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Tallest Completed Buildings in the World
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600 m
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Burj Khalifa Shanghai Tower Makkah Royal Clock

828m /2,717 ft 632m /2,073 ft Tower Hotel

Dubai, 2010 Shanghai, 2015 601 m /1,972 ft
Mecca, 2012

© MIDAS IT Co,. Ltd

Ping An

Finance Center
599 m /1,965 ft
Shenzhen, 2017

Lotte World
Tower

555m /1,819
Seoul, 2017

One World Guangzhou CTF China Zun TAIPEI 101
Trade Center Finance Centre 528m/1,731ft 508 m /1,667 ft
541 m /17761t 530m /1,739 ft Beijing, 2018 Taipei, 2004

New York City, 2014 Guangzhou, 2016

Shanghai World
Financial Center
492 m /1,614 1t
Shanghai, 2008



X
l—k"}" Tallest Completed Buildings in the World

= i -
1980s 2010s
19605 The Franklin - North Tower  Burj Khalifa 2020s
875 North Michigan Avenue | Chicago Dubai Merdcka 118
1900s il 2060 m 878 m Kuala Lumpur
Metropolitan Life Tower 1930s Chicago . 6789 m
New York City Empire State Building | %3/ ™ '
2134m Mew York City
381 m 19705 2000s
1920s 1950s Willis Tower 1990s TAIPEI 101
Terminal Tower MV Lomonasov State Chicago Petronas Towers | Taipei
Cleveland University 421 m Kuala Lumpur 501 m
2158m Maoscow 4519 m
239m
1910s
Woolworth Building
N:Ew Yaork City 19405
414m Altino Arantes

530 Paulo
161 m

https://global.ctbuh.org/
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74 QF;% Tall Building Structural System

X<
e
AL Interior Structural System
T+X 7=
160
140
120

8

Number of Stories
3

X
60 =
322
40 o= 5
i i
= e o |
=== == i |
B B E= HH | ===
Lo | == | i i 3
T BH B M B BHOE I
Braced Rigid Rigid Concrete  Braced  Concrete  Concrete  Outrigger

Hinged Frames- Frames- ShearWall+ Rigid  Shear Wall + ShearWall + Structure
Frames Concrete Steel Steel Hinged Frames  SteelRigid  Concrete
Frame Frame Frame
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74 QF;% Tall Building Structural System

Exterior Structural System

160

8

Number of Stories
3 3

B
o

. . * ’ 3t . '
D i ]
H ' i H s T, S [ ! | |
i 1} o i
[ES S | ne =

Concrete Steel Tube in Concrete Steel Steel Exo-Skeleton Steel Concrete SteelBraced  Space Super

Framed Framed Tube Braced Braced Diagrid Bundied Bundled Tube w/o Truss Frame
Tube Tube Tube Tube Tube Tube Interior
Columns
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160, 1961-1970 steel O

L
I E 7 1971-1980 concrete  []

MM-Mr W 1o8119%0 composite A
:1:1-:)“_“,k ........... BT e B 1991-2000 .
: : mixed @
|

- Willls Fower : :
: i Intermativnal Cammerce Center |
A e e =M :

2001-2010

e WA Alrvechbo
L0 oo d s e o S S

Structural Systems No. of Buildings

Indlnlhn'l'hlum framed tube 20
: : : bundled tube 4
15

B I S T e tube in tube
M"ET:‘ !ﬂ::,‘_': diagonalized 10

; i ; : on..e.. Sy Towr core + outrigger 19
s contr ; | ke hybrid 7

Total 75

£ e i S o Prior 1990 :
e D Apo— RPN Sanidl R 1l
7 - i | 75% of tall building

281 5 ke i 4 L s gmmmém Frame Tube w/ steel

No. of Stories

gllaln‘hum :

2000’s

73% of tall buildings
Core + outrigger
approx. 50% Concrete

;—’u.mmﬂnd Bunl :_57'0_9,‘_. M
1623 Broadway | :
o o : :

