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not-for-profi t organization supported by 
architecture, engineering, planning, development, 
and construction professionals. Founded in 1969, 
the Council’s mission is to disseminate multi-
disciplinary information on tall buildings and 
sustainable urban environments, to maximize the 
international interaction of professionals involved 
in creating the built environment, and to make 
the latest knowledge available to professionals in 
a useful form.

The CTBUH disseminates its fi ndings, and 
facilitates business exchange, through: the 
publication of books, monographs, proceedings, 
and reports; the organization of world congresses, 
international, regional, and specialty conferences 
and workshops; the maintaining of an extensive 
website and tall building databases of built, under 
construction, and proposed buildings; the 
distribution of a monthly international tall 
building e-newsletter; the maintaining of an 
international resource center; the bestowing of 
annual awards for design and construction 
excellence and individual lifetime achievement; 
the management of special task forces/working 
groups; the hosting of technical forums; and the 
publication of the CTBUH Journal, a professional 
journal containing refereed papers written by 
researchers, scholars, and practicing professionals. 

The Council is the arbiter of the criteria upon 
which tall building height is measured, and thus 
the title of “The World’s Tallest Building” 
determined. CTBUH is the world’s leading body 
dedicated to the fi eld of tall buildings and urban 
habitat and the recognized international source 
for information in these fi elds.

Special Issue: CTBUH 2014 Shanghai Conference

Case Study: China Zun, Beijing

Closing the Gap Between Fantasy and Reality

Hybrid Timber Construction for Sustainable Tall Buildings

Building Services as a Force for Sustainable Vertical Urbanism 

 Learning From 50 Years of Hong Kong Skybridges

Tall Buildings in Numbers: Vertical Greenery

Tall buildings: design, construction, and operation | 2014 Issue III

International Journal on Tall Buildings and Urban Habitat

CTBUH Journal

Special Issue 
Sponsored by:



Inside   |   3CTBUH Journal   |   2014 Issue III

“While the research project aimed for a maximum 
use of timber, the construction of the prototype taught 
the engineers that ‘less might be more.’ Hybrid 
construction is the sustainable approach that now 
forms the basis of design.” Carsten Hein, page 40
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CREE/Haus der Zukunft Project, 2009

A multidisciplinary approach is essential to 
achieve the aim of a sustainably using timber 
in the urban environment. While the 
environmental advantages of timber are 
widely recognized, the cost efficiency of 
sustainable construction will be the main 
driver of an increased use of timber. In 2009, 
the Arup team carried out research in 
cooperation with the Austrian developer 
CREE, funded by the Austrian government 
initiative “Haus der Zukunft.”  The architect was 
Hermann Kaufmann ZT GmbH, Austria. 
Further collaborators included Wiehag, an 
Austrian timber fabricator, and the Technical 
University of Graz, with a former colleague of 
the author, Prof. Brian Cody.

From the outset, the team considered a 
modular construction system to allow for 
maximum prefabrication capability. The team 
developed the concept for a 20-story 

Developing Hybrid Timber Construction for 
Sustainable Tall Buildings

In the near future, timber will form a much bigger part of the built environ-
ment. This paper chronicles projects that redefine the possibilities of timber to 
help support this development. Working on the LifeCycle Tower (LCT), the 
author and colleagues explored the full and still-undiscovered potential of 
using wood for high-rise buildings. Using engineered wood combines the 
potential for prefabrication and rapid construction with lower embodied 
energy and the potential to delay carbon emissions for a building’s lifetime. It 
recognizes that timber is best used in conjunction with other materials taking 
advantage of the attributes of each material. Use of timber is optimized when 
it achieves fully integration design with building services, matching the 
acoustic, dynamic and fire performance of conventional alternatives.

Structural Engineering

Carsten Hein

Author

Carsten Hein, Structural Engineer  
Arup Deutschland GmbH 
Joachimsthalerstraße 41 
D 10623 Berlin, Germany 
t: +49 30 885 910 70 
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Carsten Hein 
Carsten Hein is a structural engineer by profession 
and joined Arup in 1996, where he developed a 
strong interest in designing timber structures. In 
2004 he started working with Jürgen Mayer H. on the 
Parasol Metropol in Seville, Spain leading the timber 
team in the office. In 2009, he led the design team for 
the multidisciplinary research project LifeCycle Tower. 
At the same time, the MSTRN global timber network 
within Arup began operations. 

Carsten Hein has worked on various timber projects, 
always investigating the possibilities of the material 
and trying to push the boundaries for the use of 
timber.

Figure 2. LCT One, Dornbirn, Austria. © CREE/Architekten Hermann Kaufmann

“The floors of the 
LCT were conceived as 
timber-concrete-
composite (TCC) slabs, 
using a concrete slab 
supported by timber 
beams, with a stiff 
connection between the 
two to provide 
composite action.” 

high-rise tower, attempting to use timber for as 
much of the structure as possible. The research 
comprised building permit calculations for all 
engineering services involved, including 
structure, MEP, façade, fire, acoustic, and 
building physics. The construction was 
designed to meet the requirements of 
European standards, and of the German and 
Austrian building regulations. 

The floors of the LCT were conceived as 
timber-concrete-composite (TCC) slabs, using a 
concrete slab supported by timber beams, with 
a stiff connection between the two to provide 
composite action (see Figure 1). 

