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1. Background




1.1 Current development of tall

buildings worldwide

J

o Council on Tall Buildings and Urban Habitant (CTUBH):
- Top 15 tallest buildings: 9 (China)
- Top 38 tallest buildings (2005~2010): 17 (China); 8 (Dubai)

o The construction center of tall buildings has transferred from
North America to Asian and Middle East.
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building name

Burj Khalifa

Taipei 101

Shanghai World Financial Center
International Commerce Centre

Petronas Tower 1

Petronas Tower 2

Zifeng Tower

Willis Tower

Guangzhou International Finance Center
Trump International Hotel & Tower
Jin Mao Building

Two International Finance Centre
CITIC Plaza

Shun Hing Square

Empire State Building

Dubai (AE)

Taipei (TW)
Shanghai (CN)
Hong Kong (CN)
Kuala Lumpur (MY)
Kuala Lumpur (MY)
Nanjing (CN)
Chicago (US)
Guangzhou (CN)
Chicago (US)
Shanghai (CN)
Hong Kong (CN)
Guangzhou (CN)
Shenzhen (CN)
New York City (US)

meters feet fl. year

828
508
492
484
452
452
450
442
439
423
421
412
390
384
381

2,716
1,666
1,614
1,588
1,482
1,482
1,476
1,450
1,439
1,388
1,379
1,351
1,280
1,260
1,250

163
101
101
108
88
88
66
108
103
98
88
88
80
69
102

2010
2004
2008
2010
1998
1998
2010
1974
2010
2009
1999
2003
1996
1996
1931

CTBUH, 2011/8/4

material

steel-concrete
composite
composite
composite
composite
composite
composite
steel
composite
concrete
composite
composite
concrete
composite
steel

hotel / residential / office
office

office / hotel

office / hotel

office

office

office / hotel

office

office / hotel

hotel / residential

office / hotel
office
office
office
office




1.2 Tall buildings in China
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[ 1.3 Structural systems for tall }
build

Planar members  Spacial members

- Frames - Framed tubes
- Shear walls - Core tubes

- Bracings \ /

Structural systems
- Frame structures

‘Structural walls are

- Shear wall structures indispensable

- Frame-shear wall structures elements of tall and
- Frame-core tube structures Super-ta_ll buildings
- Bracing-framed tube structures. t0 sustain th_e

- Tube-in-tube structures vertical gravity and
- Bundled tube structures horizontal

- Mega frame-core tube structures earthquake effects
- and wind loads.
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2. Structural walls
of tall buildings




2.1 SRC shear walls (1)
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““| 2.1 SRC shear walls (2)
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Test Setup
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2.1 SRC shear walls (3)
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2.1 SRC shear wallls (4)

Observations
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2.1 SRC shear walls (5)

Formulations
,~=-1 Arch mechanism contribution and
/i primarily related to the geometry
/ iandaxialload ___________________ |
u C a g :

« 1 The contribution from the truss
‘-~ mechanism primarily from the i
shear reinforcement |

\ The concrete contribution !
__!primarily from the concrete i
raggregate interlock mechanism !
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2.1 SRC shear walls (6)

Formulations
For SRC walls,
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2.2 SRC shear walls (1)
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2.2 SRC shear wallls (2)
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~ | 2.2 SRC shear walls (3)

. —— ' : A
= 0 : S T L] = 9 F : 17100
%6 Without 76 H , .
e ———embedded = |f-° — embedded
ALY 0.005 (IR 0015 0020 (LEMD) (.005 0.010 015 (020
inter-story drfit inter-storv drfit
Difference in inter-story drift
ol
{ VY PUIVRVIRIVESE N
| Minor oL Moderate " Major

Analytical model Difference in time-history displacement

@ The effect of the embedded steel sections is not
significant at the elastic stage. When structure entered
nonlinear stage, however, the steel members encas
the reinforced concrete shear walls contrlbute
g00d performance of structures. SDTSB (201Q}



2010 Chile Earthquake

There still are
damages to
shear walls.

Experiment




3. Earthquake resilience
of tall buildings




' l 3.1 Earthquake resilient structures}

o Structures without damages or
with only minor damages
happened after earthquakes
are called “Earthquake
resilient structures”, which
recently has been a worldwide
hot issue in earthquake
engineering.




arthquake resilience of tall }

(NSFC
project,
2011-2013)
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4. HP concrete structural
walls of tall buildings




““" 4.1 Research plan}
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| Material Member System
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| Ana]ysis Test Analysis Test

IMechanical properties: | | - al o |

| - Hybrid effect T

| - Compressive strength /. N e ] ‘l nnnnnnnnnnnnnn !
- Tensile strength | — I

| - Flexural strength — == e

| - Impact toughness I

I o : 7 Earthquake
Ductility properties: it r

| Fatigue resi 1epc§ 0

| - Impermeability tall buildings
- Cracking resistance o

| _ Frost resistance I \ ’1

I

- Corrosion resistance I : SO
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[ Conclusions }

o In the next couple of years there will be
increasing design and construction of
tall buildings in China.

o To improve the seismic performance of
shear walls for tall buildings, steel
reinforced concrete (SRC) walls have
been experimentally and analytically
studied.

o High performance concrete shear wall
will be explored for the earthquake
resilience of tall buildings.

o Collaboration with professors in material
is strongly needed for this research. \\%"1
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Thanks for your
attention!

e Any Question?
e Any Suggestion?




