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Overview	
  

-­‐  part	
  of	
  a	
  research	
  project	
  on	
  the	
  sustainability	
  of	
  the	
  
Kuwait	
  built	
  infrastructures	
  in	
  collaboraAon	
  with	
  CEE	
  
(MIT)	
  and	
  KISR	
  (Kuwait).	
  

- GPS	
  monitoring	
  of	
  the	
  Al-­‐Hamra	
  tower	
  (world’s	
  tallest	
  
sculpted	
  building)	
  

•  LogisAcs	
  of	
  the	
  installaAons	
  and	
  data	
  quality	
  
•  Daily	
  averaged	
  posiAon	
  esAmates	
  and	
  their	
  correlaAon	
  with	
  

temperature.	
  
•  Sub-­‐daily	
  posiAon	
  esAmates	
  (6-­‐hours	
  averaged)	
  and	
  mulApath	
  impact	
  
•  ObservaAons	
  of	
  building	
  fundamental	
  modes	
  with	
  1-­‐Hz	
  GPS	
  

measurement	
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Al-­‐Hamra	
  Tower	
  Kuwait	
  

•  World’s	
  tallest	
  
sculptured	
  building	
  

	
  	
  
•  Concrete	
  core	
  with	
  glass	
  
curtain	
  wall.	
  	
  South	
  
facing	
  stone	
  clad	
  
exterior	
  

	
  
•  Designed	
  by	
  Skidmore,	
  
Owings	
  &	
  Merrill	
  (SOM)	
  
Chicago	
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SecAonal	
  views	
  

The	
  curtain	
  wall	
  rotates	
  as	
  you	
  
move	
  up	
  the	
  building.	
  
	
  
Stone	
  cladding	
  on	
  concrete	
  core	
  
faces	
  approximately	
  south.	
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GPS	
  locaAons	
  

2	
  GPS	
  sites	
  at	
  Al-­‐
Hamra	
  tower	
  	
  
-­‐80th	
  floor	
  ~	
  370	
  m	
  	
  
-­‐86th	
  floor	
  ~	
  410	
  meters	
  

	
  
1	
  GPS	
  site	
  at	
  KISR	
  
seismology	
  building	
  

	
  
	
  
	
  
	
  
	
  

This PDF was downloaded from The Skyscraper Center on 2016/03/08 UTC

For the most up to date version, please visit http://skyscrapercenter.com

Al Hamra Tower

Click an image to view larger version.

C lick arrows to view the next taller/shorter buildings

 

 

Facts

Official Name Al Hamra Tower

Other Names Al Hamra Firdous Tower

Structure Type Building

Status Completed

Country Kuwait

City Kuwait City

Street Address & Map Al Shuhada Street

Building Function office

Structural Material concrete

Proposed 2005

Construction Start 2005

Completion 2011

Official Website Al Hamra Tower

Rankings

Global Ranking #18 Tallest in the World

Regional Ranking #4 Tallest in Middle East

National Ranking #1 Tallest in Kuwait

City Ranking #1 Tallest in Kuwait City

Companies Involved

Owner Al Hamra Real Estate Co.

Developer Ajial Real Estate and Entertainment; Al Hamra

Real Estate Co.

Architect

• Design Skidmore, Owings & Merrill LLP

• Architect of Record Al Jazera Consultants

Structural Engineer

• Design Skidmore, Owings & Merrill LLP

• Peer Review Hyder Consulting

MEP Engineer

• Design Skidmore, Owings & Merrill LLP

• Peer Review Meinhardt

Project Manager Turner International LLC

Main Contractor Ahmadiah Contracting and Trading Company

Other Consultant

• Acoustics Shen Milsom Wilke, Inc.

• Façade ALT Limited

• Façade Maintenance Entek Engineering Ltd.

• Fire Arup

• Geotechnical Consultancy Group Company

• Landscape Francis Landscapes

• Lighting OVI Lighting

• Security Shen Milsom Wilke, Inc.

• Traffic Parsons Brinckerhoff Consultants Private Limited

• Vertical

Transportation

Van Deusen & Associates

• Wind BMT Fluid Mechanics Ltd.

Material Supplier

• Elevator Hitachi, Ltd.