While the structural requirements could have 
been fulfilled by timber alone, or by a 60- to 
80-millimeter-thick concrete flange for the 
timber beams, fire regulations required 100 
millimeters of thickness; acoustic requirements 
called for 120 millimeters. Notches in the tops 
of the beams created a structural interlock 

between concrete and timber to enable 
composite action. The stability core and the 
columns were designed to use glue-laminated 
wood panels (glulams), the core being 
assembled from 2.4-meter panels. The façade 
was conceived as consisting of 2.7-meter-wide 
modules with integral glulam columns. An 
approximate cost comparison of the chosen 
timber-concrete-composite construction for 
the LifeCycle Tower with a traditional concrete 
frame structure indicated that using timber 
would generate 10% to 15% higher costs. It 
was therefore agreed that a prototype would 
be constructed, minimizing the sizes of all the 
members to achieve a more economical 
solution. 
 
 
LCT One: The Prototype, 2011

Based on Arup’s concept, CREE built an 
eight-story prototype in Dornbirn, Austria (see 
Figure 2), followed by a 10,000-square-meter 
office building nearby in Montafon (see Figure 
3). These projects were designed by local 
engineers Merz Kley Partner, with Hermann 
Kaufmann again as architect. As agreed during 
the research, both these projects pushed the 
boundaries of timber construction, as all the 
main elements were slightly undersized 
compared to code-based fire and acoustic 
calculations. Testing was then undertaken of 
the slab system to demonstrate compliance. 
The test results were used to further develop 
the system.

The slab had been built with concrete of 80 
millimeters’ thickness. Additional aggregates 
had to be used for production of the concrete 
slab to avoid flaking of concrete cover, and to 
guarantee concrete integrity for the required 
90 minutes. For acoustic performance, a 
sound-absorbing raised floor was required, as 
well as an additional self-levelling floor screed. 
The system returned an adequate performance. 
As expected, tests proved a 3-to-6-dB higher 
sound insulation than listed by product 
specifications. But it remained questionable if 
this was the most cost-effective solution. 
However, in terms of fire performance, it was 
very successful, achieving an REI 90 (90 minutes 
fire resistance) certificate from the PAVUS Test 
Institute in the Czech Republic (see Figure 4). 
As the concrete contractor was not 
commissioned at this point, it was decided to 
use the Czech facility and a concrete contractor 
nearby to build the test elements – so only the 
timber had to be transported from Austria. 

The eight-story LCT One used a concrete core 
for stability, which also provided the main exit 
route in case of fire. Whilst the fire concept 
had envisaged a fully-sprinklered system, the 
building permit allowed removal of the 
sprinkler system because of the robust 
fire-safety strategy. 

The façade system was also slightly modified 
from the research concept. It now featured up 
to 12-meter-wide prefabricated panels, with 
the columns mounted to the back of these 
panels. This was a valuable step to reduce the 
cost of construction and to improve the 
speed of erection.

At this point, the cost assessment was still not 
satisfactory; additional measures for the 
concrete and certification for fire resistance 
resulted in extra costs. The cost comparison 
became more difficult with more details at 
construction stage – there was no 

Figure 1. Timber-Concrete-Composite (TCC) slab. After all the walls are installed, the floor slabs, which were fabricated 
with a hole in each corner, slide over the pins in the glulam posts. © CREE

Figure 4. The prototype slab of LCT ONE was tested for fire resistance. After some modification the test proved 92 
minutes of fire resistance, confirmed by an REI 90 certificate from PAVUS.

Figure 3. Illwerke Zentrum Montafon, Montafon, Austria. © CREE/Norman A. Müller

Tall Buildings in Numbers

Green Walls in High-Rise Buildings
For centuries, green walls have been used to shade building walls and atriums, to shield buildings 
from wind, and to cultivate agricultural plants. Now, as the world population urbanizes, green 
walls have become a significant tool in the quest for greater sustainability in the tall-building field. 
The latest CTBUH technical guide, Green Walls in High-Rise Buildings, provides a thorough 
investigation of the methods used around the world for implementation of vertical vegetation at 
height. In commemoration of the release of this important guide, Tall Buildings in Numbers 
profiles the 18 case study buildings included.

To purchase your copy of Green Walls in High-Rise Buildings visit: https://store.ctbuh.org

The floors with green 
walls at Consorcio, 
Santiago, Chile, use 35% 
less energy than the 
floors without green walls 
in the same building.

Singapore’s Parkroyal on Pickering 
provides 215% of the greenery that 
existed on the site before the building 
was built.

The agriculture and 
greenery in Pasona 
Headquarters, Tokyo, Japan, 
has been attributed to 12% 
productivity gains and a 
23% reduction in employee 
absences due to ailments.

Location of Case Studies and Size/Percentage 
of their Green Coverage

Bosco Verticale  
Milan, 2013
Building Height: 112 meters
Stories: 27

Total surface area of green 
coverage: 10,142 m2

Largest green coverage on a 
single façade: 1,735 m2 (47%) 

Green coverage of total 
façade: 42%

Hotel Intercontinental  
Santiago, 2011
Building Height: 52 meters
Stories: 16

Total surface area of green 
coverage: 1,590 m2

Largest green coverage on a 
single façade: 1,302 m2 (60%) 

Green coverage of total 
façade: 29%

Consorcio Santiago 
Santiago, 1993
Building Height: 58 meters
Stories: 17

Total surface area of green 
coverage: 2,293 m2

Largest green coverage on a 
single façade: 2,066 m2 (43%) 

Green coverage of total 
façade: 22%

B3Hotel Virrey 
Bogota, 2011
Building Height: 30 meters
Stories: 9

Total surface area of green 
coverage: 264 m2

Largest green coverage on a 
single façade: 264 m2 (49%) 