{100 LY TN

b

ERAENN

framed tube bundled tube tube in tube diagonalized core + outrigger  hybrid
Structural Systems
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year 1970s 1980s 2000s 2010s 2020s
Mokdon Busan Busan
Building Name 31 63 Trade H erior? Tower The # Sondo FKI Haeundae Parc1 GBC Busan ljin Bay
9 Build. Build. Tower ypI Palace Il | Centum NEATT Tower | Park Marina Tower LCT City
Star Tower
Function Office Office Residential Office Residential Office Residential
Completion 1970 1985 1988 2003 2004 2008 2011 2013 2011 2020 - 2019 2022
Floors 31F 60F 54F 69F 69F 60F 68F 50F 72F 69F 105F 101F 69F
Height 110m [ 250 m | 228 m 256 m 264 m 212 m 305 m 246 m 292 m 318 m 569 m 411 m 246 m
Floor
System Steel Beam RC Slab Steel Beam Conc Flat Slab Steel Beam RC Slab
Column Steel Braced Column SRC Column Collaucmn SRC Column RC Column Mega Column RC Column
Structural
System Core Steel Core Con'c Core
Lateral | | Braced Mega Braced Fin Wall
Resistance fStee Steel Brace Outrigger System ega Brace in Wa
System rame Frame System System

© MIDAS IT Co,. Ltd



_*_:l_% ?_-IQF;% Tall Building Structural System _ Steel
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31 Building 63 Building LG Twin Tower Trade Center
1971’ 31F, 114m 1984’ 60F, 249m 1986’ 33F, 144m 1987’ 55F, 228m
Steel Frame Steel Braced Frame Steel Tube Steel Braced Frame
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G S T

Tower Palace I The # Centum Star

2003’ 69F, 256m 2004’ 69F, 264m 2008’ 60F, 212m

Outrigger Outrigger Outrigger
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_*_:l_% 74 QF;% Tall Building Structural System _ Outrigger System

e

FKI Tower Haeunda_e 1 Park
Marina
2011’ 68F, 305m 2013’ 50F, 246m 2011° 72F, 292m

Outrigger Outrigger Outrigger
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XIN=EAHA=S Tall Building Structural System
'_I'" X7 I% _Mega Braced System
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2020’ 69F, 318m
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Tall Building Structural System
_Fin Wall & Belt Wall

LCT
2019’ 101F, 411m

.
)
1ty

583548
LU

IJINBAY CITY
2022’ 69F, 246m
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Outrigger System
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Outrigger
System

Concept
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Outrigger System

EERREERE R EREERR

Deflection of outrigger
braced structure

J

v
/ Deflection of
ZL,/—-qtructure without
/ outriggers
Leeward
columns in
compression
Y Windward
columns in
tension
A
2o CTVEVALY A s
(a) (b)

Moment in core with
outrigger bracing

Moment in core without
outrigger bracing

(c)

Fig. 14.2 (a) Outrigger structure displaced under lateral loading; (b) resultant deflections: (c)

resultant corc moments.



Outrigger challen ge
System

« Connection With Con’c Core

- Mitigation for Differential Shortening

© MIDAS IT Co,. Ltd
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Outrigger
System

Classification
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Outrigger System

1. HiX|of| L} E 2/

2. M =of }HE ZF

Core QOutrigger
Offset Outrigger

Concrete
Outrigger wall
Vierendeel

Steel
Truss
Composite
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Outrigger
System

Connection Method

© MIDAS IT Co,. Ltd

Outrigger System

Effect of the Axial Shortening

Between Outrigger and Core
1. Embedded Plate
2. Encased top and Bot. chod

3. Encased Outrigger Truss

Between Outrigger and Column
1. Delayed Joint
2. Adjusted Joint

3. Auto-leveling



Outrigger System
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Datum level for (n+1)™ story

i o
Outrigger o] 18
VERTICAL £ :
[ = —“—
System , Al 4 85+ %
» 2 2w
Connection Method 5 E2 25
2 g5 <=7