Height: Occupied

371.4 m / 1,218 ft

 

Height: To Tip

412.6 m / 1,354 ft

Height:

Architectural

412.6 m / 1,354 ft

 

Floors Above Ground

80

Floors Below Ground

3

# of Elevators

43

Top Elevator Speed

10 m/s

Tower GFA

178,061 m² / 1,916,633 ft²

Development GFA

186,381 m² / 2,006,188 ft²

# of Parking Spaces

1,460
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GPS	
  locaAons	
  



KISR	
  reference	
  site	
  
KISR	
  site:	
  Sky	
  is	
  clear	
  except	
  for	
  some	
  obstrucAons	
  from	
  building	
  to	
  the	
  North-­‐
West.	
  	
  Temporary	
  locaAon	
  waiAng	
  for	
  permanent	
  installaAon).	
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Also	
  use	
  the	
  
KUWT	
  site	
  at	
  
Kuwait	
  
University	
  



Al-­‐Hamra	
  Terrace	
  sites	
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Blockage	
  of	
  sky	
  
makes	
  the	
  

geometry	
  poor	
  at	
  
certain	
  Ames	
  of	
  

day	
  

TERR	
  

TER2	
  

MulApath	
  effects	
  posiAon	
  esAmates	
  
for	
  sub-­‐daily	
  posiAons	
  (diurnal	
  

building	
  changes,	
  earthquake	
  surface	
  
waves)	
  



86th	
  floor	
  site	
  ALHR	
  

~50	
  cm	
  

5/8”-­‐11	
  
thread,	
  ½”	
  
exposed	
  

1”	
  diameter,	
  
stainless	
  
steel	
  rod	
  

~1m	
  spaced	
  clamps	
  
bolted	
  to	
  wall,	
  at	
  least	
  
4	
  clamps	
  along	
  length	
  

1”	
  stainless	
  steel	
  rod,	
  flush	
  
with	
  floor	
  

Note:	
  1”	
  diameter	
  rod	
  will	
  have	
  5/8”-­‐11	
  
tread	
  either	
  milled	
  onto	
  end	
  (ideal)	
  or	
  
threaded	
  into	
  rod.	
  	
  If	
  threaded,	
  at	
  least	
  
2”	
  deep.	
  

~30	
  cm	
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Sky	
  plots	
  of	
  phase	
  residuals	
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KISR	
  
AL-­‐HAMRA	
  
TERRACE	
  

AL-­‐HAMRA	
  
TERRACE	
  2	
  86th	
  Floor	
  

ALHR	
  

Red	
  bar	
  is	
  
20	
  mm	
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Long	
  term	
  moAon	
  of	
  the	
  Al-­‐Hamra	
  tower	
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TERR	
  +	
  TER2	
  
corrected	
  

Breaks	
  in	
  the	
  raw	
  esAmates	
  are	
  due	
  to	
  
tripods	
  being	
  disturbed.	
  	
  Data	
  gaps	
  
are	
  power	
  loss	
  
	
  

TERR	
  +	
  ALHR	
  
TERR	
  +	
  TER2	
  

raw	
  

Strong	
  seasonal	
  moAon	
  of	
  the	
  building	
  
	
  
New	
  site	
  ALHR	
  shows	
  same	
  seasonal	
  
moAon	
  as	
  TERR	
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Comparison	
  of	
  long	
  term	
  moAon	
  with	
  temperature	
  

Temperature	
  and	
  North-­‐South	
  
moAon	
  appear	
  to	
  be	
  correlated	
  
	
  
	
  The	
  lag	
  in	
  building	
  response	
  
seems	
  to	
  be	
  a	
  few	
  days	
  
	
  
Temperature	
  range	
  12-­‐30	
  deg.	
  

Detail	
  between	
  November	
  2015	
  and	
  January	
  
2016	
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Thermal	
  Model	
  of	
  Al-­‐Hamra	
  

cm
	
  

TERRACE

Bimetallic	
  strip	
  
deformaAon	
  for	
  1°	
  C	
  

difference	
  between	
  the	
  
south	
  and	
  north	
  wall	
  

Solar	
  radiaAon	
  variaAon	
  
during	
  the	
  year	
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Sub-­‐daily	
  moAon	
  of	
  the	
  Al-­‐Hamra	
  tower	
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  averaged	
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  for	
  ALHR	
  
(blue)	
  	
  and	
  TERR	
  (orange)	
  sites	
  

	
  
