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 58® floor.)

Courtesy of Rob Pongsajapanon 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.
John Hancock Tower, Boston
Specifications Best Estimate

Height 240 m

Breadth: Depth: Height ratio 2:5:1
Number of stories 60

Natural frequency of fundamental mode 0.14 Hz
Damping ratio of fundamental mode 1%

R
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Passive Vibration Damping

Sliding Mass, m,,

Wind force,
One way to stabilize these  F (1)
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

H January 2010.

i L More than 2,000 .
oo e 1,670 ft. 1,614 ft.
B The world's It will have the
1,776 ft. tallest highest outdoor
! building today observation
Plans call for deck In the |
windmills to world
provide 20% of 1,381 1. 1,368 ft. and ~1,250 ft.
the building's ———— s Contains the world's. 1,362 ft. Currently the
— highest hotel rooms Destroyed on world's ninth
oo Sept. 11, 2001 tallest building
(it was the
tallest for
41 years)
1,000 ft. §=
500 ft.

- Al i il 1 : = S R HEEH T | R sics :
Burj Dubai Freedom Tower Taipei 101 Shanghai World Petronas Towers Sears Tower Jin Mao Tower World Trade Center Two International Empire State Building
Dubai, UAE. New York City Taipei, Taiwan Finance Center Kuala Lumpur, Chicago Shanghai New York City Finance Center New York City
2008 2009 2004 2007 Malaysia 1974 1999 1972 1973 Hong Kong 1931
A Under construction —1 Under construction 1998 sces: Councit on Tat Buldines and Uban Mabitat: Greatuddiis.corm: PBS on; Suamore. Owrns & Menit LLP 2003 TIME Dvagyarn by Joe Lerola

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/fag-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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http://designedbynatalie.com/2010/01/15/taipei-101-mashed-up-with-the-burj-khalifa-and-why-did-they-change-the-name-from-burj-dubai-to-burj-khalif/

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

@ TAIPEI 101 Observatory - Mozilla Firefox —/[O] _X_|
File Edit View History Bookmarks Tools Help

@ = C {a} g 4 I\j http://www.taipei-101.com.tw/en/DB/index.asp - I—-;i- J
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The passive wind damper with a
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DAM P E R The Tuned Mass Damper (TMD) is a specially designed passive damper that reduces wind movement in high-rises, and is located We i g h ti n g 6 6 0 m et ri C tO n S y i S

between the 87th and 91st Floors. TAIPEI 101's TMD is the world's largest TMD with a diameter of 5.5 meters, and also the

BABY’S heaviest, weighting in at 860 metric tons, and uniquely gpen to public view op the 88th and 89th Floors. a I SO th e I a rg eSt | n th e WO rI d Nnow.

Secret Base

Mass Block / Wind Vibration Damper

Pinnacle-TMD
Tuned Mass Damperuo)
TMD Efficiency

TAIPEI 1O TAIPEI 101 Observatory Mall

TLegal Notice Ecopyright Taipe| Financial Centl

© 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/fag-fair-use/.
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Courtesy of Daniel M. Shih. Used with permission.
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Active Damper Design

Sliding Mass, m,,
»

controller| <«—— sensor

!

actuator

Spring

: Damper
Wind force, F (1) —_—

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

“tall building”
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System Modeling

Air Bearings

Actuator:
Voice Coll

Accelerometer

Building

2.004 Spring '13 Lecture 09 — Wednesday, Feb. 27 11



Available Impulse Response Data
(Course Lockers\2.004\Labs\Tower Data)

Building Response Damper Response

B, and K, B, and K,

Compare your transfer
function impulse — Open Loop System Response
response to this one.
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Estimating Parameters (Building)

|
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Estimating Parameters (Damper)

Impulse Response with Damper Impulse response:
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