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Classification

e 200—300 m: Tall buildings
e 300-600 m: Super-Tall buildings
e >600 m: Mega-Tall buildings

600 m
1968 fi

300m
984 ft TALL

<300 m / 984 ft

Ls

SUPERTALL
-300 m /984 ft

MEGATALL
>500 m /1,968 ft

One Central Park
Sydney, Australia
3 Architectural Height:
N7 m /384 ft

432 Park Avenue
Mew York City, USA
Architectural Height:

426 m /1,396 ft

Shanghai Tower
Shanghai, China
Architectural Height:
632 m /2,073 ft
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Multi-disciplinary

n
Vv

Knowledge-based

o
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Mega-scale

A
\/

Inspiring

A
\/

Tianjin Goldin Finance 117 Tower,

Burj Khalifa, Completed 2010,
Completed 2018, 597 m A

829.8 m
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- - 828 m
D — 2,715 ft

,ozg
o
® é fo
\L,
THES T IHHA . S @ . |
TALLEST
BUILDINGS
IN ASIA
BURJ KHALIFA SHANGHAI MAKKAH ROYAL GOLDIN PING AN
Dubai, UAE TOWER CLOCKTOWER  FINANCE 117 FINANCE CENTER
2010 Shanghai, China HOTEL Tianjin,China  Shenzhen, China
2016 Mecca, Saudi Arabia 2018 2017
6 2012
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,,,,, . €2 "S-
(S ) -
By . °‘ex o e
. ? ° y A :9 y 323 m 316.7m O o 9
g o Loss 1,039 ft 297 m
8 | 9744 ft 2713 m 270.5m
p sl ’ ‘ 889.1 ft 889.1 ft

THES
TALLEST
BUILDINGS
IN OCEANIA

Q1 AUSTRALIA108 EUREKATOWER CROWNSYDNEY  AURORA
Gold Coast, Melbourne, Melboume,  Sydney,Australia MELBOURNE
Australia Australia Australia 2020 CENTRAL
2005 2020 2006 Melbourne,

Australia
2019
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462.5m
1517 ft

318::\ © (4] (5

THE 5

T —

~ TALLEST
BUILDINGS _* 1
IN EUROPE |
A LAKHTACENTER FEDERATION OKO: NEVATOWER 2 MERCURY
{ Saint Petersburg, TOWER: SOUTHTOWER Moscow, Russia  CITY TOWER
Russia EASTTOWER  Moscow, Russia 2019 Moscow, Russia
2019 Moscow, Russia 2015 2013
2016
(0




7all Buildings, Stories behind the Storeys il coly,y il sl ylois by

1. Generals OU’ —‘

Lis 58T S 3l sl yleid L

THES
TALLEST
BUILDINGS
IN AFRICA

THELEONARDO  CARLTON  BRITAMTOWER  PONTECITY UAP TOWER
Johannesburg, CENTRE Nairobi, Kenya ~ APARTMENTS  Nairobi, Kenya
SouthAfrica  Johannesburg, 2017 Johannesburg, 2016
2019 South Africa South Africa

1973 1975
S
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THES
TALLEST  §
BUILDINGS

IN NORTH
AMERICA

ONEWORLD CENTRALPARK WILLIS TOWER 111WEST  ONEVANDERBILT

TRADE CENTER TOWER Chicago, STTHSTREET  New York City,
NewYork City,  New York City, United States New York City, United States
United States United States 1974 United States 2020

2014 2020 2020 10
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BUILDINGS
INSOUTH
AMERICA

295 S el )3 3l slayleid lus

GRANTORRE  YACHTHOUSE ALVEARTOWER INFINITY COAST PARQUE
SANTIAGO RESIDENCECLUB: BuenosAires, Balneario Camboriu, CENTRAL

