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Characteristic deformations: (a) shear; (b) full-height bending of the framework as a whole;
(c) full-height bending of the individual columns
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Diagrid structures with various diagonal angles
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Local modification of deficient components

Removal or partial mitigation of existing irregularities
Global stiffening

Global strengthening

Reduction of mass

Seismic isolation

Installation of supplemental energy dissipation devices
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Overview of Tehran Tower

—r— wing C

(A) Plan of building in the basement (B) Plan of building in the upper floors
floors including primary and secondary  including primary and secondary walls
walls

%>-”—|—|-|-1—'-|—'|—|-|—|—}

(C) The primary wall of wing-A at the 54th story

O —— fojj—)

(D) The primary wall of wing-A at the ground floor

Plan of the structure
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(@) (b)

A view of a SIC (a) with covering and connection elements, (b) without covering
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Friction
damper

Diagonal
brace 8%

A structure with friction dampers

Schematic diagram of a semi-active friction damper
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Schematic of the buckling restrained brace
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typical & - 2 dighlacement
buckiing .
brace Sei
e
Unbonded
Brace

compression

Axial force-displacement

Behavior of OB and BRBF (Field and Ko, 2004)
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PLATE
MOSTAR NORTAR
L
PLATE —’ PLATE PLATE
BOND-PREVENTING
LAYER Eg?:ﬂ
SCION "A-A" ECTION "»8* MCTON T-C*
CORE PROJECTION TRANSITION SEGMENT YIELDING SEGMENT

Details of a buckling restrained brace
BRB _nd U (iilaS (slanialy O ealai

Total area of reinforcement in
each group of diagonal bars, A,

!

S

4

Elevation Section A-A

(a) (b)

Reinforcement configuration of diagonally confined special reinforcement in deep coupling beams
according to: (a) ACI 318-2002; (b) TSC-1998
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First cutrigger at
fixed location a
\
X
—
‘ wall [
. ! i
Second outrigger at Q——————{ ! : 4
optimum location :
) * i
v v O v v
AVAVAN BN I TAVAVAN!
!
Exterior :
— I
column *-H.,H&‘ | p———————
| Floor beam
"o
|
e r fff/ly'/ i pipp— s
ke h L i L h L
a E | i A i
e £ i { L
! L i

Shear wall with two outriggers

Exist.
wall

MNew concrete chord beam.
Reinforced as required.

New superimposed concrete

/slab. Reinforced as required.
2 A

S~

S

New dowels
epoxy grouted —|
in drilled hole

Existing concrete slab.
Roughen surface for
bond to new concrete.

Superimposed diaphragm slab at an existing concrete wall
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!— Typ. level

[
(W) Diagonally I 3
reinforced link beam

Level two
1 h‘d J_
!
Detail A —1 I | %1-
N g (E) Beam (tvp)

——
-

(N1 Wall bevond ——
J— Level one

: | (™) Epoxv dowels
—

F i
(™) Buttress ¥ L (E) Basement wall

(M) Footing /— (E) Basement slab
— — |
X -— (E) Footing

-w‘_

|, Remove (E)
| Footing

r’
Existing wall —— | 7

/ Existing slab reinforced to be

/ extended into new concrete

Existing slab key

[

New dowels, as
required epoxy grouted —/
in drilled holes

/ ' Existing reinforced concrete
slab. Provide temporary
New reinforced shoring for partial

concrete chord beam, removal as shown,
/ as required
.IrJ
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New structural tube

Exist, concrets wall

braces, slotted and

New steel weldad to ST at wall
buttresses, and plate at column,
as required Typical at roof, 2nd
\ . and 3rd floars
f - s
: C__ - b
| New bolts, epoxy
’ Z *44~ grouted in drilled --i

= holes

New ST bolted
to wall

& (Existingconcrete

IZ]

h.lilding‘) Section a-a

Exist. wall

e foting
: \ oy

-

T

i A I
e .
b "‘"" ?’T‘ 7 b —‘\" .,
- L) ] . . -
71 1 ~ 1 . .0 K ‘.
gt il S g
/ New buttress -
Existing wall footing foting N 6 10
4
. ’ , Exist.column
New pilesordrilled piers Section b-b boting

for bearing and uplift
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. Exterior
dagonal bracing

(b)

@ City Corp Building, New York City,
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Unit:cm
TMD principle
.