----- < 25

8

CENTRAL Datum level for nth story

CORE-

_____ - Column Core

MEGA- ,*}
COLUMN. {
L)

. a
FLAT SLAB~
{ PIT FLOOR: §

Absolute shortening vs. differential shortening

0, AM

N\
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_7.2_:]_% 7 EF;% Outrigger System
—_ - Connection between Outrigger and Core
E

SI2AXEH A AH

Outrigger

System 7 )

Connection Method :
MEEE RS
e s

Embedded Plate
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_*_:l_% 71 EF;% Outrigger System
§| E=|I-I-<'5|' A| AEI Connection between Outrigger and Column
-1 o |

- Delay Joint Method

Outrigger
System

RELATIVE ,_Bolted

A= w
H ACEMENT steel
Connection Method Z el feow & plate
- - splice
- 1.
3 2
g b4
w « Concrete
0 s 1 core
w =
5 » - N/
o 2 - i Vert
o = cal
g oz- pour
o w strip
(]
DOWNWARD
MOVEMENT
POPSICLE STICK MODEL
———————————————————————————————————————
RELATIVE MOVEMENT OF
OUTRIGGER TRUSS SYSTEM Divorced. Vertical strip is cast later to accomodate
different settlement.
Jin Mao Tower Nashville Tower

© MIDAS IT Co,. Ltd
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Connection between Outrigger and Column

Outrigger System

- Delay Joint Method

Outrigger
System

= A

Connection Method

CH Stolm2]2 |

|

.
O

a2
= o

%"El' E.__!E‘"Ll?:'l E‘I"?'-I, H'"EIE!

Nashville, USA

Jin Mao Tower, China
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_*_:l_% Fa EF;% Outrigger System
- —ie Connection between Outrigger and Column
S124R{S} Al AE
- Delay Joint Method
Outrigger
System Pros
Connection Method »  Shim plate method0]| H|st0] 2t2|7} $~2let

- HEYAM A ASO0] ZHERSITY

Cons

« AMS2AZA| MK X|SHQl 22| Ee
=

[ SR T

ek
+ BARS Wsts 220 CHeto] Outrigger 210] OFHsHofe!
. FpEY A BXEY BT
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Outrigger
System

Connection Method

© MIDAS IT Co,. Ltd

Outrigger System
Connection between Outrigger and Column

- Adjustment method

Steel outrigger

Shim plates are used above
and below the outrigger tip to
adjust the relative shortening
between core and perimeter
during construction stage

Column —»

Core Wall Shortening

4

-_— ~— Outrigger

S n
=< &%} 2mmGap

Shim Plate

o5 2mm Gap 238!

o B

Shim Plate A/

Jacking

25t 2mm Gap S A




Outrigger System

Connection between Outrigger and Column

- Adjustment method

AL

Outrigger
System

Connection Method

NN

AL L

..
W ,
5 n-—--------_ !

e L

A

Cheung Kong Center

NINA Tower, Hong Kong

2IFC, Hong Kong

S5 ¥l sto|miz|2 1

Hong Kong

© MIDAS IT Co,. Ltd
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Outrigger
System

Connection Method
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Outrigger System
Connection between Outrigger and Column

- Adjustment method (Shim Plate Correction Method)

o AS2ARA| 7] X|SHQl Aot =F ER
S



_*_:l_% 71 EF;% Outrigger System
- —ie Connection between Outrigger and Column
S124R{S} Al AE

- Auto-leveling Joint Method (Oil Jack Joint System)
Outrigger
system ....... Orifice

Disp. o)
Connection Method T

Col pant -
olumn Outr i(JQel ....... Outrigger

Column

 Install bi-directionally
Interlocked oil Jack
 Interlocking Operation

« Schematic View after installation

© MIDAS IT Co,. Ltd
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Outrigger
System