TERR	
  sites	
  shows	
  larger	
  errors	
  due	
  to	
  

mulApath	
  	
  

Sub-­‐daily	
  moAon	
  of	
  ALHR	
  (blue)	
  
shows	
  a	
  dependence	
  with	
  

temperature	
  (red)	
  



Analysis	
  of	
  mulApath	
  through	
  phase	
  residuals	
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MulApath	
  correcAon	
  

1	
  degree	
  and	
  0.5	
  degree	
  spaced	
  model	
  
of	
  the	
  phase	
  residuals	
  	
  for	
  sub-­‐daily	
  

esAmates	
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1	
  degree	
  models	
  are	
  not	
  sufficient	
  
to	
  reduce	
  the	
  high	
  frequency	
  
component	
  of	
  mulApath	
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Comparison	
  1	
  Hz	
  soluAons	
  and	
  24	
  hr	
  
soluAons	
  for	
  TERR	
  and	
  ALHR	
  sites	
  
	
  



Fundamental	
  modes	
  of	
  Al-­‐Hamra	
  

Comparison	
  between	
  mode	
  
frequencies	
  from	
  GPS,	
  seismic	
  
ambient	
  noise	
  and	
  Finite	
  element	
  
model.	
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Mode	
   FE	
  Period	
  
(sec)	
  

Ambient	
  
noise	
  (sec)	
  

GPS	
  (sec)	
  

North/South	
  	
   7.87	
   7.09	
   7.27	
  

East/West	
   5.78	
   5.65	
   5.82	
  

Torsional	
   3.34	
   3.29	
   3.38	
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1.	
  Seasonal	
  moAon	
  of	
  the	
  building	
  

•  Current	
  GPS	
  results	
  reveal	
  interesAng	
  moAons	
  of	
  the	
  terrace	
  level	
  
near	
  the	
  top	
  of	
  the	
  building	
  

•  Strong	
  temperature	
  correlaAon	
  with	
  daily	
  averaged	
  and	
  sub-­‐daily	
  
moAons	
  of	
  building	
  	
  	
  

•  Simple	
  models	
  need	
  ~5°C	
  temperature	
  differences	
  across	
  building	
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CONCLUSIONS	
  



2.	
  1	
  Hz	
  soluAons	
  
	
  
•  Fundamental	
  modes	
  of	
  building	
  deformaAon	
  clearly	
  seen	
  in	
  high	
  
rate	
  GPS	
  results.	
  	
  Day-­‐to-­‐day	
  variability	
  suggest	
  this	
  is	
  not	
  a	
  GPS	
  
arAfact	
  

	
  
•  1	
  Hz	
  soluAons	
  will	
  be	
  used	
  to	
  study	
  the	
  wind	
  response	
  of	
  the	
  
building	
  

	
  
•  We	
  hope	
  to	
  see	
  mode	
  responses	
  (5-­‐7	
  second	
  periods)	
  to	
  surface	
  
waves	
  from	
  large	
  earthquakes	
  in	
  the	
  Zagros	
  mountains	
  in	
  Iran.	
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CONCLUSIONS	
  



3.	
  MulApath	
  Analysis	
  

•  Al-­‐Hamra	
  terrace	
  sites	
  show	
  a	
  complex	
  papern	
  of	
  high	
  frequency	
  
signals	
  

	
  
•  These	
  signals	
  repeat	
  every	
  day	
  with	
  a	
  Ame	
  shiq	
  consistent	
  with	
  

sidereal	
  day,	
  but	
  there	
  is	
  a	
  complexity	
  associated	
  with	
  atmospheric	
  
delay	
  variaAons	
  and	
  possible	
  building	
  moAon	
  during	
  the	
  day	
  

•  Phase	
  center	
  models	
  at	
  0.5	
  degree	
  beper	
  reproduce	
  the	
  phase	
  
residuals.	
  We	
  will	
  be	
  incorporaAng	
  more	
  refined	
  models	
  into	
  the	
  
data	
  processing.	
  These	
  models	
  will	
  impact	
  the	
  esAmates	
  of	
  the	
  high	
  
frequency	
  moAons	
  of	
  the	
  building	
  (less	
  than	
  1	
  hour).	
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CONCLUSIONS	
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Thanks!	
  