Green coverage of total 
façade: 15%

One PNC Plaza 
Pittsburgh, 2009
Building Height: 129 meters
Stories: 30

Total surface area of green 
coverage: 221 m2

Largest green coverage on a 
single façade: 221 m2 (5%) 

Green coverage of total 
façade: 1%

Athenaeum Hotel  
London, 2009
Building Height: 48 meters
Stories: 9

Total surface area of green 
coverage: 256 m2

Largest green coverage on a 
single façade: 159 m2 (9%) 

Green coverage of total 
façade: 9%
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The age of the iconic skyscraper has come to 
be dominated by a combination of the 
preference for the stylistically unique in 
conjunction with the quest to build tall. The 
uniformity and rectilinear nature of 
International Style architecture that dominated 
tall building design through the better part of 
the 20th century has given way to unrestrained 
expression that is reliant on pushing the limits 
of technology, including the structural 
capabilities of materials and systems, as well as 
the methods used to calculate and fabricate 
those systems. This encompasses many 
evolving areas of digital design.

Tall buildings presents one of the most 
challenging design problems that we face. 
What is being constructed today will impact 
our environment for many decades to come. 
Skyscrapers are not readily demolished. They 
are massive buildings with extremely 
significant structural systems that must create 
livable spaces for thousands of people (inside 
and outside) as they engage the city, and 
which need to remain viable for a significant 
duration.

Closing the Gap between Fantasy and Reality: 
Pushing Current Technologies into the Future

The tall building is a discrete architectural type. The causal aspects of its 
evolution can assist in determining which aspects will be of the most benefit 
in pushing the idea forward. If tower-type buildings are symbols of the ideals 
and aspirations of the civilizations of any period in history, then what should 
our current response be based upon our technical achievements?

Figure 1. Light Park Floating Skyscraper, Evolo 2013: 3rd place. © Ting Xu/
Yiming Chen. Source: http://www.evolo.us/category/2013/

Architecture/Design

Terri Meyer Boake

Author

Terri Meyer Boake, Professor  
School of Architecture 
University of Waterloo 
Cambridge, Ontario, Canada 
t: +1 416 636 0031 
f: +1 416 636 0323 
e: tboake@uwaterloo.ca 
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Terri Meyer Boake 
Terri Meyer Boake has been a full professor in the 
School of Architecture at the University of Waterloo 
since 1986, teaching in the areas of building 
construction, architecturally exposed structural 
steel, environmental design and film. She researches 
steel construction for the Canadian Institute of Steel 
Construction, working with them to publish the CISC 
Guide for Specifying Architecturally Exposed Structural 
Steel. She has published Understanding Steel Design: 
An Architectural Design Manual (Birkhäuser 2012), 
Diagrid Structures: Systems, Connections, Details 
(Birkhäuser 2014) and is presently writing Architec-
turally Exposed Structural Steel, due out in January 
2015. She has lectured worldwide on applications in 
architecturally exposed structural steel. 

She travels widely to present at international confer-
ences and document buildings. Her photographs 
form the basis for her lectures, teaching and research 
– many appearing in the CTBUH Skyscraper Database.

She is a member of the CTBUH Skyscraper Center 
Editorial Board.

Figure 2. The Dragonfly urban vertical farm concept in New York.  
© Vince Callebaut Architects. Source: http://inhabitat.com

There is such a significant gap between the 
physical realities – and sheer mass – of 
skyscraper design and the fantastical images 
of skyscraper “dreams” that we see in visionary 
proposals and competition entries. We 
seldom see the same abandon in the design 
of museum types, for instance. Although 
conceptual explorations for smaller building 
types might push the limits on form and 
materials, often as a direct result of digitally 
driven liberation, they are usually grounded in 
some sort of material concern.

The Evolo Skyscraper Ideas Competition has 
been running since 2006 to inspire an interest 
in the design of tall buildings. The winning 
entries have become increasingly fantastic, as 
illustrated in Figure 1. This is not to suggest 
that “ideas competitions” are invalid 
approaches for eliciting innovation; rather, the 
lack of basic material and structural concerns 
makes such competition results more suited 
to a digital industry such as film, and limits 
their applicability to the practice of 
architectural design.

The technology of building tall has advanced 
significantly in the past 15 years – with major 

progress in megacolumns, outriggers, diagrids, 
composite construction, concrete pumping 
technologies, high-performance envelopes, 
and vertical transportation. But it has not 
necessarily kept up with the fantasy visions of 
towers that we see in renderings and 
competition entries, many of which ignore 
present-day material and construction realities 
– and gravity. Many of these proposals may 
include genuinely inspirational ideas, but they 
presently belie construction. However, it is the 
nature of “ideas competitions” to bring forward 
compelling visions of the future of architecture 
(see Figures 2 and 3). What should be the focus 
of future skyscraper developments? 

The winning entries from the 2014 Evolo 
Competition clearly acknowledge the need for 
towers that integrate high-speed vertical 
transport systems, capture carbon, improve the 
air quality of cities, incorporate new materials, 
use 3D-printing technologies, and generally 
push a sustainable agenda. These are “fantasies” 
deserving of realistic exploration.