(b)

Agroelastic building mode! installed in the wind tunnel: {a) photograph of the building model; (b)
schematic of the test set-up

TMD 0 sie a8 jae s

Tuned mass damper schematic, Citicorp Center. Image courtesy MTS Corporation
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TMD as an attraction

1

101

Taipel

101 Simple Pendulum TMD

Schematic of Taipei

N LRI




Compact compound pendulum TMD, Bloomberg Tower, New York

Tuned sloshing damper
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' TLCD Control

» X

TMD Control
partition
L3
@
Rubber pad Rubber guide (Bearing)
Concept of a TLMD
X,
X I'—'
% X 300
- X
Cs Actuator
k» -«
ki X

Conceptual view of experimental set-up

X
K, (x -%) k(x-x) F,
— f—

CX

—

|

(a)Mass (b)Actuator

Free-body diagram of a building model. (a) Mass. (b) Actuator

E S T e e e e

AoA@lanJ)Lzﬂ',ub

www.C1vil808.com



Experimental part _ TLMD

Control device#p Experimental part

Numerical part

Real-time
’ Real-time calculating

measuring

oad cell |
— T 231

~ shakingtable ;

. Real-time

loading

Structure mede! @ Numerical part

Conceptual view of the real-time hybrid shaking table testing

NUMERICAL PART  Control computer (MATLAR)

EXPERIMENTAL

PART MEASURING © Interacting Force, ,(f) _
Dwvnamics of Stucturs Svstem

{2()}=[4. {z ()} +[B]{u (1)}

Load, F, (1) fo}=[c.{z()}+[D.Huin}

Tuned Liquid Column Mass Damper

CALCULATING

Acceleration

a,ft)
. Inverse Transfer Function of Shaking Table

cell | =
= -
al — 1 Control signal {e. b= 4 H= =18, ]r (1)

shakmgtable l ! LOADING elt)= [C, [{x,}=D,r(1)

Design of the controller for the real-time hybrid shaking table testing

Photograph of the real-time hybrid shaking table testing




Quter members

a

Bolts in slotted holes
I-shape steel

(a)

Steel plate  Bolts in slotted holes

[-shape steel

1 a

Outer members Friction pads

(b)

(1) Left Secondary
Hydraulic Circuit

(2) Right Secondary
Hydraulic Circuit

A Hydraulic Jack
B Check Valve
C Relief Valve

D Throttle Valve
E Accumulator

(A Connect to Structure
Connect to Bracing

Conformation of VDHD

A Silomo SHLE : 20
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The structural system developed for One Rincon Hill incorporates a concrete ductile core wall sys-
tem with four concrete outrigger columns connected by buckling restrained braces (a): close-up of One
Rincon Hill's structural solution (b). Image courtesy Magnusson Klemencic Associates
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Beam (also ref. to

Steel Plate ™ =]

End Beam/—\

/! as Storey Beam)
A—f _

)
!

(a)

Beam

Horizontal anc
Wertical Stiffene

Column

— ———— /
Beam Brace Shear wall Slab Rigid outrigger
~ .h ~ A - -
...\' ?‘ — -...Q ¢ —
"™ * s .: ® - .- ?. b —
K . p —
$ Basns .Igte\ral elements“{?) o s
: X & N -
* i) s
. AT

Shear wall

Frame
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Eight-storey diagrid module with 69-degree diagonal angle

10-storey braced tube module

Building envelope

Cross-braced
rectangle

Isometric of interior cross bracing system,
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3,
3
o
<

1808.com

1vi

www.(C




)
..wl
%

Leve| 53-56
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~X-reinforcement
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Level 48-36
Vierendes!
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NCNB Tower, North Carolingz,

(a)

ss block,

(2} Simple pendulum damper, (b} Hydraulic dampers attached 1o o
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214 1t to top of helipad
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Four basement
levels

AL

(b)

Museum Tower. Los Angeles: (z) building elevation: (b} lateral bracing system:

Roaof Reduced roof
acceleration =0.5-03g

(b} 04z

* A flexible mounting to increase the building period which, in turn, reduces seismic forces
in the structure above,

