MIDDLE EAST TECHNICAL UNIVERSITY
DEPARTMENT OF ARCHITECTURE / BUILDING SCIENCE PROGRAM

STUDIES ON TALL BUILDINGS: DESIGN CONSIDERATIONS
Fall 2014-2015

Case Study: Al Hamra Tower
by
Yagmur Stinger

Submitted to: Assoc.Prof.Dr. Mehmet Halis Giinel

[ case Study: Al Hamra Tower by Yagmur Stinger

Submitted to: Ginel - Fall 2014 ARCHITECTURE/FACTS

Al Hamra Tower

OVERVIEW:

Official Name: Al Hamra Tower [1]

Other Name: Al Hamra Firdous Tower [1]
Location: Kuwait, Kuwait City [1]

Building Height: 412 m [1]

Structural type: Shear Walled Frame System 12, 3]
Status: Completed [1]

Proposed: 2005 [1] MAIN COMPANIES INVOLVED
Construction: 2005-2011 [1] ©Owner/Developer: Al Hamra Real Estate Co.

Structural System: Shear Walled Frame System i2. 3] pesign: skidmore, Owings & Merrill [1]

Structural Material: Reinforced Concrete [2, 3] Architect of Record: Al Jazera Consultants; Callison [1]
Structural Engineer: Skidmore, Owings & Merrill [1]

MEP Engineer: Skidmore, Owings & Merrill; Meinhardt [1]
Project Manager: Turner Construction [1]

Main Contractor: Ahmadiah Contracting and Trading

Fig.1: Al Hamra Tower

RANKINGS:

16th tallest building in the Worid [1]

Ath tallest building in Middle East [1]

1t tallest building in Kuwait and Kuwait City [1]

ARCHITECTURE/FACTS and FUNCTIONS

ARCHITECTURE/AWARDS

Site Area Blilding 1s part of 2
10,000 m?[4] mieghuse comple:
s Project Area: 5 “Office Spaces 5]
195,000 m? 4] ' i
“SpafHealth Center [5]
Number o Stories:
7414) +Parking Areas [5]

Building Height: +shopping mall [5]
a12m 4]

Number of Flevatars:

301

10p Elevator Speed:
10/ (36 kmihr) (1]

j =

Fig 2: Al Hamra Tower height scheme

2014_Commercial Project of the Year, Middle East Architect
Awards [4]

2013_Best International Project Over $150 Million Structural
Engineers Association of llinois

2013 Architizer A+ Award: Office Building High Rise, Finalist
Architizer [4]

2013_Design Award AIA - New York City Chapter [4]

2012_Award of Excellence: Landmark Structures
Structural Engineers Association of Northern California [4]

2012_Award of Excellence: Landmark Structures Structural Engineers
‘Association of California [4]

2012_Best of What's New Popular Science Magazine [4]

2012_International Structures over $100 Millian National Couriil of
Structural Engineers Association [4]

2012_Award for Commercial or Retail Struiture Institution of
Structural Engineers [4]

2012_Best Tall Building Middle Fast & Africa! Finaist GTRUH [4]

2011_Skyscraper Award: Siiver Medal Empaoris [4]

2010_Commercial / Mixed Use Built Cityscape [4)

2008_MIPIM Future Project dvard: Tall Buildings
MIPIMJArchitectural Review: [4]

2008_MIPIM Future Project Award: Overall MIPIM/Architectural
Review [4]

2008 _International Architecture Award Chicago Athenaeum [4]