Connection Method
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Outrigger System
Connection between Outrigger and Column

- Auto-leveling Joint Method

Northeast Asia Trade Tower

St. Francis Shangri la Place, Philippines
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Outrigger
System

Connection Method
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Outrigger System
Connection between Outrigger and Column

- Auto-leveling Joint Method

Pros
« Shim plate methoddi| H|5}0] 2|7}
 Outrigger Damper2 A2 A| Hydraulic Damper 7|s

Cons

« AS2ARA| 7K X|SEQl H2fet =
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Outrigger System
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Belt Truss
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Outrigger System
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:l_% 71 QF;% Outrigger System
=t A STRUCTURE PLAN

Tower palace I

- Location : Seoul, Korea
- Height : 69 Story (261.8m)

Reinforced Concrete
Core Wall

Exterior

- Use : Residential SRC Column

- Completion : 2004

HERRR RO RO 55BN

Interior

Composite
SRC Column

- Structural System : Floor Framing

Composite Column +
Steel Beam + Core Wall +
Concrete Belt Wall

§
8
X
3
K]
N
L)
s
N
5
N
8
8
8
N
N
8
N
L]
§
i
u
I
u
i
§
g
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Outrigger System
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LATERAL SYSTEM

= °
:l_% 7 %’%E Outrigger System
= ﬁ Core Wall + Outrigger Wall + Belt Wall

The # Centum Star

- Location : Busan, Korea ; Upper
== Belt Wall Floor
- Height : 60 Story (209.8m)
- Use : Residential E % % .
- Completion: 2008 ; = Z
= g ; Typical Floor

a

g i
£

Lower
Belt Wall Floor

© MIDAS IT Co,. Ltd



:l_% 7 §% Outrigger System
2 A
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l S . | - Gl
i 7, -\ sl : T 3
(184025 m Pﬂ’i‘{ﬂﬁw mnm i

1, BELT WALL ELEVATION
1,/30

© MIDAS IT Co,. Ltd



:l_% 7 QF;% Outrigger System
2 A

The # Centum Star

=\

e A e e

e
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2010°
NEATT

- Location : Incheon, Korea
- Height : 69 Story (304m)
- Use : Office + Hotel
- Completion : 2014

- Structural System :
Composite Column +
Steel Beam +
Outrigger Truss

© MIDAS IT Co,. Ltd

Outrigger System




* X HED -
s == Outrigger System
SISt AJAE]  ososon ol
<1 © — O Outrigger Truss ar
20 1 o, & Belt Truss r
NEATT ‘/ ‘J ||_— Corner Column
/ ; | Perimeter Column
34t Story
Outrigger Truss At
& Belt Truss ™ | Cor
,/ “‘»‘;\\_v:“.‘ ‘ E
1 A% ip \
re "l‘\" ‘ “’ y’/‘/l
N \ ‘ AN J
Y ‘“‘.\fp‘-»j’&ib‘ Y
) // "\““4 )
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2010’

NEATT

© MIDAS IT Co,. Ltd

Outrigger System

Outrigger Layout Elevations — 33 Floor Level

Thick Core Wall to be
Extended into Adjacent
Floors

Core Walls Thickened to
800mm At Outrigger
Levels




_*__Tl_% ?_EF;% Outrigger System
2 A

=1 b= x_l of AI Eil Outrigger Layout Elevations — 64" Floor Level
o 1 o =
5 Thick Core Wall to be
201 0 Extended into Adjacent
NEATT Floors

(IR3/NXTION 1
Core Walls Thickened

to 800mm At Outrigger
{N3YATION 3 Levels

© MIDAS IT Co,. Ltd

OUTRIGGER ELEWATION .3



_*_:l_% 71 QF;% Outrigger System
S2x{8 A|AT

Outriggers

| Park Marina

- Location : Busan, Korea

- Height : 72 Story (291.6m)
- Use : Residential

- Completion : 2011

- Structural System :