* A damper or energy dissipater to reduce relative deflections between a building and the
ground it rests upon,

* A mounting that is sufficiently rigid to control the building lateral deflection duning minor
earthguakes and windstorms,

Elastomeric bearings
Rollers
Sliding plates

* Cable suspension
Sleeved piles
Rocking foundations
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Closure
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Four conceiving methods for tall building structure system (3)

Intercombination or alone forming :
by the basic lateral elements :> Adding basic components
Example: in structure systems
AEEE u I]’I'l'r: )
i E = - .
i A -
m Alone B lntercombination | {:&'(
o T2
Intercombination of different structures <:: ‘;:"K
Example: ‘;:’K
[ \L’ 1
“ | ] | ]
F ~Rigid outrigger ~Brace

Replacing basic components in structure systems

y :. | Examplc: E E I
Amalga.mation n Internal and external n |><| I/\\H/l =

Upper and lower Parallel combination

. u . .
Difference forms Different matarials

=

TT

=

i

[ ]
Difference connection mode or transferring force forms  Difference layout

Conceiving methods and innovative approaches for tall building structure systems

——@—» Composing of beam and column i‘

Composing of
[Braceand Truss | [ Closedtube J>| G0N

[ — Composing of column
Shear wall | and deep-beam

and

Shear panels m Composing of truss
Composing of beam
[ Tube | ->[Braceatube || Gomeosna o

1l

Basic lateral elements Diagrid tube | Composing of diagrid

_}

rIr R ‘ - | nne
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Conceiving method or innovative
way of structure system

Intercombination or #[Amalgamation Method |
»| alone of Basic
H Upper and lower
resists lateral element | P combination Method
T N Internal and external
Intercombination of | [7| combination Method
L4
structural system Parallel combination
> Method
Addition of > IAdopting component of
: basic component different materials
in structural system N IAdopting component of
difference forms
Replacement of N IAdopting component of
»| basic component |~ " difference arrangement
in structural system Adopting component
)| differing in transfer force
and connection form

Conceiving method or innovative way of structure system

-h‘_b‘

L R T T A N

L

(a) Sketch showing the 7-W-shaped megacolumns (Source: architect Santiago Calatrava); (b) Sketch
depicting the structural system (setback columns and outrigger floors) for the tower

Sears Tower Bank of China, HK




110__# of Floors
100—+— Typel Shear Frames
it Type Il Interacting Systems
Type lll Partial Tubular Systems
80 —— Type IV Tubular Systems
70 —|— (CTBUH, 1980) £
S
60 —— = 2 - 2
o i E 2 E
S g |- 58 2 2 2 2
- a 23 = E] ] 2
40 —|— 5 BN 5 &2 © = P =
2 20 ety s ® @ s
30 - ° s s 2 35 8 : s e
z £ s ST Ec E3 = fra a
20— = =) s T B Ee s 85 o - =
% o P ° 28 ssEElSE il g - £
10 T~EEE8s EEES § §E EEISE S £ = 2
(2™ 4 w w O wE Wi w 3] w
[ ] 1 I 1 | |
Tvoe | Tvoe Il Tvpe lll Tvoe IV
Qutrigger truss
Bandy truss 88

TANS
2! | .\¥‘\

Reinforced concrete | Braced tube
core-tube .

Shanghai World Financial Center
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LC

bottom transverse
splicing rebar
(site work)

*Note ;
LC: splicing length for /E ﬁ o E
top rebar ' 0 0

LE: splicing length for 4
bottom rebar

Details of the connection between the MHS composite beam and metal deck plate

LC LC {
LE

slab

@x
: s
= AY § § T—vaA
i “ 4T steel secti
218 welded on tl?g top ——
5 of wide steel beam
SER s s R anreessaaskannssty
R 12
*Note Kli?-lw connecting
LC: splicing length for S steel girder
top rebar
LE: splicing length for
bottom rebar

Details of the connection between two different levels

AA Siloxo LIS 20
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Installation of metal deck plates




