
       

   

   

 

  

  

2.04A Class Project: the “Tower”  

with Active Damping  
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Problem 
• Wind loading of skyscrapers causes tall building sway. 

• Upper floor occupants suffer from motion sickness when the building sways in the wind 
since people are sensitive to accelerations as small as 0.05 m/s2 (0.005 g). 

• Too much building sway can also lead to long-term structural damage. 

• The Hancock Tower in Boston had a problem with falling windows. (The Hancock Tower 
now has two passively controlled 300 ton sliding masses on the 58th floor.) 

+ = 
Courtesy of Rob Pongsajapan on flickr. CC-BY
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Simplified Building Model  

• We can model a tall building as a single
degree of freedom lumped-parameter 
system. 
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Passive Vibration Damping  

Sliding Mass, m2 

Spring 

Damper 

Wind force, 
One way to stabilize these Fw(t) 
tall builds from swaying too 
much during earthquakes or 
from high winds is to install 
enormous pendulum 
weights. When the building 
sways sideways the 
pendulum doesn't want to 
move (inertia) and exerts a 
pull in the opposite 
direction. 

Passive Damper 
(Tuned Mass Damper) 

Ground 
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Skyscrapers  
Burj Khalifa Skyscraper became the tallest building (828 meters or 
2,717 feet) in the world when it was officially opened on 4th 
January 2010. 

TIME Diagram by Joe Lertola © Time, Inc. All rights reserved. This content is excluded from our
Creative Commons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.
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Burj Khalifa (http://www.burjkhalifa.ae/)  

Burj Khalifa 

Taipei 101 

Courtesy of Natalie of designedbynatalie.com. CC-BY-NC

Courtesy of ADTeasdale on flickr. CC-BY
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Taipei 101 (http://www.taipei-101.com.tw)  

Courtesy of Jirka Matousek on flickr. CC-BY

Courtesy of Stefan Tan. Used with permission.
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  The Tuned Mass Damper in Taipei 101  

The passive wind damper with a 
diameter of 5.5 meters and 
weighting 660 metric tons, is 
also the largest in the world now. 

© Taipei Financial Center Corp. All rights reserved. This content
is excluded from our Creative Commons license. For more
information, see http://ocw.mit.edu/help/faq-fair-use/.

Courtesy of Daniel M. Shih. Used with permission.
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Active Damper Design 

Sliding Mass, m2 

controller sensor 

Wind force, Fw(t) 

The actuator is commanded by a 
control system, which requires 
sensor feedback 

Spring 

Damper 

actuator 
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Experimental System  

air-bearingsvoice-coils 

wire spring 

accelerometer 
“tall building”  
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Available Impulse Response Data 
(Course Lockers\2.004\Labs\Tower Data) 

Building Response Damper Response 

B1 and K1 B2 and K2 

Compare your transfer 
function impulse 
response to this one. 

Open Loop System Response  
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Estimating Parameters (Building)
 

δ = ln 
x1 

x2 
= 

1 
N − 1 

ln 
x1 

xN 

�
� 

Logarithmic decrement method 

Damped period 

Determine τ after 36.8% amplitude decay 
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Estimating Parameters (Damper)  
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