Company [1] o - Fig.3: Al Hamra Tower 2008 American Architecture Award Chicago Athenaeum [4] >
1] 0 The i seapec 18.2015) | _
[1] na. Theshyscaper Center. nd. http: 18,2015) [4] na. SOM. nd I_hamra_tower (a 118, 2015) 2007 Bronze nbuit Project Miami Architectural Bienal (4] Fig. 4: Al Hamra Tower
[2] Asci, A/and M. Sarkisian. The Al Hamra Firdous Tower. nd. [5]SOM project archive
(3] Gunel, M. H., and H. E. ligin. Tall Buildings: Routledge — 014, Fig. 2: Al Hamra Tower height a(mm inger [5] SOM project archive [4] na. SOM. nd. jects/al_hamra_tc (ac 118, 2015).
Fig. 1: https://www.vincentloy.wordpress.com (accessed 18 01, 2015). Fig. 3: Al Hamra Tower Unger based on image TBUH and SOM Fig. 4: Al Hamra Tower /201 / (accessed 18 01, 2015).

ARCHITECTURE/DESIGN FACTORS

ARCHITECTURE/PLANS and ELEVATIONS

ARCHITECTURE/FACADES

ARCHITECTURE/FACADES

Spiraling geometry:

Tower geometry is developed by subtracting a Quadrant of a
typical filleted square floor plan and incrementally fotating
the subtracted portion at each highe level. 2]

Flared walls:

Flared walls can be defined s hyperbolic paraboloid shear
walls generated by slab edges of Subtracted spiraling slices
‘which extend from the southwest and sobtheast corners of
the central core and the raof of the fower. [2]

Fig. 5: Al Hamra Tower Model
Unique sculpted form [2]
Architectural expression through the structural form [2)

ol o
/|
n
& n
y

Fig. 6: Aerial Photo of Site'. Fig. 7: Al Hamra Tower Sealement

Factors effective on defining the “Spiraling geometry”
building form and its settlement: [2]

> Requirement for reduction of the floor [2]

> The desire to maximize the views towards the water [2]
> The desire to minimize solar heat [2]

7 Wind studieg)i2] Fig. 8: Al Hamra Tower Geometry and Structure

(21753 A, and W s, T A Hanra Firdos Tower

MID-RISE FLOOR PLAN

% e o W

WEST ELEVATION SOUTH ELEVATION EASTELEVATION ~ NORTHELEVATION

Fig. 10: Al Hamra Tower Elevations

HIGH RISEELOOR PLAN
Fig. 97 Al Hamra Tower Floor Plans

Northern fagade:

> Tectonic glass cladding; to provide panoramic
qulf view [2]

Southern fagade:

> Adhered lime stone cladding with minimized
oopenings; to control heat gain and get light
into interiors [2]

> Staggered pattern of punched windows at
souther fagade [2]

> Opening locations calculated according to the
view from inside [2]

Fig! 11 Al Hamra Tower Southern Wall

Fig. 12: Al Hamra Tower Southern Wall

World tallest stone cladded Tower: [6]

» Al Hamra Tower is covered with 258,000 m? of
jura limestone, (enough to tile all of New York
City’s Central Park). [6]

» Small randomized tiles adhered directly to
the concrete substrate. [2]

» Amuch lighter solution is achieved by

adhering, also provided easy cladding of

curved surfaces. [2]

ik o
Fig. 13: Al Hamra Tower Limestone cladding

Fig. 14: Al Hamra Tower

g.5: Al Harmra Tower Modk hamra/al-hamra2 01,2015). and M. Sarkisan, The Al Hamra Firdous Tower. nd.

ros dM. Tower.nd. 12 i . and M, Sadsan, T A HanraFdous ot 6 Treistr fon. A Hamra Tower, Kl iy ProjectSpolgh:Octber 201, nd

btk ot sl s Fi- 5 Al ToworFlor Plars: A A, and M, S, Tho A Harva s Towr 1 Fig. 11: Al Hamra Tower Solithen mratt 1801, 2015). Fig. 13: Al Hamra Tower (accessed 18 01, 2015),
Fig 8 Al Hamra Tows \d M. Sarkisan, The Al Hamra Firdous Tower,nd. Fig. 10; Al Hamra Tower Elevatior bitatcom (accessed 18 01, 2015 5.l HaaTower St il 1801, 2015). Fig. 14: Al Hama Tower: e touer 015)