Rods for

Middle strip
hanging

Column strip

250 mm concrete
J‘ platform slab
Top of platform EL ~ 183 m
N
-
e e~ e oo
v [
p— Existing floor
framing (typ)
150 1 50x0.9Smm
“ and horzontal
§ members (typ)
— ST J
N -
'_':_'_'_".'_'_':QE e
&~ Demolish existing floor
framing as req’d for
150mm light gauge installation of steel tower
partition wall enclosure (tym)
attached to existing floor
framing (typ)
e e— et 1 ~e=ilm_
Iy == f cm—c————a}
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3-D modeling of the building without infill walls

=

3-D modeling of the building with infill walls
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Park Avenue Tower, Dubai, UAE

Park Gate development in Dubai, UAE

LAY
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30 Hudson Street, Jersey City, New Jersey




The 360-degree twisted Chicago Spire will be the USA's tallest building when completed (Source:
Chicago Spire LLC)

Architect’s rendering of the Malaysian towers emphasizing the structural ‘fin-like’ members (Source:

Studio Nicoletti Associates)

Masdar Headquarters, Masdar City, UAE
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Commerzbank Building in Frankfurt, Germany
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Mathematical model of equivalent sandwich beam

(G4, )

3t €

(EI (ED (G4, D)

S £ s iy £ 63 0

S

Mathematical model of equivalent sandwich beam
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@,

russ glement damper ngid beam

(a) Conventional wall, (b) Wall with damper, (¢) Wall with ngid beam,
Wl W2 W3

Analysis example of the shear wall governed by flexural

Ease shear
v Cﬂrr&ﬂpﬂndlng elastic response
b
Idealized bilinear response
U |
Y I |
| \- Actual inelastic response |
| ' :
I
Var 77| l '
Design base shear level :
1 |
Ay ﬂ“a.a ﬂ“rna:::
Roof story displacement

Idealized base shear—roof displacement relationship of a structure

MA Sl THLE : 20
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Earthgquake force P

for complete elastic response

Collapse-level
earthguake (MCE)

Inelastic response

Upper-level
earthguake (ULE)

Earthquake force

Damage-level
earthquake

(Inelastic displacement)

Ductility required to sustain MCE -

Ag Ay (Anticipated deformation
Idealized displacement under a major event)

Performance objective

Near
collapse

Fully
operational

Frequent l..._..

Occasional .
Earthquake il 2

Probability Rilis

Life safe

Unacceptable Performance

Very rare

M Basic facilities
® Essential or hazardous facilities (hospitals, EOCs, refineries)

Il Safety critical facilities (nuclear installations, national defense)

Earthquake probability and performance objectives (SEAOC, 1995)
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Original frame model in ZEUS-NL

Detailed FEA of wall in VecTor?2

Two-stage lumped modeling with GA

Multi-resolution distributed FEM analysis

Damage measure selection

Ground motion records selection

RC materal property uncertainties

Intensity measure selection and scaling

Anrenna —» |
fl

Direct assessment using numerical
simulations

Time history analysis using lumped model

Post-process to obtain desired values

- v
—

W W W, W W W W - W W -

AA Siloxo LIS 20
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Proposed fragility assessment framework

" e Colunm C1

+—— Colunm C2

ey

Colunin €3

Y

;

Metalic basket

Base colunmn

The head structure of Milad Tower
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(a)

Milad Tower: {(a) Configuration: (b} Head structure: (¢} Shaft section at zero level

Ah Silome e : 20
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75m

240m

11m
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- Concrete shaft
Transition
£ - Circular
- foundation
1 66m 1
T T

Tehran T.V. tower




Effect drawing of BAB

Model of BAB: (a) Elevation of model: (b) Main section; (c) Longitudir

I—

The middle part of the SIC (internal view)
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temporary —
column

existing [
column ~

jacket

(a) (b)

General scheme of the existing column's preparation: (a) cutting and elimination of the column's
middle zone; (b) making RC jackets at both ends of the column

(a) (b)

To the second step of the replacing procedure: (a) cutting the middle part of the existing column,
(b) installation of the bottom V-shaped element

=—
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Corner Colummn Beli Truss

[INRARRIRN]

[RERRRRINAND

2a

WL AT

- .33
bhabanitds il
g

1 31 x1s
3 sle-

Hangzhou Citizen Center

Three-dimensional numerical model of the skybridge

AA Shxo
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flexural
deformation shear
deformation

steel plate

beam

+shear deformation)