The situation may require that we step back 
and reconsider the tall building typology going 
forward, to better direct our energies towards 
understanding how we can effectively build 
upon current technologies to create a more 
socially and environmentally responsive 
framework. There is a need to reconcile current 
digital fantasies with the technical realities of 
what we can do in light of what we should do. 
The typology of the 21st-century tower has 
evolved from a commercially driven 
optimization problem to a dynamic, 

compelling and often controversial area of 
design. As the planet urbanizes, the tall 
building is being claimed as the solution. 
However, the questions “how tall?” and “how 
dense?” have not been properly addressed. 
 
 
The Design Potential of Controversy

Recent stylistic and structural changes in 
tower typology have potentially made the tall 
building a more engaging building type as 
well as perhaps a more contentious one. This 
provides an interesting opportunity for 

debate, particularly with reference to project 
proposals as they are introduced in the media.

Many of these blur the lines between digital 
design, technical aspirations and present 
realities. A great number of the most 
speculative skyscrapers have a “green” agenda. 
Sustainable themes include the incorporation 
of wind turbines and vertical farms that push 
the limits well beyond what has been 
accomplished to date in projects such as the 
Pearl River Tower in Guangzhou by SOM or the 
Wuhan Greenland Center by Adrian Smith + 
Gordon Gill Architecture (see Figures 4 and 5).

“Tall buildings presents one of the most 
challenging design problems that we face. 
What is being constructed today will 
impact our environment for many decades 
to come. Skyscrapers are not readily 
demolished.” 

Figure 3. The Asian Cairns farmscraper concept in Shenzhen.  
© Vince Callebaut Architects. Source: http://hyperallergic.com

Figure 4. Pearl River Tower, Guangzhou uses its sculpted 
form to direct wind toward turbines situates at the 
recesses in the façade. © SOM

Figure 5. Wuhan Greenland Center.  
© AS + GG Architects 

The Bosco Verticale, Milan, Italy, 
has the largest total percentage 
of green coverage in the guide, at 
42% and the largest total surface-
area coverage at 10,142 m2.

The tallest green wall in the guide 
is at The Met, Bangkok, Thailand, 
rising about 200 meters in a thin 
strip. The building’s overall green 
wall coverage is about 14%.

One Central Park, Sydney 
(submitted too late to make the 
guide) won the CTBUH 2014 Best 
Tall Building: Asia & Australasia 
award for its innovative use of 
heliostats and vertical greenery.

Building Functions

Across the 18 case studies, there are four 
different types of building functions. Green 
walls are thus clearly applicable across 
multiple building types and functions.

O�ce

Residential

Hotel

Institutional

4 6

1

7

Solaris 
Singapore, 2011
Building Height: 79 meters
Stories: 15

Total surface area of green 
coverage: 3,065 m2

Largest green coverage on a 
single façade: 1,449 m2 (N/A) 

Green coverage of total 
façade: 15%

The Met
Bangkok, 2009
Building Height: 231 meters
Stories: 69

Total surface area of green 
coverage: 7,170 m2

Largest green coverage on a 
single façade: 3,385 m2 (18%) 

Green coverage of total 
façade: 14%

IDEO Morph 38 Tower  
Bangkok, 2013
Building Height: 134  meters
Stories: 32

Total surface area of green 
coverage: 5,850 m2

Largest green coverage on a 
single façade: 1,276 m2 (66%) 

Green coverage of total 
façade: 23%

ACROS Fukuoka  
Fukuoka, 1995
Building Height: 60 meters
Stories: 14

Total surface area of green 
coverage: 5,326 m2

Largest green coverage on a 
single façade: 5,326 m2 (84%) 

Green coverage of total 
façade: 28%

Pasona Headquarters  
Tokyo, 2010
Building Height: 34 meters
Stories: 9

Total surface area of green 
coverage: 1,224 m2

Largest green coverage on a 
single façade: 720 m2 (37%) 

Green coverage of total 
façade: 20%

Gramercy Skypark  
Makati, 2013

Building Height: 244 meters
Stories: 73

Total surface area of green coverage: 189 m2

Largest green coverage on a single façade: 138 m2 (1%) 
Green coverage of total façade: 0.4%

PARKROYAL on Pickering  
Singapore, 2012
Building Height: 89 meters
Stories: 15

Total surface area of green coverage: 4,827 m2

Largest green coverage on a single façade: 2,257 m2 (16%) 
Green coverage of total façade: 11%

Trio Apartments 
Sydney, 2009
Building Height: 39 meters
Stories: 16

Total surface area of green 
coverage: 139 m2

Largest green coverage on a 
single façade: 139 m2 (5%) 

Green coverage of total 
façade: 0.7%

CH2 Council House 2  
Melbourne, 2006
Building Height: 42 meters
Stories: 10

Total surface area of green coverage: 420 m2

Largest green coverage on a single façade: 420 m2 (19%) 
Green coverage of total façade: 7%

Helios Residences  
Singapore, 2011
Building Height: 94 meters
Stories: 20

Total surface area of green 
coverage: 1,652 m2

Largest green coverage on a 
single façade: 1,142 m2 (15%) 

Green coverage of total 
façade: 7%

School of the Arts  
Singapore, 2010
Building Height: 56 meters
Stories: 10

Total surface area of green 
coverage: 6,446 m2

Largest green coverage on a 
single façade: 1,434 m2 (53%) 

Green coverage of total 
façade: 26%

Newton Suites
Singapore, 2007
Building Height: 120 meters
Stories: 36

Total surface area of green 
coverage: 1,274 m2

Largest green coverage on a 
single façade: 734 m2 (21%) 

Green coverage of total 
façade: 10%
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A Finely-Crafted Vessel in the New CBD Core

Robert Whitlock 

Case Study: China Zun Tower, Beijing

China Zun Tower will be the flagship building of Beijing’s comprehensively 
planned 30-hectare central business district core. The 528-meter-tall tower 
will stand far above its surroundings and become one of the most prominent 
icons of the city.