STRUCTURE/THE SUPER STRUCTURE

STRUCTURE/THE SUPER STRUCTURE

STRUCTURE/15th FLOOR PLAN

THE SUPER STRUCTURE:

SHEAR WAL
The super structure of the building can be defined as
“SHEAR WALLED FRAME SYSTEM” [2-3]

The material of the structural system can be defined
as “REINFORCED CONCRETE” [2-3]

Main elements which participate in the lateral and e
gravity force resisting system : coLUMN
+The shear wall core [2]

+The flared walls [2]

+The perimeter moment resisting frame [2]

Fig. 15: Al Hamra Tower's Superstructure

[2] Asci & and k. Sarkisian. The Al Hamra Firdous Tower, nd.
{3 Cnehh. . and .., Tl Buidings: tructura ystemsand AerodynamicForm,Routedge- Taylor and Fancis Group Sock Company 2014
Fig. 15: Al Hamra Tower's Superstructure: Asc, A

Perimeter Column

Beam connecting to core
Spandrel Beam

Shear Wall

Fig. 16: Al Hamra Tower structural axonometry -
View 1 (Drawn by Yagmur Sunger)

Fig, 17 Al lamra Tower structural axonometry -
View 2 {Orawh by Yagmur Sunger)

15th FLOOR PLAN -

Perimeter columns:

Dimensions: 110x110cm [2,5] = 4
Material: Composite columns-

reinforced concrete [2] '

with embedded I-profile steel -

Shear walls: ot
Dimensions: 30 cm to 90 cm i

in thickness [2, 5] -
Material: Reinforced concrete [2] § F# .- =

Spandrel beams:
Dimensions: 80 cm wide, Y= - -

60 cm deep [2] § A g
Material: Reinforced conerete [2] o
Beams connecting to core: = -
Dimensions: variable widc,

70 am deep 2] : 8
Material: Refnforced concrete [2] 3

Fig. 18: Al Hamra Tower 15th floor plan
2] Asc, A and M. Sarkisian. The Al Hamra Firdous Tower, nd.

STRUCTURE/DETAILS
Fig. 21 T Fig. 20;
COLUMN DETAIL PLAN DETAIL
———— Spandrel beam:
80 em wide, 60 cm deep
"\ Reinforced concrete-
| U agmea2)
Embedded — - Beam connecting
I-profile steel: to core:
W60 (hot work variable wide,
steel [8]) with i 70 om deey
variable weight [2] : Reinforced concrete-
40mPa 2]
Reinforced concrete: N -
50 mPa to 80 mPa [2] A ETAIL
¥rw
Perime  wrn +
Al10cm
Campesite columns- Shear walls
refnforced concrete 30cm to 90 cm Fig. 19: o} =57
vith erbedded I-profile steel [2] Reinforced concrete- 15th FLOOR PLAN i