Santiago, Chile  TOWERS1AND2  Argentina
2014 Balneario Camborid, 2017

Brazil
2020

Brazil COMPLEX:
2019 EAST TOWER

Caracas, Venezuela

1983 11




Tall Buildings, Stories behind the Storeys i coly, Ll sy leisle

1. Generals Ow —
" iy syyleidln sl e

S ) 4y 9) Chumen gy

Ayl 2 Sl o) o3disljd Hul ywlsxl
IS )Vl 4 H3g9e (SILISI ol

HaS (§) 3l B paon Jamsliy

PRI 9 (SIUS (ple ) S puly

12




Tall Buildings, Stories behind the Storeys i coly, Ll sy leisle

1. Generals

wlls —

Qb sl Hledabw suleo
EHS1 59) )3 Hhuo ) ghbol sl il
:: H - [
R Sa8l3 g plasjl o
= RIS
it 41 = (- 9 BI9m S T) (sl )90 )3 HHSS

I

(A L] .

_.
T1-
re DS
= e
_‘
-

i
; -

Tilting in Santos (Brasil) 13




Tall Buildings, Stories behind the Storeys i coly, Ll sy leisle

1. Generals Qw . ‘
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Cross-wind

V9wl I399 s S)lg s390c YL 9 VL Y9 °
Along-wind SIw)lgzedy Hl (U AlgiSH pal aamains
SL )l (0L gsLb)gU'.;"iaf 9 Sl 59 *

a5)) aelido il 98 °
aJ5)) 9 db YL Jouwgs dyauiis Sl Juausliy
(VMH) (S 55 s )b s o )l

Cross wind and along wind building responses Combined loading (VMH) ”




Tall Buildings, Stories behind the Storeys

i coly, Ll sy leisle

1. Generals

wlls —

Costs

O NYC O Chicago
Poly. (NYC)

Shanghai

Poly. (Chicago) Poly. (Shanghai)

60

(HYS Yoalao) ddiab HB (SiaesS dis 3D

95 115

Skyscraper Costs versus Building Height for New York, Chicago,
and Shanghai. Costs are given in millions of 2018 USD. Each dot
is data for a particular building.
(https://buildingtheskyline.org/tag/skyscraper-economics/)

Architecture: 40%

Structure and Substructure:
30%

Mechanical, electrical
plumbing: 25%

% Elevator system: 5%

15
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Architectural and Aerodynamic Forms
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Curvilinear  Setback Tapering Adding Twisting
form opening

Basic Corner Corner Corner Corner
form recession cut slot roundness
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Classification of tall building structural systems,
(Ali and Moon,2007)
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Number of stories

I 0 T
I
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1111
8{) ............................................................................................................................................................
o 1
4{] .......................................................................................................
------------------------------------------------------------------------- :;‘-#----------
20 ............................................................. b .........
T - I — — — DR = = == S e N
"1"' s b i
: [
R N i ol
Braced Rigid Rigid Concrete Braced Concrete Concrete  Qutrigger
hinged frames— frames— shear wall + rigid shear wall + shear wall + structure
frames concrete steel steel hinged  frames steel rigid concrete
frame frame frame

Interior structure types (Moon, 2007) 18
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Super
frame

Concrete Steel braced Space

braced braced diagrid skeleton bundled bundled tubew/o

tube

Steel Exo- Steel

Steel

Tube in Concrete

Steel
framed

Concrete

truss

tube

framed

tube interior

tube

tube

tube

tube

columns

19

Exterior structure types (Moon, 2007)
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Are Buildings the Only Tall Structures?

343 m
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Are Buildings the Only Tall Structures?