Figure 1. China Zun Tower, located in Beijing CBD. © KPF

The tower’s gently rising and curving form 
embodies the historic capital’s gracefulness, 
and resembles an ancient Chinese ceremonial 
vessel, called the Zun (see Figures 1 and 2). 
During the project’s land bid phase, this 
conceptual reference was established as a 
part of the 2010 master plan by TFP, BIAD, 
Arup, and MVA. Since project design began, 
KPF has interpreted the cultural reference as a 
generative motif for designing tower form, 
envelope, and major interior spaces, by 
distilling and applying the articulation 
techniques of the Zun vessel. 

Beijing has the highest seismic fortification 
requirement of the major cities in China, 
making the structural system particularly 
sensitive to adjustments of the complex form. 
During the schematic and design 
development phases, the design architect 
and lead engineer teams implemented 
parametric modeling, using a common 
software platform that greatly expedited the 
design and coordination process. The tower 
design was a result of a careful negotiation of 
multiple design parameters, to achieve an 
optimized balance between a sculptural, 
elegant and iconic form, optimized structural 
and elevator systems, and efficient and 
effective interior program spaces. 
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Robert Whitlock, with over 25 years of professional 
experience, has developed an expertise on high-rise 
towers, mixed-use developments, and large-scale 
master plans. Robert is also responsible for several 
supertall projects, including Chongqing International 
Trade and Commerce Center and Suzhou International 
Finance Square currently under construction.  
 
Li Lei has over 17 years of design experience on a 
wide spectrum of project types. As Senior Designer 
he has led design teams on a number of significant 
projects including China Zun Tower, Beijing Huaneng 
Headquarters, Nanning Airport Terminal, and American 
Commerce Center.  
 
Dr. Luo Nengjun is responsible for the overall 
planning and operation control of project 
management, design, construction of the China 
Zun Tower. He has been engaged in many Chinese 
supertall building projects, including the Shanghai 
World Finance Center and Tianjin 117 Tower. 
 
Dr. Liu Peng is the leader of the Arup Beijing structural 
team. He has substantial experience in tall building 
design, seismic design, and China projects. He has 
been involved in or responsible for the structural 
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Luo Nengjun Liu Peng 

The project has undergone the 
precertification process with the US Green 
Building Council (USGBC) and is on the path 
to achieve eventual LEED Gold certification. 
Key design aspects supporting sustainability 
include a high-performance building 
envelope with an optimized window-to-wall 
ratio and triple glazing, energy-efficient 
mechanical equipment, use of local materials, 
and application of greywater toilet systems 
and rooftop solar panels. 
 
 
Urban Context 

The new Beijing CBD core is located at the 
northeast side of the Third Ring Road and 
Jianguo Avenue intersection, approximately 
5.5 kilometers east of Tiananmen Square and 
outside the historic center of Beijing. The 
urban center’s infrastructure will be 
completely modernized to support its 
densification and transformation into one of 
China’s key international finance, service, and 
media centers.

Around China Zun Tower in the CBD core, 
there are more than 20 tall buildings, ranging 
from 150 meters to 350 meters in height. A 
linear public park with underground retail and 
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Figure 2. China Zun Tower is the centerpiece of the new Beijing CBD. © KPF

“Around China Zun Tower in the CBD core, 
there are more than 20 tall buildings planned, 
ranging from 150 meters to 350 meters in height. 
Apart from being adjacent to a major bus station 
above grade, the tower will also be rooted in a 
vast underground transportation infrastructure 
network, encompassing the CBD core currently 
under construction.” 

parking facilities runs through the middle of 
the core area, with the tower anchoring the 
northern end (see Figure 2). The tower forms an 
iconic backdrop to the park, and a prominent 
new destination for visitors. 

Apart from being adjacent to a major bus 
station above grade, the tower will also be 
rooted in a vast underground transportation 
infrastructure network, encompassing the CBD 
core currently under construction. These 
include a pedestrian passageway system, lined 
with retail space at Level B1, linking together 
four subway lines across three stations; and an 
entire Level B2 roadway network for passenger 
and service vehicles, providing direct access to 
the tower basement and public parking levels 
under the Central Green. 
 
 
Overall Tower Design

The tower contains 350,000 square meters of 
gross floor area spread over 108 floors above 
grade (see Figure 3). While the tower profile is 
curved, its floor plates are square with rounded 
corners (see Figure 4). Combined with a square 
core, leasable interior office space is optimized. 

Under a six-meter-tall parapet that screens 
window-washing machines, the main body of 
the tower is organized primarily into eight 
zones above the ground floor lobbies and a 
conference center at Levels 3 and 4. There are 
three office sky lobbies, with meeting and staff 
dining facilities, located at the tops of Zones 2, 
4, and 6. They are accessible via a set of 
dedicated high-speed double-decker shuttle 
elevators. The tower will primarily house the 
headquarters of CITIC Group and CITIC Bank, 
occupying four zones, while the remaining 
three zones will be leased to tenants. At the top 
of the tower, an observation deck, with a 
multi-functional business center, provides 
360-degree views of Beijing.