50 mPato 80 mPa [2] (PARTIAL) 54 I

2 Rt oV S, The A e FdousToue: v 67 Ser. . ol ohp Gcessed 116, 2015
Fig. 19" Al Heunra Tower 15th

and M. Sarkisian. "CTBUH AWARDS 2012 Best Tall Building Featured Finalist - Middle East & Africa. Fig. 16: Al Hamra Tower Yagmur S (5] SOM project archive 0. 20: Al Harra Tower 15th floor by vagmur SUnger
Region Al anta idous Tower: The Sclpted Tower”CTBUH AWARDS 2015, 2012 Fig 17 Al Hamra agmur Sungor Fig.16: Al Hamra Tower 15th floor plan draw by Yagmur SUnger based on drawing povided by SOM Fig. 21 Al Hamra Tower 15h foor agmr Sunger
STRUCTURE/57th FLOOR PLAN STRUCTURE/DETAILS STRUCTURE/DIMENSIONS STRUCTURE/MATERIALS
. “ : shear walls:
57th FLOOR PLAN e — ey - Fig. 25 Fig. 24: Shear walls: Reinforced concrete: vary from 50 mPa to 80 mPa [2]
} T ., COLUMN DETAIL PLAN DETAl) Thickness: vary from 30 cm to 120 cm [2] Perimeter columns:
Perimeter columns: ¥ | B From mat foundation to level 29
Dimensions: 90x30 cm [5] Perimeter columns: < Composite columns:
Material: Reinforced concrete [2] [: h ‘:“n":';:::“a"o‘m deep From mat foundation to level 4 % Embedded I-profile steel: .
! x erforced concrete- Dimensions: 120x120 cm 2] W360 (hot work steel [8]) with variable weight
Shear walls DETALL a0mPa(2) From level 5 to level 40 Reinforced concrete [2]
Dimensions: 30 cm to 80 cm Dimensions: 110x110 cm [2] o From level 30 to level 74
in thickness [2, 5] ¢ U = Seam onnecting Erom level 41 to level 74 2 Reinforced concrete columns [2] E
Material: Reinforced concrete [2] f ! variable wide, Dimensions: vary from 70x70 cm to 110x110 cm [2] i **+Reinforced concrete perimeter columns’ cube i
- 70 cm deep - compressive strength varies from 50 mPa to 80 Mpa
Spandrel beams: 1 ) i R oot onerete Spandrel beams: in building general [2] 3
Dimensions: 80 cm wide, 8 = 1 Reinforced concrete Dimensions: 80 cm wide, 60 cm déép [2] Spandrel beams: ¥
60 cm deep [2] Wi - A 50mPa to 80 mPa 2] L I Reinforced concrete: 40 mPa'[2] 1
Material: Reinforced concrete 2] ° i DETAIL Beams connecting to the care: Beams connecting to the eare:
W

Beams connecting to care: & ]
Dimensions: variable wide, " {m
70 cm deep [2] 1 \

Perimete column

Dimensions: variable wide, 70 cm deep [2]

slab:
Thickness: 16 e [2]

Reinforced concrete: 40 mPa [2]
Slab:
Reinforced concrele: 40 mPa [2]

4 am '
Waterial: Reinforces concrete [2] ; Giposite columns. e —
. Moedcneee | Semiog0 Fg2m y =
3 , einforced concrete-
ith embedded I-profile steel [2] sompatosompapy o/ FLOORPLAN f Fig. 261Al Hamrs Tower dimensional scheme of perimeter columns
Fig. 22: Al Hamra Tower 57th floor plan (PARTIAL) | Fig. 27 Al Hamra Tower material scheme of perimeter columns
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o0, iV S, e A v s T Fio 2 o Tover ST or ol {21 Asi, A M, Sakiian. The Al Rarmra ircous Tower. 1

5] SOM project arch Fig. 24: Al Hamra Tower 57th floo agmur Sanger 926 A e Tover agmur Singer 2] Asci, A and M. Sarkisian. The Al Hamra Firdous Tower. nd.

Fig 22 A Hafna Tower 57 loor plan araw by Yagmur Sing .53 Hamia Tower o7 oor aimur singor Fig 27 At Tower Matera cheme of Srctur draw by Yagnur Sngr base o mage, nformation and draving provided by CTBUH and SOM




STRUCTURE/MATERIALS AND DIMENSIONS STRUCTURE/FLOOR HEIGHTS STRUCTURE/LOBBY LAMELLA STRUCTURE STRUCTURE/FOUNDATIONS and WIND ENVIRONMENT