Overall flexural deformation, shear deformation and local supporting-member deformation

The Jin Mao Building

'7}2,{;:5)‘“ L gl
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Riparian Building in Brisbane, Queensland (courtesy of Wallbridge & Gilbert)




Vibration isolation connection detail and installation (courtesy of Wallbridge & Gilbert)

tall low rise
buildings | Pulldings
long span
bridges
————
wind earthquake
0.001 0.01 1 10

0.1
Frequency, Hz.
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Wall (Pier)

] boundary reinforcement

[E+—— Diagonal bars
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Petronas Towers — Kuala Lumpur
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Foundation
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The Kingdom Tower vs the rest
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B e

. volume of materials
. energy consumption
. waste generation
. noise and vibration
. effects on existing buildings
. effects on underground services
. pollution to groundwater
. archaeclogical impact
80 |
70
“ so0 |
5 =
» so (=4
w
O
W 40
L
()
.
O 130 [ 2
o = w
@ a w = =
= 20} e < s = -
= B o o z s
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Comparison of Concrete Systems

1. Load control method.

Displacement control method

Are control method

-l

Work control method.

Geometric effects:
1. Initial imperfections such as member camber and out of plumb erection

of a frame.
2. The P-A effect, destabilizing moment equal to gravity load times the
horizontal displacement it undergoes as a result of lateral displacement.

3. The P-6& effect, the influence of the axial on the flexural stiffness of the

individual member.

T —

MA (Sikoxo LY T (20 | - )5'.
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Material effect:
1. plastic deformation of the steel structures.
2. Cracking or creep of reinforced concrete structure.
3. Inelastic interaction of axial force, bending, shear and torsion.
Combined effects:
1. Plastic deformation plus P-A effect and/ or P-0 effects.
2. Connection deformation
3. Panel deformation

4. Contribution of secondary system to strength and stiffness.

Elevation and section through building at
level 18

O
AN
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........

S o
4"\
. ~
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www.C1vil808.com



Empire State Building — New York
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Twin Towers - Kuwait




Dancing Towers - Dubai

Freedom Tower — New York

Moscow City Tower — Moscow

Shanghai World Financial Center
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Siam Tribute — Thailand Chicago Spire
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Dubai: The City of Supertowers

With six buildings soaring above 100 floors, Dubai will be the city with the highest number of such structures in the woeld

Iy o

/ \#\’:/ \/ e V

@ e AlBu @ Name: Marina 101 oria'ne Princess Tower or"ame Pentominium o‘izr*e.BuerNam © Name: Burj Dubai

Levels: 180* Levels: 101 Levels: 107 Levels: 120 Levels: 108 Levels: 169*
Developer Developer Developer: Developer Develope: Developer
Nakheel Sheffield R.E. Tameer Holding Trident Int'l Holding Fortune Group Emaar
Location Location Location Location Location Location

Dubai Waterfront Dubai Masina Dubai Marina Dubai Marina Busin;sx Bay Shaikh Zayed Rd.




o
3
I

W: —

= —

> " 5
R
£
<
(%]

..///////5:, : .

< v £

T MM g

e

m - a
&
S
ko
(@)
-

Sky City




Park Towers - Dubai

Burj al arab — Dubai
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John Hancock Center.

1969.
Architect: SOM. Sears Tower
Engineer: 1974
Fazlur Khan. Arcliitect: SOM.

Engineer:

Fazlur Khan,

818 m/2684 ft
442 /145 e RS

MEmAELE 509 m/1671 ft

452 m/1483 ft

115 m/1362 ft 421 m/1380 ft

Taipei Dubai
Burj Dubai

Taipei 101

Chicago ' Kuala lumpur

Hong kong Shanghai
Petronas Towers

Two International Jin Mao Sears Tower

Finance Centre  Building
Comparative heights of several of the world’s tallest buildings.
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Spire*

1,127 ft. 1,136ft.

John Hancock Aon Trump Chicago Sears Fordham Spire Tall Tower
Center Center (under construction) Tower (proposed) (proposed)

Pushing new heightsin Chicago
The “Tall Tower” planned for Chicago would stand as the tallest structure in the U.S. if built. Its main
purpose is to accommodate antennas for the transmission of high-definition TV signals.
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