Below grade, there are seven floors totaling 
87,000 square meters, primarily 
accommodating lower-floor office elevator 
lobbies, a bank, retail, building management, 
and parking spaces. 
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Figure 3. Section. © KPF/BIAD

In essence, the concept design architect 
conceived of the tower massing as a 
transforming shell that gradually bends to 
create a dramatic and elegant form. The 
concept is also applied to other key elements 
of the tower, including the entrances, 
ground-floor lobby and observation deck. 

At the bottom, the tower thrusts into the 
ground with massive corner supports, while 
the exterior shell is gently lifted up and 
stretched forward at the four sides. The design 
visually extends the lobby outward, forming 
dynamic drop-off spaces and creating a focal 
point at the CBD core area (see Figure 5). At 
the top, the exterior envelope becomes more 
transparent at the observation deck (see 
Figure 6) and allows more visibility to the 
inner trumpet-shaped business center, which 
lights up at night, forming a beacon that will 
be visible throughout the city (see Figure 7). 

Compared to a typically straight or tapering 
supertall tower form, the concave tower 
profile offers more valuable prime-floor 
spaces and ample space for window washing, 
as well as other support systems, at the top of 
the tower. While the large top poses 
significant structural challenges, the larger 
base provides an opportunity for structural 
balance, formal contrast and preferred 
core-to-perimeter distances. 

During the schematic design phase, in 
conjunction with variations in program 
stacking and resulting core configurations, the 
design architect and lead engineering teams 
tested various tower profiles for the 
effectiveness and efficiency of structural 
systems and office floor plates, while also 
balancing considerations for the elegance and 
iconic quality of the form. The complex design 
process was greatly enhanced by parametric 
modeling that clarified the geometric 
principles of both the building envelope and 
structural systems, as well as their 
corresponding relationships.

The final tower profile is composed of four 
tangential arcs with the base, center “waist,” 
and top, measuring 78, 54, and 69 meters 
across, respectively. The tower waist is set 
above all surrounding buildings, at a 
385-meter height, to highlight its curved 
profile in the city’s skyline. 
 
 
Exterior Envelope Design

The tower envelope is divided into 128 panels 
per floor, with continuous vertical panel 
divisions. The verticals are grouped into 
alternating major and minor ribs. Continuous 
window washing tracks are housed in the 
middle of the major ribs, while LED lighting 
strips are embedded into the sides of the 
minor ribs. The vertical ribs helps to mitigate 
the complexity of the curtain wall.

The subtly tightening and stretching 
envelope texture echoes the transformation 
of the tower massing. It is achieved by 
tapering and then widening the major ribs 
along the tower height. Not only does this rib 
design amplify the effect of the tower form; its 

Figure 4. Floor plans – Level 106 Observation deck (top), 
Level 38 Typical floor plan (bottom). © KPF/BIAD
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Figure 5. Tower base. © KPF

consistency helps to bridge the geometric 
transition between the straight faces and 
curved corners. Triangular in plan, the rib 
projections provide solar shading for the 
building and help to mitigate the visual 
impact of the ventilation slots required at 
mechanical floors.

At the top of the tower, the major ribs extend 
the full height of the business center dining 
floor and the observation deck at Levels 105 
and 106 (see Figure 6). The minor ribs 
terminate at Level 104 and are replaced by a 
tensioned cable system with horizontal glass 
fin bracing, affording a wider exterior view. 

At the bottom of the tower, where the 
exterior wall transforms to form the canopy, its 
geometry is the most challenging. Through a 
shingled articulation of a warped shell, the 
design achieves minimal complexity and 
reduction in cost by avoiding the need to use 
hot bent-glass panels. The lobby exterior wall 

is a vertically tensioned system with low-iron 
glass panels. The lobby interior ribs extend 
through the tension wall to the exterior, and 
connect with the exterior ribs at the canopy 
edge. The strong reading of a transparent and 
welcoming lobby that integrates inside and 
outside is a reflection of the client’s corporate 
identity. 
 
 
Structural Design

Beijing has the highest seismic fortification 
requirement of China’s major cities 
(PGA=0.20g for a 475-year return period). The 
structural system of a tower with such a 
height must find a proper balance between 
stiffness and ductility.

The China Zun Tower has a narrow “neck” and 
an enlarged “head,” which contrasts with most 
high-rise buildings that reduce width as 
height increases. The potential adverse effect 

of the additional mass located at the top was 
considered carefully in the structural design. 

The dual lateral resistance system is 
composed of a perimeter megastructure and 
a central core (see Figure 7). The 
megastructure at the perimeter can be simply 
imagined as a “megatruss” rooted from the 
ground. Eight megacolumns at the corners 
act as the chord members, and merge into 
four columns at the base. The megabraces 
and transfer truss are the diagonals and posts 
of the “megatruss”. This perimeter structure 
provides substantial lateral stiffness, which is 
essential to the safety of the building. 

The megacolumns are concrete-filled steel 
boxes (CFBs), either with single 
compartments, or multiple compartments 
separated by steel plates. The core is mostly 
reinforced concrete, embedded with steel 
plates at lower and top floors for shear and 
axial resistance, and steel diagonal braces at 

Figure 6. Tower top. © KPF
Figure 7. The tower’s dual lateral resistance system.  
© Arup
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middle floors to increase ductility. The 
megaframe provides the majority of the 
lateral stiffness, and the core provides 
secondary reinforcement. Outriggers were 
studied, but proved too inefficient and thus 
were not used.

The gravity load is taken down through the 
composite floor to the secondary frame and 
core. The secondary frame at the perimeter 
passes the gravity load to the transfer truss at 
the bottom of each zone, which in turn 
transfers the gravity load to the mega 
columns, so as to balance the large tension 
force due to the overturning moment 
presented by lateral loads.