RC Flat Slab + Core Wall +
Steel Outrigger Truss

 Fud
C

Belt Truss

© MIDAS IT Co,. Ltd



| Park Marina

© MIDAS IT Co,. Ltd

Outrigger System




| Park Marina

© MIDAS IT Co,. Ltd

| AL

5 e

COREE
{Outrigger trussi

gl 5 (=]
(Belt-truss) '
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Qutrigger Truss
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Outrigger System

Project Name

Hyperion |
Tower Palace lll

Busan the# Centum Star

NEATT
(Northeast Asia Trade Tower)

Busan Haeundae I'Park

Hanoi Landmark Tower

FKI Head Office
(Federation of Korea Industries)

Busan Lotte Town

Hanoi City Complex

69

69

60

68

72

/0

50

107

65

Structural
System

Core+Q/T+B/T
+SRC column

Core+B/W
+SRC column

Core+B/W
+RC column

Core+Q/T+B/T
+SRC column

Core+Q/T+B/T
+SRC column

Core+Q/T
+RC column

Core+Q/T+B/T
+SRC column

Core+Q/T+B/T
+RC column

Core+Q/T
+RC Column

Outrigger Connection

Core

Direct

Indirect

Indirect

Direct

Direct

Direct

Direct

Direct

Direct

Outrigger
Depth
Adjust. 6.0m
Delay
- 8.0m
- 6.0m
Adjust.

(Oil Jack) 9.1m
Delay 6.4m
Delay 8.0m
Delay 9.2m
Delay 14.0m

- 7.0m

Outrigger
Materials

Steel

RC

RC

Steel

Steel

RC

RC

Steel

Steel



Mega-Braced System

» Single Column & Mega-Brace

* Double Column & Mega-Brace
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Mega-Braced
System

© MIDAS IT Co,. Ltd

challenge

 Conner Column Connected to Mega-Brace



_*_:l_% 7 QF;% Mega-Braced System
S2{x{a Al A

GBC

- Location : Seoul, Korea

- Height : 105 Story (569m)
- Use : Office

- Structural System :

Mega-Braced System

© MIDAS IT Co,. Ltd
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Mega-Braced System

Gravity Load Resisting System

N
b
T

Lateral Load Resisting System
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Braced System

Mega

GBC

 BIM Data
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Mega-Braced System

MEGA-COLUMN DETAIL - CFT OPTION AT NODE LEVE

=2 T E S HII-ItAE

ZE8 S 0E

MEGA-BRACES 2EE OISR REY
ATMNODAL LOCATIONS ) -B‘rL“| fTﬁu = ERFC% F{Lf
STEEL CORNER COLUMN
UTILIZING STACKED
PLATE "CLUSTERS"
2 %
V]
%
%
PJP, TYF. Q 1 I s
gﬂ‘s&g v Blmm I =A==
%i Ad VAL FENECEEER
PATES - ‘W??W SUSIOTMC
Y Y / B0mm STACKED
STEEL PLATEIN
7 | i
v artir ¢/ "CLUSTERS"
Z, A
A 24 Al Erection Z2t31
GUSSETS — Az, TEMPORARY ERECTION
CONNECTED A BRACKETS
TOBRACE |
FLANGES 4in
ALZ
z ‘2E
£
\ ¥
+ 3
S-6211
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TYPICAL STEEL MEGA COLUMN DETAIL - DOUBLE
GUSSET CONFIGURATION 1200 WIDE
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Braced System

Mega-

Seoul, Korea
69 Story (318m)

- Location :
- Height

Off
- Completion

Ice

.
.