Golden Gate Bridge,

Troll A Platform,
Norway,
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1-Mat Foundations

a3y s »-\

(a) (b) (c)
772 27777 2 2
A-A B-B Cc-C
A ® ®H B E, pE m W w m o, cm..m_m__u__ =
Do ww ! Dowwwsml loowee
E = = = = B E § ® & B E e e .
E E E E H E "R E ' ‘m ll‘"'lll'"'lll‘"'ll'"'ll
(d) (e)
Vi A
D-D é 0, I ?
E-E
D ! |!| |!| |!| |! e I e E
0 o U R U N R 0
= = ] ] = LT L
m m [m] [m] [m] SIIIiiIIiiziiiic
il |i| |i| |i| E ____________________

Types of raft/mat foundation. (a) flat slab; (b) local thickening below columns;
(c) thickened strips below column lines; (d) pedestals below columns and above

main raft slab; (e) basement structure incorporating the raft (Poulos, 2017)

22
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Chimney shaft
2::“ Column
Ring beam
Conical raf 7 ‘::,. ES
R::\‘ Inverted :

(a) (b)

/ Load-bearing well

" A N

arches

Inverted elliptic paraboloidal (e)
shell elements

Typical shapes of Shell foundations, a) cone and inverted cone, b) inverted dome, c)

hyperbolic paraboloid, d) elliptic paraboloid, e) folded plate (Kurian, 2006)
23
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3- Stone Columns, Ground Modification
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4- Massive Ground Improvement

¢ ‘.,". W o, ™ |
= ) 1

- .
-

Rotate and lift

<=

Grouted column

Displacement Jet grouting
(compaction grouting) (displacement, replacement)

25
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5-Skirted and Bucket Foundations

26
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5-Skirted and Bucket Foundations
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Two different failure mechanisms of skirted foundations (Eslami et al., 2019)
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6-Floating and Box Foundations (Bottom-up Construction)

Superstructure
mass equals the mass
'] o“ 1 excavaied 8ol
J/////// % /I.h.
o, Excaveied soil
Box Foundation

Subsoil supborts

exactly the Same

mASS

28
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7-Top-down Construction
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9-Piles (Single or Group)
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FETTTE TS TETEETETS

(095 1y 55) gasio=
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Floor slab ‘ ‘
| | “

|
NN AN

Compressible soil

0777
/5;?;*////%/5“/;‘/ / 7
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ks slayleidln gl 3398 pilgus sl juads jun
(Katzenbach et al., 2017) gloJT s y9a55l 35

300 m

1979

“ 300 m

200 m

1978 200 m

100 m 100 m
0m 0Om
=50 m —50 m
Landesbank
Ziirich-Haus AfE SGZ Commerzbank (alt) Cityhaus Marriott Hessen-Thiiringen BFG (alt) Dresdner bank (alt) Europaturm

|
I I ‘
| — |
T T

T T I T | T T T T T I
1960 1970
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ks slayleidln gl 3398 pilgus sl juads jun
(Katzenbach et al., 2017) gloJT s y9a55l 35

300 m 300 m
1990

& 1993
1993

200 m 200 m

1084
1980 1084 1996 1907

100 m 1993 E 100 m

: ol 1y i

_50m UL [ o I 1l "' som
Forum

FBC Deutsche bank (neu) Torhaus Messeturm Trianon WestendstraBe 1 American express Japan-center (pollux/kastor)

| | | I :
[ ]

1 1 1 I Il
1980 1990 2000
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ks slayleidln gl 3398 pilgus sl juads jun
(Katzenbach et al., 2017) gloJT s y9a55l 35

300 m 300 m
1997 1999
2011
200m 2009 2014 2014 200 m
2003 2004 2009
| =
100 m :é 100 m
om . af ] : L
T et e T T e | = = M
SO 1111111111 I
Dresdner bank
(Galileo) Skyper Nextower Jumeirah Tower 185 Taunusturm EZB

Commerzbank (neu) Maintower

I
1995
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Case No. 1: Golden Finance 117 Tower
Tianjin, China

* Year of Completion: 2018

* Height: 597 m

* Number of Storeys: 117

« Gross floor area: 370,000 m?