> Toexpand the lobby area and create a column Site geolot Wlnd Environment:
Floor to floor heights of specific areas: free main lobby, columns are sloped away from the ﬁﬁ% with density varying from medium > Wind speed is established as 23mys (82 kim/hr)
’ building core following a circular arch. [2] dense to very dense cementation _ at10meter height in open terrain (2]
Ground floor: > Lamella were built with fiberglass formwork > Dewatering required during excavation and > Localized and short term wind phenomena
1135m [5] fabricated from shop drawings generated from 3D basement construction with the outcome of exist in Gulf region due to thunderstoffns s
model prepared with Gehry Technologies digital water 2 m below grade [2)  producing downbursts close to the ground [2]
Lobby area: software. [7] i, > Concentrated soluble salt is produced within > NO™-$/NOPUC thunderslarm wirid evenits
24m 5] > Itconsists of steel plates up to 16 cm thick, | evaporation creating an aggresive chemical generate greater wind speeds than synoptic
requiring nearly 400 days to complete. [7] ! [t environment for below-grade contruction, g - Ny A and

2nd-31d fioors - Health&spa:
37m-3.9mfs]

an elevation of approximately 150 m [2]

> Aefdynaric form is accomplished by
contributing rounded corners and the flared
walls 0 design of tower geometry [3]

resulted by using corrosion-resistant
reinforcement [2]
Raft foundation:

footprint of the tower) [2]
a Material: Reinforced concrele, 0 mPa [2]

Typical office floors:

Fig. 28: Al Hamra Tower material and dimensional scheme of perimeter columns

22m 5] Dimensions: 70x60 m, 4 m in thickness 2]
Dimensions: 24x12 m, 1.6 m in thickness (for
VIP floors the triangular section of raft, beyond the
o < 58m(s]
= 26 th-50th floors-Mechanical floors: Piles:
11m[s] Number-of piles: 2892
23 th floor-Mechanical floor: Closest spacing between piles: 3.6 m [2]
n 1015ms] Fi30: 30 Viw o towererrance showing obby Dlametel; Maximin 1201 [2]
famell structure oo . Depth ranging; 201027 m [2]
S o R YienWrced cancrete, vary from S5mPa Fig. 32: Airflow studies considering the tower form
Fig. 29. 41 Hamta Tower floor height scheme showing specific areas - . . o 80mPa (2]
M Tower
. [515SOM projectarchive {71 na, Al Fama. nd (accessed 0118, 2015). T2TAS6i, A and M. Sarkisian. The A Harmra Firdous Tower.
Fig. 26: Al Hamra Tower material [ Yagmur Sunger Fig. 29: Al Hamra Tower oht Yagmur Stnger based on image, nfo by fig. 30:30 M. Sarki rdous Tower. nd. Bl . H. and i €l Tl Buldings Sirctral S tems and AerochnamicForm, Routedge  Tayorand ranisGroup 800k Company 2014
provided by CTBUH and SOM CTBUH and SoM Fig f 1801, 2015) 1 form: Asi, A, and M. Sarkisan. The Al Hamra Firdous Tower. n.
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designing phase of tower made by SOM.
2]
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> Raft foundation was poured over a period
of 4 months, as a result of the regulation
set by the municipal restricting the
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delivery of concrete to the weekends. [2] e O :
> The Concrete was Pumped over 400 e et ol g e st APt e e 5 10 A ok
meters height to a stationary placing . S oMo PaART St e 1, e 23 A
boom which distribute Concrete to Every e e e & o
Floor. [7] S e oy B s i
> GPS System with three antenias oo 2 A
connected to 2 satellite has been used to e st
determine the exact coordinates on every 527 s e -
new Level during constrilction. [7] usT oF crrer RERGEENC S o Sm e s el
e et e oy o0 0
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Fig. 33: Construction of Al Hamra Tower [4] na. SO, 3. I_hamra_t 8, 2015) .

e
{21 ASci, A and M. Sakisian. The Al Harmra Fidos Tower nd [ g, Pt ol ey 5 e o o .
{71, Al Hamra. nd

(accessed 0118, 2015) ey 2 e
Fig Hamra amra_tower accessed 18 01,2015). 6 . ol o e 01 15 2015) o -