The perimeter megaframe 
It is a challenge to design a megaframe 
system to fit a curving profile. For each 
approximately 15-story zone, the megaframe 
is maintained in one plane to facilitate 
connectivity and avoid additional forces. 
Furthermore, the various tower profiles have 
to be evaluated quantitatively. The latest 
parametric design technology was adopted 
to fulfill this task in a short time.

The geometry of the megaframe is built in 
Rhinoceros software with its parametric 
modeling plug-in Grasshopper. The key 
geometric parameters are input so that, when 
it is changed, the structural configuration is 
easily updated. An in-house-developed 
structural BIM plug-in is then used to input 
structural information such as materials, 
sections, and loading tolerances. The 
completed structural model is then exported 
to the commercial software for analysis. 

Various options have been studied through 
this parametric modeling method. The main 
goals were to maximize the lever arm of the 
perimeter frame, maintain the column line in 
one single vertical plane, so as to minimize 
secondary forces, and minimize unrentable 
area between the perimeter structure and 
slab edge.

With this parametric modeling technology, 
engineers were able to evaluate geometrically 
varied options in a very short time and 
generate feedback with quantitative, 
actionable results. The final column line was 
determined as an optimal balance to satisfy 
the above criteria. With a single “kink point” at 
major zones and double “kink points” at Zones 
7 and 8, the engineers achieved a structure-
to-façade distance of one meter on most 
floors (see Figures 8 and 9). 

The core 
The concrete core is an atypical choice for 
super high-rise buildings in such a high 
seismic zone. In Chinese code, it is required 
that there be no shear failure during a 
maximum credible earthquake (MCE) event. 
To achieve this, steel plates with a thickness of 
30 to 60 millimeters are embedded in the 
concrete walls from the ground to Level 41, 
increasing the shear capacity of the wall by 
three times, thus making the concrete core 
feasible. 

The nearby China World Trade Center Phase 
3A Tower, completed in 2010, is the first 
building to have adopted this composite wall 
approach. Since then, the composite steel 
plate wall has been used widely in supertall 

buildings. Restrained from buckling by the 
surrounding reinforced concrete, the 
embedded steel plate provides very high shear 
capacity. The wall thickness can also be 
reduced, because the addition of the steel 
plates reduces the axial stress of the whole wall 
section under compression forces.

The enlarged top zone of the tower generates 
additional adverse shear in the perimeter at the 
“neck” floors. The smaller lever arm at the “neck” 
floors results in the higher-strength demands 
for the core wall elements. Non-linear analysis 
revealed that severe damage could occur on 
these floors if no special strengthening 
techniques were considered. Finally, steel 
bracing is embedded into the core walls to 
increase their shear capacity. 

Extensive nonlinear analysis, using simulated 
and actual seismic records, has been carried 
out to evaluate the safety of the building under 
the MCE condition. A 1:40 shaking table test 
was conducted, to ensure that the structural 
design satisfies the criteria for different seismic 
levels.

The foundation and the basement 
The tower is supported by a pile foundation 
that begins 79 meters below ground, in Layer 
12 of Beijing pebble sand. As the site is quite 
small (84 meters in the north-south direction 
and 130 meters in the east-west direction), the 
basement contains seven floors, and the soffit 
of the base plate is 37 meters below ground. 
Thus, the effective pile length (the difference 
between the base of the pile foundation and 
the soffit of the base plate) is about 42 meters. 
The pile diameters are between 1.0 and 1.2 
meters. The pile group supports the tower and 
the basement through a pile cap with a 
maximum thickness of 6.5 meters.  
 
 
Project Management Approach

The developer has systematically devised an 
innovative design management model for 
effectively realizing the design scheme in the 
construction stage:

EPC-based design management system 
Engineering, procurement, and construction 

“Beijing has the highest seismic fortification 
requirement of China’s major cities 
(PGA=0.20g for a 475-year return period). The 
structural system of a tower with such a height 
must find a proper balance between stiffness and 
ductility.” 
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(EPC) is one of the most common models 
applied in international project management. It 
improves the efficiency of implementing in 
construction the required functions and 
programs specified in the building design. 
However, the policy of separately managing 
design and construction qualifications creates a 
gap in the information exchange and work 
handover between various design phases, as 
well as between design and construction. To 
bridge the possible gap in the information 
exchange and responsibility, the client 
contracted with a design consortium including 
major design firms responsible for different 
design stages, so as to achieve a seamless 
handover in design. Construction and building 
management experts, including contractors 
and building managers, were engaged to 
review design deliverables to ensure build-
ability and ease of building operation. 

The design consortium 
From August, 2012, a design management 
system that clarifies the work split, specifies 
responsibilities, and combines the advantages 
of all parties was gradually developed, referring 
to international project management 
experience and considering the design 
management needs of the China Zun Tower. 
After nine months of communication and 
coordination, a consortium was struck, 
composed of KPF, Arup, and PBA, primarily 
responsible for the schematic design and 
design development phases, with local design 
institute of record Beijing Institute of Architec-
tural Design (BIAD) and CITIC General Institute 
of Architectural Design and Research carrying 
primary responsibility for the construction 
drawing phase. On April 10, 2013, the design 
contract forming the design joint venture was 

finalized, establishing direct communication 
between various parties responsible for 
schematic design, design development, and 
construction drawing phases. 

