy dissipated by devices

Experimental bibliographic references 

catalog 
Experimental evaluation summary 11 
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4. Experimental Evaluation (Results overview) 

 

-Revised literature, from 1990 to 2020. 

 

 

 

 

 

 

 

 

 

 

 

 

-Displacement control shows in general a great variability amongst all types. 

-Energy dissipation shows greater consistency in VFD and VSD. 

-MD and FD are damaged after large energy inputs. 
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5. Application Examples 

 

• Objectives: 

• To collect an extensive amount of damper application examples 

• To draw a comparison 

• Versatility description: to see the range of applications 

 

• Identified Application Types (in Buildings) 

 

• Seismic Retrofitting (S-R) 

 

• Wind Retrofitting (S-R) 

 

• Ambient Vibration Control (AVC) 

 

• Seismic Design (S-D) 

 

• Wind Design (W-D) 

 

• In structures different that buildings 
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5. Application Examples 

 

• Catalogue of application cases: 

 

 

 

 

 

 

 

 

 

• Versatility description: Broad – Existent – Non Existent 
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6. Comparison 
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7. Design Considerations 

 

• Objectives:  

 

• Review of the most important provisions for structures with dampers 

 

• Review of Design Procedures 

 

• State-of-the art in investigation in design of structures with such devices 

 

7.1. Minimum Requirements 

 

 7.1.1. ASCE – 41 

 7.1.2. EN 1998-1-2:2020 

 

7.2. Design Procedures 

 

• Summary for two procedures 

 

7.3. Availability of devices 
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7. Design Considerations 

 

7.4. State of the art of latest investigation 

 

 7.4.1. Distribution of damping in height 

 

 7.4.2. Devices spatial location 

 

 

 

 

 

 

 

 

 7.4.3. Minimum requirements for structures with added damping 

 

• Provisions in Section 7.1. do not provide lower probabilities of collapse in 

comparison to conventionally designed buildings 

 

• (Kitayama & Constantinou, 2018) provide modified minimum requirements  
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Optimal Arrangements in 

(Apostolakis and Dargush 2010) 
Considered spatial location in (Mezzi, 2010) 
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8. Conclusions 

 
-The behavior and modelling of passive energy dissipating devices, as well as the effects 

when applied to buildings, can be satisfactory predicted thanks to the extensive study and 

testings being done all over the world, regarding this type of devices. 

 

-Each type of damper have its own set of advantages and disadvantages. The use of a 

specific type of damper will depend on the particular requirements of the target structure. 

 

-Further research is needed regarding design procedures as well as minimum requirement 

for structures with passive dampers, in order to complement the available information as 

well as to standardize it. 

 

-At present, there are several specialized manufacturers that can provide ready-to-install 

damper devices. Even though in the case of VSD, the design of the device itself must be 

done by those directly involved in the design and/or construction of the target structure. 

 

-The connecting elements between the energy dissipating devices and the main structural 

system, must remain elastic and provide the required rigidity to guarantee an adequate 

force transfer. 
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