* Primary use: Office and hotel

36
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Case No. 1: Golden Finance 117 Tower
Tianjin, China

{
' : Mega-brace
Q )
\ 9
Q : Mega-column
=
q Q { Intermediate column
'ﬁ 4 s
b‘\ ’i ! Belt truss
Q‘ 91 | Central core
® 1
}‘, i
Mega-brace tube Mega frame Central core Intermediate Overall structural
(cross-bracing (mega-column (core wall and column framing

and and belt truss) lintel beam)

B 9 GBI slo)jlw pylie @i 37
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Case No. 1: Golden Finance 117 Tower
Tianjin, China
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Case No. 2: The Masterpiece (Ki1)
Hong Kong

* Year of Completion: 2009

* Height: 260 m

* Number of Storeys: 64 (+ basement
levels)

« Gross floor area: 100,000 m?

* Primary use: Hotel, residential and retail

39
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Case No. 2: The Masterpiece (K11)
Hong Kong
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Case No. 2: The Masterpiece (K11)
Hong Kong
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Case No. 3: CCTV Headquarters
Beijing, China

* Year of Completion: 2012
 Height: 234 m

* Number of Storeys: 54

« Gross floor area: 473,000 m?

* Primary use: Office

42
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Case No. 3: CCTV Headquarters
Beijing, China
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Case No. 3: CCTV Headquarters
Beijing, China

[:l News and broadcasting

[:] Broadcasting transmission

Production

L
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Case No. 4: Vincom Landmark 81
Ho Chi Minh City, Vietnam

* Year of Completion: 2019

* Height:461.2 m

* Number of Storeys: 81

« Gross floor area: 142,000 m?

* Primary use: Residental and hotel
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3. Case Histories

Case No. 5: Hysan Place
Hong Kong

* Year of Completion: 2012

* Height: 204 m

* Number of Storeys: 36
 Gross floor area: 66,511 m?

* Primary use: Office and retail
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Case No. 5: Hysan Place

Hong Kong
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Case No. 5: Hysan Place
Hong Kong
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Case No. 6: Marine Bay Sands
Singapore

* Year of Completion: 2010
 Height: 206.9 m

 Number of Storeys: 57

 Gross floor area: 581,400 m?
 Primary use: Hotel, Conference,

retail, leisure

51
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Case No. 6: Marine Bay Sands
Singapore

a) Box girder

Movement joint Truss

66.5m

cantilever
Steel frame with
columns at 10m c/c Steel frame with
columns at 10m c/c
b)
4.65m/6.15m 4.65m/6.15m
0
e +10m
T —1 s 1 L — = +  — T 1 am
Tower 2 Tower 2 Tower 3
Main box girder Cantileversegments
e .
Fel 2 | s 6l
1 11203 4 5 |8
|
R /\lj\l—__l:‘:j—
— — 111 — 1
b) 175mm-225mm thick 4m wide x 3.55-10m 1.25m-1.75m deep transverse
composite deck slab deep box girder place girder at 4.2m c/c

66.5m cantilever
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Case No. 6: Marine Bay Sands ouiodliiw! (5L Cofferdam oy wi¥ 3

Singapore
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Case No. 7: Milad Tower
Tehran, Iran

* Year of Completion: 2008
 Height: 453 m

« Gross floor area: 154,000 m?

* Primary use: Communication,

Conference, Leisure
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Case No. 7: Milad Tower
Tehran, Iran

( Hybrid Foundation)
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Case No. 8: Al Faisaliah Building
Riyadh, Saudi Arabia

* Year of Completion: 2000

* Height: 267 m

* Number of Storeys: 44

« Gross floor area: 240,000 m?

* Primary use: Commercial
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Case No. 8: Al Faisaliah Building
Riyadh, Saudi Arabia
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Case No. 8: Al Faisaliah Building
Riyadh, Saudi Arabia
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Case No. 9: Torre Latino Americana
Mexico City, Mexico

* Year of Completion: 1956

* Height: 204 m

* Number of Storeys: 44

« Gross floor area: 27,727 m?

* Primary use: Office & Museum
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Case No. 9: Torre Latino Americana
Mexico City, Mexico
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