 � Effective coordination between specialist 
consultants and general design contractor. 
Design services for the China Zun Tower are 
provided by the design consortium, as well 
as more than 30 specialist design companies 
and professional consultants. In order to 
increase the efficiency of cooperation, the 
specialist designers and consultants signed a 
three-party contract with BIAD, the general 
design contractor, and CITIC HEYE. The 
deliverables by the specialist designers and 
consultants are directly assessed and 
managed by the general design contractor.

 � Comprehensive assessment of design 
deliverables.  
The key indicators for assessing the success 
of the design scheme include the 
satisfaction degree of the owner and final 
users, operation and maintenance costs, and 
fulfillment of social responsibilities. 

Based on available statistics derived from the 
Jin Mao and Shanghai World Financial 
Center projects, the operation and 
maintenance cost of a supertall high-rise 
building over an estimated 65-year 
operation period is nearly triple its 
construction cost. Based on the design 
concept of “life cycle cost”, the requirement 
for cost-effectiveness needed to be satisfied 
in every detail of the design procedure, 
including the window-to-wall ratio, the 
reasonable value for structure safety factors, 
and so on. 

Figure 8. Office layout in relation to structure. © Arup Figure 9. Optimal façade distance at each floor level. © Arup

The social responsibility of the developer 
and the designers is reflected by the 
sustainable policies deployed during the 
design of the project. These include 
materials conservation, rationalized 
construction, and reduction of energy 
consumption. In the architecture field, green 
building standards, energy-efficient and 
environmental-friendly curtain wall systems 
were adopted. In the structural design field, 
the use of advanced modeling technology 
to select the appropriate displacement 
constraint and load parameters resulted in 
an optimized structural system and high 
structural efficiency. 

 � The Application of BIM Technology 
China Zun Tower is characterized by a large 
investment, a long development and 
construction cycle, complicated 
technologies, and the involvement of a large 
number of stakeholders. In November 2011, 
BIM technology was introduced to the 
project in order to: accelerate the program, 
reduce the cost, promote the efficiency of 
design coordination and constructability 
analysis, and provide a data foundation for 
the operation and maintenance of the 
building. 

From the end of 2011, to the beginning of 
2012, the owner organized nine BIM 
technology service providers to discuss how 
to apply the technology to the project, and 
establish rules and standards for the BIM 
application. The findings of this exercise 
were later published for future reference.

The Guide to BIM Execution in China Zun 
Tower was compiled according to the BIM 

1 façade kink point everywhere

2 façade kink points everywhere
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Figure 11. BIM management process at the construction phase. © CITIC Heye Investment Co. Ltd.

application experience of all the parties in 
the design consortium and in the 2D and 3D 
coordination work practice, covering BIM 
management regulations and technical 
standards. The guide was established to 
foster better communication and 
coordination of all parties. Moreover, to 
ensure that the BIM information standards 
would be applied consistently, a BIM 
execution framework system was developed, 
and continues to be improved as BIM 
application experience accumulates during 
the course of the project. 

BIM management processes were 
developed according to the management 
system during the design and development 

Figure 10. BIM management process at the design phase. © CITIC Heye Investment Co. Ltd.

phases of the project. Such processes are 
developed according to a hierarchy that 
places the architect at the top (see Figures 
10 and 11). The BIM responsibilities thus have 
a one-to-one correspondence to the project 
contractual liabilities. The deliverables of the 
design phase indicated that BIM technology 
has played a quite significant role in 
reducing coordination errors and promoting 
the implementation efficiency and 
constructability of the design plans. Taking 
the finished basement construction 
document (version 4.0) as an example, a 
total of 147 discrepancies were found, in 
which there were 8 discrepancies related to 
MEP facility locations, and 20 discrepancies 
in the MEP duct-routing integration. 

The establishment of the design consortium 
for China Zun Tower changes the “zero-sum 
game” contractual relationship into a 
“multi-win” partnership, thus creating the 
basic setting for the formation of system 
integration and synergy. In the circumstance 
where the engineering procurement and 
construction (EPC) model was unavailable 
due to policy constraints, BIM played a key 
role in promoting the “seamless connection” 
of design and construction throughout the 
process. 

 
 
Project Data

Expected Completion Date: 2018 
Height: 528 meters  
Stories: 108 
Total Area: 437,000 square meters 
Use: Office, observation deck 
Owner/Developer: CITIC HEYE Investment CO. 
LTD. 
Architect: TFP Farrells (concept); Kohn Pedersen 
Fox Associates (concept & design); Beijing 
Institute of Architecture and Design Co., Ltd. 
(BIAD) (concept & architect of record); CITIC 
General Institute of Architectural Design & 
Research Co., Ltd. (architect of record) 
Structural Engineer: Arup; BIAD 
MEP Engineer: Parsons Brinckerhoff; BIAD 
Other Consultants: ALT Limited (façade); 
Altitude Façade Access Consulting (façade 
maintenance); Brandston Partnership (lighting); 
RWDI (wind)

The China Zun project will be featured at 
the Shanghai Conference, through the 
presentation by Weiping Shao of BIAD 
entitled “China Zun: Shaping the Future 
Skyline of Beijing,” Session 15: Tools for 
Design Optimization, Thursday, 18th 

September, 1:45 –3.15 p.m.  

In addition, Dr. Nengjun Luo of China Zun 
developer CITIC HEYE Investment Co. Ltd. 
will be speaking in Panel Discussion 2, The 
Differences in Developing Tall Buildings 
in Cities Across China, Wednesday, 17th 
September, 1:45 –3.15 p.m.