- Use

2020

- Structural System

Braced System
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Mega-Braced System
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Fin Wall & Belt Walli

* Post-tension

- RC



Fin-Wall
Belt-Wall
System
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challenge

- Fin-Wall & Belt Wall Rebar Arrangement



XIN=A=E Fin Wall & Belt Wall
SRE AL

2020’

LCT

- Location : Busan, Korea
- Height : 101 Story (411m)
- Use : Residential

- Completion : 2019

- Structural System :
Fin Wall & Belt Wall
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Fin Wall & Belt Wall

SLAB
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CORE WALLS

TYPICAL FLOOR
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MECHANICAL FLOOR
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:l_% ?_QF;% Fin Wall & Belt Wall
2 A

IJINBAY CITY

- Location : Busan, Korea

- Height : 69 Story (246m)

¥ e sERN S i
TN : o o e
s e g

- Use : Residential
- Completion : 2022

- Structural System :
Fin Wall & Belt Wall
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=A== Fin Wall & Belt Wall
2 A

FIN WALL & BELT WALL

FIN WALL THK. 400~500mm

THK. 300~500mm CORE WALL

THK. 600~700mm
CORE WALL

THK. 600~800mm

LINK BEAM
LINK BEAM D = 3000~4000mm
D = 700mm

FLAT PLATE
FLAT PLATE (T;II;I i‘f’mpu)
THK. 250mm =2 o -T-
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Fin Wall & Belt Wall
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_jF_ 1= 7-| Special Consultants

_|_E=|A|-<C>,|'

Geotechnical

SPECialists - Foundation
« Facade
«  Wind
«  Seismic .
Structural Engineer
. Damper
1. Network

. Nonlinear

2. Coordination

. Axial Shortening "

. Cost

. Materials

«  Welding
« BIM
+ etc
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b - | = X 74{= :E Special Consultants

=Q NejArst

Core Design
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Jin Mao Tower CITIC Plaza Bank of China Tower NEATT Parc 1

e
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T {1

m E = = ®
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» Lift Engineer
= ACS Form .

. . Coordination Structural Engineer
= Fire Engineer

= MEP Engineer

© MIDAS IT Co,. Ltd \- Conc Material Consultant




J_I_E 7= :E Special Consultants
£ 1ddAfet TR |

Mega Structure

=
=S

Steel Worker
Steel Fabricator
Welding
Cranage Coordination Structural Engineer
Monitoring
Conc Material Consultant
\- Curtain Wall Consultant "
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Sub-Structure
Design
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Special Consultants
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= Geotechnical Engineer
Foundation Engineer
Excavation
Earthwork
MEP Engineer
Q.C Consultant

Coordination

Structural
Engineer
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= Wind Engineer

» Vibration Consultant (Damper) Coordination Structural
= Curtain Wall Consultant Engineer

= BMU Consultant
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jCJ_l_E 74= :E Special Consultants

=0 ToqAfst

Wind Engineer

« Climate Study

« High Frequency Force Balance Test
- Aero-elastic Test

« Aero-dynamic Stability Test

« Cladding Pressure Test

+ Pedestrian Level Comfort Test
« Spire Wind Fatigue Test

- Stack Effect

+ Auxiliary Damper Study

« Thermal Comfort Study

« Special Reynolds Test

« Pinnacle Vortex Shedding

Mitigation Test
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ij_l_E 7= :E Special Consultants

ZQ JedAfst -

Cost Consultant 180 —

160 —
140 —

120 —

80 —
60 —
40 —

20 —
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Elemental costs for a 60 story building

(baseline costs for a 15 story building).
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_jF_J_— 7= :E Special Consultants

ZE=R Jg{Afet
: : Structural Syst
Cost Consultant Shaping Strategies St:::e;ir:s ystem
STRUCTURAL
COST

Lo o g

Construction

Material Strategies Strategies
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Structural Engineer’s Role

Structural Engineer # Supporting Engineer

. Communication Structural Communication Special
Architect gt . inati
& Coordination Englneer & Coordination CO“SUIta nts

Structural Engineer Leads the High-rise with Various
Knowledge and Experience
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